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Abstract

The purpose of this study was to provide empirical data for the development of an integrated Augmented Reality
(AR) physics learning e-module application focusing on the topic of Magnetic Induction among senior high school
students from the perspective of physics teachers in Bandung city. Using a quantitative approach, 32 physics
teachers from Bandung city completed a needs assessment questionnaire. In terms of learning conditions, Magnetic
Induction was identified as the most difficult topic for students to understand, mentioned by teachers 53.1%
(understanding basic concepts), 56.3% (visualization of abstract material concepts), 62.5% (solving application
problems), and 46.9% (lack of student interest in learning). Current teaching methods and materials (21.9%) are
less effective in supporting student understanding, 50% still use textbooks, Both teachers and students expressed
a strong preference for e-module applications that integrate AR to visualize abstract concepts, increase
engagement, and provide clear explanations, practical activities, and learning evaluations. Although the potential
of AR is recognized, it has not been optimally utilized because there is currently no integration with physics e-
modules. This study highlights the urgent need for the importance of AR-based e-module applications to create
more engaging, interactive, contextual, relevant learning experiences and improve learning outcomes, especially
on complex topics such as magnetic induction.

Keywords : Augmented Reality (AR) - e-Module - Magnetic Induction - Physics Education - Needs
Analysis

INTRODUCTION

The rapid development of technology in the Industrial Revolution 4.0 era demands innovation
in the world of education. Advances in educational technology have opened up enormous
opportunities to improve the teaching and learning process, especially in subjects that have
complex and abstract concepts such as physics. Physics, one of the science subjects in Junior
High Schools (SMA) in Indonesia, requires an understanding of concepts and experiments that
are often considered by many students (Handhika et al., 2015; Setyani et al., 2017).

One of the physics topics studied in grade 12 high school is Magnetic Induction. This topic
i1s known to be complex, especially because of its abstract spatial concept and is not easy to
visualize (Cai et al., 2017; Lemmer et al., 2020; Urek & Coramik, 2021). Studies have shown
that students have difficulty understanding magnetic fields due to the abstract nature of this
subject and the lack of adequate visualization in traditional teaching methods (Li & Singh,
2017; Neset Demirci, 2006).
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Research conducted by Hafi and Supardiyono (2018) stated that 78.2% of students had
difficulty understanding physics concepts because learning was only delivered with textbooks
and working on questions containing formulas. This is related to the opinion of Septarini &
Kholiq (2021) who stated that Physics is considered a difficult subject for students, including
for vocational school, high school and MA students. This situation makes it difficult for students
to understand the physics material being taught and forms a mindset that physics learning only
struggles with formulas. Physics material is material that is correlated with everyday life, so
teachers are expected to be able to explain physics concepts in schools into real forms (Astuti,
et al. 2017). In addition, the lack of information and communication technology (ICT) in
textbooks to support visualization. Current textbooks are only able to provide two-dimensional
images, which are less effective in helping students understand abstract content. It is hoped that
more interactive 3D visualizations, such as those offered by augmented reality (AR)
technology, can overcome this problem.

Augmented Reality (AR) technology offers an innovative solution to enhance interactive
and contextual learning experiences. With the ability to combine the real and digital worlds,
AR enables more engaging and interactive visualization of physics concepts. In the context of
magnetic induction material, AR-based e-module applications can help students understand
Faraday's law, magnetic fields, and magnetic flux through virtual simulations and experiments.
Several studies have shown the effectiveness of AR technology in enhancing science learning.
For example, research by Cheng et al. (2017) found that the use of AR in physics learning can
improve students' conceptual understanding and learning motivation. In addition, research by
Putri et al. (2020) showed that AR-based e-modules can help students overcome
misconceptions in electricity and magnetism. Another study by Bacca et al. (2018) identified
that the use of AR in physics learning can increase student engagement by up to 30% higher
than traditional methods. By integrating AR into learning e-module applications, students can
experience significantly increased visual interactions, which in turn can improve their
understanding of complex and abstract concepts (Diinser et al., 2012; Farhani Isty et al., 2021;
Permana et al., 2023).

Magnetic induction is one of the materials in physics that is abstract and difficult to
understand if only using a conventional approach. According to Sari and Aminah (2021), many
students have difficulty understanding the relationship between changes in magnetic flux and
the resulting electromotive force (EMF), because this concept cannot be observed directly.
Therefore, learning media are needed that are able to present a visual representation of the
physics phenomenon.

The use of digital-based e-modules is an effective alternative in supporting the learning
process. E-modules not only provide materials in text form, but can also be equipped with
animations, simulations, and interactivity that strengthen students' understanding (Rahmawati
& Prasetyo, 2020). The integration of Augmented Reality into e-modules adds added value by
providing real visualizations of these abstract concepts. Research by Dewi, Lestari, and
Nugroho (2022) shows that the use of AR in physics learning can increase students' learning
motivation and help master concepts through more meaningful learning experiences. In
addition, technology-based learning media such as AR are also in line with the 21st century
learning approach that emphasizes critical thinking, collaborative, and problem-solving skills.
As stated by Putra and Handayani (2023), AR-based learning provides opportunities for
d
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students to explore concepts independently and actively, thereby increasing their involvement
in the learning process.

Because students still experience difficulty understanding the concept of magnetic
induction due to its abstract nature, the lack of technology-based interactive media, and despite
the existence of digital-based e-modules, integration with Augmented Reality (AR) is still
rarely used in physics materials, particularly magnetic induction, this study was conducted to
analyze the need to develop an AR e-module application that can help improve student
conceptual mastery and learning motivation.

The research questions in this section are:

(1) What are students' and teachers' needs for AR e-modules on magnetic induction?

(2) What are the desired product specifications to support learning?

METHOD

The study used a descriptive survey with a validated questionnaire instrument. The respondents
of this study were 32 physics teachers in the city of Bandung, consisting of 16 female teachers
and 16 male teachers. This number of respondents was selected according to the limitations of
the research class population, and methodologically it can still represent the analysis needs
because this study is a needs analysis, not for broad generalization. The research instrument
used a questionnaire in the form of a Google Form with the title "Analysis of the Needs for
Developing an Integrated Augmented Reality E-Module Application on Magnetic Induction
Material", which was distributed to physics teachers spread across high schools in Bandung.

RESULT AND DISCUSSION

The data obtained from this study include data on the condition of learning magnetic induction
material, views on technology-based learning media, expectations and needs for developing
learning media, and challenges in using learning media. Based on the data obtained from the
questionnaire results, the results and discussions are as follows:

Conditions Learning Material Induction Magnetic

To see the conditions of learning magnetic induction materials in the field, the formulation
of the problem explored in this questionnaire is
1.1.Do your students usually have difficulty in understanding Magnetic Induction material?

Table 1. Percentage of students' difficulties in understanding magnetic induction material

No. Category  Amount Percentage (%)

1 Very often 3 9.4
2 Often 15 46.9
3 Sometimes 13 40.6
4 Seldom 2 6.3
5 Never 0 0
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Figure 1. Difficulty student in understand induction magnetic

Based on the data presented in table 1 and figure 1, from 32 respondents of physics teachers
in Bandung city related to students’ difficulties in understanding magnetic induction material,
9.4% were in the “Very Often” category, 46.9% were in the “Often” category, 40.6% were in
the “Sometimes” category, 6.3% were in the “Rarely” category, and 0% were in the “Never”
category. It can be concluded that overall, students still have difficulties in understanding
magnetic induction material.

1.2.What just difficullty main student in learn material Induction Magnetic? ( maybe) choose
more from One)

difficulties of students in learning Magnetic Induction

u Solving apphcation problems

® Concept visualization
(abstract material)

® Understanding of basic concepts

Lack of student Interest in

& Connecting concepts with

real ife

Figure 2. Difficulty main student in learn material induction magnetic

Based on the data in Figure 2 above , students experience difficulty main as big as 20 % in
understanding draft base , 16 % in connect draft with life real , 24 % in finish question
application , 18 % interest Study student less , 21 % in visualize draft nature abstract , and as
big as 1 % difficulty other .
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1.3.What media do you usually use? For teach material Induction Magnetic?

30
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e 15
()]
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o
Q.
1 5
5 o —
5 50% 53.1% 78.1% 53.1% 62.5% 6.3%
g Learning Powerp0|.nt Learning .Dlgltél
2 Textbooks presentatio . simulations Others

modules videos
ns (eg: Phet)

Seriesl 16 17 25 17 20 2

Figure 3 . The media used by teachers teach induction magnetic

Based on Figure 3, media that is often used by teachers in teach induction magnetic is as
big as 50 % Books text , 55.10 % Learning modules , 78.10 % Power point presentations , 53.10
% Learning videos , 62.50 % Phet digital simulations , and 6.30 % others . In conclusion, the
media that are often used used is power point.
1.4.What media do you use? Already effective For increase understanding students on the
material induction magnetic?

Effectiveness of media used by teachers

9.4%

25,00% 43.80% 21.9% 0.0%

VERY EFFECTIVE EFFECTIVE FAIRLY EFFECTIVE| LESS EFFECTIVE | INEFFECTIVEAT

ALL

Figure 4. Effectiveness of media used by teachers

Based on image 4 above , from aspect the effectiveness of the media used by teachers turns
out to be in a way general Still in category Enough effective (43.80 %) , effective (25 %), not
enough effective ( 21.9 %), and very effective ( 9.40% ). This means that the media used during
This especially (power point) still not yet maximum.
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Views towards Learning Media Based on Technology

2.1. Have you ever using learning media based on Augmented Reality (AR) in teach physics?

Never, often used in learning

Yes, but rarely used

Never, but I'm interested in

trying it,

25 (78.1%)

Never, and | have no interest

n trying it

Figure 5 . Use of learning media based on Augmented Reality

Based on Figure 5 above, in particular general teachers do not once using Augmented
Reality based media but very interested to try it (78.1 %). Opinion Respondent other there are
those who have , but seldom using AR (15.6 %), there are also those who have use by 3.1 % in
learning , the rest as much as 3.1 % did not Once use even No interested The same once . See
condition This possibility Lots obstacles faced by teachers in using this Augmented Reality
media , which resulted in some teachers not being able to interested in this AR media . One of
them limitations time , and teacher competence in prepare and create this AR- based media .

2.2. If not, are you interested? For try learning media based on Augmented Reality (AR)?

Very interested 15 (46.9%)
tterasted -14 (43.8% :l
Guite interested

Notinterasted

Very disinterested

Figure 6 . Interest respondents in learning AR based

Based on Figure 6 above, as many as 48.4 % are very interested For try learning media
based on Augmented Reality (AR), 41.9 % category interested , and 12.9 % category Enough
interested. This is can concluded enthusiasm respondents are very positive to learning based on
Augmented Reality (AR).

d
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2.3. In your opinion , can AR -based media help student understand draft Induction Magnetic with more
Good ?

TEACHERS' PERCEPTIONS OF AR
MEDIA

Not
helpful 0%

Less
helpful 0%

Figure 7. Teachers perceptions of AR media

Based on Figure 7 above, AR -based media is very helpful (31 % ), helpful ( 60 %), and
sufficient help as big as 99 %. Can concluded the existence of AR -based media can help student
in understand material induction magnetic.

Hopes and Needs Development of Learning Media

3.1. What just the features you expect from Learning media applications AR based for Induction
Magnetic?

Table 2. Expected features from AR based media application

No Features in AR Media Amount  Percentage
1 Intergctlve simulation of 31 96.9 %
physics concepts

Visual explanation through

) : | 28 87.5%
animation

3 P‘ractlce.: questions with 20 62.5 %
discussion

4 E?cperlment demonstration 27 84.4 %
video

5 Other 0 0%

-3 (96.9%)

teractive simulation of prysics concepts

Vigual explanation through enimation

-28 (87.5%)

Practice guestions with

discussion

Experiment demonstration video 27 (B4.4%)

Other:

Figure 8 . Expected features from AR based media application
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From figure 8 above, the expected features from Respondent is in the form of simulation
interactive draft physics (96.9 %), Visual explanation through animation by 87.5 % ,
demonstration and experiment videos ( 84.4 %), and practice questions with discussion by 62.5
%. Can concluded expected features the respondents are in the form of simulation interactive
draft physics.
3.2.In your opinion, what is the learning media? AR based can also increase motivation Study student?

Simply agnes
Don't agres

Strongly disagree

Figure 9. Learning media AR based can increase Motivation Study student

From Figure 9 above, it shows that 62.5 % of respondents " agree " with learning media.
AR based can increase motivation Study students , 40.6 % of respondents stated that they
strongly agree , and the rest stating " enough " namely by 6.3 % . In matter this, in a way general
Respondent stating learning media AR based can increase motivation Study student .

(Challenges in Use of Learning Media

Although enthusiasm to technology high , respondents also identified a number of
challenges in using AR Media . Teachers experience limitations facilities (68.80%) such as
availability AR -enabled devices in schools , the lack of time For prepare media (71.90% ) ,
lack of teacher training (50%), and lack of understanding student against media based
technology (18.80 %), and the rest answer other by 3.10 %. Apart from That another challenge
is time additional required For integrate technology This in activity teaching and learning. Here
challenge problems faced by teachers in the field in using media based technology For learning
physics like table 3 and the following figure 10 This

Table 3. Challenges in use of AR media

Number of
No Challenge Respondents Percentage
1 Lack of time to prepare 23 71.90 %
media
Limited facilities (e.g. o
2 technological devices) 2 68.80 %
3 Lack of training for teachers 16 50%
Students' lack of
4 understanding of 6 18.80%
technology-based media
5 Other 1 3.10%
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Figure 10 . Challenges in use of AR media

Studies have shown that students have difficulty understanding magnetic fields due to the
abstract nature of the subject and the lack of adequate visualization in traditional teaching
methods (Li & Singh, 2017; Neset Demirci, 2006). This is in line with studies showing that
students have difficulty understanding magnetic fields due to the abstract nature of the subject
and the lack of adequate visualization in traditional teaching methods (L1 & Singh, 2017; Neset
Demirci, 2006).

CONCLUSION

Based on the results of a preliminary study conducted on 32 physics teachers, important
information was obtained regarding the challenges and needs in using technology-based media
in physics learning, especially in magnetic induction material. The majority of teachers (71.9%)
stated that they experienced obstacles in terms of time constraints to prepare learning media. In
addition, as many as 68.8% of teachers stated that limited facilities, such as technological
devices, were the main obstacle in integrating technology-based media in the classroom.

Lack of training for teachers was also a significant factor mentioned by 50% of
respondents, indicating the need for teacher competency development in the use of learning
technology. Meanwhile, 18.8% of teachers stated that students do not yet understand
technology-based media well, indicating the need for the right approach and user-friendly
interface in media development.

These findings reinforce the urgency of developing an integrated Augmented Reality (AR)
magnetic induction e-module application that not only supports the visualization of abstract
physics concepts, but is also designed to be easily accessible, efficient in its use, and
accompanied by adequate training and usage guides for teachers and students. AR-based e-
modules are expected to be an innovative solution to improve students' mastery of concepts and
learning motivation in magnetic induction materials, while reducing the burden of media
preparation from teachers. In conclusion, based on the direct research questions above, the
following are:

1. The needs analysis shows that students and teachers require an AR e-module on

magnetic induction to improve conceptual understanding and learning motivation.
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2. The desired product specifications include interactive features, AR-based 3D
visualization, ease of use on Android smartphones, and integration of interactive
practice questions.
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