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Abstract: This study aims to develop a closed organ pipe resonance practical model
based on the Phyphox application to improve the verbal and numerical
representation abilities of students at SMA N 1 Pundong. The research method used
is a quasi-experiment with a one-group pretest-posttest design. The research
subjects are students in classes XI B and XI D, each consisting of 36 students. The
instruments used included pre-test and post-test questions, verbal representation
questions, numerical representation questions, and LKPD that had been validated
by experts. The validity test using Aiken's V showed that all instruments were in
the high validity category. The data normality test showed that the data was
normally distributed, making it suitable for analysis using the Paired Sample T-
Test. The analysis results showed a significant improvement in verbal and
numerical representation abilities after the treatment, indicated by a significance
value (Sig.) of 0.00 (< 0.05) and a t-value that is much larger than the t-value in the
table. Thus, the closed organ pipe resonance practical model based on the Phyphox
application is effective in improving students' verbal and numerical representation
abilities.
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Introduction

Physics is a subject that most students find difficult
and boring (Williams et al., 2003; Samudra et al., 2014;
Wangchuk et al., 2023). This is because physics concepts
are abstract and require a deep conceptual
understanding to master. Physics is often linked to real-
life situations, so advanced thinking skills are necessary
to engage with the subject (Jamil et al., 2024; Simeon et
al., 2022). Physics serves to bridge abstract concepts with
concrete real-life situations that students can observe for
themselves (Rinjany, 2012).

One approach to address this issue is to develop
active, creative, and innovative learning methods
(Karelina & Etkina, 2007). Educators can implement this
approach  through technology-based laboratory
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experiments (Yani & Widiyatmoko, 2023; Estuhono et
al., 2019). The laboratory method facilitates collaboration
and active interaction among students, thereby
enhancing their collaborative skills (Junita et al., 2021).
Technology-based laboratory experiments are a form of
contextual learning that can strengthen conceptual
understanding and enhance students’ interest in
learning (Nuai & Nurkamiden, 2022; Agustin et al.,
2026).

One  physics topic  requiring  in-depth
understanding is sound resonance in closed organ pipes
(Iskandar & Pramudya, 2025; Oktapiani et al., 2024). The
topic of resonance in closed organ pipes is a key concept
within the field of waves and sound. Sound resonance in
a closed organ pipe is the phenomenon of sound
amplification that occurs when sound waves inside the
pipe form a specific stationary wave pattern due to
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sound reflection at the pipe’s ends (Umar, 2007). Under
resonance conditions, the pipe’s length meets specific
criteria, resulting in amplified sound amplitude. This
material on resonance in closed organ pipes is often
taught conventionally by teachers (Yusuf, 2018). This is
due to a lack of equipment available at educational
institutions. Students are only able to imagine the
resonance phenomenon without engaging in activities
or directly listening to the events occurring during
sound resonance. Therefore, a laboratory experiment
method can be a solution to the problems faced by these
students.

Resonance in closed organ pipes is a physics topic
well-suited for hands-on practice (Nurpratiwi et al.,
2025; Aulliyah et al., 2023). This laboratory activity can
provide students with engaging auditory and visual
experiences (Syuhada, 2021). Teachers can integrate
technology, such as smartphones, to conduct this
resonance experiment. One application that can be used
is Physical Phone Experiments (Phyphox) (Imtinan &
Kuswanto, 2023). With the help of the Phyphox app, this
experiment can be conducted in a more modern and
interactive way (Pratiwi, 2023).

Phyphox is an app that allows users to perform
various physics experiments using sensors in their
phones, such as accelerometers, gyroscopes, and
microphones (Carroll & Lincoln, 2020; Putri et al., 2025).
This app is equipped with a tone generator capable of
producing sound frequencies as desired (Sharma et al.,
2023). These frequencies will be used to calculate the
speed of the sound waves generated during the
resonance of a closed organ pipe. Resonance generally
occurs when a wave has the same or nearly the same
frequency as the natural frequency, resulting in
maximum amplitude (Harahap et al., 2024).

The development of the tool in this study is
expected to improve students’ verbal and numerical
representations. Verbal and numerical representations
are essential skills that students must possess to
understand physics (Worku et al., 2026; Kohl &
Finkelstein, 2006). Physics is often considered a complex
and difficult-to-understand branch of science, leading
students to have little interest in studying it
(Amalissholeh et al., 2023). Research conducted by
Kusuma et al. (2024) found that the main problems in
physics learning are misconceptions, poor problem-
solving skills, and a lack of contextual learning
materials. In reality, physics is an enjoyable subject when
taught in the right way. For example, physics can be
more engaging when combined with a touch of
technology. The study of physics requires a unique and
engaging teaching method so that students can
understand the physics concepts being taught.

Verbal representation is the ability to express
concepts, phenomena, and relationships among physical
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quantities through spoken or written language (Lemke,
1998). This form of representation is one type of dual
representation that serves as a bridge between concrete
observations and abstract concepts (Rosyadi, 2026). This
ability goes beyond simply memorizing definitions; it
includes accurately describing phenomena, explaining
cause-and-effect  relationships,  using  physics
terminology correctly, and constructing evidence-based
reasoning (Aisyah & Sudarti, 2021). In the lesson on
closed-tube resonance, for example, students need to
explain that resonance occurs when the frequency of the
sound source matches the natural frequency of the air
column, resulting in the formation of a standing wave
with a sharply increasing amplitude. Such verbal
explanations are crucial as indicators of conceptual
understanding, since students who are skilled at
calculations may not necessarily grasp the physical
meaning behind them. Because the quality of an
explanation depends heavily on the quality of
observations, the use of the Phyphox app—which
displays frequency and amplitude spectra in real time —
is expected to help students formulate more accurate,
data-driven verbal explanations.

In addition to verbal representation, numerical
representation also plays a crucial role for students in
quantitatively measuring physical parameters and
precisely validating simulations against observational
data (Vandegriff et al., 2024). Guzman & Juarez (2023)
also emphasize that strengthening numerical reasoning
skills is key to preparing students to understand the
concepts of the material being taught. Furthermore,
Basriyah et al. (2020) demonstrated that numerical
representation skills play a dominant role in improving
academic achievement. Therefore, students’ numerical
representation skills must be enhanced throughout the
learning process. Students can improve these numerical
representations through the processes of measurement,
calculation, and data analysis (Sunaryo et al., 2021).
Mathematical representations can accelerate
computations and enhance conceptual understanding,
thereby serving to strengthen students’ numerical
representation skills in physics learning (Ario &
Zawidski, 2024). However, a study conducted by Eliza
et al. (2026) confirms that multiple representation
skills — particularly numerical representation —remain a
weakness for students in physics learning.

This study focuses on developing a sound
resonance laboratory tool for closed organ pipes based
on the Phyphox application to enhance students’ verbal
and numerical representations at SMA N 1 Pundong.
Through a digital application-based laboratory
approach, it is hoped that students will not only
understand the concept of resonance theoretically but
also experience it directly through the experiments
conducted. In addition, through this laboratory activity,
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students are expected to develop their scientific attitudes
as well as their verbal and numerical skills.

Method

This study employed a quantitative approach with
a quasi-experimental design (Abraham & Supriyati,
2022; Chu et al., 2019). The design used was a single-
group pretest-posttest design, in which one group of
students was given verbal and numerical representation
tasks, which were the focus of this study.

This group was administered tests before (pretest)
and after (posttest) the intervention to examine the effect
of the laboratory method on the variables under study.

Table 1. Experimental design

Class Pretest Treatment Posttest
XIB P X P’
XID p X P’

Legend: P = pretest; P’ = posttest; X = treatment involving
learning through the closed-organ pipe resonance laboratory
method using the Phyphox app.

The subjects of this study were students in classes
XI B and XI D at SMA N 1 Pundong. Each class had 36
students. The study focused on these two groups, who
participated in a resonance experiment using closed
organ pipes based on the Phyphox app.

The instruments used in this study are as follows
instrument validation sheet, pre-test and post-test
questions, verbal representation questions, and
numerical representation questions.

Instrument validation sheet: This sheet is used to
validate the developed instruments. The instrument
validation sheet consists of validation sheets for the pre-
test and post-test questions, the worksheet validation
sheet, and the validation sheets for numerical and verbal
representation questions.

Pre-test and post-test questions: used to assess
students’ cognitive improvement regarding the material
on resonance in closed organ pipes. These tests measure
students’ engagement during the practical learning
sessions on resonance that have been conducted. This
instrument was specifically developed to measure
students’” understanding of the physics material on
sound resonance. The instrument consists of 10
multiple-choice questions distributed via a Google Form
link.

Verbal representation questions: used to assess
students’ verbal representation skills regarding the topic
of sound resonance in closed organ pipes. The verbal
representation questions focus on students’ ability to
express physics concepts narratively, explain
relationships between concepts, and present theory-
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based reasons or arguments. There are 5 essay-type
questions, each with a different weighting.

Numerical representation questions: used to assess
students” numerical representation skills following the
practical learning session on sound resonance in closed
organ pipes. The research instrument in the form of
numerical representation questions is used to measure
students” ability to present and interpret physics
concepts through symbols, numbers, and mathematical
calculations. This instrument also consists of 5 essay
questions, each with a different weighting. The research
procedure is as follows:

Stage 1 (Pre-Test)

Before conducting the laboratory experiment,
students were asked to complete a pre-test to assess their
initial understanding of the concept of resonance in
closed organ pipes. At this stage, the students had no
prior knowledge of the phenomenon of sound
resonance. In addition, students were also asked to
complete verbal.

Stage 2 (Treatment)

Students conducted a resonance experiment on
closed organ pipes using the Phyphox application. The
experiment was carried out in groups with the guidance
of student worksheets (LKPD) to facilitate exploration,
discussion, and collaboration among students. Students
were guided to collect and analyze data regarding the
resonance parameters of the closed organ pipes obtained
during the experiment.

Stage 3 (Post-Test)

After the lab, students are asked to complete the
post-test again. This is to measure the effect of the lab
method on the variables under study. Additionally,
students are asked to complete the verbal and numerical
representation questions again to assess their
improvement.

The data validation analysis technique used
involved analyzing the validity of the developed
instrument. The analysis technique used for validity
data was the Aiken coefficient calculation (Retnawati,
2016). The Aiken validity index can be expressed as
follows:

xS 1
n(C—-1) @
where V is the rater agreement index; s is the score
assigned by each rater minus the lowest score in the
category used; n is the number of raters; and c is the
number of categories selected by the raters.

Meanwhile, the data analysis technique used in this
study is the calculation of the average of pre-test and
post-test scores. The scoring system used is as follows:
students receive a score of 1 for a correct answer and a
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score of 0 for an incorrect answer. For verbal and
numerical representation data, scores were assigned
according to the weighting of the questions that had
been created. Both sets of data were then analyzed using
Microsoft Excel to determine the students” level of
engagement in the closed-organ pipe resonance lab
using the Phyphox application.

For the analysis of students” verbal and numerical
representations, a Paired Sample T-Test was conducted
using IBM SPSS Statistics 27. This was done to test
whether there were significant differences in students’
verbal and numerical representations before and after
the intervention. Before processing, the data was first
tested for normality. The analyzed data was interpreted
to determine the effect of the treatment applied in the
classroom.

Result and Discussion

Validity of the Pre-Test and Post-Test Questions

Validity tests of the pre-test and post-test items
were conducted to ensure that the developed items
could measure students’ engagement in the practical
experiment on resonance in closed organ pipes using the
Phyphox application. This validation was carried out by
two physics teachers. The data obtained from the
validity tests of the developed pre-test and post-test
items are presented in Table 2.

Table 2. Validation data for the pre-test and post-test
questions

Aspect Validator 1 Validator 2

1 2 3 451 2 3 45
Content appropriateness 00 0O06®6 0O0O0O0°FE6
Item construction 000O0OS50O0O0TO0S5
Language 00005000035

Content validity testing of the pre-test and post-test
instruments was conducted using the Aiken V
coefficient analysis technique, a method for assessing
item fit based on expert evaluation. The data obtained
from both validators are presented in Table 3. The Aiken
V values obtained for all aspects reached 1.00, indicating
that the instrument was deemed appropriate for the
development objectives and capable of providing
accurate data for this study.

Table 3. Results of the expert validation analysis of the
pre-test and post-test instruments

Aspect Aiken V Category
Content appropriateness 1.00 High
Item construction 1.00 High
Language 1.00 High
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Validation of Student Worksheets

The student worksheets developed in this study
were also validated by two physics teachers to
determine the extent to which the worksheets align with
the indicators of learning objective achievement. The
data obtained from the validity assessment of the
student worksheets can be seen in Table 4.

Table 4. Validation data for the student worksheet

A Validator 1 Validator 2

spect 1 2 3 4 5 1 2 3 4 5
Content 0o 0 0 0 5 0O 0 0 o 5
Construction 0 O 0 0 5 0 0 0 O 5
Appearance 0 0 0 0 5 0 0 0 O 5
Language 0 0 0 0 5 0 0 0 O 5

The validity of the Student Worksheet was analyzed
using the Aiken V statistic to determine the degree of
alignment between the Student Worksheet and the
indicators of learning objective achievement. The results
of the validity analysis of the developed Student
Worksheet are presented in Table 5.

Table 5. Results of the analysis of the validation data for
the student worksheet

Aspect Aiken V Category
Content 1.00 High
Construction 1.00 High
Appearance 1.00 High
Language 1.00 High

Validity of Verbal and Numerical Representation Items

The test instrument used to measure students’
verbal and numerical representation skills was also
validated by two physics teachers. This validity
assessment was conducted to determine the alignment
of the items with the variables measured in this study.
The data obtained from the validity assessment of the
verbal and numerical representation items are presented
in Table 6.

Table 6. Validation data for verbal and numerical
representation questions

Aspect Validator 1 Validator 2
1 2 3 4 5 1 23 45

Contentpresented 0 O O 0 4 0 0 0O 0 4
Language 0o 0 0 O 6 0O 0O 066
Clarity 0 0 0 0 4 0 00 04
The wvalidity of the verbal and numerical

representation items was also analyzed using the Aiken
V coefficient, which was calculated by two experts. The
results of the Aiken V analysis of the validity of the
verbal and numerical representation items are presented
in Table 7.
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Table 7. Results of the validity analysis of items on
verbal and numerical representation

Aspect Aiken V Category
Content presented 1.00 High
Language 1.00 High
Clarity 1.00 High

Pre-Test and Post-Test Results

This study was conducted in classes XI B and XI D
at SMA N 1 Pundong. The study employed a quasi-
experimental design, using a test administered via
Google Forms as the research instrument. The test was
used to determine the students’ scores before and after
the implementation of the learning strategies and
models in classes XI B and XI D. The pre-test data
obtained are presented in Table 8.

Table 8. Pre-test data

Number of Lowest Highest

Class students score score Average
XIB 36 6.00 9.00 70.00
XID 36 4.00 9.00 74.17

Table 8 shows the pre-test data before the students
received the treatment. It can be observed that the lowest
scores were obtained by Class XI B (6.00) and Class XI D
(4.00), while the highest scores for both classes were the
same, at 9.00.

The post-test results were obtained after the
research subjects received the treatment in the form of
learning using the closed-pipe organ resonance practical
method based on the Phyphox application. The post-test
results are shown in Table 9.

Table 9. Post-test data

Number of Lowest Highest
Class Average
students score score
XIB 36 8.00 10.00 91.94
XID 36 7.00 10.00 96.11

Table 9 shows the post-test data after the students
received the intervention. It can be observed that the
lowest score was 8.00 for Class XI B and 7.00 for Class XI
D. The highest score obtained by both classes was the
same, namely 10.00, indicating that the students
answered the test perfectly. Nevertheless, the average
score for Class XI D was higher than that of Class XI B.

A comparison of the pre-test and post-test scores for
classes XI B and XI D at SMA N 1 Pundong is shown in
Figure 1.

Figure 1 shows an improvement in student learning
outcomes after receiving instruction from the teacher.
Class XI B had a pre-test score of 7.417 and a post-test
score of 9.194, resulting in an increase of 1.777 for Class
XI B. Meanwhile, Class XI D had a pre-test score of 7.000
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and a post-test score of 9.611, resulting in an increase of
2.611. Both classes showed an improvement in learning
outcomes after participating in lessons using the sound
resonance laboratory strategy on closed organ pipes
based on the Phyphox application.

Pretest and Posttest Average Score

100.0 - 91.94 96.11

90.0 -
80.0 -
70.0 A
60.0 -
50.0 ~
40.0 A
30.0 4
20.0 A
10.0 -
0.0 - T !

XIB XID

70.00 7417

M Pretest

SCORE

Posttest

Figure 1. Comparison of pre-test and post-test scores

Results  of  Verbal
Representation

The verbal representation test was administered to
the students twice —before and after the intervention —
to identify any significant differences between the two.

The verbal representation scores are presented in Table
10.

Representation and  Numerical

Table 10. Verbal representation data

al Highest score Lowest score Average
ass Before After Before After Before After
XIB 73 85 52 63 64.89 75.42
XID 65 80 55 70 59.89 73.89
Students were also tested on numerical

representation before and after the intervention. The
numerical representation scores obtained in this study
are presented in Table 11.

Table 11. Numerical representation

Class Highest score Lowest score Average

Before After Before After Before After
XIB 74 86 55 68 64.20 77.80
XID 68 86 58 78 62.61 81.97

Normality Test Results

A normality test was conducted before the data
were analyzed using a paired-sample t-test. The results
of the normality test are shown in Table 12.

Table 12. Results of the analysis of data from verbal and
numerical representation instruments
Sig. Verbal Sig. Numerical

Class Representation Representation Description
Before After Before After

XI B 015 015 0.64 0.47 Normally distributed

XID 023 013 024 0.22 Normally distributed
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In Table 12, the normality test conducted on the data
from classes XI B and XI D yielded a Sig. value > 0.05.
This means that the data can be considered normally
distributed and can proceed to the Paired Sample T-Test.
This test is used to determine whether there are
statistically significant differences in the mean scores
before and after the treatment. This test was conducted
four times: on the verbal representation of Class XI B, the
verbal representation of Class XI D, the numerical
representation of Class XI B, and the numerical
representation of Class XI D.

Results of the Paired-Sample T-Test

A paired-sample t-test was conducted to determine
the difference in the mean pretest and posttest scores
within the same group. The test results were used to
determine whether the treatment administered had a
significant effect. The results of the paired-sample t-test
are presented in Tables 13 and 14.

The results of the Paired Sample T-Test analysis can
be seen in the t-values generated in the SPSS analysis
output. To determine whether there is a significant
difference between the two sets of data, the calculated t-
value is compared with the critical t-value. If the
calculated t-value is greater than the critical t-value, the
data differ significantly. The results of the Paired Sample
T-Test analysis for Class XI B are presented in Table 13.

Table 13. Paired-sample t-test for Class XI B

Representation t df  taple Sig.  Information
Verbal -9.817 35 2030  0.00 t > trable.
Numeric -12.29 35 2.030 0.00 t> tiable

Based on the analysis results in Table 13, a Sig. (2-
tailed) value of 0.000 was obtained, which is smaller than
the significance level of 0.05. This indicates that there is
a significant difference between the verbal and
numerical representation scores in Class XI B before and
after the treatment. Additionally, a significant difference
between the two datasets can be seen in the values where
the calculated t-value is less than the critical t-value. For
verbal representation, the calculated t-value is —9.817.
The absolute value of the calculated t-value is greater
than the critical t-value (9.817 > 2.030), indicating a
significant difference between the pre- and post-
intervention scores. Similarly, for the numerical
representation variable, a t-calculated value of —-12.29
was obtained, which is greater than the t-table value.
This indicates that the implementation of the Phyphox
application-based laboratory model significantly
improved the verbal and numerical representation skills
of Class XI B at SMA N 1 Pundong.

The results of the Paired Sample T-Test for Class XI
D are presented in Table 14. Based on the results of the
Paired Sample T-Test for Class XI D, a calculated t-value
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of -11.11 was obtained for verbal representation, with a
critical t-value of 2.030 at a 5% significance level and 35
degrees of freedom (df). The significance value (Sig.) of
0.00 < 0.05 indicates that there is a significant difference
between the pre- and post-treatment results regarding
students’ verbal representation. Similarly, for numerical
representation, a calculated t-value of -8.850 was
obtained with a critical t-value of 2.030 and a significance
value of 0.00 < 0.05, meaning there is a significant
difference between the pre- and post-treatment results
regarding students’” numerical representation. Thus, it
can be concluded that the closed-organ pipe resonance
laboratory model based on the Phyphox application, as
developed, significantly improved verbal and numerical
representation skills in Class XI D at SMA N 1 Pundong.

Table 14. Paired-sample t-test for Class XI D

Representation t df  twple Sig.  Information
Verbal -1111 35 2.030  0.00 t > trable
Numeric -8.850 35 2.030 0.00 t >teable

Overall, based on the analysis conducted, both
classes showed an improvement in verbal and numerical
representation  after the treatment. Students
demonstrated improved verbal and numerical
representation after participating in the closed-organ
pipe resonance laboratory experiment using the
Phyphox application. This indicates that the method
employed can be implemented by teachers to enhance
students’ verbal and numerical representation, thereby
achieving the desired learning objectives.

Conclusion

Based on the results of the research and data
analysis conducted, it can be concluded that the
development of a closed-organ pipe resonance
laboratory model using the Phyphox application has
proven effective in improving students’ verbal and
numerical representation skills at SMA N 1 Pundong.
This is evidenced by a significant increase in pre- and
post-test scores for both verbal and numerical
representation, as demonstrated by the results of the
Paired Sample T-Test. Both classes (XI B and XI D)
showed a significant improvement between pre- and
post-treatment scores. The significance value (Sig. 2-
tailed) obtained was also less than 0.05, indicating that
the use of the Phyphox application in the laboratory
experiment can help students understand the concept of
closed organ pipe resonance more concretely.
Additionally, the worksheets and instruments
developed have been validated and meet high validity
criteria, making them suitable for use in instruction.
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