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Introduction

The development of 21st-century competencies
has become a main purpose of modern education
systems in preparing students to face complex global

contexts. Critical thinking is widely recognized as a
higher-order thinking skill that supports analytical
reasoning, problem-solving, and decision-making
processes.

challenges. These competencies include critical thinking,
communication, collaboration, and creativity, which are
aligned with the four pillars of education: learning to
know, learning to do, learning to be, and learning to live
together (Hartono et al, 2022). Among these
competencies, critical thinking plays a crucial role in
enabling students to analyze information, evaluate
evidence, and make reasoned decisions in various

Email: khairunnisah@upi.edu

According to Ennis (2011), critical thinking is
reasonable and reflective thinking focused on deciding
what to believe or do. Similarly, Scriven and Paul (1987)
as well as Angelo (1995) emphasize that critical thinking
involves active processes of conceptualization,
application, analysis, synthesis, and evaluation. These
cognitive processes are essential for meaningful
learning, particularly in science education, where
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students are required to understand abstract concepts
and apply them to real-world situations (Octafianellis et
al.,, 2021; Ariadila et al., 2023). In addition, prior studies
have shown that critical thinking is closely related to
students” ability to construct knowledge and solve
complex problems effectively (Halpern, 2014; Facione,
2015)

Despite its crucial role, students’ critical thinking
skills remain relatively low. Several studies indicate that
this issue is closely related to the dominance of teacher-
centered learning practices and an overemphasis on
procedural outcomes rather than deep conceptual
understanding (Illahi, 2023; Cacik & Widiyanti, 2024;
Wilson & Defianty, 2024). This condition is further
reflected in international assessment results from the
Programme for International Student Assessment,
which show that students” performance in mathematics,
reading, and science is still below the OECD average. In
the 2022 PISA results, Indonesia scored 366 in
mathematics, 359 in reading, and 383 in science,
compared to the OECD averages of 472, 476, and 485,
respectively (OECD, 2023). These results suggest that
students still face difficulties in higher-order thinking
tasks, including analysis, evaluation, and reasoning,
which are essential components of critical thinking in
physics learning.

Project-Based Learning (PjBL) has been widely
proposed as an effective approach to foster critical
thinking skills. This model engages students in authentic
learning experiences by involving them in problem
identification, solution design, and reflective evaluation
processes (Markula & Aksela, 2022). In addition, the
integration of design thinking into PjBL has been shown
to enhance students’ analytical and critical thinking
abilities through iterative processes such as problem
exploration, idea generation, prototyping, and
evaluation (Anggraini et al, 2024). Design thinking
adopts a human-centered approach consisting of stages
including empathize, define, ideate, prototype, and test,
which support students in developing deeper
understanding and innovative problem-solving skills
(Razzouk & Shute, 2012; Maknuunah et al., 2021).

However, the effectiveness of Project-Based
Learning (PjBL) is highly depends on the quality of
instructional materials used during the learning process.
Preliminary findings from a senior high school in
Bandung, obtained through classroom observation,
interviews, and document analysis, indicate that
although PjBL has been implemented, students’ critical
thinking skills have not yet developed optimally. This
finding is further supported by a preliminary
assessment of students’ critical thinking skills conducted
using a validated instrument administered to senior
high school students in Bandung. The results indicate
that students’ critical thinking skills are generally at a

moderate level, with 72.8% of students categorized as
moderate, 16.6% as low, and only 10.6% reaching a high
level. The Rasch model analysis revealed a mean student
ability of +0.23 logit, equivalent to approximately 54% of
the maximum score, which is still below the school’s
minimum mastery criterion (75). These results suggest
that although students possess basic critical thinking
abilities, they still experience difficulties in performing
higher-order cognitive processes such as in-depth
analysis, argument evaluation, and drawing well-
supported conclusions.

More detailed observations from classroom
practices indicate that learning activities are still
dominated by teacher explanations. Although PjBL has
been introduced, its implementation has not fully
followed the intended syntax, resulting in limited
opportunities for students to engage in authentic
project-based inquiry. For instance, students tended to
complete tasks by directly following given procedures
without questioning the underlying concepts or
exploring alternative solutions. In addition, the
instructional materials used in the classroom,
particularly student worksheets, tend to be procedural
and conventional, focusing on step-by-step completion
rather than encouraging reflective and analytical
thinking. The worksheets resemble “cookbook”
activities, where students are guided through fixed
steps, leaving minimal space for reasoning,
interpretation, or independent decision-making. As a
result, students often struggle when asked to interpret
data, justify their answers, or relate concepts to real-
world contexts.

This condition is further reflected in students’
responses during interviews, where several students
reported that they were accustomed to completing tasks
based on instructions but felt uncertain when required
to explain their reasoning or draw conclusions
independently. As a result, students are more likely to
follow instructions mechanically rather than engage in
deeper reasoning processes.

These findings highlight a gap between the
implementation of PjBL and its expected outcomes in
fostering critical thinking skills. Therefore, there is a
need for more structured and interactive learning
materials that can better support the development of
students’ higher-order thinking skills within the PjBL
framework. To address these limitations, the use of
electronic student worksheets (e-LKPD) offers a
promising alternative. Compared to conventional
worksheets, e-LKPD provides interactive features,
multimedia integration, and flexible access, which can
enhance student engagement and support deeper
cognitive processing (Andriana et al., 2022; Agustin et
al., 2025). The integration of e-LKPD within PjBL can
serve as a structured guide that facilitates inquiry-based
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learning and supports the development of critical
thinking skills in a more systematic manner.

Although previous studies have demonstrated
the effectiveness of Project-Based Learning, design
thinking, and digital learning materials in improving
students” higher-order thinking skills, most of these
studies have examined these components separately
rather than as an integrated instructional approach.
(Putra et al., 2021; Rianto et al., 2023; Safitri et al., 2024).
As a result, there is still limited empirical evidence on
how the integration of these elements can collectively
enhance students’ critical thinking skills, particularly in
the context of renewable energy learning.

Therefore, this study aims to examine the
effectiveness of Project-Based Learning assisted by an e-
LKPD based on Design Thinking on Renewable Energy
(DTRE), specifically focusing on wind energy (PLTB), in
improving students’ critical thinking skills. This
integrated approach is expected to provide a more
meaningful and structured learning experience that
promotes higher-order thinking skills in science
education.

Method

This study employed a quantitative approach
using a quasi-experimental design with a non-
equivalent control group. Both groups were
administered a pretest and posttest; however, the
experimental group was treated using Project-Based
Learning (PjBL) assisted by e-LKPD DTRE, whereas the
control group received instruction through PjBL
supported by conventional worksheets, as presented in
Table 1.

Table 1. Research design

Group Pretest Treatment  Posttest
Experimental o X, O,
Group

Control Group O X O,

The participants of this study were tenth-grade
students from a public senior high school in Bandung. A
purposive sampling technique was used to select two
classes that had not previously studied renewable
energy materials and had access to digital devices. The
final sample consisted of 35 students in the experimental
group and 34 students in the control group. The
instrument used to measure students’ critical thinking
skills was a test consisting of 10 essay items developed
based on Ennis’ critical thinking framework. The
distribution of items across the five indicators is
presented in Table 2.

Each item was scored using an analytical rubric
with a scale of 1-4, resulting in a maximum total score of

40, which was then converted into a scale of 1-100. Prior
to its implementation, the instrument was validated by
experts and empirically tested through a pilot study
involving 31 students using Rasch model analysis with
the assistance of Winsteps software. The results
indicated that all items met the fit criteria (0.5 < MNSQ
< 1.5), with most items categorized as very fit. The
instrument also demonstrated good reliability
(Cronbach’s alpha = 0.85; person reliability = 0.84; item
reliability = 0.77), indicating that it was valid and reliable
for measuring students” critical thinking skills.

Tabel 2. Distribution of critical thinking test items based
on indicators

No. (Critical Thinking Indicator frem Number

Number of Item
1 Elementary clarification 1,3 2
2 Basic support 4,7 2
3 Inference 5,8 2
4 Advanced Clarification 2,9 2
5 Strategies and tactics 6,10 2
Total 10

Students” learning motivation was measured
using a questionnaire adapted from the Instructional
Materials Motivation Survey (IMMS) developed by John
M. Keller based on the ARCS model, which includes four
dimensions: attention, relevance, confidence, and
satisfaction. The questionnaire consisted of 16 items,
including both positive and negative statements, with
each dimension proportionally represented to capture
students’” responses to the implemented learning
process.

The learning intervention was implemented using
e-LKPD DTRE integrated within the PjBL framework in
the experimental class, while the control class utilized
conventional worksheets. The e-LKPD DTRE was
developed using a digital platform (e.g., Google Sites
and Wizer.me) and designed to facilitate interactive and
structured learning activities. It integrates the stages of
design thinking, namely empathize, define, ideate,
prototype, and test, within the Project-Based Learning
framework. The learning content focuses on renewable
energy, particularly the analysis of energy crisis issues
and the development of solutions in the form of a mini
wind power plant (PLTB) prototype.

The implementation of the learning intervention
was conducted over four meetings, each lasting
approximately 120 minutes. In the first meeting,
students engaged in the empathize stage by exploring
contextual problems related to the energy crisis. In the
second meeting, students proceeded to the define and
ideate stages through case analysis and virtual
simulations using PhET. In the third meeting, students

carried out the prototype stage by developing a mini
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PLTB prototype. In the fourth meeting, students
conducted the test stage by measuring electrical output,
analyzing data, and presenting results.

Data analysis was conducted using descriptive
and inferential statistics. The improvement in students’
critical thinking skills was measured using normalized
gain (N-gain), which was categorized according to Hake
(1998) into high, medium, and low levels. This measure
was used to capture the relative improvement of
students by taking into account both pretest and posttest
scores, so that the comparison between groups becomes
more meaningful. To determine the significance of
differences, non-parametric tests were applied due to
the non-normal distribution of data, including the
Wilcoxon signed-rank test and the Mann-Whitney U
test. The selection of non-parametric tests was based on
the characteristics of the data, which did not meet the
assumption of normality, making these tests more
appropriate for analyzing differences within and
between groups without relying on parametric

Table 3. Descriptive Statistics of Pretest Scores

assumptions. Effect size was also calculated to
determine the magnitude of the treatment effect, since
statistical significance alone does not fully reflect how
substantial the impact of the intervention is in practice.

Result and Discussion

The pretest results indicate that the experimental
and control groups had comparable initial levels of
critical thinking skills. As shown in Table 3, the
experimental group obtained a mean score of 48.93 (SD
= 9.18), while the control group achieved a mean score
of 46.32 (SD = 7.13). The relatively small difference
between the two groups suggests that both groups
started from a similar initial levels of critical thinking
skills. This initial equivalence is important in a quasi-
experimental design, as it ensures that any subsequent
differences in learning outcomes can be more
confidently attributed to the intervention rather than
pre-existing differences.

Group N Minimum Maximum Mean SD

Experimental 35 32.50 55.00 48.93 9.18

Control 34 30.00 57.50 46.32 7.13
After the intervention, both groups showed duration of the intervention, students’ initial

improvement in critical thinking skills. However, the
experimental group demonstrated a more substantial
increase. As presented in Table 4, the experimental
group’s mean score increased from 48.93 to 70.29, while
the control group increased from 46.32 to 61.25. The
normalized gain (N-gain) analysis further confirmed
this difference, with the experimental group achieving a
N-gain of 0.42 (moderate category) compared to 0.28
(low to moderate) in the control group. Despite the
higher improvement, the gain in the experimental group
remained within the moderate category. This may be
attributed to several factors, such as the relatively short

Table 4. Pretest-Posttest Comparison and N-Gain

unfamiliarity with Project-Based Learning and design
thinking processes, and the limited time for deeper
reflection and iterative problem-solving.

In addition, the development of higher-order
thinking skills, such as inference and advanced
clarification, generally requires sustained practice and
longer exposure to cognitively demanding tasks. These
findings indicate that the integration of e-LKPD DTRE
within Project-Based Learning contributes to a
meaningful, yet still developing, enhancement of
students’ critical thinking skills.

Group Pretest Mean Posttest Mean N-gain Category
Experimental 48.93 70.29 0.42 Moderate
Control 46.32 61.25 0.28 Low-Moderate

The difference between groups was statistically
significant (p < .001) with a moderate effect size (r =
0.443), indicating that the intervention had a meaningful
impact on students’ learning outcomes. This finding
suggests that while Project-Based Learning (PjBL)
contributes to improving critical thinking skills, its
integration with e-LKPD Design Thinking on Renewable
Energy (DTRE) provides additional cognitive support
that enhances the learning process more effectively. The

well-organized and phased design of the e-LKPD is
likely to foster deeper cognitive processing, as it directs
learners through identifying problems, generating ideas,
constructing solutions, and reflecting on their learning.
These results align with earlier research suggesting that
systematically designed of digital learning materials can
promote critical thinking skills (Ennis, 2011; Hartono et
al., 2022; Zulkarnaen at al., 2025). A more detailed
examination of learning outcomes is presented in Table
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5, which shows the N-gain scores across critical thinking
indicators. Overall, the experimental group consistently
outperformed the control group in all indicators.

The highest improvements in the experimental
group were observed in elementary clarification (0.54)
and basic support (0.53). This indicates that students
became more capable of identifying problems,
interpreting information, and providing evidence-based
reasoning. These improvements can be linked to the

Table 5. N-Gain Based on Critical Thinking Indicators

design thinking stages embedded in the e-LKPD DTRE.
In particular, elementary clarification was developed
through the define, ideate, and test stages, where students
were required to formulate problem statements, propose
solution ideas, and compare prototype performance.
These improvements are closely related to the structured
activities within e-LKPD DTRE, which guide students
through problem identification and idea formulation
stages

Indicator Experimental Control
Elementary clarification 0.54 0.38
Basic support 0.53 0.40
Inference 0.32 0.15
Advanced clarification 0.35 0.14
Strategies and tactics 0.37 0.33

In contrast, the lowest improvement in the
experimental group was found in the inference
indicator, with an N-gain value of 0.32 within the
moderate category. Meanwhile, the control group
demonstrated lower improvements, particularly in
inference (0.15) and advanced clarification (0.14), which
remained at a low level. Although inference was
facilitated across several stages, such as empathize,
define, ideate, and test, the moderate gain suggests that
students still require more time and repeated practice to
develop the ability to draw conclusions from data and
establish causal relationships. This pattern implies that
students faced challenges in developing critical thinking
skills without adequate scaffolding, which were more
effectively facilitated in the experimental class. These
findings are aligned with previous research indicating
that complex cognitive processes, such as inference and
advanced clarification, require guided learning
experiences and iterative practice (Rachmawati &
Wiyatmo, 2025; Meirawati et al., 2025).

A similar tendency is observed in advanced
clarification (0.35), which was mainly trained in the
define stage through activities that required students to
construct and justify conceptual understanding based on
simulation  results. The relatively = moderate
improvement indicates that the ability to provide deeper
explanations develops gradually and depends on
sustained engagement with conceptually demanding
tasks.

Meanwhile, the strategies and tactics indicator
(0.37) was fostered through the ideate and prototype
stages, where students planned project implementation
and adjusted their approach during the prototyping
process. These activities encouraged students to think
strategically and adapt their decisions based on
emerging constraints during the project. The

improvement pattern in the experimental group is
further illustrated in Figure 1, which shows increases
across all critical thinking indicators from pretest to
posttest. This finding suggests that the integration of
design thinking stages within Project-Based Learning
provides structured opportunities for students to engage
in systematic and meaningful problem-solving
processes.

Enhancement of Critical Thinking
Skills in the Experimental Group
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Figure 1. Pretest-Posttest score based on critical
thinking indicators in experimental class

The improvement observed in both groups also
indicates that Project-Based Learning itself plays an
important role in fostering critical thinking. This aligns
with previous studies showing that PjBL promotes
active learning through problem-solving, collaboration,
and reflection (Widyastuti, 2022, Dewi et al., 2025).
Through these processes, students are encouraged to
analyze problems, evaluate information, and construct
solutions, which are essential components of critical
thinking (Gandi et al., 2021; Sun et al., 2024; Apriliyanti
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et al., 2025). However, the higher improvement in the
experimental group indicates that the addition of e-
LKPD DTRE plays a crucial role in strengthening these
processes by providing structured and sequential
learning support. Unlike conventional worksheets, the
e-LKPD used in this study provides structured and
sequential learning stages based on design thinking,
which guide students in analyzing problems, generating
ideas, testing solutions, and reflecting on their learning.
This structured scaffolding promotes deeper cognitive
processes, particularly in reasoning, analysis, and
evidence-based decision-making (Andriana et al., 2022;
Agustin et al., 2025).

Interestingly, the relatively similar N-gain values
observed in the strategies and tactics indicator between
the experimental (0.37) and control groups (0.33) suggest
that this skill is inherently developed through the PjBL
framework itself. In both groups, students were actively
involved in planning, organizing, and executing project
activities, which inherently require them to determine
appropriate actions and collaborate with peers. These
processes naturally foster strategic thinking and
decision-making skills, even without additional
instructional support (Zulkarnaen at al., 2025).

This result implies that the development of
strategies and tactics is less dependent on the presence
of supplementary learning materials, since it is
intrinsically embedded within the core framework of
PjBL. This interpretation is reinforced by the findings of
Isro et al. (2021), which show that students involved in
PjBL-STEM learning tend to achieve very high
performance in strategy and tactics aspects, particularly
in deciding actions and interacting within groups.
Through repeated collaborative activities, students are
trained to negotiate ideas, determine appropriate
solutions, and adjust their strategies based on group
discussions. As a result, the development of this
indicator becomes strongly embedded in the learning
model itself rather than being dependent on
supplementary instructional materials.

In addition, previous research using Rasch
analysis highlights that critical thinking skills, including
strategic decision-making, develop through continuous
practice and iterative learning experiences (Aviyanti et
al., 2024). This suggests that the relatively similar
improvement between groups in this indicator may
reflect the cumulative effect of repeated engagement in
project-based activities rather than the specific
contribution of e-LKPD DTRE. Thus, although the e-
LKPD contributes to the improvement of several
indicators of students’ critical thinking skills, its impact
on the strategies and tactics indicator remains relatively
limited, as this component has already been strongly
emphasized within the PjBL framework. Furthermore, a
meta-analysis study by Tafakur et al. (2023) confirms

that Project-Based Learning has a consistent positive
effect on students’ critical thinking skills, particularly in
aspects related to problem-solving and decision-
making. This suggests that the relatively small
difference between groups in this indicator is likely due
to the dominant influence of the PjBL model itself, rather
than the added effect of e-LKPD DTRE.

The effectiveness of e-LKPD DTRE can also be
explained through its integration of design thinking
stages. Activities such as empathizing with real-world
energy issues, defining problems, generating ideas,
developing prototypes, and testing solutions provide
students with opportunities to engage in iterative and
reflective thinking processes. These processes are
essential in developing critical thinking, as they require
students to analyze information, evaluate alternatives,
and justify their decisions. This finding is aligned with
previous studies indicating that the integration of
project-based learning, design thinking, and digital
learning  materials enhances deeper cognitive
engagement and promotes critical thinking skills
(Rachmawati & Wiyatmo, 2025; Meirawati et al., 2025).

Furthermore, the use of contextual problems
related to renewable energy contributes to meaningful
learning experiences. By connecting learning content to
real-world issues, students are encouraged to apply their
knowledge in practical contexts, which strengthens their
analytical and reasoning abilities (Octafianellis et al.,
2021; Ariadila et al., 2023; Zulkarnaen at al., 2025). This
aligns with previous findings that contextual and
problem-based learning environments significantly
support the development of critical thinking skills in
science education (Gandi et al., 2021; Putra et al., 2021;
Safitri et al., 2024).

In addition to cognitive outcomes, this study also
examined students’ learning motivation based on the
ARCS model. The results indicate that students’ overall
motivation was in the moderate category (66.09%),
suggesting that the learning intervention was able to
engage students, although not yet optimally. A more
detailed analysis of motivation across dimensions is
presented in Figure 2, which illustrates the distribution
of students’ motivation in terms of attention, relevance,
confidence, and satisfaction.

The relevance dimension achieved the highest
percentage (72.22%), indicating that students were able
to perceive a strong connection between the learning
content and real-life contexts, particularly in relation to
renewable energy issues. This finding suggests that the
integration of contextual problems, such as energy crises
and the development of wind power prototypes,
successfully enhanced the meaningfulness of learning.
When students recognize the applicability of knowledge
in real-world situations, they tend to be more engaged
and motivated to participate actively in the learning

1419



Jurnal Pendidikan, Sains, Geologi dan Geofisika (GeoScienceEd)

May 2026, Volume 7, Issue 2, 1414-1423

process. This result is consistent with previous studies
highlighting that contextual and project-based learning
environments improve students’ engagement and
perceived value of learning (Ainurridho et al., 2021;
Dewi et al., 2025; Palangi et al., 2025), and is also aligned
with the ARCS model which emphasizes the importance
of relevance in connecting learning materials with
students’ real-life experiences (Keller, 2004; Ramadhani,
2022; Sarikog & Ozerbas, 2024).

Students Learning Motivation

= QS

Persentase Dimensi Motivasi Belajar
NN
Y=Y SN
-_—
-

Dimensi Motivasi Belajar ARCS

Figure 2. Percentage of Students’ Learning Motivation
Across ARCS Dimensions

The confidence dimension (65.74%) indicates that
students experienced a moderate level of self-efficacy
during the learning process. This suggests that project-
based activities, such as designing and developing
prototypes, provided opportunities for students to build
confidence through hands-on experiences. This finding
is aligned with previous studies indicating that active
engagement in project-based learning can enhance
students’ self-efficacy and intrinsic motivation (Dewi et
al., 2025). However, the moderate score also implies that
not all students felt equally confident, which may be
influenced by factors such as task complexity, time
constraints, and challenges in group collaboration. This
condition is in line with findings that the effectiveness of
PjBL is influenced by project design, student readiness,
and the level of instructional support provided by the
teacher (Dewi et al., 2025; Sarikog & Ozerbas, 2024). This
finding highlights the importance of providing sufficient
scaffolding and guidance during project implementation
to support students with varying levels of readiness.

Meanwhile, the attention dimension (64.58%)
reflects that the learning activities were able to attract
students’ interest, although not consistently across all
participants. The use of interactive activities such as
discussions, simulations, and prototype development
contributed to increased engagement. This finding
supports previous research stating that elements of PjBL,
such as authentic problems and active inquiry, can
enhance students’ attention and engagement (Al-
Kamzari & Alias, 2023; Sariko¢ & Ozerbas, 2024).

However, the moderate level suggests that certain
aspects, such as complex instructions or technical
constraints, may have reduced students’ focus during
the learning process. Similar challenges have been
reported in studies highlighting that technical
limitations and the complexity of digital learning media
can affect students’ engagement (Wahyuniyati et al.,
2025). This indicates that while PjJBL combined with
digital tools has the potential to enhance engagement,
user-friendly instructional design is required to
maintain students’ attention effectively.

The satisfaction dimension recorded the lowest
percentage (61.81%), indicating that students” sense of
achievement and satisfaction with the learning
experience was not yet optimal. Although many
students reported enjoying the project-based activities,
some experienced challenges related to task difficulty,
limited time, and suboptimal project outcomes, which
may have influenced their level of satisfaction. This
finding is aligned with previous research indicating that
students’ satisfaction in project-based learning is closely
related to their success in completing tasks and
producing meaningful outcomes (Palennari & Bahri,
2025; Sariko¢ & Ozerbas, 2024). This finding suggests
that emotional responses to learning are closely linked
to students” perceived success and the quality of their
learning experience.

Taken together, these results indicate that Project-
Based Learning assisted by e-LKPD DTRE effectively
supports students’ learning motivation, particularly in
enhancing the perceived relevance of learning.
However, further optimization is still required in terms
of instructional support, time management, and task
design to improve students’ confidence, attention, and
satisfaction more evenly.

Overall, these findings demonstrate that Project-
Based Learning (PjBL) not only provides a strong
foundation for developing students’ critical thinking
skills but also supports students’ learning motivation
when implemented with structured digital scaffolding
such as e-LKPD DTRE. The integration of project-based
learning, design thinking processes, and digital
worksheets creates a learning environment that is not
only active and student-centered but also cognitively
demanding and reflective. This combination enables
students to engage more deeply in problem-solving
processes while simultaneously perceiving the relevance
of learning to real-world contexts, which is essential for
sustaining motivation.

From a cognitive perspective, the structured
stages embedded in e-LKPD DTRE facilitate higher-
order thinking processes, particularly in reasoning,
analysis, and evidence-based decision-making. From an
affective perspective, the use of contextual and project-
based activities strengthens students’ perceived
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relevance of learning, which emerged as the most
dominant motivational dimension. This indicates that
meaningful learning occurs when cognitive engagement
and motivational support are developed simultaneously
rather than separately.

The findings of this study have several important
implications. Practically, teachers are encouraged to
integrate structured digital learning materials within
project-based learning to support both critical thinking
and student motivation. The use of design thinking
stages can serve as an effective pedagogical framework
to guide students through complex problem-solving
tasks in a more systematic and reflective manner.
Theoretically, this study contributes to the growing
body of research emphasizing the importance of
combining cognitive and motivational approaches in
science education, particularly in the context of 21st-
century learning.

Despite these promising findings, several
limitations should be acknowledged. First, the study
was conducted in a single school, which may limit the
generalizability of the findings to broader educational
settings. Second, the duration of the intervention was
relatively short, which may not fully capture the long-
term development of both critical thinking skills and
learning motivation. Third, variations in students’ initial
abilities and group dynamics during project
implementation may have influenced the outcomes,
particularly in motivational aspects such as confidence
and satisfaction.

Future research is therefore recommended to
involve more diverse samples and extended
implementation periods to examine the sustainability of
both cognitive and motivational improvements. In
addition, further studies may explore the integration of
e-LKPD DTRE in different subject areas or investigate its

impact on other 2lst-century skills, such as
collaboration, creativity, and problem-solving, to
provide more comprehensive insights into its

educational potential.

Conclusion

This study concludes that Project-Based Learning
assisted by e-LKPD based on Design Thinking on
Renewable Energy (DTRE) is effective in improving
students’ critical thinking skills and supporting their
learning motivation. The experimental group
demonstrated better improvement compared to the
control group, indicating a meaningful impact of the
intervention.

The findings also indicate that Project-Based
Learning contributes to the development of
fundamental critical thinking skills, particularly in
problem identification and decision-making processes.
However, the integration of e-LKPD DTRE plays a more

substantial role in strengthening higher-level critical
thinking skills, especially in inference and advanced
clarification. This is achieved through structured,
interactive, and reflective learning activities that guide
students through systematic problem-solving processes.

This study provides empirical evidence that
integrating PjBL, design thinking, and digital learning
materials within a unified framework enhances
students’ cognitive engagement and critical thinking. In
addition, students” learning motivation was found to be
at a moderate level, with strong relevance to real-life
contexts.

Overall, the integration of Project-Based Learning,
design thinking, and e-LKPD creates a more meaningful,
structured, and cognitively demanding learning
environment. Therefore, this approach can be
considered a promising alternative for improving
students’ critical thinking skills in science education,
particularly in topics such as renewable energy that
require contextual problem-solving and conceptual
understanding. Future research is recommended to
involve larger samples and longer implementation
periods to further examine the consistency and broader
applicability of this approach.
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