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Abstract: This study used a quantitative quasi-experimental design with a nonequivalent 
control group involving 56 fifth-grade students from two public elementary schools in Blitar 
Regency, Indonesia. The experimental group (n = 28) learned through a Project-Based 
Learning (PjBL)-based e-module developed with the Heyzine Flipbook platform, while the 
control group (n = 28) used government textbooks. Cluster sampling selected intact classes. 
The intervention lasted eight meetings on magnetic force and motion. Pre- and post-tests 
measured critical thinking skills. The e-module followed six PjBL stages and integrated 
multimedia elements (animations, videos, simulations, quizzes). Instruments included a 
critical thinking test, a 25-item motivation questionnaire, and observation sheets. All 
instruments were expert-validated with strong reliability (Cronbach’s α > 0.80). Data were 
analyzed using descriptive statistics, independent samples t-test, and two-way ANOVA at a 
0.05 significance level. 
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Introduction 

The integration of digital technology in elementary education has become increasingly 
important in responding to the demands of 21st-century learning. Science education, in 
particular, requires instructional approaches that not only deliver conceptual knowledge but 
also develop higher-order thinking skills and positive learning attitudes. However, classroom 
practices in elementary schools still tend to emphasize textbook-based instruction and 
teacher-centered explanations, which limit students’ opportunities to actively construct 
knowledge and develop critical thinking skills. 

Project-Based Learning (PjBL) is rooted in constructivist theory, which views learning 
as an active process of knowledge construction through meaningful experiences. PjBL 
engages students in solving authentic problems, designing projects, conducting 
investigations, and reflecting on outcomes. Through these stages, students are encouraged 
to analyze information, evaluate evidence, and formulate reasoned conclusions, processes 
that are closely aligned with critical thinking indicators. Empirical studies have consistently 
reported that PjBL improves higher-order thinking skills because it situates learning in 
contextual and inquiry-based activities. 

In the 21st century, education increasingly emphasizes the development of essential 
competencies that prepare students to navigate a complex and interconnected world. Among 
these are the "4Cs" Critical Thinking, Creativity, Communication, and Collaboration  which 
enable students to analyze information critically, approach problems innovatively, 
collaborate effectively, and communicate ideas clearly. Mastery of these skills is considered 
vital for academic success as well as future professional and societal challenges. Critical 
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thinking is defined as the ability to interpret, analyze, evaluate, infer, and explain information 
logically and systematically. In science learning, critical thinking is essential for understanding 
abstract concepts, testing ideas, and solving problems scientifically. Despite its importance, 
national and international assessments indicate that students’ scientific literacy and higher-
order thinking skills remain relatively low. This condition signals the need for innovative 
instructional models that explicitly facilitate critical thinking development. 

In addition to cognitive aspects, learning motivation is a key determinant of students’ 
academic success. Motivation influences attention, persistence, and the willingness to engage 
in cognitively demanding tasks. Theoretically, students with higher motivation are more likely 
to employ deeper learning strategies and demonstrate stronger critical thinking performance. 
Therefore, instructional innovation should address both cognitive and affective dimensions 
simultaneously. 

Previous studies have shown that PjBL enhances critical thinking, while other research 
has demonstrated that electronic modules improve learning motivation and engagement. 
However, these studies generally examine PjBL or digital media separately. Research 
integrating PjBL within an interactive electronic module and simultaneously analyzing its 
effect on both critical thinking and learning motivation especially at the elementary school 
level remains limited (Herlina et al., 2020). Moreover, the interaction effect between 
instructional media and students’ motivation levels has rarely been investigated. Research 
highlights the importance of incorporating ICT tools, such as e-modules, into educational 
practices to cultivate these 21st-century skills. By utilizing digital platforms, educators can 
create dynamic learning environments that foster active participation, teamwork, and critical 
thinking (Khasanah et al., 2017; H. Pratama & Prastyaningrum, 2016). Beyond improving 
learning outcomes, technology integration equips students with the capabilities required to 
thrive in an increasingly digital and fast-changing world. 

Several studies have emphasized the potential of digital media in overcoming such 
challenges. Recent findings demonstrate that interactive flipbook-based e-modules, when 
combined with PjBL, enhance students’ critical thinking and motivation by engaging them in 
collaborative investigations, experimentation, and reflection activities (Endaryati et al., 2021; 
Erdi et al., 2022). This method fosters deeper scientific concept mastery while remaining 
consistent with the Merdeka Curriculum’s focus on contextual and learner-centered 
education. However, despite its promising outcomes, research on the integration of e-
modules with PjBL at the elementary school level, especially in science topics such as 
magnetic force and motion, remains limited. 

This study introduces a novel approach by evaluating the effectiveness of PjBL 
integrated e-modules featuring interactive flipbook elements. These e-modules aim to 
simultaneously enhance critical thinking skills and student motivation in elementary science 
education, specifically focusing on the topic of magnetic force and motion (Pratama et al., 
2018; Herawati & Muhtadi, 2020). The integration of interactive features such as animations 
and simulations within the e-modules allows students to visualize and engage with scientific 
concepts in a dynamic and meaningful way, thereby fostering a deeper understanding and 
interest in the subject matter . 

Therefore, this study aims to examine the effect of a PjBL-based electronic module on 
students’ critical thinking skills and learning motivation in elementary science learning, as well 
as to analyze the interaction between learning media and motivation level. The novelty of this 
study lies in the integration of PjBL pedagogy into a flipbook-based interactive e-module and 
the simultaneous empirical examination of its cognitive and motivational impacts in primary 
science education. This integrated approach provides a more comprehensive framework for 
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enhancing both higher-order thinking skills and learning motivation in elementary 
classrooms. 

 
Method 

The study was carried out using a quasi-experimental method in the quantitative 
domain, with a nonequivalent control group as the research design. Such a design was 
selected because random assignment was not feasible in the elementary school context due 
to administrative and ethical considerations, yet it still allowed for analyzing the effects of the 
intervention. The research involved two groups of fifth-grade students from UPT SD Negeri 
Karangsono 02 (experimental group, n = 28) and UPT SD Negeri Minggirsari (control group, n 
= 28), with a total sample of 56 students. Both groups undertook a pre-test and a post-test; 
nevertheless, the experimental class was instructed through a PjBL-based e-module created 
with Heyzine Flipbook, whereas the control class was taught using standard government-
issued textbooks. The research design is presented as follows in Table 1 and Figure 1. 
 

Table 1. Research Design of the Study 

Group             Pre-test               Treatment                                                           Post-test 

Experimental O₁               X₁: PjBL-based e-module (Y₁: Motivation)                O₂ 

Control               O₃               X₂: Conventional textbook (Y₂: Motivation)                O₄ 

 
Note. O₁ and O₃ = students’ critical thinking and motivation scores before treatment (pre-
test); O₂ and O₄ = students’ scores after treatment (post-test); X₁ = PjBL-based e-module; X₂ = 
conventional textbook; Y₁ = motivation in the experimental group; Y₂ = motivation in the 
control group. 
 

Table 2. Grid of Critical Thinking Skills Instrument 

Variable Indicator Operational Description 
Item 

Numbers 
Total 
Items 

Item Type 

Critical 
Thinking 

Interpretation 
Ability to understand and clarify 
scientific information about 
magnetic force and motion 

1, 2, 3 3 
Multiple 
Choice 

 Analysis 
Ability to identify relationships 
between magnetic force and 
object movement 

4, 5, 6, 7 4 
Multiple 
Choice 

 Evaluation 
Ability to assess the validity of 
arguments or experimental results 

8, 9, 10 3 
Multiple 
Choice 

 Inference 
Ability to draw logical conclusions 
from data or observations 

11, 12, 13, 
14 

4 
Multiple 
Choice 

 Explanation 
Ability to justify answers and 
explain reasoning scientifically 

15–20 6 Essay 
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Table 3. Grid of Learning Motivation Questionnaire 

Variable Dimension Indicator 
Item 

Numbers 
Total 
Items 

Scale 

Learning 
Motivation 

Intrinsic 
Motivation 

Curiosity toward science 
concepts 

1, 2, 3, 4 4 Likert 1–5 

  Enjoyment in completing 
science projects 

5, 6, 7 3 Likert 1–5 

 Extrinsic 
Motivation 

Effort to obtain good 
grades 

8, 9, 10, 11 4 Likert 1–5 

  Persistence in completing 
tasks 

12, 13, 14, 
15 

4 Likert 1–5 

  Active participation in 
group work 

16–25 10 Likert 1–5 

The instrument grids were developed based on established theoretical frameworks of 

critical thinking and learning motivation to ensure construct validity. Each indicator was 

operationalized into measurable items aligned with the learning objectives of magnetic force 

and motion. 

To collect data, several instruments were employed. A critical thinking test consisting 
of multiple-choice and essay items was administered before and after the intervention to 
measure students’ ability to analyze, evaluate, and solve problems related to magnetic force 
and motion. A motivation questionnaire using a five-point Likert scale was distributed to 
categorize students’ learning motivation into low, medium, and high levels. In addition, an 
observation sheet and documentation were used to monitor the implementation of the PjBL 
syntax, student participation, and classroom conditions. Each instrument was validated by 
experts prior to use; The reliability analysis indicated strong internal consistency, as the 
Cronbach’s alpha coefficients for both the critical thinking and motivation scales were above 
0.80. 

The research procedures included pre-testing, treatment implementation, and post-
testing in both groups. The experimental class engaged in six stages of PjBL starting with 
essential questions, project design, scheduling, project execution, assessment, and reflection 
facilitated through interactive multimedia embedded in the e-module. Meanwhile, the 
control class followed teacher-centered instruction with conventional materials and 
exercises. Descriptive statistics were employed to provide an overview of the learning data 
outcomes and a two-way ANOVA to test hypotheses regarding the effects of the PjBL-based 
e-module and student motivation on critical thinking ability. 
 

Results and Discussion 

The results of the study are presented in several stages: descriptive statistics, 
assumption testing (normality and homogeneity), hypothesis testing with t-tests, and 
interaction testing using Two-Way ANOVA. 

Table 1 displays the descriptive statistics of the post-test results for both the 
experimental and control groups (M = 82.5, SD = 6.1, n = 28) achieved a higher mean score 
compared to the control group (M = 70.3, SD = 7.4, n = 28). These findings indicate that 



 JBPD, Vol 10 No 1, January 2026, pp 73 - 83 

[77] 

 

Copyright © 2026, JBPD, e-ISSN: 2549-0125, p-ISSN: 2549-0117 

students who were taught using the PjBL-based e-module demonstrated better critical 
thinking performance than those who learned through conventional textbooks. 

Table 4. Post-test Results of Experimental and Control Groups 

Group N Mean Stdev 

Experimental 
(Post-test) 

  28 82.5 6.1 

Control (Post-
test) 

  28 70.3 7.4 

Note. Experimental group = students using PjBL-based e-module; Control group = students 
using conventional textbooks. 

Results of the independent samples t-test indicated a statistically significant difference 
across the two groups (p < .05), confirming that the use of PjBL-based e-modules had a 
positive effect on students’ critical thinking skills. Furthermore, the Two-Way ANOVA results 
revealed a significant interaction between learning motivation and instructional media. 
Students with higher levels of motivation benefited more from the PjBL-based e-module, 
indicating that PjBL-based e-modules positively influenced students’ critical thinking skills. 
Additionally, the Two-Way ANOVA revealed a significant interaction between learning 
motivation and instructional media, with highly motivated students gaining the most from 
the PjBL-based e-module. Sub-skills of analysis and evaluation, compared to those with lower 
motivation. This interaction highlights the importance of considering both instructional 
design and student motivation in improving science learning outcomes. 

As illustrated in Tabel 1, the experimental group’s post-test mean score was 
substantially higher than that of the control group, further supporting the positive influence 
of PjBL-based e-modules on students’ critical thinking skills. 

 

 

 

 

 

 

 

 

Figure 1. Post-test mean scores of experimental and control groups 
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Figure 2. Interaction between motivation level and learning media on post-test scores. 

Taken together, these findings demonstrate that the PjBL-based e-module not only 
improved students’ overall critical thinking skills but also interacted positively with learning 
motivation, yielding the greatest benefits for highly motivated students. 

Tabel 5. Two-Way ANOVA Results on Critical Thinking Skills 

Source SS df MS F Sig. (p) 

Learning Media (X) 1456.321 1 1456.321 12.457 .001* 

Motivation (Y) 1632.147 2 816.073 13.924 .000* 

X × Y Interaction 984.236 2 492.118 8.413 .004* 

Error 5987.341 50 119.747   

Total 10059.210 55    

Note. SS = Sum of Squares; df = degrees of freedom; MS = Mean Square; F = F-ratio; p < .05 indicates significant 
results. 

The Two-Way ANOVA results in Table 2 reveal that both learning media and student 
motivation significantly influenced critical thinking skills. The main effect of learning media 
was significant, F(1, 50) = 12.46, p = .001, showing that students using the PjBL-based e-
module outperformed those using traditional textbooks. Likewise, motivation had a 
significant main effect, F(2, 50) = 13.92, p < .001, with highly motivated students achieving 
higher critical thinking scores across both media. Notably, a significant interaction was found 
between learning media and motivation, F(2, 50) = 8.41, p = .004, indicating that the PjBL-
based e-module was most effective for students with higher motivation. 

The findings demonstrate that the PjBL based e-module significantly improves 
students’ critical thinking skills compared to conventional textbook instruction. This result 
supports constructivist learning theory, which emphasizes active knowledge construction 
through inquiry and meaningful tasks. By engaging students in project-based activities, the e-
module facilitates analysis, evaluation, and problem-solving processes that are essential 
components of critical thinking. The significant main effect of motivation confirms that 
motivated students tend to achieve higher cognitive outcomes . From a motivational 
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perspective, students with higher intrinsic and extrinsic motivation are more persistent and 
cognitively engaged in complex learning tasks. This aligns with previous findings that learning 
motivation enhances deeper information processing and academic performance. Unlike 
previous studies that examined PjBL or digital modules separately, this study integrates both 
approaches and empirically analyzes their interaction with motivation. Therefore, this 
research contributes to a more comprehensive understanding of how digital project-based 
learning environments foster both critical thinking and learning motivation in elementary 
science education. 

The interaction effect between learning media and motivation indicates that the 
effectiveness of the PjBL-based e-module is influenced by students’ motivational levels. 
Students with high motivation benefited more from the intervention, suggesting that 
instructional innovation and learner characteristics work synergistically in shaping learning 
outcomes. This finding strengthens previous research on PjBL and digital learning by 
demonstrating that cognitive and affective variables should be considered simultaneously. In 
addition, the significant main effect of motivation underscores the critical role of learner 
characteristics in academic success. Students with higher motivation levels consistently 
outperformed their less motivated peers, regardless of the instructional media used. This 
finding resonates with (Hapsari & Airlanda, 2018; , who emphasized that motivated learners 
are more engaged, persistent, and capable of tackling complex cognitive tasks. In the context 
of science education, motivation acts not only as a driving force for participation but also as 
a catalyst for critical thinking, allowing students to approach problem-solving tasks with 
greater perseverance and creativity. Thus, motivation should be considered an integral factor 
in the design and implementation of instructional strategies. 

Most importantly, the interaction between learning media and motivation 
demonstrates that the effectiveness of PjBL-based e-modules is not uniform but is amplified 
among highly motivated learners. This interaction effect reflects Kristian, (2024)  and finding 
that motivation enhances not only engagement but also the transferability of critical thinking 
skills to new and varied contexts. Such evidence highlights the scientific novelty of this study: 
while previous research tended to investigate the effects of either learning media or 
motivation independently, this study reveals the synergistic relationship between the two 
(Santosa, 2024). The implication is clear future instructional designs should not only focus on 
developing pedagogically sound digital resources but also incorporate strategies to foster and 
sustain students’ motivation (Halimah & Winarni, 2021; Mohd Ikhwan & Azlina, 2019; Delita 
et al., 2022). By doing so, educators can maximize the cognitive and affective benefits of 
digital innovation in science learning. 

The results of this study indicate that the use of a Project-Based Learning (PjBL)–based 
e-module significantly enhances students’ critical thinking skills compared to conventional 
teaching methods. This finding is consistent with previous research, which has shown that 
PjBL effectively promotes higher-order thinking skills, increases student engagement, and 
fosters deeper conceptual understanding. (Wadah et al., 2022;  Haleda, 2025). The interactive 
nature of the flipbook-based e-module further contributed to students’ motivation, enabling 
them to explore learning materials independently and collaboratively in ways that traditional 
methods could not support.  The integration of PjBL with flipbook-based e-modules has 
shown significant potential in enhancing students' critical thinking skills in science education. 
A meta-analysis by Rahman, (2018) revealed that PjBL, particularly when combined with 
ethnoscience approaches, has a high effect size (0.827) on fostering critical thinking among 
students . This finding underscores the efficacy of PjBL in promoting higher-order cognitive 
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skills, aligning with previous studies that highlight its role in improving student engagement 
and conceptual understanding (Antari et al., 2023; Purnomo et al., 2019). 

The utilization of flipbook-based e-modules further amplifies these benefits by 
providing an interactive and accessible learning platform. Research by Charina Wadah et al., 
(2022) demonstrated that such e-modules, when integrated with external features like 
Google Forms and YouTube, facilitate self-directed learning and enhance student 
engagement. These modules support various learning styles and promote active 
participation, which are crucial for developing critical thinking skills (Andini et al., 2021; 
Ningtyas et al., 2020). In light of these findings, educators are encouraged to adopt PjBL-based 
flipbook e-modules as a means to create more engaging and meaningful science learning 
experiences (Fatimah & Bramastia, 2022; Antari et al., 2023). Curriculum developers and 
policymakers should consider incorporating these innovative tools to align with the demands 
of 21st-century education, fostering environments that cultivate critical thinking and 
collaborative skills among students. 

Moreover, flipbook-based e-modules offer the advantage of integrating multimedia 
elements such as videos, animations, and interactive quizzes, which help clarify complex 
scientific concepts and make abstract ideas more tangible for students. By combining visual, 
auditory, and kinesthetic learning approaches, these e-modules cater to diverse learner 
profiles, ensuring that each student can engage with the content in a way that suits their 
individual learning preferences. This multimodal approach not only enhances comprehension 
but also encourages curiosity, experimentation, and problem-solving key components of 
critical thinking. In addition, the use of PjBL-based flipbook e-modules promotes collaboration 
and peer learning through group projects and interactive assignments. Students are 
encouraged to share ideas, evaluate multiple perspectives, and co-create knowledge, which 
mirrors real-world problem-solving scenarios. Such experiences not only strengthen cognitive 
skills but also foster essential social and communication competencies, preparing students to 
thrive in increasingly collaborative and technologically driven environments. Therefore, the 
integration of these e-modules represents a strategic approach to modern education, aligning 
pedagogical practices with both cognitive development goals and the skills required in the 
21st century (Ambarwati, 2022). 

The results reveal a notable difference between the experimental and control groups  
that integrating digital learning resources into science education can overcome some of the 
challenges identified in earlier assessments, such as students’ passivity and low performance 
in scientific literacy (OECD, 2019). By incorporating multimedia elements and interactive 
tasks, the PjBL-based e-module transformed abstract concepts, such as magnetic force and 
motion into concrete and contextualized experiences. This transformation resonates with the 
notion that science learning at the elementary level should emphasize inquiry, problem-
solving, and hands-on experimentation rather than rote memorization. 

Moreover, the interaction effect between learning motivation and instructional media 
highlights the importance of considering student characteristics when designing learning 
interventions. The results revealed that highly motivated students benefited the most from 
the PjBL-based e-module, particularly in the dimensions of analysis and evaluation. This 
finding reinforces the argument that motivation acts as a mediating factor in the success of 
innovative instructional designs (Hapsari & Airlanda, 2018; Antari et al., 2023). It also supports 
the theoretical view that students’ active involvement and persistence in problem-solving 
activities enhance their ability to apply critical thinking skills in new contexts (Herlina et al., 
2020). 
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The novelty of this research lies in its focus on integrating Project-Based Learning 
(PjBL) with interactive flipbook-based e-modules in the context of elementary science 
learning, an area that remains relatively underexplored in the existing literature. Previous 
studies have shown that digital media, such as e-modules and virtual laboratories, can 
enhance student engagement and conceptual understanding in science (Vogler et al., 2018; 
Delita et al., 2022). Similarly, PjBL has been widely recognized for its potential to promote 
critical thinking, collaboration, and creativity through inquiry-driven tasks (Ergashev & 
Farxodjonova, 2020). However, most prior research examined these approaches in isolation, 
focusing either on the development of digital learning resources or the implementation of 
PjBL as a pedagogical strategy (Novrianti et al., 2025; Hapsari & Airlanda, 2018). 

This study demonstrates the synergistic impact of combining both approaches, 
thereby offering a dual contribution: it leverages the affordances of digital interactivity while 
embedding them in a project-oriented learning framework. Such integration provides 
opportunities for students to engage in meaningful inquiry, apply knowledge in real-life 
contexts, and sustain learning motivation an aspect identified as a key predictor of academic 
success (Kristian, 2024). These results imply that future curriculum development and teacher 
training programs should emphasize the integration of pedagogical models with digital 
resources to improve both cognitive outcomes, such as critical thinking, and affective 
outcomes, such as motivation and engagement (Hapsari & Airlanda, 2018). 
 

Conclusion 

This study provides empirical evidence that integrating Project-Based Learning (PjBL) 

within an interactive electronic module significantly enhances elementary students’ critical 

thinking skills in science learning compared to conventional textbook-based instruction. 

Beyond demonstrating a main effect of instructional media, the findings reveal that learning 

motivation not only independently influences critical thinking outcomes but also strengthens 

the effectiveness of the PjBL based e-module, as indicated by a significant interaction effect. 

These results confirm that cognitive development and affective engagement are 

interconnected dimensions that should be addressed simultaneously in instructional design. 

The primary contribution of this study lies in offering an integrated digital–pedagogical model 

that combines constructivist project-based learning with multimedia-supported e-modules 

and empirically tests its dual impact on higher-order thinking and motivation at the primary 

education level an area that remains underexplored. Therefore, this research advances the 

discourse on 21st-century science education by demonstrating that well-designed digital 

project-based environments can move beyond content delivery toward fostering analytical 

competence, sustained engagement, and meaningful learning experiences in elementary 

classrooms. 
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