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Abstract - This study is development research aimed at determining the validity, practicality, and
effectiveness of 3D virtual laboratory media for the Hertz experiment on sound and light wave material.
The research sample consisted of 30 eleventh-grade students from the Digital Class of MAN 2 Bone.
The method used was Research and Development (R&D) following the ADDIE model (Analyze, Design,
Develop, Implement, Evaluate). The results showed that the media was declared highly valid by physics
learning media experts based on the Gregory test. The media's practicality received ratings of 97.35%
from the physics teachers and 82.08% from students, both classified as very practical, indicating its
high efficiency in the classroom. Furthermore, the N-gain test on students' interest in physics yielded an
average score of 0.49. This indicates a moderate yet positive enhancement in students' learning
engagement. Therefore, this 3D virtual laboratory is proven to be a highly practical, valid, and engaging
instructional medium that successfully supports the visualization of abstract physics concepts.
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INTRODUCTION Teachers and Lecturers and Permendiknas

Physics learning is an important part of Number 16 of 2007 on Academic
the education curriculum that offers an Qualification Standards and Teacher
understanding of natural phenomena and Competencies, mandates that teachers must
fundamental principles in science. However, competently  utilize information and
many students face difficulties in grasping communication technology in their teaching
the abstract and complex concepts of and employ learning media suited to student
physics. A deep understanding of physics characteristics and subject matter to achieve
requires more than just reading texts or educational objectives fully.
listening to teacher explanations. Students The 21st century marks an era defined
also need practical experiences and concrete by knowledge, information technology,
visualizations to comprehend these concepts globalization, and the Fourth Industrial
(Kelly and Finlayson, 2007). Revolution. Integrating technology into

Practical ~ experience, such as education drives numerous innovations,
conducting experiments, enables students to particularly in learning media (Rosnaeni,
directly observe physical phenomena, 2021). Physics, which requires hierarchical
analyze results, and draw conclusions. and interconnected conceptual
Typically performed in school laboratories, understanding, often suffers from student
these experiments provide critical hands-on disengagement and passivity, adversely
learning opportunities. Learning media, as affecting learning outcomes (Supardi et al.,
provided by teachers during instruction, 2012). Therefore, employing appropriate
serve as essential tools to visualize and media is crucial to rendering physics
simulate these concepts effectively. comprehensible and engaging.

The legal framework, including Virtual laboratory learning media is

Undang-Undang Number 14 of 2005 on one of the flagship products created from
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technological advances. The implementation
of virtual laboratories can be defined as an
interactive environment for creating and
conducting simulation experiments
(Ramadhani et al., 2021). On the other hand,
Virtual Reality (VR) technology has rapidly
developed, offering and
interactive experiences that allow users to
interact with digital environments in real-

immersive

time. In the context of learning, VR has great
potential to enhance the understanding of
physics concepts by enabling students to
directly experience physical phenomena,
even within a virtual environment.

The development of this media
specifically focuses on the Hertz experiment
due to its crucial role in demonstrating
electromagnetic wave phenomena. As
highlighted the early history of
electromagnetic waves (Sengupta & Sarkar,
2003). Heinrich Hertz's experiment was
fundamental in translating James Clerk
Maxwell's purely mathematical theories into
observable physical reality. For high school
students, Maxwell's concepts
propagation often appear mathematically
intimidating and visually inaccessible. By
digitally reconstructing Hertz’s transmitter
apparatus in a 3D environment, this media
provides students with a direct visual
confirmation of invisible electromagnetic
properties.

Observations at MAN 2 Bone showed
that physics teaching relies too much on

n

of wave

textbooks because no physics experiments
are conducted due to limited class time from
additional religious subjects. This situation
requires innovative media to simplify
abstract concepts for students. Because there
is currently no 3D virtual laboratory for the
Hertz experiment, this research develops a
new prototype. As an initial Research and
Development (R&D) phase, this study
focuses on evaluating the media's validity,
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practicality, and its impact on student
interest.

From a theoretical perspective, the
integration of 3D virtual media aligns with
the principles of the Cognitive Theory of
Multimedia Learning (Mayer & Fiorella,
2021). According to this framework, well-
designed interactive instructional media can
help minimize extraneous cognitive load. In
the context of the abstract Hertz experiment,
a 3D virtual reality environment facilitates
the processing of complex visual and spatial
information, which helps mitigate the
cognitive barriers frequently encountered in
conventional textbook-based learning.

RESEARCH METHODS

The research method used is the
research and development method, or
Research & Development (R&D). This
method is employed to produce a product
and test the effectiveness of the product in
accordance with the development objectives
(Nurmasitah et al., 2017).

This research was conducted in the
even semester of the 2024/2025 academic
year. The research took place from May 19,
2025, to May 23, 2025. The trial location
was in the 11th-grade Digital class at MAN
2 Bone, located on JI. Yos Sudarso, Tanete
Riattang District, Bone Regency, South
Sulawesi Province.

The development model used in this
research on developed learning media is the
ADDIE model. ADDIE stands for the
instructional system development process,
which  includes  Analysis,  Design,
Development, Implementation, and
Evaluation (Pratama et al., 2019).

The product produced in this research
is a 3D virtual laboratory media for the Hertz
experiment. The trial process was conducted
through several stages, which are:
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Figure 1. Flow of the ADDIE Development
Model

The product validation is conducted by
involving media experts and subject matter
experts to validate the developed product, as
well as to provide suggestions and feedback
for evaluation purposes (Purnama, 2013). At
this stage, the developed product will also
undergo validity testing based on following
table:
Table 1. Validity Criteria

Validity Validity Score
Highly Valid 4
Valid 3
Less Valid 2
Invalid 1
(Gregory, 2015)

The validation instrument assesses the
product design based on expert feedback,
using a validation sheet to score aspects like
material suitability, physical phenomena
representation, and content feasibility, rated
on a Likert scale (Table 1). Then, the
analysis technique used is based on the
evaluation of two experts using Gregory’s
formula in the following table.

Table 2. Gregory Formula
Expert 1
Score1-2 Score3-4

(Irrelevant) (Relevant)
Skor 1-2

Tabulation Result

Expert 2 (Irrelevant) A B
P Skor 3 -4 C D
(Relevant)

The calculation for the validity results
of two experts uses Gregory’s formula as
follows:

D

V) =————
A+B+C+D

(1

V is Gregory’s internal

coefficient.

consistency

The implementation phase was
carried out through a limited field trial
involving 30 eleventh-grade students from
the XI Digital Class of MAN 2 Bone. This
implementation process was allocated for a
duration of 3 lesson hours (3x45 minutes).
During this session, the students were
divided into small groups and provided with
Student =~ Worksheets  (LKPD), VR
Cardboards, and controllers. Using the 3D
virtual laboratory, the students were
instructed to actively perform the Hertz
experiment by manipulating and varying
different wave frequencies. The observation
data were then recorded systematically in the
LKPD and compared with the speed of light
constant (c) found in their physics textbook.

Product assessment data by teachers
and students, a questionnaire instrument is
used to determine the responses of teachers
and students to the developed media. The
steps for analyzing the responses of teachers
and students are as follows. (a) Practicality
analysis, the practicality analysis aims to
assess the extent to which the developed
product can be considered practical. This
assessment is conducted through a
questionnaire completed by physics learning
teachers and students.

Table 3. Scoring Criteria for Media Practicality

Assessment
Validity Level Score
Strongly Agree 4
Agree 3
Less Agree 2
Disagree 1

(Sugiyono, 2013)

To determine the overall tendency of
student responses, the total score obtained
from each statement is required. Then, on a
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continuum, it can be categorized as shown in
the following table:

Table 4. Categorization of Student Response
Tendencies

TS KS S SS
Explanation: (SS) Strongly Agree, (S) Agree, (KS)
Less Agree, (TS) Disagree

(Sugiyono, 2013)

Then, the calculation of the media

practicality percentage (xi) is carried out
using the following equation:

. Total score
xi =—— X 100%
Maximum Score

2)

Then, the average practicality
percentage value is calculated to represent
the practicality value using the formula:

X1

Practicality Value (P) = x100% (3)

Next, convert the values from
quantitative data to qualitative data using the
following Table 5:

Table 5. Practicality Value Conversion

Percentage value (%) Response
0-20 Very Impractical
21-40 Impractical
41-60 Quite Practical
61-80 Practical
81-100 Very Practical
(Riduwan, 2010)
Effectiveness  analysis = measures
improvement using the N-gain index,

calculating the increase in students' interest
in physics before and after using 3D virtual
lab media for the Hertz experiment. The N-
gain 1is calculated using the following
equation:

__ Postest score - Prestest score

N-gain “4)

Maximum score - Pretest

Then, to determine the effectiveness
level of the learning media, the average N-

193

gain score is calculated for each respondent
then categorized the average by using
following equation and table:

> N-gain
respondent

Average N-gain = (5)

Table 6. N-gain Categorization Guidelines
Range
g>0.7

03<g<07
2<0.3

Category
High
Medium
Low

(Handayani et al., 2019)

RESULTS AND DISCUSSION

The research and development results
are a 3D virtual laboratory media for the
Hertz experiment on the topic of sound and
light waves. The development of this virtual
laboratory used the ADDIE model, which
consists of five stages, including (1)
Analyze; (2) Design; (3) Development; (4)
Implement; and (5) Evaluation.

The first stage is analyse stage, a needs
assessment was conducted at the MAN 2
Bone. Interviews with physics teachers
revealed that physical experiments were
often skipped due to limited class time, as
the school allocates a significant portion of
its schedule to religious subjects. To address
this issue, the design stage focused on
creating a storyboard and user interface to
accurately simulate the Hertz
experiment in a virtual environment.

During the development stage, the 3D
visual objects were created using Blender
4.4, while the interactive simulation was
built using Unity 6. This stage also included
an iterative validation process by media
experts. Based on their feedback, a real-time

wave

data recording panel was added to the
system, to their
measurement results directly within the
simulation.

This  media successfully
developed as an interactive simulation

allowing users save

was
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environment that computationally visualizes
the phenomena of electromagnetic waves.
Technically, the architecture of this product
was built using Unity 6, which is designed to
convert mathematical wave models into real-
time visual representations. The main
simulation interface, as presented in Figure
2.

(b)

Figure 2. Visual representation of the
simulation in VR mode: (a) the interactive
environment for manipulating frequency and
receiver position during data collection; (b) the
data logging interface presenting the recorded
experimental results.

Figure 2 demonstrates a precise virtual
laboratory  space  where users can
dynamically manipulate frequency and
receiver’s position to interact directly with
the fundamental physical parameters of the
waves.

Within this interactive setup, the
abstract nature of electromagnetic wave
propagation is translated into observable
empirical data. When students adjust the
transmitter's frequency and spatially move
the receiver, they can observe real-time
visual feedback: the receiver illuminates
brightly at the wave's peaks and dims at the
nodes. This specific mechanism allows users
to accurately identify and measure the
wavelength. By multiplying this measured
wavelength with the manipulated frequency,
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students can calculate the speed of light.
This underlying physical modeling ensures
that the media functions not merely as a
passive visual animation, but as a robust
analytical instrument that facilitates high-
level conceptual understanding and
quantitative measurement.

The validity of the developed 3D
virtual laboratory was evaluated by two
expert validators who assessed both the
instructional media design and the accuracy
of the physics The detailed
assessment results, as presented in Table 7,
were analyzed using the Gregory test,
resulting in a validity coefficient (7) of 1.00,
which exceeds the standard consistency
threshold of 0.75. This strong agreement

content.

between the experts indicates that the
computational modeling, user interface, and
physical concepts of electromagnetic wave
propagation within the simulation are
accurate and free from technical or
conceptual errors. Therefore, the media is
considered highly wvalid and ready for
implementation in the classroom.

Table 7. Media Validation Result

Indicator Vah(Iiator Validator 11

Instructional

Feasibility 27 26

Software (Technical

Reliability) 20 21

Visual Design 20 20

Total 67 (93.1%) 67 (93.1%)
After the media was declared

technically valid, the implement stage was
carried out through a field trial involving 30
students and 2 physics teachers. The students
worked in groups, using VR Cardboards and
controllers to perform the virtual
experiment. Finally, in the evaluation stage,
empirical  data collected using
questionnaires to measure the media's
practicality from both teacher and student
perspectives, as well as its preliminary

was
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effectiveness on students' learning interest.
The practicality of the 3D wvirtual
laboratory was evaluated through user
response questionnaires administered to a
physics teachers and students. The
evaluation results, as presented in Table 8.
This high level of practicality indicates that
the media is easy to operate, provides clear
user instructions, and requires minimal
technical preparation before classroom use.
Minimizing preparation
particularly beneficial for schools with
constrained instructional schedules. These

time 1S

findings align with Syefrinando et al. (2020),
who stated that interactive 3D learning
media with high practicality ratings can
streamline teaching time and simplify the
presentation of abstract physics concepts.
Consequently, the developed media meets

the required practicality standards for
integration into high school physics
classrooms.

Table 8. Product Practicality Evaluation Results

Respondent Practicality = Cateogory
Physics Teacher 97.35% Very Practical
Students 82.08% Very Practical

The high practicality ratings (97.35%
from the teacher and 82.08% from students)
show that the 3D virtual laboratory is highly
efficient for classroom use. According to the
Cognitive Theory of Multimedia Learning
(Mayer & Fiorella, 2021), instructional
media should be designed to manage
cognitive load effectively. The 3D virtual
laboratory applies this principle by
integrating interactive visualizations directly
with a real-time data recording panel, which
successfully minimizes extraneous cognitive
load and prevents the split-attention effect.
This is consistent with Achuthan et al.
(2015), who found that multimedia virtual
labs reduce the perceived difficulty of
physics experiments.
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Moreover, the practical benefit of this
media aligns with findings by Fernando et al.
(2024), where 76% of users favored virtual
labs for their high repeatability. This feature
allows students to freely manipulate
variables and repeat the Hertz experiment
without the risk of damaging equipment or
running of limited class time.
Conclusively, this developed media serves

out

as a practical solution that effectively
supports physics learning within constrained
school schedules.

During the implementation phase, the
main constraint encountered was hardware
compatibility, as some students used iOS
devices while the application was developed
exclusively for Android. Additionally, the
virtual laboratory requires a responsive
gyroscope and Bluetooth 5.0 for seamless
controller synchronization. To address this
issue, student groups were strategically
adjusted during the field trial to ensure that
each team had access to at least one fully
compatible Android device.

The effectiveness level of the learning
media was obtained through a survey
method using questionnaires related to
students' interest in learning physics before
and after applying the learning media during
the learning process. The questionnaire
results were then analyzed to determine how
effective the 3D virtual laboratory media is
in increasing students' interest in learning
physics. To the media's
effectiveness in enhancing students' interest
in learning physics, an N-gain (Normalized
Gain) test was conducted. This test compares
students' interest scores before and after
using the 3D virtual laboratory media for the
Hertz experiment.

This study is limited to evaluating the
affective domain, specifically students'
interest in physics, which demonstrated a
moderate N-gain (0.49). Cognitive learning
outcomes and conceptual understanding

measure
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were not assessed. Consequently, future
research should investigate the impact of this
3D laboratory cognitive
achievements and conduct broader empirical
testing to establish its pedagogical efficacy
fully.

virtual on

CONCLUSION

The 3D virtual laboratory for the Hertz
experiment has been successfully developed
using the ADDIE model.
provides a highly valid and practical solution
help
electromagnetic wave concepts, making it
highly suitable for schools with limited
physics laboratory schedules. Furthermore,
the field trial demonstrates that the
immersive simulation successfully gives a
positive impact on enhancing students'
learning interest. Since this research is
specifically limited to media development,
future studies are recommended to focus on
implementing this tool to evaluate students'
cognitive learning outcomes.

This media

to students  visualize abstract

REFERENCES

Achuthan, K., Brahmanandan, S., Bose, L.S.
(2015). Cognitive Load Management
in Multimedia Enhanced Interactive
Virtual Laboratories. In: El-Alfy, ES.,
Thampi, S., Takagi, H., Piramuthu, S.,
Hanne, T. (eds) Advances in
Intelligent Informatics. Advances in
Intelligent Systems and Computing,

vol 320. Springer, Cham.
https://doi.org/10.1007/978-3-319-
11218-3 15

Fernando, N., Dassanayake, D.,
Madhuwanthi, Buddhika. (2024).
Effectiveness of Using Virtual
Laboratory Simulations in Physics
Education by Comparing The
Accuracy of Gravitational
Acceleration Results.

https://doi.org/10.64752/WGWT2087

Gregory, R. J. . (2015). Psychological

196

Testing: History, Principles, and
Applications(A. Dodge, Ed.; Seventh
Edition). Harlow:Pearson Education
Limited.

Handayani, T. L., Sugianto, & Susanto, H.
(2019). Pengembangan Modul
Pembelajaran Berbentuk Pop-Up dan
Smash Book Materi Sifat Cahaya Bagi
Siswa Penyandang Disabilitas Rungu.

UPEJ Unnes Physics Education
Journal, 8(1), 8-15.
https://doi.org/10.15294/upej.v8il.29
497
https://journal.unnes.ac.id/sju/upej/art
icle/view/29497

Kelly, O. C., & Finlayson, O. E. (2007).
Providing solutions through problem-
basedlearning for the undergraduate

Ist year chemistry laboratory.
Chemistry Education Research and
Practice, 8(3), 347-361.

https://doi.org/10.1039/B7RP90009K
Mayer, R.E. and Fiorella, L. (eds.) (2021)

The Cambridge Handbook of
Multimedia Learning. 3rd edn.
Cambridge: Cambridge University
Press (Cambridge Handbooks in
Psychology).
https://doi.org/10.1017/97811088943
33.

Nurmasitah, S., Achmad, u.,

Prasetyaningtyas, & Fatati. (2017).
Pengembangan Model Pembelajaran
Penyusunan Proposal Penelitian untuk
Meningkatkan Keterampilan
Penulisan Karya Ilmiah Mahasiswa.
TEKNOBUGA, 5(2), 66-73.
https://doi.org/10.15294/teknobuga.v
5i2.15371
https://journal.unnes.ac.id/nju/teknob
uga/article/view/15371

Pratama, I. M. Y., Sindu, I. G. P, &
Santyadiputra, G. S. (2019).
Pengembangan  Aplikasi  Virtual
Reality Mengenal Macam-Macam
Benda Di Sekitar Rumah dalam
Bahasa Inggris (Studi Kasus: SD
Cerdas Mandiri Denpasar). Kumpulan
Artikel Mahasiswa Pendidikan Teknik
Informatika(KARMAPATI), 8(3),



https://doi.org/10.1007/978-3-319-11218-3_15
https://doi.org/10.1007/978-3-319-11218-3_15
https://doi.org/10.64752/WGWT2087
https://doi.org/10.64752/WGWT2087
https://doi.org/10.15294/upej.v8i1.29497
https://doi.org/10.15294/upej.v8i1.29497
https://journal.unnes.ac.id/sju/upej/article/view/29497
https://journal.unnes.ac.id/sju/upej/article/view/29497
https://doi.org/10.1039/B7RP90009K
https://doi.org/10.1017/9781108894333
https://doi.org/10.1017/9781108894333
https://doi.org/10.15294/teknobuga.v5i2.15371
https://doi.org/10.15294/teknobuga.v5i2.15371
https://journal.unnes.ac.id/nju/teknobuga/article/view/15371
https://journal.unnes.ac.id/nju/teknobuga/article/view/15371

n

Jurnal Pendidikan Fisika dan Teknologi (JPFT)

<LJ;FB Volume 12 No. 1 June 2026

544-553.
https://doi.org/10.23887/karmapati.v8
13.21695
https://ejournal.undiksha.ac.id/index.p
hp/KP/article/view/544

Purnama, S. (2013). Metode Penelitian Dan
Pengembangan (Pengenalan untuk
Mengembangkan Produk
Pembelajaran Bahasa Arab). Literasi:
Jurnal Ilmu Pendidikan, 4(1), 19-32.
http://dx.doi.org/10.21927/literasi.201
3.4(1).19-32

Ramadhani, P., Fuadiyah, S., and Yogica, R.
(2021). Laboratorium Virtual sebagai
Langkah =~ Memaksimalkan  Skill
Keterampilan ~ Siswa,  Prosiding
Seminar Nasional Biologi, 1(1), pp.
791-798.
https://doi.org/10.24036/prosemnasbi
o/vol1/102
https://semnas.biologi.fmipa.unp.ac.id
/index.php/prosiding/article/view/102

Riduwan. (2010). Skala Pengukuran
Variabel Variabel Peneitian.
Bandung: Alfabeta.

Rosnaeni, R. (2021). Karakteristik dan
Asesmen Pembelajaran Abad 21.
Jurnal Basicedu, 5(5), 4334-4339.
https://doi.org/10.31004/basicedu.v5i
5.1548

Sengupta, D. L., and Sarkar, T. K. (2003).
Maxwell, Hertz, the Maxwellians, and
the early history of electromagnetic
waves. IEEE  Antennas and
Propagation Magazine, 45(2), 13-19.
https://doi.org/10.1109/MAP.2003.12

03114

Sugiyono. (2013). Metode Penelitian
Kuantitatif, Kualitatif dan R&D.
Bandung:Alfabeta.

Supardi, S. U. S., Leonard, L., Suhendri, H.,
& Rismurdiyanti, R. (2012). Pengaruh
Media Pembelajaran dan Minat
Belajar terhadap Hasil Belajar Fisika.
Jurnal ~ Formatif, 2(1), 71-81.
http://dx.doi.org/10.30998/formatif.v2
i1.86

Syefrinando, B., Suraida, S., & Parman, A.

197

(2020). Pengembangan Media
Pembelajaran Fisika berbasis Adobe
Flash  Professional CS6  Untuk
MataKuliah Fisika Dasar 1. Jurnal
Pendidikan Fisika Dan Teknologi,
6(1), 3944,
https://doi.org/10.29303/jpft.v6il.152
2



https://doi.org/10.23887/karmapati.v8i3.21695
https://doi.org/10.23887/karmapati.v8i3.21695
https://ejournal.undiksha.ac.id/index.php/KP/article/view/544
https://ejournal.undiksha.ac.id/index.php/KP/article/view/544
http://dx.doi.org/10.21927/literasi.2013.4(1).19-32
http://dx.doi.org/10.21927/literasi.2013.4(1).19-32
https://doi.org/10.24036/prosemnasbio/vol1/102
https://doi.org/10.24036/prosemnasbio/vol1/102
https://semnas.biologi.fmipa.unp.ac.id/index.php/prosiding/article/view/102
https://semnas.biologi.fmipa.unp.ac.id/index.php/prosiding/article/view/102
https://doi.org/10.31004/basicedu.v5i5.1548
https://doi.org/10.31004/basicedu.v5i5.1548
https://doi.org/10.1109/MAP.2003.1203114
https://doi.org/10.1109/MAP.2003.1203114
http://dx.doi.org/10.30998/formatif.v2i1.86
http://dx.doi.org/10.30998/formatif.v2i1.86
https://doi.org/10.29303/jpft.v6i1.1522
https://doi.org/10.29303/jpft.v6i1.1522


  x i


  x i =   Total score  Maximum Score × 100 %

