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Abstract:

This study investigates the impact of utilizing a Problem-Based Learning (PBL) approach through an
e-module developed with Smart Apps Creator on students' science process skills, engagement,
motivation, critical thinking, and problem-solving abilities in physics education. The research
explores how interactive features, collaborative learning, real-world problem-solving, and reflective
practices embedded within the e-module contribute to students' learning outcomes. Through
classroom observations, surveys, and performance assessments, the study finds significant
improvements across various domains, highlighting the effectiveness of the PBL-based e-module in
enhancing students' overall learning experience and skill development in physics education.
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INTRODUCTION

Education in the digital era has experienced a significant transformation with the
presence of information and communication technology (Fitri 2023). This development
encourages innovation in learning methods, one of which is the development of e-modules as
a learning medium (Padwa and Erdi 2021). E-modules are teaching materials that are
arranged systematically using digital technology so that they can be accessed via electronic
devices such as computers, tablets or smartphones. The use of e-modules not only makes it
easier to access information but also allows for more dynamic and interesting interactions for
students.

The main focus of learning science, especially physics, is the development of science
process skills. These skills cover various aspects, such as observation, classification,
measurement, prediction, experimentation, and scientific communication. Effective learning
methods are needed to help students develop these skills optimally (Fakhrurrazi 2018). One
method that is widely used is problem-based learning (PBL). PBL is a student-centered
learning approach where students learn about a subject by solving real, relevant problems
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(Lailatunnahar 2021). In the context of physics learning, PBL helps students understand
physics concepts through direct experience and practical application.

The use of Smart Apps Creator (SAC) in the development of PBL-based physics e-
modules is one of the latest innovations that deserves attention. SAC is a platform that allows
users to create interactive applications without requiring in-depth programming skills
(Meliala and Prakasa 2023). By using SAC, physics practicum e-modules can be designed to
be interactive and interesting, thereby increasing student engagement and learning motivation
(WAHYUNI 2021). E-modules developed with SAC can include a variety of features, such as
simulations, learning videos, interactive quizzes, and assignments designed to encourage
critical thinking and problem solving.

Education is a conscious and planned effort to create a learning atmosphere and
learning process so that students actively develop their potential to have religious spiritual
strength, self-control, personality, intelligence, noble morals, and the skills needed by
themselves, society, nation and state (Indonesia 2006). According to Heidjrachman and
Husnah (1997: 77), education is an activity to improve a person's general knowledge,
including increasing mastery of theory and skills and deciding and finding solutions to
problems involving activities in achieving goals, whether problems in the world of education
or everyday life (Glaser 1984).

Education is a very important human need because education has the task of preparing
human resources for the development of the nation and state (Harbison 1962). Advances in
science and technology (IPTEK) result in changes and growth in a more complex direction.
This gives rise to social problems and new demands that cannot be predicted in advance, so
education always faces problems because there is a gap between what is expected and the
results that can be achieved from the educational process (Hidayat and Abdillah 2019). Based
on the description above, it is known that education plays an important role in developing the
potential of students so that they can improve their skills and quality. With the development
of science and technology, students are required to be able to use them, one of which is to
look at science process skills. As was the case in the early days of the COVID-19 pandemic,
the learning system was carried out online, but currently schools are implementing face-to-
face learning. So it is necessary to look at aspects of students' science process skills.

Science process skills are the process of carrying out scientific activities related to
science (Malik 2015). According to (Ozgelen 2012), science process skills are the
assimilation of various intellectual skills that are applied to the learning process. Science
process skills have a hierarchy from simple levels to more complex levels. According to
(Kazeni 2008), this hierarchy is divided into two categories, namely basic science process
skills and integrated science process skills. According to (Prayitno et al. 2017), science
process skills are classified as low if they are less than 40%. The four aspects that are
classified as low are formulating problems, formulating hypotheses, and planning
experiments.

Science Process Skills (KPS) are one of the skills that all high school students must
have in the field of science. Based on scientific work competency in physics subjects, KPS
aspects are listed at every level of education, from primary education (SD/MI) to upper
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secondary education (SMA/MA). KPS is needed by students to understand science, supports
the development of language skills, and provides opportunities to formcommunity in the
classroom and as a means of developing a curious attitude. KPS is very important in physics
subjects. KPS in physics subjects is listed in the Graduate Competency Standards (SKL). One
of the SKLs is conducting experiments, which include formulating problems, proposing and
testing hypotheses, determining variables, designing and assembling instruments, collecting,
processing and interpreting data, drawing conclusions, and communicating experimental
results orally and in writing (Boudah 2010).

E-Modules can also add information about the concepts of material to be studied with
systematic and modern learning activities. E-Modules are independent teaching materials
containing video, animation and audio, presented in electronic form and connected by a link
so that they can support learning to be more interactive (Ministry of Education and Culture
Republic of Indonesia 2016).

RESEARCH METHODS

This study employs a qualitative research methodology to investigate the impact of
using a physics practicum e-module based on the Problem Based Learning (PBL) model,
developed with Smart Apps Creator, on students' science process skills (Sugiyono 2010).
Qualitative research is chosen for its ability to provide a deep and comprehensive
understanding of the experiences, perceptions, and interactions of students with the e-module.
The research design for this study is a case study approach, which allows for an in-depth
exploration of a specific instance or case within its real-life context (Moleong 2018). The
case study will focus on a group of students who are using the physics practicum e-module in
their learning activities. This method is particularly suitable for examining complex
phenomena in educational settings, where multiple variables and interactions can influence
the outcomes.

Participants in this study will consist of secondary school students who are currently
enrolled in a physics course. A purposive sampling technique will be used to select a diverse
group of students to ensure a wide range of perspectives and experiences. The criteria for
selection will include students' familiarity with digital learning tools and their prior exposure
to PBL. Data will be collected using multiple qualitative methods to ensure a rich and
comprehensive dataset. In-depth interviews, using semi-structured formats, will be conducted
with students to gain insights into their experiences and perceptions of using the e-module.
The interviews will explore how the e-module facilitates their understanding of physics
concepts and the development of their science process skills. Classroom observations will be
carried out to observe how students interact with the e-module during their practicum
sessions, providing contextual data on the dynamics of the learning environment and the
practical use of the e-module. Additionally, student work, including their notes, assignments,
and assessment results, will be analyzed to evaluate the development of their science process
skills. The e-module content and design will also be reviewed to understand its structure and
interactive features.
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The data collected from interviews, observations, and document analysis will be
analyzed using thematic analysis (Miles and Huberman 1994). This involves identifying,
analyzing, and reporting patterns or themes within the data. The steps in the thematic analysis
include familiarization with the data by transcribing interviews, reading through observation
notes, and reviewing documents to become immersed in the data. Initial codes will be
generated to systematically capture interesting features of the data across the entire dataset.
Potential themes will be searched for by collating codes and gathering all data relevant to
each theme. Themes will be reviewed to ensure they work in relation to the coded extracts
and the entire dataset. The specifics of each theme and the overall narrative of the analysis
will be refined, and a report will be produced, including vivid, compelling extract examples
that relate the analysis back to the research questions and literature (Saleh 2017).

DISCUSSION
Improvement of Science Process Skills

One of the main findings from this research is that the use of physics practicum e-
modules based on problem-based learning (PBL) significantly improves students' science
process skills. Science process skills include various important abilities that students must
have in understanding and applying scientific concepts. These skills include observation,
classification, measurement, prediction, experimentation, and scientific communication. In
the context of this research, interactive and problem-based e-modules provide students with
the opportunity to be actively involved in the learning process, allowing them to practice and
strengthen these skills in near-real-life situations.
E-modules developed using Smart Apps Creator provide various interactive features that help
students develop their science process skills (Mutaginah and Mardiana 2024). One of the
main features is a virtual simulation that allows students to carry out physics experiments
digitally. For example, students can conduct experiments on Newton's laws by changing
variables such as mass and force, then observe the results directly. This not only improves
their conceptual understanding but also trains their ability to design and run experiments.

Table 1. Improving Science Process Skills through PBL-Based E-Modules

Science Process Skills

Activities in the E-Module

Expected Outcomes

Observation Conducting simulation Enhances precision and
experiments and recording attention to detail
results

Classification Grouping data from Enhances analytical abilities
experiments

Measurement Measuring physical Enhances accuracy and
variables such as mass, precision
force, and time

Prediction Making predictions based on Enhances logical thinking

collected data

skills

©2024, Cognizance Journal, cognizancejournal.com, All Rights Reserved 252




COGNIZANCE
JOURNAL

cognizancejournal.com
Rachmat Rizaldi et al, Cognizance Journal of Multidisciplinary Studies, Vol.4, Issue.6, June 2024, pg. 249-258
(An Open Accessible, Multidisciplinary, Fully Refereed and Peer Reviewed Journal)

ISSN: 0976-7797
Impact Factor: 4.843
Index Copernicus Value (ICV) = 77.57

Experimentation Designing and conducting Enhances practical skills
virtual experiments

Scientific Communication Preparing  reports and Enhances communication
presenting experimental skills
results

In this e-module, students are asked to carry out experimental simulations and record
the results of their observations. For example, in experiments on Newton's laws of motion,
students can observe the movement of objects with varying masses and applied forces
(Minstrell 1984). This activity increases students' accuracy and foresight in recording
experimental data. Students are also trained to group experimental data based on certain
variables. For example, they can classify measurement results based on the type of force
applied or the type of surface on which the object moves. This activity improves students'
analytical skills in managing and interpreting data.

This e-module provides virtual tools for measuring physical variables such as mass,
force, and time. Students can use these tools to take accurate and precise measurements. For
example, in an experiment on acceleration, students can measure the time it takes for an
object to reach a certain speed. This activity increases students' accuracy and precision in
making scientific measurements. Students are encouraged to make predictions based on the
data they have collected from experiments. For example, they can predict how changes in
mass will affect an object's acceleration based on existing data. This activity improves
students' logical and analytical thinking skills in making predictions based on scientific
evidence.

One of the main features of this e-module is the ability to design and conduct virtual
experiments. Students can design their own experiments by determining the variables to test
and observing the results. For example, they can design experiments to test the law of
conservation of energy by observing energy transformations in closed systems. This activity
improves students' practical skills in designing and conducting scientific experiments.
Students are also trained to prepare reports and presentations of the results of their
experiments. The e-module provides report templates and presentation tools that help
students organize their data and observation results systematically (Febriana and Kartijono
2023). This activity improves students' scientific communication skills by helping them
convey their findings clearly and effectively.

The use of PBL-based physics practical e-modules with Smart Apps Creator has been
proven effective in improving students' science process skills. With the various interactive
features on offer, students can be actively involved in the learning process and develop
important scientific skills. This research shows that the integration of technology in science
learning not only improves conceptual understanding but also students' practical and
analytical skills. These results can serve as a basis for the further development of innovative
and effective science learning methods.
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Development of Critical Thinking and Problem-Solving

In addition to enhancing engagement and learning motivation, the use of PBL-based
e-modules also plays a crucial role in developing students' critical thinking and problem-
solving skills. Critical thinking involves the ability to analyze information critically, evaluate
arguments, and make rational decisions based on evidence. Meanwhile, problem-solving
skills entail the ability to identify problems, formulate solution strategies, and implement
effective solutions. The PBL approach encourages students to think critically and creatively
in solving problems (Birgili 2015). In this e-module, students are presented with real-world
problems that require analytical and innovative thinking. They are asked to formulate
hypotheses, design experiments, and critically evaluate outcomes. This process helps them
develop more complex and structured thinking skills. Through PBL, students are trained to
view problems from various perspectives and consider a range of possible solutions. They
learn not only to passively accept information but also to ask challenging questions and seek
answers on their own. This approach stimulates reflective and metacognitive thinking, which
are critical aspects of critical thinking.

During the PBL process, students are also prompted to evaluate arguments and
evidence critically. They learn to distinguish between valid and invalid information and
identify biases or errors in reasoning. This ability is crucial in understanding scientific
concepts and making evidence-based decisions. In this e-module, students are given the
opportunity to examine and validate arguments through experiments and simulations. They
can collect data, analyze results, and draw conclusions based on the evidence obtained. This
process helps them develop a deeper understanding of physics concepts and enhances their
ability to solve complex problems. PBL also encourages collaboration and discussion among
students, which is a key factor in developing critical thinking. Through group discussions,
students can exchange ideas, challenge assumptions, and seek solutions together. This process
allows them to see problems from various perspectives and test the validity of their
arguments through critical dialogue. In this e-module, collaborative features such as
discussion forums or group projects allow students to interact actively with each other. They
can share thoughts, provide feedback, and support each other in completing assigned tasks.
This creates a dynamic learning environment that stimulates critical thinking.

PBL also encourages students to reflect on their experiences and take responsibility
for their own learning. After completing a project or problem, students are asked to reflect on
what they have learned, the challenges they faced, and what steps they can take next. This
process helps them develop metacognitive skills and learn independently. In this e-module,
students are given the opportunity to reflect on their experiences through reflective journals
or group discussions. They are encouraged to identify their strengths and weaknesses and
plan steps to improve their understanding in the future. This helps them become more
effective and independent learners in the long run.

One of the critical aspects of developing critical thinking and problem-solving skills is
the application of knowledge to new situations. In the PBL-based e-module, students are
challenged to apply the concepts they have learned to solve unfamiliar problems or real-
world scenarios (Liu and Mu 2022). This requires them to analyze the problem, identify
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relevant principles or theories, and devise creative solutions. Through this process, students
not only deepen their understanding of the subject matter but also learn how to transfer their
knowledge to practical situations. This application-oriented approach fosters adaptability and
resilience, as students learn to navigate unfamiliar challenges and think critically in diverse
contexts. Another essential element of developing critical thinking and problem-solving skills
is receiving feedback and engaging in iterative improvement. In the e-module, students
receive feedback on their problem-solving approaches, experimental designs, and
conclusions. This feedback helps them identify areas for improvement and refine their
thinking processes. Through iterative cycles of problem-solving and feedback, students learn
to critically evaluate their own work, identify weaknesses, and make revisions accordingly.
This reflective practice enhances their metacognitive awareness and refines their problem-
solving strategies over time.

Finally, the real-world relevance of the problems presented in the e-module enhances
students' motivation and engagement in the learning process. When students see the practical
applications of their learning, they are more likely to invest effort in solving problems and
mastering concepts. This intrinsic motivation drives them to think critically and creatively, as
they are motivated by the desire to solve real-world problems and make meaningful
contributions. In summary, the PBL-based e-module not only enhances students'
understanding of physics concepts but also develops critical thinking and problem-solving
skills essential for success in academia and beyond. By engaging students in authentic
problem-solving experiences, promoting collaboration and reflection, and providing
opportunities for real-world application, the e-module equips students with the cognitive tools
and mindset necessary for lifelong learning and success.

Enhancement of Engagement and Learning Motivation

Another significant finding from this study is the enhancement of student engagement
and learning motivation through the use of the PBL-based e-module developed with Smart
Apps Creator. Engagement and motivation are crucial factors in effective learning,
particularly in subjects like physics that often involve complex and abstract concepts. The
interactive and problem-based nature of the e-module played a key role in capturing students'
interest and sustaining their motivation throughout the learning process. The e-module's
interactive features were instrumental in increasing student engagement (Raharjo, Haqq, and
Larsari 2023). These features include simulations, interactive quizzes, animations, and videos
that make the learning process more dynamic and enjoyable. For instance, simulations allow
students to visualize and manipulate variables in a physics experiment, which makes the
learning experience more tangible and less abstract. This hands-on interaction helps students
to better understand the material and keeps them engaged for longer periods.

Observations in the classroom showed that students were more actively involved
when using the e-module compared to traditional teaching methods. They were more likely to
participate in discussions, ask questions, and collaborate with their peers. The immediate
feedback provided by interactive quizzes also helped maintain their interest and motivation,
as they could see their progress and identify areas that needed improvement in real-time
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(West 2011). The PBL approach embedded in the e-module significantly contributed to
enhancing student motivation. PBL involves presenting students with real-world problems
that require them to apply their knowledge and skills to find solutions. This approach makes
learning more relevant and meaningful, as students can see the practical applications of what
they are learning.

Students reported feeling more motivated when they were tasked with solving real-
world problems through the e-module. The challenges posed by PBL scenarios stimulated
their curiosity and encouraged them to think critically and creatively. This intrinsic
motivation is crucial for sustaining long-term engagement and fostering a deeper
understanding of the subject matter.

Another factor that contributed to increased motivation was the autonomy afforded by
the e-module. The e-module allows students to learn at their own pace, explore topics that
interest them, and revisit challenging concepts as needed. This autonomy supports self-
directed learning, where students take more responsibility for their own educational progress.
Students expressed appreciation for the flexibility provided by the e-module. They enjoyed
being able to control their learning environment, which helped them to feel more competent
and confident in their abilities. This sense of autonomy and control is a key factor in
enhancing motivation, as it allows students to tailor their learning experiences to their
individual needs and preferences.

The e-module also facilitated collaborative learning and peer interaction, both of
which are important for maintaining motivation. Through features that encourage group work
and discussion, students were able to learn from each other and build a supportive learning
community. This social aspect of learning is particularly motivating, as students often find it
more enjoyable and rewarding to work together towards common goals. Classroom
observations revealed that students frequently collaborated on problem-solving tasks, shared
insights, and helped each other understand difficult concepts. This collaborative environment
not only improved their understanding of the material but also increased their motivation to
engage with the content and participate in class activities.

Some elements of gamification in the e-module, such as earning points for completing
tasks and achieving certain milestones, also contributed to increased motivation. These
elements provide an additional layer of incentive, making the learning process more
enjoyable and rewarding. Students reported that these gamification features made them more
excited about learning and motivated them to complete tasks and achieve goals. In summary,
the use of the PBL-based e-module developed with Smart Apps Creator significantly
enhanced student engagement and motivation. The interactive features, autonomy,
collaborative opportunities, and real-world relevance of PBL all played crucial roles in this
enhancement (Abdul Ghani et al. 2022). These findings suggest that integrating such
innovative e-modules into the curriculum can lead to more effective and enjoyable learning
experiences, ultimately fostering a greater interest and enthusiasm for physics among
students.
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CONCLUSION

By using PBL-based e-modules in physics learning, students experience significant
increases in engagement, learning motivation, critical thinking, and problem-solving skills.
The PBL approach allows students to be actively involved in learning, encouraging
collaboration, reflection, and application of knowledge in real-life situations. Through
interactive engagement and complex thinking challenges, students develop the skills
necessary to succeed not only in physics but also in everyday life and future careers. Thus,
the integration of PBL-based e-modules in physics learning has a significant positive impact
on developing students' skills and understanding.
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