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The study aims to evaluate the effectiveness of STEM-based learning media,
the Supplement Apps Human Auditory System, in enhancing students’ analyti-
cal thinking skills. This product was developed in Hypertext Markup Language
(-html) and follows a quantitative quasi-experimental design with a pre-test post-
test nonequivalent control group. The research involved 136 eighth-grade students
from a state junior high school 2 Tengaran, Semarang Regency, selected through
cluster random sampling to form experimental and control groups. The appli-
cation integrates Learning Outcomes & Objectives, Materials, Simulations, and
Interactive Evaluations and is accessible via https://sahas.nim.my.id/, enabling
seamless distribution for instructional use.The paired sample t-test results indi-
cate a statistically significant improvement, with a t-value of 11.92 and an aver-
age N-gain score of 0.30 (moderate category). These findings indicate that the
Supplement Apps Human Auditory System learning media effectively enhances
analytical thinking skills, making it a promising tool for STEM-based education
in junior high schools.
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INTRODUCTION

In the 21% century, efforts to empower and
enhance Higher Order Thinking Skills (HOTS)
have become one of the primary focuses in edu-
cational goals for students (Billah, et al., 2019;
Shukla et al., 2016). Strong HOTS abilities
support discovery capabilities and the problem-
solving process (Jaenudin et al., 2020). In addi-
tion to evaluation and creation skills, Analytical
Thinking Skills (ATS) are a critical component of
HOTS (Anderson et al., 2001; Billah et al., 2019).

ATS (Analytical Thinking Skills) serves as
a key driver in advancing students’ thinking and
preparing them for future challenges(Peters et al.,
2019). These skills are highly relevant to efforts
aimed at improving PISA scores, where students
are assessed based on their ability to solve real-
world problems (Heffington et al., 2023). Rese-
arch indicates that students with strong ATS tend
to achieve higher PISA scores (OECD, 2019).
In the PISA assessment, students are evaluated
on their ability to apply knowledge and skills to
solve real-world problems, making ATS essential
for addressing these challenges (Fatimah et al.,
2018).

ATS (Analytical Thinking Skills) is a cog-
nitive skill that supports decision-making abili-
ties, as well as students’ future educational and
career success (Hollett at al., 2022). ATS has a
positive impact and is closely linked to scientific
process skills and critical thinking (Demir, 2022;
Inayah et al., 2023). Therefore, empowering and
enhancing students’ ATS is essential for schools,
as it can ultimately contribute positively to imp-
roving student achievement (Theabthueng et al.,
2022; Ramadani, et al., 2021). Analytical thin-
king skills consist of three primary aspects or
indicators: differentiating, organizing, and attri-
buting (Anderson & Krathwohl. 2001; Billah et
al., 2019; Suyatman et al., 2021). The differentia-
ting indicator refers to the skill of distinguishing
parts of an entity from a particular perspective;
the organizing indicator involves building syste-
matic relationships; and the attributing indicator
is the skill of determining and understanding
viewpoints (Billah et al., 2019).

There are various ways to enhance stu-
dents’ Analytical Thinking Skills (ATS), one of
which is through the use of Interactive Lear-
ning Media (ILM) (Maison et al., 2022). Efforts
to improve students’ ATS can be facilitated by
utilizing ILM (Febliza et al., 2023; Blyznyuk &
Kachak., 2024). Learning media serve as essen-
tial tools to support students’ success in under-
standing the abstract characteristics of science,

which often require models of the objects being
studied (Mahfudz & Billah. 2020). ILM has pro-
ven effective because it enables students to engage
directly in the learning process, such as designing
projects, testing hypotheses, and drawing con-
clusions (Putra & Salsabila, 2021). Furthermore,
modern education is expected to adapt to techno-
logical advancements. Technology used in lear-
ning can also improve the quality of education
and enhance students’ psychomotor skills (Mau-
lidiyah et al., 2022).

One of the science topics at the junior high
school level that requires experimental activities
is the study of the human auditory system. This
topic demands analytical skills to understand the
scientific concepts within it. Achieving the lear-
ning objectives for the human auditory system
cannot be separated from active learning activi-
ties rather than relying solely on lectures. The use
of conventional methods often causes students to
feel bored during the learning process, reducing
their motivation to learn (Pradana et al., 2020).

STEM-based learning (Science, Technolo-
gy, Engineering, and Mathematics) can enhance
students’ analytical thinking skills, especially in
science subjects, which require students to con-
duct experiments to understand the material,
such as the human auditory system (Wahyuni,
2021). The STEM approach in education aims
to develop STEM-literate students—those equip-
ped with the knowledge, attitudes, and skills to
identify questions and problems, explain natural
phenomena, design solutions, and draw eviden-
ce-based conclusions in STEM contexts (Halawa
et al., 2024). STEM-based learning also provides
opportunities for students to improve their perfor-
mance, which in turn enhances their critical and
analytical thinking skills (Muttaqiin, 2023).

Observations conducted at Junior High
School 2 Tengaran in January 2024 revealed that
students still struggle with analyzing story prob-
lems, with more than 50% finding it difficult to
understand science material, particularly when
questions require applying concepts to real-world
situations. This indicates that rote learning still
dominates, limiting students’ ability to connect
concepts with everyday phenomena. Contri-
buting factors include insufficient practice during
lessons, the complexity of the material, and the
limited use of interactive learning media (ILM).
Additionally, approximately 63% of students
reported difficulty in solving problems that test
their analytical thinking skills.

Therefore, this study aims to determine
the effectiveness of STEM-based learning media,
Supplement Apps Human Auditory System, in
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enhancing Junior High School students’ analyti-
cal thinking skills. This study hypothesizes that
students using the SAHAS application will show
a significant improvement in their analytical thin-
king skills compared to those using conventional
learning methods. Despite the growing interest
in interactive learning media, previous research
has predominantly focused on theoretical appro-
aches or other sensory systems, leaving a gap in
the application of STEM-based media for the
human auditory system in middle school edu-
cation (Widya et al., 2024). The novelty of this
research lies in integrating auditory system know-
ledge with STEM principles to create an innova-
tive learning tool that enhances students’ critical
analytical thinking. Furthermore, this research is
urgent due to the increasing need for developing
students’ analytical skills in the digital era, where
such skills are essential for their success in future
science and technology careers.

METHOD

This study is quantitative quasi-experimen-
tal research design with a pre-test post-test none-
quivalent control group design. The research sub-
jects consist of 136 eighth-grade students from
state junior high school 2 Tengaran, Semarang Re-
gency, selected through cluster random sampling
to determine two class groups: the experimental
group and control group (Khoiroh et al., 2019).
Both groups received lessons on vibrations and
waves, specifically focusing on the human audi-
tory system. However, the difference in treatment
lies in the learning approach. The experimental
group engaged in both theoretical and practical
learning using the Supplement Apps Human Au-
ditory System (SAHAS) learning media. Control
group received instruction using conventional te-
aching aids, primarily PowerPoint slides.

In the control group, lessons were predo-
minantly delivered through the lecture method,
and due to limited school resources, only a few
students took turns conducting hands-on acti-
vities related to the human auditory system. In
contrast, students in the experimental group
had direct access to the SAHAS learning media,
enabling them to explore the subject matter indi-
vidually using computers or smartphones.

The SAHAS learning media product was
implemented and tested on the experimental
class and the control class. In the next stage, the
large-scale trial was conducted by science teach-
ers and students of Junior High School 2 Tenga-
ran. Respondents for this trial were selected using
purposive sampling, a sampling technique based

on specific criteria for 8th grade students. This
research design employed the One Group Pre-
Posttest design model (Febliza et al., 2023). The
pre-test was designed to determine the initial level
of the respondent’s analytical thinking skills. The
test consisted of 12 mixed questions of multip-
le choice and essay. The post-test was structured
similarly to the pre-test, which facilitated compa-
rison of results after the experimental part of the
study (Song & Cai, 2024).

The normality test was conducted to deter-
mine whether the data distribution aligned with
the expected distribution. Meanwhile, the homo-
geneity test was performed to evaluate the simila-
rity of variances among populations following a
normal distribution (Demir & Siileyman, 2022).
The results of the Kolmogorov-Smirnov test indi-
cated a significance value (p = 0.08) > 0.05, sug-
gesting that the data were normally distributed.
On the other hand, the homogeneity test using
Levene’s method yielded a significance value (p
=0.336) > 0.05, indicating that the data were ho-
mogeneous. The next step involved conducting
a Paired Sample t-test for both the control and
experimental classes. A difference was observed
between the average pretest and posttest scores.
The N-gain test was employed to measure the
improvement in students’ critical thinking skills
before and after the intervention (Dewi, 2019),
with the results categorized into three levels, as
follows:

Table 3. Gain value classification

Criteria
High
Midium

Low

Average Gain

0.70<g <1.00
0.30<g <0.70
0.00<g <0.30

RESULT AND DISCUSSION

Application Products

The result of this study is the development
of an interactive learning media (ILM) named
Supplement Apps Human Auditory System or
SAHAS for grade VIII junior high school stu-
dents. This product can be accessed via the link
https://sahas.nim.my.id/. as shown in Figure 1.
The application uses the Hypertext Markup Lan-
guage (HTML) format, so it does not require sto-
rage space on computers or mobile devices. Once
students access the link provided by the teacher,
they can immediately start using the SAHAS
application. Although the application can be run
offline, it is recommended to use it online becau-
se it contains instructional videos and interactive
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features that require an internet connection.

Figure 1. SAHAS Application Icon and the
Display of the SAHAS Application Icon on the
Desktop Screen
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SUPPLEMENT AFFS HUMAM
AUDITORY SYSTEM (SAHAS)

Figure 2. SAHAS Application Display Accessed
on a Computer

After students access link provided by the
teacher, the SAHAS application display will ap-
pear in browser as in Figure 2. When students
press "ENTER” button, main menu page will ap-
pear as in Figure 3. The main menu contains CP
and TP, Materials, Simulations, and Evaluation.

Menu Utama
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Figure 3. Main menu Display on the SAHAS
Application

The SAHAS learning media information
and navigation buttons are shown in Figure 4.
Before students or SAHAS application users exp-
lore all the features in application, they must un-
derstand the signs and navigation buttons to faci-
litate interaction with the application. Apart from
that, there are also codes that function as menu
signs that contain analytical thinking indicators.
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Figure 4. Information display of buttons and
navigation of the SAHAS application

SAHAS learning media contains learning
materials in the "MATERIALS” menu. The
menu contains learning material for grade 8 ju-
nior high school, namely introduction to vibra-
tions and waves, parts of the ear organ, learning
videos, teaching modules, and STEM student
worksheets. Material for introducing wave vibra-
tions and parts of the human ear can be accessed
offline, but learning videos, modules and student
worksheets can only be accessed online. The ma-
terial menu display is shown in Figure 5.

The 'MATERIALS’ menu presents con-
tent in a structured format, combining explana-
tory texts with high-quality images and diagrams
to enhance comprehension. The introduction to
vibrations and waves includes interactive illustra-
tions demonstrating wave motion, while the secti-
on on ear organs provides labeled diagrams with
clickable descriptions. Videos, accessible online,
are embedded with checkpoints where students
answer brief quizzes to reinforce key concepts
before proceeding.

Materi

Tabiny;

Figure 5. Material menu in SAHAS application

The SAHAS learning media includes se-
veral menus with features specifically designed
to support the learning process and development
of students’ analytical skills. These menus are
marked with letter codes corresponding to each
analytical thinking indicator. The codes include:
the letter “A” for the differentiating indicator, as
shown in Figure 6; the letter “B” for the organi-
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zing indicator, as shown in Figure 7; and the let-
ter “C” for the attributing indicator, as shown in
Figure 8. These markings make it easier students
to learn and sharpen their analytical thinking
skills by utilizing the SAHAS learning media.

Each analytical thinking indicator (A for
Differentiating, B for Organizing, and C for At-
tributing) is visually represented within the appli-
cation as clickable icons next to relevant learning
materials. For example, in the ’'Differentiating’
section, students are prompted to compare au-
ditory organs through an interactive drag-and-
drop exercise. The 'Organizing’ section includes
a mind-mapping tool where students categorize
auditory components, while the ’Attributing’ sec-
tion presents case studies where students identify
possible causes of hearing disorders.
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Figure 6. Example SAHAS application display
differentiating organs and functions
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Figure 7. Example of the SAHAS application
display Organizing organs when hearing sounds
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Figure 8. SAHAS application Linking Hearing
Organ Disease, Causes and How to Treat It

The SAHAS learning media is also equip-
ped with interactive simulations and evaluations
containing questions and games designed for stu-
dents. The simulations in the learning media are
developed using the iSpring Suite 11 (Mardian-
syah et al., 2023). These simulations and evalu-
ations are designed to be interactive, enhancing
students’ engagement in the learning process and
potentially having a positive impact on their res-
ponses to learning (Hulwani, et al. 2021). The
visuals of the simulations and evaluations are
shown in Figure 9 and Figure 10.

Figure 9. Example of a simulation display in the
SAHAS application, simulating listening process

The interactive simulations, built using
iSpring Suite 11, allow students to manipulate
variables such as sound frequency and amplitude
to observe their effects on hearing perception.
For instance, in one activity, students adjust the
intensity of a sound wave and visualize how it
travels through different parts of the ear. The sys-
tem provides instant feedback by explaining the
physiological response of each organ involved in
the auditory process. The evaluation includes ga-
mified quizzes, where students can earn points by
correctly answering conceptual questions, rein-
forcing their understanding in an engaging way.

Figure 10. Evaluation display on the SAHAS ap-
plication which can be done online or offline
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Media Effectiveness

This study measures the effectiveness of
the STEM-based learning media Supplement
Apps Human Auditory System on students’
analytical skills through large-scale testing. The
research involved 168 eighth-grade students. The
testing process included pretests and posttests
conducted in four classes, with the results analy-
zed using a paired sample t-test and N-gain test to
evaluate the improvement in students’ analytical
thinking skills (Sulistyanto, et al. 2022).

The testing phase of the learning media’s
effectiveness was conducted by administering
pretests and posttests in four classes at the school.
Subsequently, learning activities were imple-
mented using the Supplement Apps Human
Auditory System STEM-based learning media,
followed by administering posttest questions to
the students. The pretest and posttest results were
then analyzed using the paired sample t-test. The
paired sample t-test requires data to be normally
distributed and homogeneous. The results of pai-
red sample t-test analysis are presented in Table 5.

Table 5. Paired sample t-test results

Test Mean t df  Sig. (2-tailed)
Pretest- 64.99 11.92 135 0.000
Posttest

In addition to conducting a paired sample
t-test to compare learning outcomes between the
control and experimental classes, this study also
analyzes each indicator of students’ analytical
thinking skills. This approach is essential for gai-
ning a deeper understanding of how students pro-
cess information and solve problems. According
to research by Hidayah et al (2023), analytical
thinking skills consist of three main indicators:
(1) Differentiating—the ability to break down a

structure or data into smaller components;
(2) Organizing—the ability to identify elements-
using various numbers and symbols; and
(3) Attributing—the ability to determine the
source or cause of information based on data
interpretation and analysis.

By analyzing each of these indicators, the
study provides a more comprehensive insight into
the effectiveness of the implemented learning me-
dia (Hidayah et al., 2023). Data from the paired
sample t-test for the analytical thinking indicator
are shown in Table 6.

Tabel 6. Paired sample t-test results for analytical
ability indicators

Class Analytical
Ability Indicator = ‘teble  “count
Experiment 1 Differentiating 1.30 6.79
Organaizing 7.90
Atributing 8.65
Experiment 2 Differentiating 1.30 6.40
Organaizing 3.65
Atributing 3.33

The STEM-based learning in this study is
demonstrated in the first session, where students
engage in learning using student worksheets pro-
vided by the teacher. The first experiment aims
to help students understand the characteristics
of longitudinal and transverse waves in order to
comprehend the nature of sound. This first expe-
riment emphasizes the science aspect by focusing
on understanding wave properties and distinguis-
hing between longitudinal and transverse waves.

The technology aspect is integrated
through the use of the STEM-based SAHAS
application and the internet as learning resources
and tools for representing waveforms. The engin-
eering component involves designing a wave de-
monstration using a slinky or spring as a visual
aid, helping students understand how these tools
illustrate physics theories. The mathematics as-
pect is applied in measuring or calculating wave
characteristics (such as wavelength or frequency
when applicable). This activity provides students
with direct experience in understanding wave
concepts through simple observational tools, st-
rengthens their analytical skills, and fosters a dee-
per understanding through visual demonstrations
(Cahya & Sucahyo, 2021).

The second experiment in the student
worksheet is designed to help students investiga-
te and explain that sound requires a medium to
propagate. This second experiment emphasizes
the science aspect by helping students understand
the concept that sound needs a medium to travel
and explaining the phenomenon of sound propa-
gation based on the properties of particles in a
medium. The technology component is integra-
ted through the use of a small electric bell and
a simple vacuum chamber to illustrate the expe-
riment. The STEM-based SAHAS application
and the internet serve as references for additional
information. The engineering aspect involves de-
signing a simple experiment using available ma-
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terials to demonstrate the differences in sound
transmission through various media. The mathe-
matics component is applied in calculating dif-
ferences in sound intensity based on qualitative
observations.

This experiment combines theoretical con-
cepts with real-world applications to prove that
sound cannot propagate in a vacuum, providing
practical insights that can be scientifically under-
stood. This learning approach demonstrates that
the integration of STEM in science education ef-
fectively enhances 21st-century skills among stu-
dents, including critical thinking, creativity, and
problem-solving abilities (Muttaqiin, 2023).

The third experiment, as outlined in the
student worksheet, aims to identify the condi-
tions required for sound to be heard by conduc-
ting a listening experiment using different media.
This experiment emphasizes the science aspect
by studying the characteristics of sound in diffe-
rent media (air, water, and metal) and explaining
how the medium affects the speed and intensity
of sound. The technology component involves
using simple tools (such as a metal spoon) to ge-
nerate sound in different media.

The engineering aspect focuses on desig-
ning a simple experiment to explore the interac-
tion of sound with various media and analyzing
the results to support or refute the proposed hy-
pothesis. The mathematics component is applied
in comparing the speed of sound in different me-
dia based on distance and time measurements.
This practical activity encourages students to
think critically by connecting observed phenome-
na with scientific theories. The role of the STEM-
based learning media Supplement Apps Human
Auditory System in this experiment is to serve as
a learning reference and supplementary resource
to stimulate students’ analytical and critical thin-
king skills through structured teaching modules
and student worksheets.

The results of the paired sample t-test
(Table 6) indicate that the t-value for the differen-
tiating indicator is 6.79 in Experimental Class 1
and 6.40 in Experimental Class 2. These values
demonstrate that the STEM-based learning me-
dia Supplement Apps Human Auditory System
effectively enhances students’ analytical thinking
skills, particularly in the differentiating indicator.
Students’ ability to differentiate analytically imp-
roves after completing the learning process, espe-
cially when using the learning media in sections
labeled with code A in Figure 7.

Furthermore, based on the results of the
paired sample t-test analysis for the organizing
indicator, the t-value is 7.90 in Experimental
Class 1 and 3.65 in Experimental Class 2. The-
se values indicate that the STEM-based learning
media Supplement Apps Human Auditory Sys-
tem effectively enhances students’ analytical thin-
king skills, particularly in the organizing indica-
tor. The organizing aspect of analytical thinking
can be improved through learning activities that
incorporate various interactive features, such as
simulations, educational videos, and evaluation
questions. This learning approach encourages
students to systematically structure and organize
the information they acquire, particularly in sec-
tions or menus labeled with code B, as shown in
Figure 8.

The results of the paired sample t-test ana-
lysis for the attributing indicator show that the t-
value is 8.65 in Experimental Class 1 and 3.33 in
Experimental Class 2. These values indicate that
the STEM-based learning media Supplement
Apps Human Auditory System effectively enhan-
ces students’ analytical thinking skills, particular-
ly in the attributing indicator. In the context of
analytical thinking, attributing refers to the abi-
lity to determine the cause or origin of a pheno-
menon or event from both internal and external
perspectives. This indicator is often associated
with students’ ability to evaluate, analyze, or infer
the reasons behind something based on available
data or evidence. The Supplement Apps Human
Auditory System STEM-based learning media
emphasizes this attributing indicator in the sec-
tions labeled with code C, as shown in Figure 9.

The results of the paired sample t-test (Tab-
le 6) show that the t-count values for the diffe-
rentiating, organizing, and attributing indicators
for degrees of freedom (df) 33 in each class are
greater than the t-table values (t-count > t-table),
with a significance value (2-tailed) of 0.000 (Sig <
a). This indicates a difference between the pretest
and posttest results for each analytical thinking
indicator, suggesting an improvement after the
implementation of STEM-based learning media.

This learning media is equipped with a te-
aching module and student worksheets that have
been specifically designed to align with STEM-
based learning. The way to find out the increase
in analytical thinking skills is by the N-gain test.
The results of the calculation using the N-gain
test to measure the increase in analytical thinking
skills are shown in Table 7.
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Tabel 7. Results of N-gain test analysis for ana-
lytical thinking skill

Analytical Ability N-Gain

Class Indicator

Experiment 1  Differentiating 0.28
Organaizing 0.41
Atributing 0.40

Mean 0.35

Experiment 2  Differentiating 0.29
Organaizing 0.26
Atributing 0.22

Mean 0.26

The results of the paired sample t-test are
also supported by the N-gain test analysis (Table
7) showing that the increase in analytical skills in
experimental class 1 is categorized as "medium”
with an average N-gain value of 0.35, while in
experimental class 2 it is in the category “low”
with an average N-gain value of 0.26. The overall
average of the experimental class is 0.30, which
is in the “"medium” category (appendix 26). This
shows that learning media has a positive impact
on students’ analytical abilities, although the level
of success is different in each class (Kurniawan &
Oky, 2014).

The improvement in analytical skills ob-
tained from the N-gain test results aligns with re-
search indicating that STEM-based learning is ef-
fective in enhancing higher-order thinking skills,
such as analysis, evaluation, and creation (Li et
al., 2020). STEM-based learning that integrates
interactive technology, such as the Supplement
Apps Human Auditory System learning media,
can facilitate the understanding of complex con-
cepts through simulations, animations, and im-
mersive learning experiences (Kelley & Knowles,
2016). By presenting engaging audio-visual con-
tent, this media enables students to understand
abstract concepts more easily and apply them in
real-world contexts.

The results of this research are also sup-
ported by other studies which show that techno-
logy-based learning approaches can increase stu-
dents’ interest, understanding of the material and
analytical thinking skills (Saputra et al., 2021;
Wicaksono et al., 2022). STEM-based applica-
tions provide interactive and challenging learning
experiences, so that students are actively involved
in the learning process. However, the differences
between experimental class 1 and experimental
class 2 show that the effectiveness of learning
media can be influenced by other factors, such

as students’ initial abilities, teacher teaching met-
hods, or learning environment conditions (Chai
et al., 2021). Therefore, further research is needed
to explore these factors and optimize the imple-
mentation of STEM-based learning media.

Overall, this research succeeded in sho-
wing that the STEM-based Supplement Apps
Human Auditory System learning media had a
positive impact on improving students’ analytical
skills, especially on human auditory system ma-
terial. The implementation of this media can be
used as a learning innovation to support the deve-
lopment of critical and analytical thinking skills
in the 21% century education era

CONCLUSION

The effectiveness of this learning media
in improving students’ analytical skills is based
on the results of the paired sample t-test which
shows a t value of 11.92, indicating a significant
difference between the control class and the expe-
rimental class. The average N-gain value of 0.30
shows an increase in the medium category. These
results prove that the learning media developed
is able to support STEM-based learning optimal-
ly and can be an effective tool in improving stu-
dents’ analytical skills.
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