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This study aims to develop an interactive STEM-based learning media on renewable
energy-Solar Power Plant, to train high school students' critical thinking skills. The
development of learning media in this study is development research that focuses on the
stages of media design, media development, expert validation, and implementation
through limited trials. Data collection was conducted through questionnaires. The validity
of the learning media was assessed by experts at the development stage and received very
high scores for media (97%), material (93%), and learning design (94%), thus
demonstrating high validity. The practicality of the media is evident from the positive
responses of students in the one-to-one trial (90%) and the small-group trial (94%),

indicating that it is highly practical. These findings indicate that interactive STEM-based
https://doi.org/10.26877 /1pt.v5i1.360 learning media on renewable energy-Solar Power Plant, material is feasible and can be
used in learning. Further research is recommended to assess the effectiveness of learning
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1. Introduction

In the 21st century, technological advances have occurred rapidly, transforming all aspects of life,
including education. (Usparianti L et al., 2023). 21st-century education requires students to master various
skills as preparation for facing multiple challenges and becoming successful individuals in their lives
(Usparianti L et al.,, 2023). One of the skills that students must master in the 21st century is critical
thinking (Asrizal et al., 2023; Heryani et al., 2023; Jayadi et al., 2020; Susilawati et al., 2020). Critical
thinking skills are essential for students because they enable them to think logically, solve problems
effectively, and make rational decisions (Asniar et al., 2022; Susilawati et al., 2020). In addition, the
development of critical thinking skills in learning is also an effort to improve student learning outcomes
(Asniar et al., 2022; Susilawati et al., 2020). Therefore, it is necessary to train students in critical thinking
skills in the learning process (Asniar et al., 2022).

Physics is a discipline that aims to develop critical thinking skills and train them (Akhsan et al.,
2023; Mardiana et al., 2022). In addition, physics is one of the basic sciences closely related to everyday
life and natural phenomena. By studying physics, students can understand and explain natural phenomena
in their surroundings, making physics highly relevant to everyday life (Mulya & Salim, 2023; Sadiah, 2021).
In practice, physics learning in high school not only helps students master physics principles and concepts
but also requires students to be active and develop various important skills, such as critical and creative
thinking skills, to face future challenges (Arrum Sari & Wiyono, 2025; Nesti et al., 2022; Permata Sari et
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al., 2025; Pratiwi et al., 2025). However, data in the field indicate that physics is among the least popular
subjects among students (Badriyah et al., 2023; Fitriani et al., 2020; Simaremare et al., 2022).

Previous studies have also shown that students' critical thinking skills in physics learning are still
relatively low. Asniar et al. (2022) found that critical thinking skills among high school students in physics
learning remain relatively low. Similar findings were reported by Ardiyanti & Nuroso (2021), who found
that 30.6% of students had very low critical thinking skills, 55.6% were in the low category, and 13.8%
were in the sufficient category. Another study reinforced these findings, reporting that 21% of students
had moderate critical thinking skills, 64% had low critical thinking skills, and 15% had very low critical
thinking skills (Susilawati et al., 2020). This occurs because physics learning is considered difficult and
uninteresting due to the many physics concepts that are difficult to understand and the lack of utilisation
of learning media and variety of learning methods (Amalissholeh et al., 2023; Dali et al., 2021; Mahmudah
et al., 2022; Simaremare et al., 2022; Sulastri et al., 2024). In addition, rapid technological developments
have reshaped the learning paradigm, including revised curricula, the use of innovative learning media,
and the integration of technology into instruction (Rahayu et al.,, 2022). This makes teachers, as the
primary facilitators of education, required to adapt to technological advances to enrich students' learning
experiences in the 21st century.

One way to overcome this is by using interactive learning media. Learning media plays an important
role as a means of conveying information between teachers and students during the learning process,
which can improve the quality of learning through the presentation of interesting and interactive material,
thereby strengthening students' understanding and thinking skills (Khanafi et al., 2025; Muthoharoh &
Sakti, 2021; Pramuii et al., 2020; Sevtia et al., 2022). In physics learning, the use of learning media is very
important because it helps students understand various phenomena being studied (Fitri et al., 2023).
Along with technological developments and students' familiarity with using technology, the use of
interactive and innovative learning media has become increasingly relevant (Utomo, 2023). However, the
availability of learning media to support students' in-depth understanding of certain materials is still
limited, so innovation in the development of interactive learning media is needed (Afifah et al., 2022;
Khanafi et al., 2025).

One innovation in the development of learning media is to integrate learning approaches into the
media being developed. One approach is STEM (Science, Technology, Engineering, and Mathematics).
By combining the four fields of science, technology, engineering, and mathematics, the STEM approach
not only encourages students to connect knowledge and real-life situations in problem solving, but also
helps students practice critical thinking skills, especially in physics learning (Khotimah et al., 2025;
Septarini & Kholiq, 2021; Sury et al., 2022). Renewable energy is one of the topics in physics learning
that requires interesting learning media (Ewar et al., 2023; Pawarangan et al., 2024).

Renewable energy is one of the subjects taught in Phase E of 10th-grade high school. One of the
subtopics covered in this course is renewable energy sources. In Indonesia, solar energy is a highly
promising renewable energy source, particularly through Solar Power Plants (SPPs). This is due to
Indonesia's location on the equator, which receives sunlight every day throughout the year (Mayasari,
Arya Samman, et al., 2022). However, in the practice of learning about renewable energy, this material is
generally presented theoretically, making it less interesting and challenging for students to participate
actively (Harchristanto & Utami, 2023). Therefore, learning innovations are needed to support the
implementation of the Merdeka curriculum, which emphasises meaningful, contextual, and student-
centred learning.
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In line with this, under BSAKP Decree No. 33 of 2022, Learning Outcomes Phase E of the
Merdeka Curriculum emphasises mastery of concepts and the application of science through scientific
process skills. Thus, students are expected to be responsive to global issues and play an active role in
contextual problem-solving. One of the strategic issues examined in this phase is renewable energy, which
aligns with the Sustainable Development Goals (SDGs). Through this learning process, students are not
only guided to master physics concepts conceptually but also to develop scientific attitudes and noble
character, such as honesty, objectivity, critical and creative thinking, independence, innovation,
teamwork, and global diversity awareness. Therefore, developing interactive, contextual, technology-
based physics learning media on renewable energy-Solar Power Plants, material is essential to support
the optimal achievement of Learning Outcomes Phase E and to improve the quality and meaningfulness
of the learning process.

Previous studies have examined the development of learning media. Lima et al. (2023) developed
a micro-hydro power plant (PLTMH) teaching aid as a valid and practical medium for teaching renewable
energy concepts. Furthermore, Delima et al. (2023) successfully developed a renewable energy teaching
aid based on solar cells for science education that is valid (suitable). Research conducted by Adiyatma &
Diyana (2024) successfully developed physics learning media based on an articulate storyline 3, which is
categorised as very feasible for use as teaching media. In addition, Pramadanti et al. (2021) also
successfully developed physics learning media using STEM-based smartphones that are feasible for use.
However, research on the development of interactive STEM-based learning media designed to train
critical thinking skills in renewable energy- Solar Power Plants, materials remains very limited. In addition,
research on the validity and practicality of renewable energy-Solar Power Plant, material learning media
as an initial stage of product development remains very limited.

In addition, based on research conducted by (Ramadhona et al.,, 2025) Based on research
conducted by (Ramadhona et al.,, 2025) through an analysis of the need for interactive STEM-based
learning media development on renewable energy material-Solar Power Plant, it was found that even
though students had studied renewable energy material in accordance with the curriculum, many still had
difficulty understanding the concept of Solar Power Plant due to limited visual and interactive media and
monotonous learning methods. The study also found that most students were accustomed to using
technological devices and considered STEM-based interactive learning media to be very important and
interesting, and potentially capable of improving their understanding of renewable energy-Solar Power
Plant material. These findings confirm that developing STEM-based interactive learning media on
renewable energy, specifically Solar Power Plant materials, remains essential to optimise physics learning
in schools. Therefore, research was conducted to develop interactive STEM-based learning media on
renewable energy-Solar Power Plant material, to train high school students' critical thinking skills. This
research was limited to the development and testing of products to determine the validity and practicality
of the learning media developed.

Based on the above description, this study was conducted to develop STEM-based interactive
learning media on renewable energy material-Solar Power Plant (SPP), to train high school students'
critical thinking skills. This study focused on the development and limited testing stages to analyze the
validity and practicality of the developed media. In line with this objective, this study aimed to answer
the following research questions:

(1) What s the design structure of the STEM-based interactive learning media on renewable energy-

SPP that was developed?
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(2) What is the level of validity of the learning media based on expert validation results?
(3) What is the level of practicality of the learning media based on user responses?

2. Literature Review

2.1 Critical Thinking Skills
Critical thinking skills are fundamental to 21st-century skills (Wahyuni & Sari, 2020) and support success
in learning (Wayudi et al., 2020). Critical thinking skills are one of the most important skills for individuals,
as they enable people to think logically, face and solve various problems well, and make rational decisions
regarding the actions to be taken (Susilawati et al., 2020). Critical thinking is a meaningful, reasoned, and
purposeful way of thinking that can be used to solve problems logically and accurately (Doang et al.,
2022). Critical thinking also has the potential to improve students' analytical skills in solving problems by
considering the gap between reality and objective truth (Setiawan et al., 2022; Susilawati et al., 2020).
Critical thinking skills help students analyse problems logically and effectively and consider
various factors when making decisions. Critical thinking skills are essential in education because they help
students learn and think rationally, solve problems, and make sound decisions. In physics education,
critical thinking skills are essential because they help students connect concepts to their applications in
everyday life (Nurasiah et al., 2025). In addition, these skills are essential because physics learning requires
a deep understanding of concepts and the application of scientific principles to solve real-world problems
(Amelia & Chusni, 2024). Critical thinking skills have several indicators that can serve as references in
physics education. Ennis proposes five indicators of critical thinking, namely, providing simple
explanations, building basic skills, drawing conclusions, providing further explanations, and measuring
strategies and tactics (Wijayanti & Siswanto, 2020). These indicators are relevant to physics learning
because they reflect the scientific thinking required of students when analysing and solving physics
problems logically and systematically. Therefore, critical thinking skills are essential for students (Winarti
et al., 2022).

2.2 Interactive I earning Media
The term media derives from the Latin “medius,” meaning “middle,” “intermediary,” or “conveyer”
(Hasanah, 2020; Rahman et al., 2023; Yusup et al., 2023). According to Gulo & Harefa (2022), media is
a means of conveying information to recipients so that they can understand the message. Media plays an
important role in the learning process because it serves as an intermediary through which educators
convey messages to students (Fadilah et al., 2023; Sitepu, 2021). Pane (2023) states that media in learning
are communication tools used to convey information to students and to arouse interest, attention,
feelings, and thoughts, thereby increasing their engagement in the learning process. Thus, it can be
concluded that learning media play a crucial role in education, conveying educational information to
students, facilitating the learning process, and supporting the achievement of learning objectives.
Learning media has two important elements, namely hardware or equipment in the form of tools
for presenting information and software in the form of information to be learned by students (Pane,
2023). Software is one of the media that can be used in learning and is relevant to technological advances
in the current digital era (Afifah et al., 2022). In addition, smartphones or gadgets are one of the media
that can support the learning process (Alifah et al., 2023; Kartini et al., 2020). These digital media can be
in the form of interactive videos or mobile applications that can make students active during the learning
process (Pranata & Firmansyah, 2023). In digital media, the material presented can be in the form of
audio and visuals that are contextual, interesting, and interactive (Umam & Zaini, 2013). In addition, the
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integration of technology in learning can also improve student learning outcomes (Chairudin & Dewi,
2021). The use of digital media in the learning process can provide opportunities for students to seek
more extensive information through internet access, develop critical thinking skills, and problem-solving
skills (Alifah et al., 2023).

The familiarity of students in using technology in their daily lives also makes the use of interactive
and innovative learning media increasingly relevant (Utomo, 2023). Interactive learning media is media
that allows students to actively and interactively engage with learning materials through various available
features, such as simulations (Jafnihirda et al., 2023). In addition, interactive learning media have the
potential to increase students' interest and involvement in the teaching and learning process by integrating
several types of elements, such as audio, animated videos, and text (Arofah & Rinaningsih, 2021; Pranata
& Firmansyah, 2023; Raspati et al., 2023; Rosmiati et al., 2023). Media is one of the supporting factors
for successful learning processes (Harsiwi & Arini, 2020). The use of interactive learning media can also
improve concept mastery, learning achievement, and critical thinking skills (Harsiwi & Arini, 2020). Thus,
interactive learning media are a vital component of the learning process in schools.

In physics education, learning media play a crucial role in helping students understand the
phenomena under study (Fitri et al., 2023). Renewable energy sources are a topic in physics education
that requires the use of learning media (Ewar et al., 2023). Renewable energy is an important topic to be
taught in order to shape students who are aware and prepared to become agents of change in supporting
the provision of clean and affordable energy (Yuksel, 2019). This is also consistent with the observation
that the current primary energy source, namely fossil fuels, is limited and environmentally harmful, so
the introduction and understanding of alternative energy sources should be instilled from an eatly age
(Ramadhona et al., 2025). One example of a renewable energy source is solar energy, which can be utilised
via solar panels to generate electricity (Khanafi et al., 2025). Renewable energy materials not only provide
knowledge of new technologies and methods for generating energy, but also emphasise the importance
of critical thinking skills (Amelia & Chusni, 2024).

However, various studies show that students' critical thinking skills are still low (Amelia & Chusni,
2024; Anggraini et al., 2025; Dermawan et al.,, 2023). Physics learning also still faces challenges in
developing critical thinking skills, which affects students' low learning outcomes (Yusra et al., 2025). The
lack of learning media that train critical thinking skills and learning models that enable students to be
active in the learning process are causes of students' low critical thinking skills. Therefore, the use of
interactive learning media that facilitate critical thinking skills and present material visually, attractively,
and in an easily understood manner is needed to make the learning process more meaningful. However,
to date, media designed to support students' understanding of renewable energy materials is still very
limited (Khanafi et al., 2025). Therefore, innovation in the development of interactive learning media is
still very much needed (Afifah et al., 2022).

23 STEM

STEM stands for the four disciplines: Science, Technology, Engineering, and Mathematics. In addition,
STEM is an approach to learning that integrates these four disciplines (Sury et al., 2022). The integration
of STEM in learning is an effective way to develop individuals' skills and cognitive abilities (Rohmah et
al., 2021). The STEM approach is also recognised as an important means of improving learning
outcomes, critical thinking skills, and students' readiness to face 21st-century challenges (Murniati et al.,
2023; Nugroho et al., 2021; Sihombing et al., 2024). STEM plays an important role in learning because it
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requires students to solve problems in everyday life and shapes individuals into creative, independent,
logical thinkers and technologically literate individuals (Widya et al., 2022).

The STEM approach has several characteristics, including: focusing on real-world problems and
their solutions; teaching open inquiry and exploration; involving students in productive teamwork; and
applying rigorous mathematics and science concepts learned by students in the learning process (Ejiwale,
2012). In addition, in the STEM approach, real-life objects are used as a context for applying
mathematical and scientific concepts (Anggraeni, 2021). The STEM approach is also able to develop and
improve students' technical abilities, enabling them to solve problems and understand the learning
material as a whole (Anggraeni, 2021).

2.4 Solar Power Plant (§SPP)

Solar power plants are power plants that utilise solar energy to generate electricity. Solar energy is a
renewable energy obtained through sunlight, which is inexhaustible and does not cause pollution
(Ferdyson & Windarta, 2023; Kharisma et al., 2024). Solar power plants have several advantages over
other power plants, namely that they are more environmentally friendly, do not produce pollution, and
have an unlimited energy source (Hidayat et al., 2021). However, the initial installation of a solar power
plant is quite expensive (Hidayat et al., 2021). Solar power plants convert sunlight into electrical energy
using photovoltaics (Dwisari et al., 2023). Photovoltaics, also known as solar cells, are devices that
convert solar radiation into electrical energy (Usman, 2020). The electrical current generated by
photovoltaics is direct current or DC, which can be used immediately or stored in batteries so that it can
be used at night (Usman, 2020).

Solar power plants are a means of meeting a community's electricity needs in an environmentally
friendly manner (Gifson et al., 2020). Solar power plants consist of several components, namely solar
panels, solar charge controllers, batteries, and inverters (Mayasari, Samman, et al., 2022; Rifaldi et al,,
2023). The workflow of a solar power plant can be seen in Figure 1.

Household
Solar Panel »| SolarCharge »|  Battery »  Inverter |  Flectrcal
Controller Appliances
(Example: Lamp)

Figure 1. Solar Power Plant Workflow

Based on Figure 1, the solar power generation system process begins with sunlight being captured
by solar panels. Solar panels convert the photon energy from sunlight into direct current (DC) electrical
energy (Mayasari, Samman, et al., 2022; Rifaldi et al., 2023). The electrical energy generated is then fed
into a solar charge controller, which regulates the voltage supplied to the battery to prevent overcharging
or overdischarging (Mayasari, Samman, et al., 2022). Next, the electricity generated is stored in batteries
for use when there is no sun (Mayasari, Samman, et al., 2022; Rifaldi et al., 2023). The stored DC electricity
is then converted into AC electricity through an inverter so that it can be used to operate household
electrical appliances (Mayasari, Samman, et al., 2022; Rifaldi et al., 2023). The integration of functions
among these components shows that the solar power system operates sequentially and supports each
component in generating usable electrical energy.

Each component in a solar power system is directly related to fundamental physical concepts, such
as energy, electric current, voltage, and power. Solar panels produce electrical power in the form of
voltage and current, the magnitudes of which are influenced by sunlight intensity and the panel
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characteristics (Jaenul et al., 2022). If the weather is constantly changing, solar cells cannot produce
maximum electrical energy (Jaenul et al., 2022). The electrical power generated by solar panels can be
calculated according to

P=VI 1)
where P is electrical power (watts), V' is voltage (volts), and [ is current (amperes). The voltage and current
at the solar panel terminals can be measured using a multimeter connected to the panel.

In the developed interactive learning media, the SPP system is presented as a learning material with
interactive simulations that incorporate weather conditions. These simulations allow students to observe
differences in SPP performance under sunny and cloudy conditions, particularly in changes in voltage,
current, and generated electrical power. Under sunny conditions, higher solar irradiance increases the
output current and voltage of solar panels, thereby increasing electrical power generation. Conversely, in
cloudy conditions, reduced sunlight intensity reduces current and voltage, thereby lowering the electrical
power generated by solar panels. Through this simulation, students not only receive information passively
but also actively explore the cause-and-effect relationship between weather conditions and the output of
a solar power plant. Students can compare observation results across various weather conditions, analyse
changes in voltage and current, and conclude their effects on electrical power using Equation 1.

3. Method

3.1 Research Design

This research is a development study, namely, the development of an interactive STEM-based learning
media on PLTS (photovoltaic) to train high school students' critical thinking skills. This study focuses on
the stages of media design, media development, expert validation to determine the level of media validity,
and implementation, namely, limited trials, to determine the practicality of the learning media. However,
this study does not include testing the media's effectiveness on students' critical thinking skills using test
instruments. The analysis stages have been carried out in previous studies (Ramadhona et al., 2025). The
results of this research serve as the basis for developing learning media in this study.

3.2 Design

This stage follows the analysis stage. In this stage, researchers begin designing learning media by defining
its structure and appearance. In the design stage, researchers will create flowcharts to illustrate the
workflow and structure of the learning media. In addition, researchers also compile storyboards to explain
the scenario for using learning media, including the appearance, images, text, and buttons.

3.3 Media Development and 1 alidation

After the learning media design was completed, the researchers developed the learning media using Canva
and Articulate Storyline 3, based on the previous design. The result of this development was then referred
to as prototype 1. Prototype 1 was then evaluated independently by the researcher and supervisor. If the
learning media were deemed feasible from the researchet's and supetvisor's perspectives, a validity test
would then be conducted. The validity test was conducted with three groups of experts: media, subject
matter, and learning design. The results of the learning media validity test were then used as the basis for
prototype 2. Data collection was carried out using the walkthrough technique and validation sheets for
experts. The validation sheets contained responses and suggestions from validators regarding the learning
media that had been developed. The expert validation sheet grid used in this study is shown in Tables 1-
3. The Appendix presents the expert validation instruments, including the Expert Material Instrument in
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Table 8, the Media Expert Instrument in Table 9, and the Learning Design Expert Instrument in Table
10.

Table 1. Content Expert Instrument Guidelines (Kurnia & Sunaryati, 2023)

Indicator Statement Number
Content suitability 1,2,3,4,5,6
Presentation suitability 7,8,9,10, 11,12
Content suitability with STEM 13, 14,15, 16, 17
Content suitability with critical thinking skills 18, 19, 20
Language suitability 21,22,23

Table 2. Media Expert Instrument Guidelines (Kurnia & Sunaryats, 2023)

Indicator Statement Number
Content Quality 1,2,3,4,5
Media Display 6,7,8,9,10,11,12
Visual Aspects 13, 14,15
Execution 16, 17,18, 19, 20
Audio Aspects 21,22,23
Table 3. Learning Design Expert Instrument Guidelines
Indicator Statement Number
Alignment of Learning Objectives 1,2
Alignment of Materials with Learning Objectives 3,4
Structure and Flow of Learning 5,6,7
Active Involvement of Learners 8,9
Alignment of Evaluation 10, 11
Motivation and Appeal of Learning 12,13
Clarity of Learning Instructions 14,15

The data obtained from the learning media validation stage was analysed using a Likert scale. The
results from the validation sheets completed by three experts were then processed to determine the
validity level of the learning media using percentage calculations, using the Expert Validation Results
HV A(%) according to

S

max
where }.S is the total validation score and Sy is the maximum score. The validation results were
categorized into five levels of validity, namely highly valid (80.01-100), valid (60.01-80), less valid (40.01—
00), invalid (20.01-40), and highly invalid (0—20) (Wiyono, Pasaribu, et al. 2025). This study only validated
the learning media. The learning outcome test instruments were not validated because the study focused

HVA (%) = x 100% )

on the development and feasibility of the media. Revisions were made based on the validators' input and
suggestions, resulting in prototype 2, which was then tested on students to determine the practicality of

the learning media.

3.4 Dmplementation

At this stage, prototype 2, validated across all three materials, was then applied to students. This
stage was divided into three parts: the one-to-one trial, the small-group trial, and the field trial. The one-
to-one trial was conducted to assess the practicality of the learning media and involved three students.
At this stage, the students involved had different levels of ability (Branch, 2010). The result of this stage
is called prototype 3. After the one-to-one trial stage is complete, the learning media are then tested on a
small group. The optimal number of students for the small group trial stage is 8-20 people (Branch, 2010).
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Prototype 3 was tested on 9 students to determine the practicality of the developed media. The results of
the small-group trial showed that the interactive STEM-based learning media on renewable energy- Solar
Power Plant were valid and practical and could be used in learning.

Data collection on the practicality of learning media involved students from Pagar Alam State
High School 1 in the odd semester of the 2024/2025 academic year. The one-to-one and small-group
trial stages were conducted by distributing questionnaires to 11th-grade students. The questionnaires
were given to students to assess their responses to the learning media developed. The purpose of
distributing these questionnaires was to identify the practicality of the learning media that had been
developed. The questionnaires contained students' responses to three aspects, namely appearance,
navigation, quality of learning media, and ease of learning media, as well as suggestions and comments
from students. The values obtained from the analysis of the questionnaire data were in the form of

average percentages HEOS (%) from the one-to-one trial and small group trial stages according to

S
HEOS (%) = < 1% 100% 3)

gmax

where S is the score obtained from the questionnaire and Sqmax is the maximum questionnaire score.
The HEOS calculation results were then categorized by media practicality level: very practical (86 <
HEOS = 100), practical (70 = HEOS < 80), less practical (56 = HEOS < 70), and impractical (HEOS
< 506) (Wiyono, 2015). The data collection process during the trial phase obtained permission from the
school and informed consent from the students involved in the study. All data obtained was used solely
for research purposes, maintaining the confidentiality of the respondents' identities.

4. Result

This research is a development study that produced an interactive STEM-based learning medium on
renewable energy-solar power plant, designed to facilitate the development of critical thinking skills in
high school students. The research was conducted at SMA Negeri 1 Pagar Alam. The stages in the
development of the medium included design, development, expert validation, and implementation
through limited trials.

3.1 Design Stage
The design stage of the learning media was carried out based on the analysis conducted by Ramadhona
et al. (2025). The analysis indicated that students still had difficulty understanding the concept of
renewable energy, particularly solar power plants (PLTS), due to limited visual media and a lack of
interactive and exploratory learning activities. In addition, the learning process tends to be oriented
towards conventional material delivery, which does not fully facilitate the development of students'
critical thinking skills. These findings became the main basis for designing learning media that not only
present material informatively but also provide a more visual, interactive, and contextual learning
experience. Therefore, the media is designed to facilitate students' observation of phenomena,
exploration of relationships between concepts, and simple analysis through simulation features and
interactive exercises. The STEM approach is structurally integrated into the design, enabling the
presentation of science, technology, engineering, and mathematics concepts holistically and supporting
the development of critical thinking skills.

The design stage involved creating flowcharts and storyboards. This design aimed to ensure that

the flow of learning media use was systematic and easy for students to understand, and to provide an
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initial overview of the screen display in the learning media. The flowchart created can be seen in Figure

2.

Login Page

Developer Profile
Media Guide
References [—

‘ CPP ‘ ‘Conoeleap‘ ‘ Material }—

Energy Needs
<_
Forms of Energy | < Menjawab
Soal

Energy Source |+
Score/Grade
Solar_Powe_r Plant Solar Power Plant |«
Simulation .
Final Results

Figure 2. I carning Media Flowchart

Sound Settings

As shown in Figure 2, the learning flow begins on the login page and proceeds to the main menu,

which serves as a navigation centre. Students are then directed to specific learning features based on the

objectives to be achieved.

D

2)

3)

The CP/TP menu and concept map setrve to help students understand learning outcomes, learning
objectives, and the interrelationships between renewable energy concepts. This stage trains students
to identify the learning focus and build initial understanding in a structured manner. Next, in the
materials menu, students learn about energy needs, energy forms and sources, and solar SPP. The
material is presented in stages to encourage students to analyse energy availability issues and compare
various energy sources based on their characteristics and impacts.

Critical thinking skills training is instilled more concretely through the solar power plant simulation
feature. In this section, students are directed to observe changes in weather conditions (sunny and
cloudy) and to analyse the relationships between voltage and current and between electrical power
and current. This simulation activity encourages students to make observations, analyse relationships
among variables, and draw conclusions from the data.

In addition, the assessment menu is designed to measure students' conceptual understanding and
critical thinking skills after completing the entire learning series. Students are asked to answer
questions related to the concept of renewable energy-Solar Power Plant, then receive a score or grade
as feedback on their learning outcomes.

The results of this systematically organized design stage are then used as the basis for the learning media

development process in the next stage.
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3.2 Development and V alidation Stage

After design, the learning media were developed using Canva and Articulate Storyline 3. This stage was
carried out to produce learning media. In addition, during this stage, the validity of the learning media
produced was tested through the involvement of three experts. The media was then revised based on
their suggestions to produce valid media ready for student testing. The learning media produced can be
seen in Figure 3-6.

*"?‘e,._
SO EINERCT

i~ "

S UNTUK MELATINKAN KETERAMPILAN BERPIKIR KRITIS PESERTA DIDIK -
A w— i

PENILAIAN

@)
Figure 3. Initial display of the learning media. (a) Login page, (b) Main page.

MATERE o
b Y

Bentuk -Bentuk
Energl

== )2 Q) =)&)

(b)

(b) simulation pages

Wrre

Karena Indonesia mendapat sinar matahari
hampir  setiap hari  sepanjang tahun, ‘

banyok masyarakat mulai menggunakan
PUS sebagai sumber energi ramah
lingkungan. Contohnya, para petani kopi di
Pagaralom memanfaatkan PUS  untuk
penerangan saat bermalom di  kebun,
sehinggo mereka tetap bisa beraktivitas
dengan nyaman di malam hari.

Pembangkit Listrik Tenoga Surya (PLTS)

Figure 6. Local context integration
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The initial results of the learning media development are referred to as prototype 1. Prototype 1
was then independently evaluated by the researcher and the supervisor. Subsequently, when prototype 1
was deemed feasible, the media validity test was conducted by experts. The validity test was conducted
with three experts: two media and materials experts (two lecturers) and a learning design expert (a

teacher). The results of the learning media validation test can be seen in Table 7.

Table 4. Expert validation results

Aspects Score Percentage Category
Media 90% Very Valid

97% (After revision) Very Valid

Materials 93% Very Valid
Learning Design 90% Very Valid
Average validation 92,5% Very Valid

Based on Table 7, the expert validation results indicate that the developed STEM-based interactive
learning media achieved an average percentage of 92.5%, classified as highly valid. The media component
in the initial validation stage scored 90%, and this increased to 97% after revisions based on suggestions
and expert input. The revisions included improvements to the media display, the clarity of the learning
flow, and the presentation of material to facilitate student understanding. The media before and after
revision are shown in Table 8.

Table 5. Media display before and after revision

Before Revision

After Revision

wworAdedona org /grooher e
ccurtryTeoun

Sumber ; Our worid in data 2024 Berdonrbor grotk duaras yang menurikan bofwa webogan besar saerg 4 ndoresic

mash berosal dar ba'u bore, munyok burw. dan gos alom, sedangkan energ surya. o,

don angir hanya dgurdkon daiom jurlch kecl, dopot dampulkar bonws fontangan

Ware calom trarms ceeg di indencen ode ch

Berdasorcan grofik diavas yang menusjukkan bohwa sebagion besor energl di

indonesia mas h berasol dor batu bara. minyaic bumi. dan gos alom, sedangkan energi |

The soutce for question 14 is not yet a complete link. The source of the graph in question 14 has been updated to a

full link.

35)!@] EEMBELAJARAN

sederhana atou simulasi visual menggunakan apikasi teknologi yong
tersedia terkait dengan energi alternatif, pemanasan global, pencemaron
lingkungan, nano teknologi, biotoknologi, kimia dalam kehidupan sehari-

energi oltematif, pemanasan global, pencemaran kngkungan, nano teknologi,
bioteknologi, kimia dalam kehiupan sehari-har, pemanfoatan limbah don bahan
alom, pondemi abat infeksi vins. Semua upaya fersebut diarohkan poda

tujuan

Pada okhir fase E, peserta didk memilki kemampuan untuk responsif Fo Pada kb fase E, peserta didk memikki kemampuan untuk resporsif terbadop isu-
ferhadap isu-isu global dan berperan oktif delom memberikan ‘, n isu global don berperan aktif dalam masaloh. ’
penyelesaian masaloh. Kemampuan tersebut antora lain mengamati, j tersebut antora lain mengomati, don 'A 1]
S S i uk i dan melakukan Adik dan lisis dato dan informasi, | @
Jick it il sy / luas: dan refleks, ikan hasil delam bentuk projek sederhana 14
don telleksl, kasikan hosi dolam bentuk projek ‘ atou simulasi visuol menggunakan apilkasi teknologl yang tersedio ferkalt dengan
|
|
|
i

hari, pemanfactan limboh dan bahan alom, pandemi akibat infeksi virus.
| Somw upayo tersebut diorahkan pudu pencapmn» m;uan pembangunan 9
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The learning outcomes remain two-sided and fixed, or

cannot be scrolled.

NSRS

1

mandir, inovatid, bergotong royong dan berkebhinekaan globol.

AN N

yong
Goals /SDCs). Melalui pergembangan sejumiah pengetahuon tersebut dibangun
pulo berakhlak mulia dan sikap iimiah seperti jujur, obyektif, bemalar krifis, kreatif,

e T gy -

Learning outcomes have been made one-sided to prevent

scrolling.
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Before Revision

rUIVAN PEMBELADABAR

After Revision

Setelah mengikuti kegiatan pembelajoran dari media pembelajaran interaktif ini,
diharapkan peserta didik mampu :

(Mengidentifikasi permosalohon tefersedioon energi di lingkungon
sekifar tempat tinggoldengan menggunakan contoh kasus oktual yong
ditompilkan pada media pembelojaran, secora tepat.

Monganalisis prinsip korja Pembangkt Lstrk Tenoga Surya (PLIS)
bordosarkan hosil observos: dan smulcs: digital yang disedickan dalam
media pembelajoran, dengan menuliskan alur proses dan komponen
utoma PLTS secara runtut dan benar.

The learning objective remains (C1): identifying; it must

be changed to (C4): analysing.

The visualization of energy types on the concept map has
not been adjusted, and the connecting words for energy
sources are confusing and need to be repositioned

CDIDAN PERBELRAIARAR)

Setelah mengikuti kegiatan pembelajaran dari media pembelsjaran interaktif
ini, diharapkan peserta didik mompu :
EA...-M- ‘permasalahon ketersedioan energl i lingkungon ulmuj
-

ompat tinggel dengan menggunokan contoh kasus oktual yang
ditompilkan pada media pembelojaran, secara fepat.

Monganalisis prnsip kerja Pembangkit Latrk Tenoga Surya (PLIS)
bordosarkan howl observasl dan smulasi digital yong daediakan dolam
modia pembelajaran, dengon menulskan akur proses don kompanen
utama PLTS sacaro runtut don benar.

KKO (C1) has been changed to analysing (C4).

The visualisation of energy types on the concept map has been
adjusted, and the location of the energy source connector has
been corrected.

Provide video settings (e.g., speed-up/slow-down).

Video settings (speedup/slowdown) are provided.

Previously, after the video, there were no follow-up

questions, only the video itself.

e ————
z SATUANENERCT

Dimensi energi adalah : | [M][L}*(T) *

Dalam satuan infernasional (SI), satuan dari energi adaloh joule (J).

Dolom bentuk kalor (panas) digunakan kalori don kWh untuk energi

° listrik.

1kalori < 4,2 Joule 1Joule = 1 watt sekon

[SATUANIENERGI]
SATUANIENERCTR P TR TKWh - 300000 Joule

Setelah menonton video tersebut, termyata mash banyok daerah yang belum
toralir listrik. Menurut kamu, selain menunggu jaringan listrk masuk, energi apa
yang bisa dimanfocth untuk mend listrik?

Seteloh me- awon jangon 4pa scrsershor awanan kama don
Wi linem jawoban ya!

A follow-up question has been added after the strategic issue
video.

- N
o S ATUAN[ENERCY,

Dimensi energi adalah : | [A/](L)%

I
Dalam satuan intemasional (S), satuan dari energi adalah joule (J). v
S Dalam bentuk kalor (panas) digunakan kalori (Kkal) don kWh (kilo
° Watt Hour) untuk energi listrik.

1 kalori « 4,2 Joule 1Joule « 1 watt sekon

1Joule + 0,24 kalori hWh = 3600000 Joule
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Before Revision

After Revision

Define kWh

kWh has been defined.

There were no follow-up questions after the video on the
definition of energy.

{Pertonyaan bemantix

Setelah menonton video todi, menurut kamu opa yong dimaksud dengan energ ?
Sobutkan conloh energ yang komu gunakan seliop har!

Seteioh res{owob fanges s screenshot owaber ko don
Ui kv jawoben ya!

A discussion question has been added after the video on the
definition of energy.

There is no information about scrolling in the user
manual.

RETUNIUCIRENCGCUNAALN

Jika kamu melihat fitur scrolling seperti ini, berartl kamu
harus menggeser kebowah untuk melihot materi berikutnya.

Information about scrolling has been added to the
instructions for use

Q: Kalor (Joule, J otau Kalor, Ko}
m : Massa benda (kg)

© : Kalor jonis (J/kg K)
AT: Perubohan suhu (K]

The heat equation has not been described, and the
consistency of symbols has not been corrected. In
addition, unique facts have not been added to the material
on heat energy. Although the materials on kinetic,
potential, and electrical energy have been supplemented
with similar content, only the material on heat energy is
attached to this research documentation.

Q=me(T: —Th)
Senu butan? Tanpa kamu

Keterangon : sodart, tubuhmy  torus
mengrastion kaiar dan

Q! Kalor {Joule, J atau Kalor,
Kel)
™ Massa benda (kg)
€ Kalor jerss (J/kg X) i
AT Perbahon suhu (K) menaga schu fobuhmu

The heat equation has been elaborated, and the consistency of
symbols has been improved. In addition, unique facts have
been added to the heat energy material. Although the kinetic,
potential, and electrical energy materials have been
supplemented with similar content, only the heat energy
material is attached to this research documentation.

Panel surya afau modd surya '
merupokan komponen utama dalom
sistom pembangkit listrik tenaga
surye atou sistem photovoltaic yang o

) menguboh sinar motohar merjadi
| energ listik beruoa orus DC.

Koposttas daye modul surya dukur
dalam sotuon Waltpoak (o).

There is no navigation to the previous material on solar
panel components.

menguboh sinar matohari menjad:

energ listrk berupa arus OC. Kapasitas
doya modul surya divkur dalom satuon
Wattpeck (Wp).

Ponel suys ooy modd  surys
morapakan komponon ulama  dalam
sistem pembangkit listrik tenaga surya
atau  sistem photovoltaic  yang
|
=

b +
g fveputcomhTcitm

P

Navigation to previous matetial has been added to the solar
panel component.
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3.3 Dmplementation

The implementation stage is the trial stage of prototype 2, which has been validated by experts for
students. This stage is divided into two parts: the one-to-one trial and the small-group trial. The one-to-
one and small-group trial stages are conducted to assess the practicality of the learning media. The results
of the one-to-one trial stage can be seen in Table 0.

Table 6. Results of student responses to the one-to-one trial phase

Aspects Total score ~ Maximum score  Score percentage
Appearance 80 90 89%
Navigation 80 90 89%

Quality of Learning Media 55 60 92%
Ease of Learning 82 90 91%
Average percentage 90%

Category Very Practical

Based on Table 9, the results from the one-to-one trial stage showed an average practicality
percentage of 90% in the very practical category. This indicates that the developed STEM-based
interactive learning media have met the criteria for appearance, navigation, media quality, and ease of
learning. At this stage, no revisions were made, so the media produced in the one-to-one trial stage is
referred to as prototype 3 and is declared suitable for testing in the next stage. The results of the small
group trial stage can be seen in Table 7.

Table 7. Results of student responses during the small group trial stage

Aspects Total score ~ Maximum score  Score percentage
Appearance 260 270 96%
Navigation 250 270 93%

Quality of Learning Media 172 180 96%
Ease of Learning 252 270 93%
Average percentage 94%

Category Very Practical

Based on Table 10, the small-group trial results showed that the learning media achieved an average
practicality percentage of 94% in the very practical category. These results indicate an increase in
practicality relative to the previous stage. The learning media were revised in response to students'
suggestions and feedback, resulting in a final STEM-based interactive learning medium that is practical
and suitable for physics and science instruction.

5. Discussion

5.1 Interpretation of Finding

The development of interactive learning media is driven by the need for media aligned with the
curriculum and educational developments in the 21st century. This is based on a preliminary study of
research conducted by Ramadhona et al. (2025), which found that STEM-based interactive learning
media on renewable energy-PLTS to train high school students' critical thinking skills is still very much
needed in physics/science learning. The need for this learning media stems from a learning environment
still dominated by oral instruction and conventional media, resulting in uneven learning outcomes among
students. In addition, this research indicates that the development of learning media is also guided by the
applicable curriculum, namely the independent curriculum. Renewable energy-PLTS material is relevant
to the independent curriculum as indicated in the learning outcomes of phase E regarding renewable
energy. Phase E Learning Outcomes of the Merdeka Curriculum emphasize contextual learning, problem
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solving, technology utilization, and the strengthening of critical thinking skills and scientific attitudes,
making it relevant to be developed through a STEM approach.

The media design stage produces a storyboard and flowchart for the learning media. The
storyboard provides an overview of the interactive learning media to be developed and serves as a guide
for their development. The flowchart illustrates the flow of the learning media from the login page to the
assessment. The storyboard and flowchart that have been designed form the basis for developing the
media. The learning media is developed using Articulate Storyline 3 software and the Canva application.
After development, the validity of the learning media was tested. The results of expert validation showed
that the developed learning media met the eligibility criteria in three aspects, namely media, material, and
learning design, in accordance with the categories used by Wiyono, Pasaribu, et al. (2025). A highly valid
score in the media aspect indicates that the quality of content, appearance, visual aspects, feasibility, and
audio aspects have met the principles of digital learning media design. In terms of content, the validation
results indicated that the content aligned with the learning outcomes, was conceptually accurate, was
systematically structured, and was in line with STEM and critical thinking skills.

Meanwhile, in terms of learning design, the validation results show that the category is highly valid.
This is reflected in the suitability of the learning objectives, which are clearly formulated and supported
by learning materials. The structure and flow of learning are systematically and logically organized, making
it easier for students to follow each stage. In addition, integrating simulations and thought-provoking
questions encourages active student participation and increases motivation and interest in learning. The
learning evaluation presented is also aligned with the learning objectives and the material studied.
Learning instructions are also clearly conveyed, enabling students to understand the learning activities
well. These findings indicate that the integration of the STEM approach is not only realized through the
presentation of material, but also through the structure of learning activities that connect contextual
phenomena, interactive simulations, and the analysis of relationships between variables.

The implementation stage, which included limited trials with students, produced learning media
categorized as highly practical. The practicality test at the implementation stage was divided into two
parts: one-to-one and small group trials. The results of the one-to-one and small-group trials show that
the media received very high ratings in appearance, navigation, media quality, and ease of use, based on
Wiyono's (2015) categories. The consistency of practicality results across students with different academic
abilities indicates that the media is highly usable and accessible. This indicates that the developed interface
design and navigation structure can facilitate more independent, learner-centered learning. Additionally,
these findings show that the developed learning media are highly practical and can be used in physics or
science learning in schools.

Several prior studies have examined the development of valid and practical STEM-based interactive
learning media. Nurmala et al. (2021) developed valid, practical STEM-based science learning media using
Articulate Storyline 3, making them suitable for STEM education. Arjana & Suastra (2022) have
developed learning media in the form of an interactive GeoGebra simulation to support the
implementation of basic mechanics-based STEM lectures that are valid and practical, enabling their use
in learning. In addition, Ristiani et al. (2020) also developed STEM-based science learning media that are
valid and suitable for physics instruction. Based on these studies, the researchers' learning media, which
are highly valid and practical, are suitable for teaching physics on renewable energy.

Although it shares similarities with previous studies that used Articulate Storyline and the STEM
approach, this study has distinct characteristics. The main difference lies in the material's focus and the
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objectives of media development. The learning media developed in this study specifically address the
subject of renewable energy-Solar Power Plant, presented through interactive simulations of the
relationship between weather conditions, voltage, current, and electrical power, and are explicitly
designed to train students' critical thinking skills. The media not only deliver content but also serve as
vehicles for independent exploration through simulations, context-based exercises, and dynamic
navigation, thereby encouraging students to analyse energy issues in everyday life. In addition, the media
has evolved to integrate local context related to the use of solar power plants by coffee farmers, making
learning more contextual and closer to students' daily lives and helping them understand the practical
application of renewable energy concepts in their surroundings. Therefore, the uniqueness of this
research lies in the integration of renewable energy materials, interactive PLTS simulations, and local
context into the media, and in the goal of training critical thinking skills within a single digital learning
media platform.

5.2 Implications

The results of this study provide practical implications: interactive STEM-based learning media on
renewable energy materials-Solar Power Plants, can serve as an alternative to physics or science learning
media, aligning with the needs of the 21st-century curriculum and learning. This medium helps overcome
the dominance of oral learning and conventional media by offering more visual, interactive, and
contextual learning. With the support of interactive simulations and easy navigation on digital devices,
this medium has the potential to increase student engagement in physics learning, particularly in the study
of renewable energy materials.

Pedagogically, the application of this learning media has implications for strengthening learner-
centred learning. Students' critical thinking skills are developed through simulations of solar power plants
and the presentation of thought-provoking questions that encourage them to analyse the relationships
among weather conditions, voltage, current, and electrical power. These exploratory activities enable
students not only to passively accept concepts but also to build understanding through observation,
reasoning, and problem-solving processes that are contextualised in everyday life.

In addition, this study has broader implications for the implementation of the Merdeka Curriculum
and for the future development of physics education. This STEM-based interactive learning media
supports phase E learning outcomes that emphasise the use of technology, contextual learning, and the
strengthening of 21st-century skills. In a broader context, this approach can be applied to renewable
energy learning at the high school level to help improve students' understanding of energy concepts and
raise awareness of sustainability issues through technology-based science learning. The media developed
in this research has the potential to support physics learning relevant to global issues, such as the energy
transition and environmental sustainability, and can serve as an alternative for adaptive physics learning
innovation to meet modern educational needs at the global level.

5.3 Limitations

This study has several limitations. The developed learning media can only be used online because all
content is uploaded to a web-based platform, namely GitHub Pages, and their use depends heavily on
students' internet connection availability and stability. In addition, the evaluation answer-collection
feature is not directly integrated into the media; therefore, students must use additional services, such as
Google Drive, to submit their assignments or assessments. The development software also has limitations
in supporting advanced programming, so interactions in the solar power plant simulation remain basic
and cannot provide in-depth automated feedback on student activities. Another limitation of this study
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lies in the scope of the learning media testing. The STEM-based interactive learning media developed
were tested only in one-to-one and small-group trials, so they have not yet been evaluated at a larger class
scale. In addition, because this study focused on testing the validity and practicality of the media, the
quantitative analysis of the impact of media use or the effectiveness of learning media in improving
students' critical thinking skills was not conducted in depth. This limitation indicates that further research
is needed, particularly to test the effectiveness of media through field trials and to develop more complex

interactive features.

6. Conclusion

This study successfully developed interactive STEM-based learning media on renewable energy material-
Solar Power Plant (SPP), designed to train high school students' critical thinking skills. Expert validation
results showed that the media was highly valid across all three aspects: media, material, and learning
design. Practicality tests through one-to-one and small-group trials showed that the media was easy to
use, had a good appearance and navigation, and effectively supported the learning process from students'
perspectives. However, this study only covered the validation and practicality stages, so the effectiveness
of the media in improving critical thinking skills and conceptual understanding has not been tested.
Therefore, further research is needed through more extensive field trials to quantitatively assess the
effectiveness of learning media and to evaluate their impact on critical thinking skills and a deeper
understanding of renewable energy concepts.
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Appendix. Research Instruments
Excpert 1 alidation Instrument.

Table 8 presents the Expert Material Instrument used to evaluate the suitability of content, presentation,
integration of STEM aspects, critical thinking components, and language use in the developed learning

media.
Table 8. Expert Material Instrument
No  Indicators Statement
1 Content 1. There are learning objectives and goals.
suitability 2. The material in the interactive learning media is in line with the learning objectives.
3. The material on renewable energy-Solar Power Plant is presented correctly and accurately in a scientific manner.
4. The material covers the core concepts of renewable energy and Solar Power Plant.
5. The videos or learning illustrations used are in line with the material on renewable energy- Solar Power Plant.
6. The assessment or exercise features provided are relevant to the learning objectives.
2 Presentation 7. Presenting material through videos or animations makes it easier for students to understand the concept of
suitability renewable energy- Solar Power Plant.
8. The sequence of material presentation is arranged chronologically from basic concepts to applications.
9. The visual display (layout, icons, images) is in line with the theme of renewable energy- Solar Power Plant.
10. The presentation of material is supplemented with real-life examples of solar power plant usage, making it easy
to understand.
11. The use of animations, images, sound, or video is harmoniously integrated to support learning.
12. The sentence structure used is clear and easy to understand.
3 Content 13. The material is presented scientifically and accurately in accordance with scientific principles.
suitability 14. The media displays examples of technology applications relevant to the concept of renewable energy.

with critical 15, Simulations and activities in the media allow students to explore how changes in variables affect the performance
STEM of a solar power plant.
16. The material includes appropriate quantitative measures and simple calculations related to energy that support
students' mathematical understanding.
17. The media integrates Science, Technology, Engineering, and Mathematics in an integrated manner when
discussing solar power plants and other renewable energy sources.

4 Content 18. The material in the learning media allows students to logically analyze the concepts of energy, energy sources,
suitability and the impact of energy exploitation.
with critical ~ 19. Simulations and examples of solar power plant applications provide opportunities for students to draw
thinking conclusions and make decisions based on data or variable changes.
skills 20. The material on the impact of energy exploitation and use, as well as the utilization of local energy soutces,

trains students to evaluate energy solution options rationally and provide appropriate reasons.

5 Language 21. The language used is easy to understand.
suitability 22. The language used is communicative and interactive.

23. The language used complies with the rules of the Indonesian language.

Table 9 shows the Media Expert Instrument used to assess content quality, media display, visual aspects,
execution, and audio components of the learning media.
Table 9. Media Expert Instrument

No Indicators Statement

1 Content Quality 1. Consistency between images and the material studied.

2. The text used is clear and easy to understand.
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The content is accurate and consistent with scientific concepts.
The sequence of material presentation is coherent and logical.

Examples and illustrations support understanding of concepts.

2 Media Display

Accuracy in combining colors.
Clarity in the use of navigation buttons.
Neat and uncluttered media display layout.

R e I A

Icon/button sizes are appropriate and easy for users to reach.
10.An attractive and consistent interface.

11.Clear contrast between text and background colors.
12.Consistent page design across all media sections.

3 Visual Aspects

13.Images/animations are displayed with good resolution.
14 Illustrations are used sparingly so as not to distract from the focus.
15.The composition of visual elements is balanced and not cluttered.

4 Execution

16.Ease of operating learning media.

17.Clarity and accuracy of usage instructions.

18.Buttons, menus, and features respond well.

19.Media is easily accessible on vatious devices (mobile phones/laptops).

20.Interactive features (simulations, quizzes, etc.) are easy to use.

5  Audio Aspects

21.The audio quality in the video is clear, and there is no noise.
22.The audio volume is balanced between narration, music, and effects.

23.The use of background music (if any) does not interfere with concentration.

Table 10 presents the Learning Design Expert Instrument used to evaluate the instructional design of

the learning media, including the alignment of learning objectives with the presented material, the

structure and flow of learning activities, the suitability of evaluation methods, and the clarity of learning

instructions provided.
Table 10. Learning Design Expert Instrument

No Indicators Statement
1 Alignment of Learning 1. Learning objectives are formulated in accordance with the desired learning outcomes
Objectives 2. Learning objectives are presented clearly and are easy to understand
2 Material-Objective 3. The material presented is relevant to the learning objectives
Alignment 4. Learning activities are aligned with the skills to be trained, namely, critical thinking skills
3 Structure and Flow of 5. The learning flow in the media is structured in a coherent and logical manner
Learning 6. The sequence of presentation supports gradual understanding
7. Transitions between sections are clear and well-defined
4 Active Involvement of 8. Simulations on media encourage students to actively participate
Learners 9. Media provides opportunities for students to explore concepts independently
5  Alignment of 10. The form of evaluation is in line with the learning objectives
Evaluation 11. The evaluation questions reflect the critical thinking skills that are to be trained
6 Motivation and 12. Media can attract students' interest in learning through interactive displays or activities
Appeal of Learning 13. Media provides a real-world context related to renewable energy to increase the relevance of learning
7 Clarity of Learning 14. Every activity on the media is accompanied by clear instructions
Instructions 15. The instructions are easy for students to understand without excessive guidance from teachers
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