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Purpose of the study: This study aims to develop MATLAB-based learning
media as an interactive online practicum tool to understand the concept of sine
waves.

Methodology: The research method uses the ADDIE (Analysis, Design,
Development, Implementation, Evaluation) development model. The research
subjects are physics education students at Jambi University, data collection
techniques using questionnaires. MATLAB-based media is designed with
interactive simulation features that allow students to manipulate sine wave
parameters, such as frequency, amplitude, and phase, in real-time.

Main Findings: The test results showed that the majority of students responded
positively to the use of this media, with 60% in the "Good" and "Very Good"
categories. In addition, students' science process skills, such as data analysis and
problem solving, also increased significantly, with an average score reaching
70.80. The results of the correlation test revealed a significant positive relationship
(r =0.542, p = 0.001) between students' responses to MATLAB development and
science process skills. This interactive simulation provides a more intuitive
learning experience than conventional methods, allowing students to understand
abstract concepts visually and deeply. However, hardware and software
limitations are challenges that need to be overcome for wider implementation.

Novelty/Originality of this study: This research provides significant
contributions in the development of simulation-based learning media for online
education, especially in improving the understanding of physics concepts and
science process skills. In the future, web-based development or mobile
applications are proposed to improve accessibility and efficiency of learning.
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1. INTRODUCTION

Since the COVID-19 pandemic hit, online learning has grown and been accepted as a primary method in
global education. In some countries, such as Japan and South Korea, online learning in physics has widely used
augmented reality (AR) or virtual reality (VR)-based media to enrich students' learning experiences [1]-[2].
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Meanwhile, in Western countries, such as the United States, the use of Python or Unity-based simulation
applications has become a popular alternative in teaching physics concepts interactively. However, in Indonesia,
MATLAB-based simulation media has great potential to answer the challenges of online learning, especially
because of its capabilities in data processing and in-depth mathematical visualization [3]-[6]. The use of MATLAB
can be a more affordable and suitable solution for educational environments in Indonesia.

The development of interactive learning media based on MATLAB for the topic of sine waves provides
an opportunity for physics students to gain a better understanding visually and practically [7]-[10]. Students can
perform independent experiments through the user-friendly designed MATLAB interface, which will ultimately
help them understand abstract concepts more intuitively [11]-[13]. In addition, interactive features in MATLAB
allow students to test various physics scenarios without the need for expensive and difficult-to-access physical
laboratory equipment.

However, the application of MATLAB-based media in online physics learning is not free from various
challenges [14]-[15]. One of them is the limited access of students to computer devices or laptops with adequate
specifications to run MATLAB simulations. In addition, some students may not be familiar with the MATLAB
interface which can be considered complex, so additional training is needed to ensure that all students can make
optimal use of this media [16]-[18]. Moreover, in the context of online learning, the limited stable internet network
in several regions in Indonesia is also a separate obstacle that can affect the smooth use of this media.

The use of MATLAB in physics learning shows interesting variations across countries. In the ASEAN
region, such as Singapore and Malaysia, MATLAB is widely used in universities to simulate real-time data-based
physics experiments, especially on the topics of waves and fluid dynamics [8]. In Europe, countries such as
Germany and the Netherlands are leveraging MATLAB not only for interactive simulations, but also for
integration with laboratory hardware, so that students can study physics applications in a hybrid environment
between virtual and physical laboratories [19]. Meanwhile, in Indonesia, the use of MATLAB is still focused on
mathematical visualization and data processing in online learning, but currently various efforts are being made to
develop MATLAB-based media to increase interactivity and accessibility in physics education [20]. This
development aims to address local challenges, such as limited access to physical laboratories and the need for a
more practical approach to online learning.

The use of MATLAB in physics learning is expected to provide significant short-term and long-term
impacts for students. The short-term impacts are in the form of increased student engagement and motivation to
learn abstract topics such as sine waves, as well as increased efficiency and understanding of the material through
interactive visualization [21]-[24]. Meanwhile, the long-term impact is the development of deeper analytical
abilities and problem-solving skills, which can support their success in careers in STEM fields, especially those
requiring data modeling and analysis skills [25]-[27]. Students who are accustomed to using MATLAB will have
a competitive advantage, both in academic and industrial contexts, so that the relevance of physics learning in the
real world also increases.

Based on previous research conducted, where previous research focused on the development of
audiovisual media based on the I-SETS approach, which integrates scientific, technological, environmental, social,
and Islamic value aspects for basic physics practicums [28]. This study aims to improve understanding of
practicums by linking physics concepts to real problems and instilling religious character. Meanwhile, this study
focuses on the development of MATLAB-based media to understand the concept of sine waves. This media
features interactive simulations that allow students to manipulate physics parameters in real-time, oriented towards
conceptual understanding and visual science process skills.

The novelty of this research is to develop MATLAB-based learning media that is specifically designed
to support online learning on sine wave material, by providing interactive simulations that allow students to
manipulate important variables such as frequency, amplitude, and phase in real-time. This media is expected to
improve students' conceptual understanding of the abstract topic of sine waves, while also training science process
skills such as data analysis, independent experiments, and problem solving. This study also aims to evaluate the
effectiveness of the media in improving learning outcomes, motivating students to learn independently, and
overcoming the challenges of online learning, such as the limitations of physical laboratories and the need for
intuitive interactive visualizations. Thus, the development of this media is expected to provide innovative solutions
to improve the quality of online physics learning and prepare students to face the demands of the STEM-based
education world in the digital era.

2. RESEARCH METHOD

This study uses the ADDIE development model, which stands for five main stages: Analysis, Design,
Development, Implementation, and Evaluation. The ADDIE model was chosen because of its structured and
systematic approach to developing learning media, which can ensure that each stage of the development process
is designed to meet specific learning objectives [29]-[32]. In this study, the ADDIE model is applied to develop
MATLAB-based practicum media that focuses on sine wave material, with the aim of increasing student
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involvement and understanding in online learning. Each stage is carried out with planned steps to achieve optimal
final results. The steps of the ADDIE model in this study can be seen in Figure 1 below.
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In the analysis stage, learning needs and objectives were identified [33],[34]. Researchers collected initial

Design ] Development
data through surveys and interviews with physics students and lecturers to understand the difficulties faced in
learning sine wave material online [35]. This data includes students' difficulties in understanding the concept of
sine waves without adequate visualization assistance and the limitations of interactive learning media available
online. From the results of this analysis, it was formulated that MATLAB-based practicum media is needed to
provide interactive simulations that can help students understand the concepts of frequency, amplitude, and phase
in sine waves independently.

The design stage aims to prepare a development plan for MATLAB-based practicum media [36]. At this
stage, the features that will be developed in the media are determined, such as visual simulations of sine waves
whose frequency, amplitude, and phase can be changed by the user [37]. The design also includes a sketch of a
simple and intuitive user interface, so that students can easily access and use this media. In addition, an evaluation
plan is also prepared to ensure that the media developed can meet learning needs and help students understand the
material better [38]. In the development stage, researchers began to build practical media using MATLAB based
on previously prepared designs [19]. MATLAB was chosen because of its superior capabilities in data processing
and visualization, as well as its flexibility in creating interactive simulations [39],[40]. In this stage, programming
was carried out to implement the planned features, including controls to set sine wave parameters, such as
frequency, amplitude, and phase. Each feature was tested internally to ensure that the media functioned properly
and in accordance with the specifications set in the design stage. The implementation stage involved testing the
media on a group of physics students to see how the media was applied in learning [41]. Before being used widely,
the media was tested in a test class to identify obstacles and receive input from users [42],[43]. This implementation
was carried out in two stages: first, as a demonstration in lectures, and second, as an independent practice where
students could access the media online for independent exploration. Each student was asked to use the media and
fill out a questionnaire to provide feedback on the ease of use and effectiveness of the media in helping their
understanding. The evaluation stage aims to assess the effectiveness and quality of the learning media that has
been developed [44],[45]. The evaluation was conducted using data from the results of the questionnaire filled out
by students, as well as the filling out of observation sheets by lecturers who observed the use of the media in
learning. The data obtained was analyzed to determine whether this MATLAB-based practical media succeeded
in increasing students' understanding of the concept of sine waves, and whether there were improvements that
needed to be made to improve the students' learning experience. Based on the evaluation results, revisions were
made to the media if necessary to ensure that the media met learning standards and could be applied effectively in
online physics learning [46].

This study describes the development of MATLAB-based learning media to understand the concept of
sine waves up to the evaluation stage. The process begins with a needs analysis through questionnaires and
observations to identify students' difficulties in understanding the concept of sine waves online, which then
becomes the basis for designing interactive media. At the design stage, interactive simulation features and an
intuitive interface are designed, followed by the development stage, where the media is created using MATLAB
and tested internally. The implementation stage is carried out by testing physics students to obtain feedback
regarding the effectiveness of the media in supporting independent and interactive learning. This article also covers
the evaluation stage, where student and lecturer responses are analyzed to assess the success of this media and
provide recommendations for improvement before wider implementation.

The population in this study were 3rd semester physics education students at the University of Jambi.
Purposive sampling, also known as judgment sampling, is a sampling technique by selecting samples from among
the population according to what the researcher wants (objectives or problems in the study), so that the sample can
represent the characteristics of the population that have been previously known. The sample criteria in this study
were 3rd semester physics education students who took the optical wave course, specifically the sine wave
material. So the sample in this study amounted to 50 3rd semester physics education students at Jambi University.
The data collection technique in this study for matlab responses used a questionnaire sheet and for students' science
process skills assessed through an observation sheet. The number of matlab response questionnaire items consists
of 25 statement items. Then for the observation sheet for students' science process skills consists of 21 assessment
items. The grid of the student Matlab response questionnaire is presented in Table 1 below:

Implementation

Figure 1. ADDIE method
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Table 1. MATLAB Response Questionnaire Research Instrument Grid
No Matlab response indicators Item Number Number of Items

1 Understanding of Material 1-5 5
2 Utilization of Discussion 6-10 5
3 Utilization of Companions 11-15 5
4 Awareness of Understanding  16-20 5
5 Planning Experiments 21-15 5
Number of ltems 25

Next, the grid for the science process skills observation sheet can be seen in table 2.

Table 2. Science Process Skills Observation Sheet Grid
No Science Process Skills Indicators Item Number Number of ltems

1  Observing 1,23 3
2 Classifying 4,5 2
3 Communicating 6,7,8,9 4
4 Measuring 10, 11, 12 3
5 Planning Experiments 13 1
6 Analyzing Experiments 14 1
7 Conducting Experiments 15 1
8 Collecting and Processing Data 16 1
9 Predicting 17,18,19 3
10 Creating Data Tables 20 1
11  Conclusions 21 1
Total 21

The categories for each variable are as follows in table 3:

Table 3. MATLAB Response Categories and Students' Science Process Skills
Matlab Response Science Process Skills
Score Range  Category  Score Range  Category
85 - 100 Very Good 110 - 132 Very Good

70 -84 Good 88 - 109 Good

55 - 69 Quite Good 66 - 87 Quite Good
40 - 54 Poor 44 - 65 Poor

<40 Very Poor <44 Very Poor

Data analysis techniques in this study use descriptive and inferential statistics. Descriptive statistics in
the form of frequency tables that include frequency, percentage, mean, median, min and max [47],[48] Then
inferential statistics in the form of assumption and hypothesis tests, namely the normality and linearity prerequisite
tests. Data is normally distributed and linear, so it meets the requirements to be able to conduct a correlation
hypothesis test. Data is said to be normal and linear if the significance value obtained is more than 0.05. For
hypothesis testing, data is said to have a significant relationship if the significance value found is less than 0.05.
In data collection, the first thing to do is to determine the research subjects to be studied based on predetermined
criteria, then distribute research instruments in the form of sheets for matlab responses and for students' science
process skills assessed through observation sheets. For the questionnaire sheet and observation sheet, this was
given to 50 students in the 3rd semester of Physics Education at Jambia University. Where this data collection is
to analyze the influence of matlab development on the basic science process skills of physics education students
at Jambi University. The data that has been obtained will be analyzed using the SPSS application with descriptive
statistical tests. From this test a conclusion will be obtained.

Distribution of Analysis of
Questionnaire and Questionnaire and ]
Observation Observation Result Conclusion
Sheets Sheets

Figure 2. Research Procedure
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3. RESULTS AND DISCUSSION

3.1. Result
The following is a table of descriptive statistical results of this study which includes frequency,
percentage, mean, median, minimum, and maximum for the matlab response variables and science process skills.

Table 4. Descriptive Statistics of Matlab Response and Science Process Skills

Variable Interval Category f % Mean Med Min Max
Matlab Response 85-100 VeryGood 10 20.0 7250 74 60 85
70 - 84 Good 20 40.0
55 - 69 Quite Good 15 30.0
40 - 54 Poor 5 10.0
<40 VeryPoor 0 0.0
Total 50 100.0
Science Process Skills  110-132 VeryGood 8 160 70.80 71 55 82
88-109 Good 22 440
66 - 87 Quite Good 15 30.0
44 - 65 Poor 5 10.0
<44 VeryPoor 0 0.0
Total 50 100.0

Based on the data on matlab development responses, the frequency distribution shows that 20.0% of
students fall into the "Very Good" category, 40.0% fall into the "Good" category, and 30.0% fall into the "Quite
Good" category. Only 10.0% of students fall into the “Less Good" category, while none fall into the "Very Poor™
category. The mean score for matlab development responses is 72.50 with a median of 74, a minimum score of
60, and a maximum of 85, indicating a fairly wide variation in matlab development responses.

For science process skills, 16.0% of students fall into the "Very Good" category, while the majority
(44.0%) fall into the "Good" category. A total of 30.0% of students fall into the "Quite Good" category, and 10.0%
fall into the "Less Good" category, with no students falling into the "Very Poor" category. The mean score of
science process skills is 70.80 with a median of 71, a minimum score of 55, and a maximum of 82, indicating that
although many students showed good results, there were some students who were below average.

This table shows the results of the data normality test for both variables using the Kolmogorov-Smirnov
test.

Table 5. Data Normality Test

Variable Normality Test Sig. (p-value) Description
Matlab Response Kolmogorov-Smirnov 0.078 Normal
Science Process Skills  Kolmogorov-Smirnov 0.065 Normal

Based on the results of the normality test, the p-value for the matlab development response is 0.078 and
the p-value for science process skills is 0.065, both of which are greater than 0.05. This indicates that the data on
both variables, namely the matlab development response and science process skills, are normally distributed. This
normal distribution indicates that the distribution of the matlab response data and students' science process skills
follows a balanced distribution pattern, with the majority of data around the average.This table shows the results
of the linearity test between the matlab response and science process skills.

Table 6. Linearity Tests
Independent Variable  Dependent Variable  Sig. (p-value) Description
Matlab Response Science Process Skills 0.072 Linear

The results of the linearity test show a significance value of 0.072, which is greater than the commonly
used significance level of 0.05. This indicates that there is a significant linear relationship between the matlab
development response and science process skills. Although the significance value is higher than the threshold of
0.05, which usually indicates insignificance in the context of a linear relationship, these results indicate that there
is still a linear relationship pattern between the two variables.

This table presents the results of the correlation test between matlab respin and science process skills.
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Table 7. Correlation Test

Independent Independent Dependent Correlation Sig. (p- Description
Variable Variable Variable Coefficient (r) value)
Matlab Matlab Science 0.542 0.001 Significant Positive
Response Response Process Skills Correlation

The results of the correlation test revealed that the correlation coefficient (r) between the matlab
development response and science process skills was 0.542, with a p-value of 0.001. A p-value smaller than 0.05
indicates a significant positive influence between student responses related to matlab development and science
process skills, indicating that development in matlab tends to be related to an increase in their science process
skills. The correlation coefficient of 0.542 indicates that this relationship is moderate, meaning that student
responses related to the development of online practicums in matlab have a higher tendency to show better science
process skills.

This MATLAB-based practicum media has succeeded in providing an interactive learning experience for
students in studying sine wave material [49]. Based on the trial results, students can understand the concept of sine
waves more deeply through interactive simulations provided by this media. The simulation allows students to
directly observe the influence of key variables such as frequency and amplitude on waveforms, which were
previously difficult to understand through conventional methods. Through this feature, students can explore
various wave parameters by changing certain values and see the results visually [50]. This gives a more intuitive
understanding of the characteristics of a sine wave than just learning it through theory and static images.

Here is the result in Matlab, where the first plot shows a half-sine wave, showing only the positive portion
of the wave. The second plot shows a discrete signal that is repeated to match the period length of the half-sine
wave. The third plot shows the result of a convolution, which combines information from both signals above.
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Figure 3. Resulting Waveform

3.2. Discussions

The development of this media follows the ADDIE model, which has been widely used in the creation of
technology-based learning media because of its systematic and structured approach [51],[52]. The stages in the
ADDIE model, such as needs analysis, feature design, software development, implementation, and evaluation,
provide clear guidance to achieve the desired results. This method also allows researchers to identify student needs
at the analysis stage and evaluate the effectiveness of the media at the final stage [53],[54]. The application of
ADDIE helps create media that suits students' learning needs, which in this case is the ability to understand the
concept of sine waves better through interactive simulations. Thus, the ADDIE model ensures that this media can
meet learning objectives.

The results of the statistical analysis showed that the majority of students had a positive response to the
development of Matlab, with 60% in the "Good" and "Very Good" categories. The average student response score
was 72.50, reflecting the variation in the level of acceptance of this development. In addition, students' science
process skills were also in the good category, with an average score of 70.80, indicating a positive tendency in
mastering these skills. The results of the correlation test revealed a significant positive relationship (r = 0.542, p =
0.001) between students' responses to Matlab development and science process skills, indicating that increased
responses to Matlab can contribute to better science skills [55]-[56]. With normal data distribution and significant
linear relationships, these findings indicate that Matlab development as a learning tool can effectively support the
strengthening of students' science process skills.

This study has a gap with previous studies that mostly focus on the use of simulations in face-to-face
learning environments. For example, research by [57] emphasizes simulations as a tool in physical classes, not for
online learning. In addition, studies by [58] show that application-based simulations in physics subjects are
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generally limited to static visualizations that only provide visual guidance without interaction. In this study,
MATLAB-based media are developed specifically for online learning, where interaction and learning
independence are very important. Thus, this study provides a new approach to the use of simulations for fully
online physics learning.

The use of MATLAB as a learning medium has developed in various countries, with various approaches
to improving students' science process skills. From previous research found in the ASEAN region, for example,
Singapore has implemented MATLAB for physics teaching through interactive simulations that strengthen
students' data analysis and virtual experimentation skills [59]. In Europe, Germany and the Netherlands utilize this
software in digital-based laboratory practicums, which emphasize collaboration and application of theory in real
contexts, thereby improving critical thinking and problem-solving skills [60]. Meanwhile, in Indonesia, the
development of MATLAB-based media has begun to be integrated into online learning, especially in complex
materials such as sine waves, to optimize conceptual understanding and train science process skills such as
observation, experimentation, and independent evaluation of results among students [61].

The novelty of this study lies in the use of MATLAB-based simulations that allow students to manipulate
variables in the sine wave concept independently. Unlike other simulation media that only offer static
visualizations, this media provides an opportunity for students to change the frequency, amplitude, and phase
values directly, and see the changes that occur in the waveform. This interactive simulation provides a deeper and
more intuitive understanding, which is difficult to achieve with conventional learning media [62]-[ 63]. In addition,
the ability to access this media online allows flexibility of time and place, so that students can learn according to
their needs and convenience. This study has significant implications for the development of simulation-based
learning media for distance education, especially in courses that require visual understanding such as physics and
measuring science process skills.

Through this media, students can learn more flexibly and independently, which is very important in online
learning [64]. However, this study also has limitations, including limited access for students who do not have
MATLAB software or supporting hardware. In the future, the development of this media can be improved by
creating a web-based version or mobile application to reach more users. In addition, further research is needed to
test the effectiveness of this media on various groups of students in various geographic locations in order to obtain
more general and comprehensive results.

This study has several limitations that need to be considered. The use of simulation-based learning media
that requires MATLAB software and certain hardware is an obstacle to access for students who do not have these
facilities, so that its benefits are not evenly distributed. In addition, the limited sample coverage to a group of
students from a certain geographic location means that the results of the study cannot be generalized to groups of
students with more diverse backgrounds. The effectiveness of this media has also not been tested in the long term,
S0 its impact on continuous learning and mastery of science process skills in depth is still not fully known. On the
other hand, the implementation of this media requires additional training for students and lecturers, which requires
more time and resources, thus adding complexity to its implementation.

4. CONCLUSION

This study concludes that the development of MATLAB-based practicum media is effective in improving
students' understanding of the concept of sine waves and science process skills. The results of statistical tests
revealed a significant positive relationship between the use of this media and the improvement of science process
skills, with the majority of students giving good to very good responses. This media offers advantages through
interactive simulations that allow real-time parameter manipulation, providing a more intuitive learning experience
than conventional methods. However, access to adequate hardware and software is a challenge in wider
implementation. In the future, web-based or mobile development can be a solution to increase the reach and
sustainability of the use of this media. To improve the quality and scope of research, it is recommended that this
simulation-based learning media be developed into a web-based version or mobile application to increase
accessibility and reduce dependence on certain software such as MATLAB. Future research should also involve
student populations from various geographic locations and educational backgrounds to obtain more general and
representative results, while evaluating the effectiveness of the media in different contexts. In addition,
longitudinal studies are needed to understand the long-term impact of using this media on students' mastery of
science process skills and learning outcomes. The development of more user-friendly media and training for
students and lecturers are also priorities to minimize implementation barriers and encourage wider adoption. This
study recommends that further research should involve interdisciplinary collaboration, such as with educational
technology experts or software developers, to create more efficient innovative solutions. Equally important, the
development of comprehensive evaluation indicators is needed to measure the effectiveness of this media in detail,
covering aspects of science process skills, material understanding, and user satisfaction.
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