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ABSTRACT

The implementation of the Merdeka Curriculum emphasizes student-centered learning and supports the
development of 21st-century competencies through the integration of technology in learning. However, physics
learning in schools still faces several challenges, such as teacher-centered instruction, the use of less interactive
teaching materials, and students’ difficulties in understanding momentum and impulse concepts. Therefore,
interactive digital teaching materials are needed to support meaningful learning. This study aimed to analyze
the need for developing a Dual Space Inquiry-based E-Module on momentum and impulse material. This study
employed the Research and Development (R&D) method using the 4-D model proposed by Thiagarajan,
Semmel, and Semmel, but was limited to the Define stage. The research subjects consisted of 1 physics teacher
and 30 grade XI students at SMAN 13 Padang. Data were collected through document analysis, teacher
interviews, and student characteristic questionnaires. The data were analyzed descriptively using qualitative and
quantitative approaches. The results showed that physics learning was still dominated by conventional teaching
methods and printed teaching materials that had not optimally supported inquiry activities and interactive
digital learning. Students also experienced difficulties in understanding abstract concepts related to momentum
and impulse material. In addition, students showed positive responses toward the use of interactive digital
learning media. Based on these findings, the development of a Dual Space Inquiry-based E-Module is
considered necessary to support more interactive, meaningful, and student-centered physics learning.
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I.  INTRODUCTION

The rapid development of science and technology in the 21st century has encouraged significant changes in
the education sector. Learning activities are expected to support the development of 21st-century competencies
such as critical thinking, problem-solving, communication, collaboration, and digital literacy skills [1].
Therefore, learning processes should facilitate students in constructing knowledge actively through meaningful
learning experiences [2].

Physics is one of the important subjects in developing students’ logical, analytical, systematic, and
problem-solving skills [3]. In physics learning, students are not only required to memorize formulas but also to
understand concepts and relate them to everyday phenomena [4]. One of the physics topics closely related to
daily life is momentum and impulse. However, momentum and impulse material involves abstract concepts and
mathematical relationships that are often difficult for students to understand [5]. As a result, students frequently
experience misconceptions and difficulties in relating mathematical equations to physical phenomena [6].

However, students still experience difficulties in understanding momentum and impulse concepts because
these topics involve abstract concepts and mathematical representations. Many students tend to memorize
formulas without fully understanding the relationships between physical quantities and real phenomena. Several
studies also reported that students frequently experience misconceptions in distinguishing momentum and kinetic
energy concepts and understanding the relationship between force and impulse [6]. In addition, physics learning
activities are still dominated by lecture methods and problem-solving exercises, causing students to become less
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actively involved in scientific investigation processes [4], [7]. These conditions may hinder students’ conceptual
understanding and scientific thinking skills in physics learning.

In addition, the learning process in physics classrooms still tends to emphasize teacher explanations and
problem-solving exercises rather than scientific investigation activities. Students are often positioned as passive
learners who only receive information from teachers without actively constructing concepts through observation
and investigation activities. As a result, students’ engagement and learning motivation in physics learning remain
relatively low [2], [3].

The integration of technology into learning activities is considered important to support meaningful
learning in the digital era. Interactive digital teaching materials can provide concept visualizations, simulations,
animations, and multimedia presentations that help students understand abstract physics concepts more
effectively [9], [10]. The use of interactive learning media can also increase students’ learning interest,
motivation, and participation during the learning process.

Based on these learning problems, interactive digital teaching materials are needed to support inquiry
activities and conceptual understanding in physics learning. E-Modules integrated with multimedia features such
as videos, simulations, animations, and interactive exercises can help students visualize abstract concepts more
clearly and improve learning engagement during physics learning activities [21], [22]. Therefore, the
development of a Dual Space Inquiry-based E-Module is considered suitable to support more interactive and
meaningful physics learning.

In addition to the learning process, the teaching materials used in physics learning also affect students’
conceptual understanding. The teaching materials used in schools are still dominated by printed textbooks and
conventional worksheets that emphasize formulas and problem-solving procedures rather than conceptual
understanding [9]. These teaching materials have not fully facilitated inquiry-based learning, abstract concept
visualization, and students’ active engagement during learning activities. In fact, the use of interactive digital
teaching materials can help students understand abstract concepts through the integration of text, images, videos,
animations, and learning simulations [10]. Therefore, innovative teaching materials are needed to support active
and meaningful learning in accordance with the characteristics of 21st-century learning.

One alternative teaching material that can be used is an electronic module or E-Module. E-Modules are
digital teaching materials designed systematically and interactively so that they can be used independently by
students [9]. The use of E-Modules in physics learning can help increase students’ engagement and support
conceptual understanding through more interesting and interactive material presentations [11]. In addition, the
use of E-Modules is considered suitable for technological developments and learning needs in the digital era
[10].

In addition to digital teaching materials, the learning model integrated into the E-Module also plays an
important role in supporting the learning process. One learning model considered suitable for physics learning is
Dual Space Inquiry (DSI) [14]. The Dual Space Inquiry model is an inquiry-based learning model that
integrates conceptual understanding and scientific investigation processes simultaneously [14]. Through this
model, students are encouraged to observe phenomena, formulate hypotheses, conduct investigations, analyze
data, and actively construct understanding. The integration of the Dual Space Inquiry model into E-Modules is
expected to help students understand momentum and impulse concepts more meaningfully and systematically.

Several previous studies have shown that the use of digital teaching materials and inquiry-based learning
can improve students’ engagement and support conceptual understanding in physics learning [4], [11]. However,
studies specifically discussing the needs analysis for developing a Dual Space Inquiry-based E-Module on
momentum and impulse material are still limited. Before developing a learning product, a needs analysis is
necessary to identify learning conditions, students’ characteristics, and the need for teaching materials suitable
for school conditions [12]. Therefore, this study focuses on analyzing the need for developing a Dual Space
Inquiry-based E-Module on momentum and impulse material.

Based on these problems, physics learning requires interactive teaching materials that support inquiry
activities, conceptual understanding, and digital learning integration. Previous studies have shown that E-
Modules and inquiry-based learning can improve students’ engagement and understanding in physics learning.
However, studies specifically discussing the development needs of a Dual Space Inquiry-based E-Module on
momentum and impulse material are still limited. Therefore, this study aims to analyze the need for developing a
Dual Space Inquiry-based E-Module to support more interactive, meaningful, and student-centered physics
learning.
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Il. METHOD

This study employed the Research and Development (R&D) method using the 4-D development model
proposed by Thiagarajan, Semmel, and Semmel, which consists of Define, Design, Develop, and Disseminate
stages [8]. However, this study was limited to the Define stage focusing on the needs analysis for developing a
Dual Space Inquiry-based E-Module on momentum and impulse material.

The research was conducted at SMAN 13 Padang during the odd semester of the 2025/2026 academic year
involving 1 physics teacher and 30 grade XI students as research subjects. The participants were selected
purposively based on their involvement in physics learning on momentum and impulse material. The needs
analysis was conducted to identify physics learning conditions, the use of teaching materials, students’
characteristics, and the need for developing interactive digital teaching materials on momentum and impulse
material.

The research instruments consisted of document analysis sheets, teacher interview sheets, and student
characteristic questionnaires [13]. Document analysis was conducted to identify teaching materials and learning
devices used in physics learning on momentum and impulse material. Teacher interviews were conducted to
obtain information regarding learning implementation, students’ difficulties in understanding momentum and
impulse concepts, and teachers’ perceptions toward digital teaching materials. Meanwhile, student characteristic
questionnaires were used to identify students’ learning motivation, learning interests, learning styles, and
readiness toward digital-based learning.

Before being used in the study, the instruments were reviewed and validated by experts to ensure the
suitability of the indicators with the research objectives. In addition, the research was conducted with permission
from the school and all participants were involved voluntarily in the study.

At the Define stage, several analyses were conducted including curriculum analysis, document analysis,
teacher interviews, and student characteristic analysis. These analyses aimed to identify learning problems,
students’ needs, learning conditions, and the suitability of teaching materials used in momentum and impulse
learning. The results of the needs analysis were used as the basis for developing a Dual Space Inquiry-based E-
Module.

The document analysis focused on identifying the suitability of teaching materials with curriculum
objectives, inquiry learning activities, and the integration of interactive technology in learning. Meanwhile,
teacher interviews focused on identifying learning implementation, students’ learning difficulties, and teachers’
perceptions toward digital learning. Student characteristic questionnaires were conducted to determine students’
learning motivation, learning interests, learning styles, and readiness toward digital-based learning.

The research data were analyzed descriptively using qualitative and quantitative approaches. Interview data
were analyzed descriptively in a qualitative manner, while document analysis data and student characteristic
questionnaire data were analyzed using percentage techniques [14].

The percentage of document analysis results was calculated using the following formula:

Obtained Score
Persentage (%) = Maximmm Score X 100%

Where:
e Percentage (%) = suitability level of document analysis results
e Obtained Score = total score obtained from document assessment
e Maximum Score = highest score of all indicators

Meanwhile, the percentage of student characteristic questionnaire results was calculated using the following
formula:

p=2% o 1009
> xi 0
Where:

e P=percentage
e Xx=total score obtained
e  Xx;= maximum score

The data analysis results were then interpreted descriptively to determine the level of need for developing a Dual
Space Inquiry-based E-Module on momentum and impulse material.
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I11. RESULTS AND DISCUSSION

The needs analysis was conducted through document analysis, teacher interviews, and student characteristic
questionnaires to identify the conditions of physics learning and the need for developing a Dual Space Inquiry-
based E-Module on momentum and impulse material. The results of the needs analysis indicate that physics
learning still faces several challenges related to teaching materials, inquiry activities, and interactive digital
learning implementation. Based on the document analysis results, the obtained score was 30 out of a maximum
score of 65, resulting in a percentage of 46.15%. This finding indicates that the teaching materials used in
schools still have limited multimedia integration and have not fully supported inquiry-based learning activities

[9].

Similarly, the inquiry stages aspect also obtained a relatively low percentage. This finding indicates that
students have not been fully facilitated to engage in scientific investigation activities such as observing
phenomena, formulating hypotheses, analyzing data, and drawing conclusions independently. As a result,
students tend to rely on memorizing formulas rather than constructing conceptual understanding through inquiry
processes. This condition may reduce students’ critical thinking skills and conceptual understanding in physics
learning. Therefore, inquiry-based learning activities are considered important to support more meaningful and
student-centered learning processes [16], [17].

Inquiry-based learning is important in physics education because it encourages students to construct
concepts through investigation and scientific reasoning processes. Previous studies also reported that inquiry-
based learning can improve students’ conceptual understanding, critical thinking skills, and learning engagement
in physics learning [16], [17]. Through inquiry activities, students are trained to observe phenomena, formulate
hypotheses, analyze data, and draw conclusions independently. Therefore, the integration of inquiry activities
into E-Modules is expected to support more meaningful and student-centered learning processes.

The results indicate that the teaching materials used in physics learning still have not optimally supported
inquiry-based learning and interactive digital learning implementation. Most teaching materials are still
dominated by printed materials that mainly focus on formulas and problem-solving exercises. As a result,
students have limited opportunities to conduct scientific investigations and construct conceptual understanding
independently. Inquiry activities such as observation, data analysis, and concept reflection have not been fully
facilitated in the learning process. Therefore, the development of an interactive E-Module integrated with the
Dual Space Inquiry model is considered important to facilitate inquiry activities, concept visualization, and more
meaningful learning experiences [15], [16], [17]. The results of the document analysis are presented in Table 1.

Table 1. Results of Document Analysis

Aspects Percentage (%)
Curriculum suitability 60
Inquiry stages 48
Interactive technology 40

The low percentage in the inquiry stages aspect indicates that students have limited opportunities to
conduct scientific investigation activities during learning. Learning activities still focus more on completing
exercises and memorizing formulas than on observing phenomena and constructing concepts independently. This
condition may reduce students’ critical thinking and conceptual understanding in physics learning.

Based on Table 1, the interactive technology aspect obtained the lowest percentage of 40%, while the
inquiry stages aspect obtained a percentage of 48%. These findings indicate that the teaching materials used in
physics learning still have not optimally supported inquiry-based learning and interactive digital learning.

Teacher interviews showed that students still experienced difficulties in understanding abstract concepts in
momentum and impulse material, especially concepts related to force, time interval, and momentum changes in
physical events. Learning activities were still dominated by lecture methods and problem-solving exercises,
while inquiry-based learning activities had not been implemented optimally. Teachers also stated that interactive
digital teaching materials could help students understand concepts more effectively through visualizations,
videos, simulations, and inquiry activities [21], [22].

Momentum and impulse material requires students to understand the relationships among force, time
interval, velocity, and momentum changes simultaneously. These relationships are often difficult for students
because they involve abstract concepts and mathematical representations. As a result, many students tend to
memorize formulas without fully understanding the physical meaning behind the equations. This condition may
lead to misconceptions and low conceptual understanding in physics learning.

The interview results also revealed that students’ difficulties in understanding momentum and impulse
concepts were related to the abstract nature of physics concepts. Students often experienced difficulties in
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connecting mathematical equations with real physical phenomena. This condition causes students to rely more

on memorization rather than conceptual understanding.

materials in learning activities was still limited due to limited facilities and internet access. The summary of

In addition, teachers stated that students showed greater enthusiasm when learning activities used videos,
simulations, and interactive digital media. Visual learning media help students understand momentum and
impulse concepts more concretely through moving illustrations and phenomenon visualizations. Multimedia
integration in learning activities can help students visualize abstract physics concepts more effectively. Videos,
animations, and simulations provide concrete representations of physical phenomena that are difficult to observe
directly in classroom learning. Therefore, interactive multimedia presentations are considered important to
support students’ conceptual understanding and learning engagement. Nevertheless, the use of digital teaching

teacher interview results is presented in Table 2.
Table 2. Summary of Teacher Interview Results

No

Question Indicator

Teacher Response

Physics Learning

1 What are your views and assessments Physics learning is important for developing students’
regarding physics learning? logical thinking and problem-solving skills. However,
many students still consider physics difficult because it
contains  abstract concepts and mathematical
calculations.
2 How is the implementation of physics Physics learning has referred to the Merdeka
learning in school? Curriculum through discussions, presentations, and
problem-solving activities. However, learning activities
are still dominated by teacher explanations.
3 What problems and obstacles are encountered  Students still experience difficulties in understanding
in implementing physics learning? momentum and impulse concepts, especially in relating
force, impulse, time, and momentum changes.
4 What factors cause the problems and obstacles The lack of interactive teaching materials and concept

in physics learning?

visualizations causes students to become less active
during learning activities.

Use of Learning Models

1 What are your views and assessments Learning models are very important for increasing
regarding the learning models used in students’ engagement and conceptual understanding in
teaching? physics learning.

2 Which learning models are used in physics The teacher frequently uses discussion, discovery
learning? learning, and simple inquiry activities in learning.

3 How are the learning models implemented in Learning activities usually begin with concept
the classroom? explanations, followed by group discussions, problem-

solving exercises, and simple experiments.

4 What obstacles are encountered in Limited learning time and students’ different learning

implementing the learning models?

abilities become obstacles in implementing active
learning models.

Teacher Perspective on Digital Learning

1 What are your views on the development of Digital learning has developed rapidly and helps
digital learning? teachers deliver materials more interactively through
videos and simulations.

2 What are your experiences using digital Students become more interested and enthusiastic

teaching materials in learning? when learning uses videos, animations, or simulations
compared to printed teaching materials.

3 Which digital teaching materials are Interactive E-Modules are considered effective because

considered most effective in learning? they can integrate materials, videos, simulations, and
exercises in one learning media.

4 Have you ever used E-Modules in learning? The teacher has used simple E-Modules, but their
implementation has not been optimal due to limited
facilities and internet access.

5 What are the advantages of E-Modules E-Modules are more interactive, flexible, and capable
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compared to printed modules? of helping students understand abstract physics
concepts through multimedia integration.

Based on the interview results, teachers emphasized that students often experience difficulties in connecting
mathematical equations with real physical events. Momentum and impulse concepts are considered abstract
because students must understand relationships among force, time interval, and momentum changes
simultaneously. Therefore, visualizations and simulations are needed to help students understand these concepts
more concretely.

Based on the interview results, physics learning still requires interactive teaching materials capable of
facilitating concept visualization and active learning processes. In addition, students need more engaging
learning media to help them understand momentum and impulse concepts [18].

The student characteristics questionnaire was conducted to identify students’ learning backgrounds,
learning interests, learning motivation, learning styles, and perceptions toward digital learning. Based on the
questionnaire results, the average score of students’ characteristics in physics learning was 71.9. The digital
learning aspect obtained the highest percentage of 81, indicating that students are familiar with digital devices
and show positive responses toward digital-based learning [19], [20].

The high percentage in the digital learning aspect indicates that students are already accustomed to using
technology in their daily learning activities. Most students actively use smartphones and internet platforms to
access learning information and multimedia content. This condition shows that students have sufficient readiness
toward the implementation of digital-based learning. Therefore, the development of interactive E-Modules
integrated with multimedia features is considered suitable for students’ learning characteristics in the digital era.
Interactive learning media can also support students’ motivation, engagement, and conceptual understanding
during physics learning activities [19], [20].

Most students frequently use smartphones and digital platforms to access learning information. This
condition shows that students have sufficient readiness toward the implementation of digital-based learning. In
addition, students showed positive responses toward interactive learning media integrated with videos,
animations, and simulations. Interactive multimedia presentations can help students visualize abstract physics
concepts more clearly through videos, animations, and simulations. In addition, multimedia-integrated learning
activities can increase students’ engagement and maintain students’ attention during the learning process.
Therefore, the development of interactive E-Modules is considered suitable for students’ learning characteristics
in the digital era.

Meanwhile, the student characteristics analysis showed that students tend to prefer visual learning
activities, discussions, and direct learning experiences during physics learning. The learning style aspect
obtained a percentage of 71, indicating that students are more interested in interactive and visual-based learning
activities. In addition, the learning motivation aspect obtained a percentage of 69, showing that students’
motivation in physics learning still needs improvement. These findings indicate that interactive digital teaching
materials are needed to support students’ learning characteristics and increase learning engagement in physics

1111

learning activities. The results of the student characteristics analysis are presented in Figure 1.

Fig. 1. Results of Student Characteristics Analysis
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The high percentage in the digital learning aspect indicates that students are already accustomed to using
technology in daily learning activities. Most students actively use smartphones and internet platforms to access
learning information. This condition provides strong support for implementing interactive digital teaching
materials in physics learning.

The results of the student characteristics analysis indicate that students have sufficient readiness toward
digital learning implementation. Students also showed positive responses toward the use of interactive learning
media such as videos, animations, and simulations in physics learning activities.

Overall, the results of the needs analysis indicate that physics learning on momentum and impulse material
still faces several important challenges. The teaching materials used in learning activities are still dominated by
printed materials and have not fully facilitated inquiry activities, concept visualization, and interactive digital
learning. In addition, students still experience difficulties in understanding abstract concepts related to
momentum and impulse material. These findings indicate that more interactive and student-centered teaching
materials are needed to support meaningful physics learning in the digital era [9], [11].

Therefore, the development of an interactive E-Module integrated with the Dual Space Inquiry model is
considered necessary to support more meaningful and student-centered physics learning [23]. The integration of
inquiry activities and multimedia features is expected to facilitate conceptual understanding, scientific
investigation processes, and students’ engagement during learning activities. In addition, the developed E-
Module is expected to become an alternative teaching material that is relevant to the characteristics of 21st-
century learning and current digital learning needs.

The integration of the Dual Space Inquiry model into E-Modules is expected to support conceptual
understanding and scientific investigation processes simultaneously. The Dual Space Inquiry model is
considered suitable for momentum and impulse material because it facilitates students in connecting
mathematical representations with physical phenomena through inquiry activities. Through observation,
investigation, data analysis, and concept reflection, students are expected to construct conceptual understanding
more meaningfully. In addition, multimedia integration in E-Modules can help students visualize abstract
concepts and improve students’ engagement during physics learning.

The results of this needs analysis indicate that the development of a Dual Space Inquiry-based E-Module is
relevant to current learning conditions and students’ needs in physics learning. The integration of inquiry
activities and multimedia features is expected to support conceptual understanding, scientific investigation skills,
and students’ engagement during learning activities. Therefore, the proposed E-Module is expected to become an
alternative digital teaching material that supports more interactive, meaningful, and student-centered physics
learning.

IV. CONCLUSION

The results of this study indicate that physics learning on momentum and impulse material still requires
more interactive and inquiry-based teaching materials to support conceptual understanding and meaningful
learning processes.

Therefore, the development of a Dual Space Inquiry-based E-Module is considered relevant to current
learning needs. The developed E-Module is expected to support conceptual understanding, scientific
investigation activities, learning motivation, and students’ engagement through multimedia-integrated learning
activities.

The teacher interview results indicated that interactive digital teaching materials are needed to support more
meaningful learning processes. Teachers also stated that students showed greater interest and engagement when
learning activities used videos, simulations, and interactive learning media. Meanwhile, the student
characteristics analysis showed that students had positive responses toward digital learning and were already
familiar with digital technology in learning activities.

Based on these findings, the development of a Dual Space Inquiry-based E-Module is considered necessary
to support physics learning on momentum and impulse material. The developed E-Module is expected to
facilitate concept visualization, scientific investigation activities, and active learning processes to improve
students’ conceptual understanding and learning engagement.

This study was limited to the needs analysis stage and involved a limited number of participants from one
school. Therefore, the findings of this study cannot yet be generalized to broader learning contexts. In addition,
this study has not yet examined the validity, practicality, and effectiveness of the proposed E-Module in physics
learning activities.
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Future studies are recommended to continue the development stage by designing, validating, and
implementing the proposed Dual Space Inquiry-based E-Module in physics learning. Further research is also
needed to examine the effectiveness of the developed E-Module in improving students’ conceptual
understanding, engagement, and inquiry skills on momentum and impulse material.
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