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ABSTRACT

The aim of this research is to develop a simple harmonic motion experiment guide based on smartphone
sensors for use on a double surfboard sports vehicle that is valid, practical, and effective. This study applies the
Research and Development (R&D) method using the ADDIE development model, which includes five stages: (1)
Analysis, (2) Design, (3) Development, (4) Implementation, and (5) Evaluation. The results show that the
accelerometer sensor on a smartphone can effectively measure the period value in the double surfboard sports
experiment. The experimental guidebook developed in this study demonstrates high validity, with an average
score of 3.53 (88.33%) from media experts and 3.43 (85.75%) from material experts. Practicality testing, based
on student responses, resulted in an average score of 3.48 (87.16%), indicating that the guide is highly suitable
for use in the learning process. Furthermore, effectiveness testing through pretest and posttest assessments of 17
students showed an improvement in student understanding, with an n-gain value of 0.45, categorized as
"medium.” Consequently, this guidebook serves as an effective learning tool for enhancing students'
comprehension of simple harmonic motion concepts.
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I.  INTRODUCTION

Physics is a foundational science that underpins the development of science and technology [1]. Physics
education is designed to emphasize scientific values, which are essential in experimental activities that students
need to understand and perform [2], [3]. However, physics learning often remains confined to the classroom
rather than taking place in laboratories, focusing mainly on curriculum-based content delivery [4.]. As a result,
students frequently receive theoretical explanations without practical experience, even though understanding
physics concepts requires direct observation and experimentation [5], [6], [7].

Physics experimental facilities and laboratory equipment in colleges, especially in 3T areas, are very
limited. This lack of resources makes it challenging for students to gain practical experience and conduct physics
experiments [8], [9]. Some colleges lack essential experimental tools for physics, such as acceleration and light
sensors. Physics labs are also limited, making it difficult for students to access and use them independently.

Simple harmonic motion is one of the topics that can be explored through physics experiments. This topic
involves measuring the swing period, determining the acceleration due to gravity, and examining relationships
between variables, such as rope length and deviation. However, in the first-semester Department of Natural
Science Education Universitas Pendidikan Muhammadiyah Sorong, experiments related to this topic are still
limited. Much of the material is taught conceptually in class, making it challenging for students to draw
conclusions about variable relationships in simple harmonic motion. This approach often leads to boredom and
fatigue, reducing students' interest in studying physics at the college level.

To support physics learning through experimental methods, technology can be leveraged by using
smartphone sensors with the Phyphox application [10]. Developed by Aachen University, this application
enables scientific experiments directly on smartphones [11]. Phyphox utilizes the sensors already installed on
smartphones, so no additional measuring instruments are needed. In physics learning, smartphones can serve as
effective measuring tools. Modern smartphones are highly advanced, containing sensors that receive data from
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the surrounding environment [12]. These devices typically include a barometer, light sensor, magnetometer,
gyroscope, accelerometer, and microphone. With such capabilities, smartphones can demonstrate the magnetic
spectrum in real-time, gather data, measure distance through echo, and analyze the frequency and period of an
oscillating spring [13], [14].

Given the problems and potential described above, the researchers are interested in developing a physics
experiment guide on simple harmonic motion using smartphone sensors on a double surfboard sports vehicle.
This study aims to create a valid, practical, and effective experimental guide for physics. The urgency of this
research lies in providing a resource that enhances students' understanding and practical experience with physics
experiments, particularly on simple harmonic motion. Additionally, this guide can serve as an alternative
solution to the limited laboratory equipment at universities and connect students with natural phenomena around
them.

Previous studies have explored smartphone sensor-based experimental guides for collision topics using the
ADDIE development model, showing expert-validated results and positive user feedback on practicality [15].
Another study developed physics experiment guides in playgrounds, using video analysis on mechanics topics
with the 4D development model, also yielding expert-validated and user-approved practical outcomes [16]. The
novelty of this research lies in combining the strengths of both previous studies—using smartphone sensors and
the ADDIE development model. Additionally, this study focuses on a new physics topic, simple harmonic
motion, using a double surfboard sports vehicle as experimental media, and includes product effectiveness by
conducting an n-gain analysis on pretest and posttest results.

I1. METHOD

This study employs a research and development (R&D) approach to produce and assess the feasibility of a
product [17]. The product developed is a guidebook for simple harmonic motion experiments using smartphone
sensors, designed for conducting physics experiments on a double surfboard sports vehicle. The development
model used in this study is ADDIE (Analysis, Design, Development, Implementation, and Evaluation),
comprising five stages: analysis, design, development, implementation, and evaluation [18]. The ADDIE model
is illustrated in Figure 1.
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Figure 1. The ADDIE M(;del in the R&D Method

Using the ADDIE model, the development process begins with the analysis stage, which involves
surveying students' needs and conducting initial trials of simple harmonic motion experiments with smartphone
sensors on a double surfboard sports vehicle. In the design stage, the framework and content of the experimental
guidebook were outlined. During the development stage, the guidebook was further refined and subjected to a
validity test by two material experts and two media experts. At the implementation stage, a practicality test was
conducted through a user response survey among students. Additionally, effectiveness testing was carried out in
this stage by administering a pretest and posttest to the students. The evaluation stage took place throughout each
phase, incorporating expert feedback and user responses to make necessary revisions.

Data processing in this study included both qualitative and quantitative methods. Qualitative data were
derived from feedback and comments from validators and student responses, which guided revisions of the
experimental guide. For quantitative data, assessments were conducted based on questionnaire responses, rated
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by experts and students. The average score from the questionnaire responses was calculated using the following
formula:

o Lx
x == (M
where X represents the average score, ), x is the total score, and n is the number of questions.
The average score is then converted into a percentage using the following formula:
P =2<x100 @)
N

where P is the percentage, x is the average score, and N is the maximum score that can be achieved. The
obtained percentage is then converted into a qualitative assessment based on the criteria in Table 1.

Table 1. Feasibility Level Criteria

Interval (P) Feasibility Level Criteria
80% - 100% Very feasible / Very good / Strongly agree
66% - 79% Feasible / Good / Agree
56% - 65% Less feasible / Less good / Less agree
0 - 55% Not feasible / Not good / Disagree

This research is considered feasible if the percentage falls within the intervals of 80% - 100%, categorized as
"very feasible," or 66% - 79%, categorized as "feasible."

To calculate the effectiveness of the product, the n-gain formula is used. The calculation for the effectiveness
of the smartphone sensor-based physics experiment guide using the sports vehicle is:

posttest value—pretest value

g= 3)

maximum value—pretest value

The n-gain value is interpreted based on the following criteria: High, if g>0.7;, Moderate, if 0.7>g>0.30; Low, if
g<0 [19].

I11. RESULTS AND DISCUSSION

The student needs survey revealed that experimental activities for science students at Muhammadiyah
University of Education Sorong were not optimal during the learning process. Therefore, there is a need for a
product that students can easily use to carry out practicums. This product is a smartphone sensor-based Physics
experiment guide, supported by the Phypox application, and used with the double surfboard sports ride. The
material covered in this experiment is simple harmonic motion, focusing on calculating the swing period. The
double surfboard sports ride and data collection using a smartphone are shown in Figure 2 below:
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Figure 2. Smartphone placed on a double surfboard sports vehicle

During the experimental trial of the double surfboard game, the period of acceleration generated by the
accelerometer sensor on the z-axis was recorded. The data produced by the Phypox application is presented in
the form of a graph showing the relationship between acceleration (a in m/s) and time (t in seconds), as shown in
Figure 3.
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Figure 3. Smartphone sensor data results showing oscillation period

Based on the previous analysis, the researcher designed the framework for the experimental guide as a
procedure for conducting the experiments. The guidebook is systematically organized with detailed instructions
and images to help students conduct the experiments more easily. The structure of the guidebook includes: 1)
Cover; 2) Foreword; 3) Table of Contents; 4) Introduction; 5) Literature Review: Smartphone Sensors and
Simple Harmonic Motion; 6) Experimental Objectives; 7) Tools and Materials; 8) Experimental Procedures; 9)
Data Collection; 10) Data Analysis; 11) Conclusion; 12) Questions; and 13) Bibliography.

In the third stage, development, the experimental guidebook was arranged according to the framework
design from the previous stage. The result of this development stage is the smartphone sensor-based Physics
experiment guidebook, as shown in Figure 4.

‘GERAK HARMONIK SEDERHANA BERBASIS
SENSOR SMARTPHONE PADAWAHANA
OLAHRAGA DOUBLE SURFBOARD

2023

Figure 4. The compiled guidebook
After compiling the guidebook, the product's validity was evaluated by two subject matter experts and two
media experts using a questionnaire with 15 questions across three assessment indicators. The validation results
from the media experts are shown in Table 2 below:

Table 2. Media Expert Validation Results

Assessment Indicator Score Percentage Conclusion
Visual design 35 87% Very Feasible
Ease of use 35 87% Very Feasible
Instruction accuracy 3.6 91% Very Feasible
Average 3.53 88.33% Very Feasible

Based on the data in Table 2, the average score from the two media experts was 3.53, which corresponds to a
percentage of 88.33%. This result indicates that the guidebook product is considered very feasible for use from a
media perspective.

Following this, a validity test was conducted to evaluate the content quality by two material experts, using a
questionnaire with 15 questions across three assessment indicators. The validation results from the material
experts are presented in Table 3 below:
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Assessment Indicator Score  Percentage Conclusion
Content suitability with curriculum 3 771% Very Feasible
Material depth 4 100% Very Feasible
Relevance to daily life 3.3 88% Very Feasible

Average

3.43 85.75%

Very Feasible

Based on the table above, the average score from the two material experts was 3.43, equating to 85.75%. This
indicates that the guidebook product is highly suitable for use from a content perspective.

Combining the assessments of media and material experts, it can be concluded that the developed product
is indeed suitable for educational use. Additionally, expert suggestions were incorporated to enhance the
guidebook, as shown in Table 4 below:

Table 4. Expert Suggestions for Product Improvement

No.

Expert Suggestions

Improvement

1 Improve the instructions by providing a more detailed explanation of
the experimental steps, including visuals such as pictures or diagrams

to facilitate student understanding.

2 Ensure that the experiment guide includes clear information on
integrating smartphone sensors into physics experiments, explaining
relevant application features and sensor usage.

3 Add interactive elements such as reflection questions or challenges at
the end of the experiment to foster critical thinking and deepen

concept understanding.

Revised as  per
suggestions

Revised as  per
suggestions

Revised as  per
suggestions

In the fourth stage, the implementation phase, a practicality test was conducted by gathering student
responses on the developed guidebook. The results from 10 students, based on 15 questions in three assessment
indicators, are shown in Table 5:

Table 5. Student Response Test Results

Assessment Indicator Score Percentage Conclusion
Ease of Understanding 3.34 83.5% Very Good
Experiment Implementation 3.45 86.25% Very Good
Learning Benefits 3.67 91.75% Very Good
Average 3.48 87.16% Very Good

The table above shows an average score of 3.48, equating to an 87.16% practicality rating, suggesting the
guidebook is very effective for student use.
At this stage, an effectiveness test was also conducted to measure students' understanding of simple
harmonic motion, before and after using the practicum guidebook. This test involved 17 first-semester Science
Education students enrolled in a Basic Physics course. The experiment was conducted at Alun-Alun Aimas,

Sorong Regency, using the double surfboard sports facility, as illustrated in Figure 5.
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Figure 5. Simple Harmonic Motion Experiment on the Double Surfboard Facility
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The pretest and posttest results from the practical test on 17 students are shown in Table 6:

Table 6. N-Gain Test Results
Pretest Postest N-Gain Score N-Gain Score (%)

Average 50.01 72.55 0.45 45.1%

The table indicates an improvement in average scores from pretest to posttest. The effectiveness of the
guidebook, as measured by an n-gain value of 0.45, falls within the "moderate” category. This suggests that the
experimental guidebook has a moderate level of effectiveness in enhancing students' understanding of simple
harmonic motion.

In conclusion, this study successfully developed a smartphone sensor-based physics experiment guidebook
on simple harmonic motion that is valid, practical, and effective. Validation by media and material experts shows
that this guidebook is highly suitable, achieving an average score above 3.4. Student responses also indicate the
guidebook is user-friendly, facilitating comprehension of physics concepts, experiment feasibility, and learning
benefits. The pretest and posttest results demonstrate a significant improvement in students' understanding, with
an n-gain value of 0.45 indicating moderate effectiveness.

This research supports the theory that integrating technology, particularly smartphone sensors, can enhance
physics education by providing practical, in-depth learning experiences[20], [21]. These findings align with
other studies emphasizing the importance of technology in science education and hands-on learning in physics
[22], [23], [24]. The developed guidebook shows promising potential for further application of technology in
science education, particularly in physics experiments that incorporate real-world contexts.

IV. CONCLUSION

A simple harmonic motion experiment guidebook based on smartphone sensors and using a double
surfboard sports vehicle has been developed, demonstrating strong validity, practicality, and effectiveness.
Media experts rated the guidebook with an average score of 3.53 (88.33%), and material experts with an average
score of 3.43 (85.75%), both indicating a high level of validity. The practicality test, based on student responses,
yielded an average score of 3.48 (87.16%), signifying that the guidebook is highly suitable for classroom use.
Additionally, an effectiveness test conducted through pretest and posttest assessments with 17 students revealed
an improvement in understanding, with an n-gain value of 0.45, categorizing it as "moderate." Therefore, this
guidebook proves to be an effective educational tool for enhancing students’ comprehension of simple harmonic
motion.

ACKNOWLEDGMENT

We extend our sincere gratitude to the Directorate of Research, Technology, and Community Service (DRTPM)
under the Directorate General of Higher Education, Research, and Technology, Ministry of Education, Culture,
Research, and Technology, for their financial support of this research through the Penelitian Dosen Pemula
(PDP) in 2023.

REFERENCES

[1] G. Milinia, S. Trisna, and 1. R. Yanti, “PENGEMBANGAN MEDIA PEMBELAJARAN FISIKA
MOBILE LEARNING BERBASIS ANDROID PADA MATERI GELOMBANG BUNYI DAN
CAHAYA,” Jurnal Pendidikan Fisika, vol. 10, no. 2, p. 271, Sep. 2022, doi: 10.24127/jpf.v10i2.5031.

[2] K. Khotijah, A. Arsini, and S. R. Anggita, “Pengembangan Praktikum Fisika Materi Hukum Kekekalan
Momentum Menggunakan Aplikasi Video Tracker,” Physics Education Research Journal, vol. 1, no. 1,
p. 37, Aug. 2019, doi: 10.21580/perj.2019.1.1.3961.

[3] C. E. Sari, “IDENTIFIKASI SIKAP ILMIAH DALAM MELAKUKAN PRAKTIKUM FISIKA PADA
PESERTA DIDIK SMAN 12 MAKASSAR,” Jurnal Sains dan Pendidikan Fisika, vol. 16, no. 1, p. 27,
May 2020, doi: 10.35580/jspf.v16i1.15281.

Pillar of Physics Education, page. 242-249 | 247



[4]

(5]

6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Lestari, et al.

F. A. Hidayat and H. S. Astutik, “VIRTUAL LABORATORY DEVELOPMENT AS ICT BASED
LEARNING MEDIA IN ACID AND BASIC TITRATION LEARNING,” in ICOCIT-MUDA 2019,
2019. doi: 10.4108/eai.25-6-2019.2294281.

R. Azizah, L. Yuliati, and E. Latifah, “KESULITAN PEMECAHAN MASALAH FISIKA PADA
SISWA SMA THE PHYSIC PROBLEM SOLVING DIFFICULTIES ON HIGH SCHOOL
STUDENT,” Jurnal Penelitian Fisika dan Aplikasinya (JPFA), vol. 5, no. 2, 2015, [Online]. Available:
http://journal.unesa.ac.id/index.php/jpfa

G. B. Samudra, W. Suastra, and K. Suma, “Permasalahan-Permasalahan yang Dihadapi Siswa SMA di
Kota Singaraja dalam Mempelajari Fisika,” 2014.

M. Giliberti and G. Organtini, “Reconsidering Physics Education for better understanding of modern
physics,” J Phys Conf Ser, vol. 1929, no. 1, p. 012046, May 2021, doi: 10.1088/1742-
6596/1929/1/012046.

Y. Farida Istinganah, M. Syam, dan Zulkarnaen, P. Studi Pendidikan Fisika, U. M. Mulawarman JI
Yamin Samarinda, and K. Timur, “Pemanfaatan Laboratorium Fisika dalam Pembelajaran Fisika, Studi
Kasus di SMA Negeri 1 Sendawar dan SMA Negeri 1 Liggang Bigung Kabupaten Kutai Barat,” 2021.
[Online]. Available: http://jurnal.fkip.unmul.ac.id/index.php/JLPF

E. P. Raharja, M. Irianti, R. D. Lestari, C. M. Londong, and S. Mudumi, “Analyzing Physics Experiment
using Sensor Smartphone in Traveling Carnival,” Jurnal Penelitian Pendidikan IPA, vol. 10, no. 3, pp.
1247-1254, 2024, doi: 10.29303/jppipa.v10i3.6792.

A. Anjarwati, M. Irianti, and E. Sutomo, “Pengaruh media pembelajaran powerpoint interaktif terhadap
hasil belajar IPA siswa SMP negeri 5 Raja Ampat pada materi sistem peredaran darah pada manusia,”
Jurnal BASA (Barometer Sains) Jurnal Inovasi Pembelajaran IPA., vol. 4, no. 1, pp. 1-9, 2023,
[Online]. Available: https://unimuda.e-journal.id/basa/index

K. B. Liwun, F. Y. Ecing, E. M. Pora, R. B. Astro, and Y. E. Ika, “PENENTUAN KOEFISIEN
TUMBUKAN MENGGUNAKAN APLIKASI PHYPOX,” Jurnal Sains dan Pendidikan Fisika, vol. 17,
no. 3, p. 226, Jan. 2022, doi: 10.35580/jspf.v17i3.26878.

E. P. Raharja and Ishafit, “Development of circular motion experiment tool using sensor smartphone for
high school students,” in Journal of Physics: Conference Series, 2021. doi: 10.1088/1742-
6596/1806/1/012048.

S. Novitasari, D. A. Tulandi, and J. Lolowang, “PENGEMBANGAN PANDUAN PRAKTIKUM
ONLINE MENGGUNAKAN SMARTPHONE BERBASIS APLIKASI PHYPOX,” 2021.

E. P. Raharja and R. Kusiana, “Pengembangan Modul Praktikum Gerak Melingkar untuk Siswa Kelas X
SMA Muhammadiyah 4 Yogyakarta,” JIPFi Jurnal Penelitian Pendidikan Fisika, vol. 5, no. 2, pp. 151—
157, 2020, [Online]. Available: http://ojs.uho.ac.id/index.php/JIPFI

N. Nurfadilah, 1. Ishafit, R. Herawati, and E. Nurulia, “Pengembangan Panduan Eksperimen Fisika
Menggunakan Smarthphone dengan Aplikasi Phyphox Pada Materi Tumbukan,” Jurnal Penelitian
Pembelajaran Fisika, vol. 10, no. 2, pp. 101-107, Oct. 2019, doi: 10.26877/jp2f.v10i2.4019.

S. M. Aisya and 1. Ishafit, “Pengembangan bahan ajar eksperimen fisika berbasis video based laboratory
menggunakan wahana permainan taman kanak-kanak pada materi mekanika,” Jurnal Riset dan Kajian
Pendidikan Fisika, vol. 6, no. 1, p. 35, Jun. 2019, doi: 10.12928/jrkpf.v6i1.13394.

L. Kumalasari, S. Suhadi, and S. Mahanal, “Avipedia: An electronic encyclopedia of bird diversity in
Baluran National Park - Indonesia,” Research and Development in Education (RaDEn), vol. 3, no. 1, pp.
26-36, Feb. 2023, doi: 10.22219/raden.v3i1.23939.

J. Sweller, “Instructional Design,” in Encyclopedia of Evolutionary Psychological Science, Cham:
Springer International Publishing, 2021, pp. 4159-4163. doi: 10.1007/978-3-319-19650-3_2438.

Pillar of Physics Education, page. 242-249 | 248



[19]

[20]

[21]

[22]

[23]

[24]

Lestari, et al.

R. Donna, A. S. Egok, and R. Febriandi, “Pengembangan Multimedia Interaktif Berbasis Powtoon pada
Pembelajaran Tematik di Sekolah Dasar,” Jurnal Basicedu, vol. 5, no. 5, pp. 3799-3813, Sep. 2021, doi:
10.31004/basicedu.v5i5.1382.

Z. Csernovszky, “Study of damped oscillations using Phyphox and Arduino controlled Hall-sensor,” J
Phys Conf Ser, vol. 2693, no. 1, 2024, doi: 10.1088/1742-6596/2693/1/012004.

D. Sulisworo, I. Ishafit, and K. Firdausy, “The Development of Mobile Learning Application using
Jigsaw Technique,” International Journal of Interactive Mobile Technologies (iJIM), vol. 10, no. 3, p.
11, Jul. 2016, doi: 10.3991/ijim.v10i3.5268.

A. N. Fauziah and D. Sulisworo, ‘“Pembelajaran Fisika dengan Memanfaatkan Teknologi Guna
Meningkatkan Minat Belajar,” Jurnal Genesis Indonesia, vol. 1, no. 02, pp. 79-86, Sep. 2022, doi:
10.56741/jgi.v1i02.93.

R. Irwanto, M. Toifur, and Ishafit, “Pengembangan bahan ajar science, technology, engineering,
mathematics model project-based learning untuk meningkatkan proses sains ditinjau dari kemampuan
awal dan sikap ilmiah,” Berkala Fisika Indonesia : Jurnal Ilmiah Fisika, Pembelajaran dan Aplikasinya,
vol. 14, no. 1, pp. 40-45, 2023, doi: 10.12928/bfi-jifpa.v14i1.23282.

M. J. Susilo, D. Sulisworo, and S. Beungacha, “Technology and Its Impact on Education,” Buletin
Edukasi Indonesia, vol. 2, no. 02, pp. 47-54, Apr. 2023, doi: 10.56741/bei.v2i02.285.

Pillar of Physics Education, page. 242-249 | 249



