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Abstract: This study aimed to develop and implement a STEM education program on solar energy. This study
follow Analyze, Design, Develop, Implement, and Evaluate (ADDIE) model. The study was conducted by
analysing, designing, and developing a STEM education program consisting of a program guide and a solar
panel STEM KIT. The program was implemented in schools involving 83 high school students. The program
was implemented in two formats, namely STEM after school and regular learning. Students completed the STEM
interest instrument after participating in the STEM education program. The results showed that the program
was declared valid for use. In addition, the program implementation results showed no significant difference
between students' technology, engineering, mathematics, and STEM career interests in STEM after school and
regular STEM classes. This may be due to several things such as similar content and activities, similar
engagement, and similar mentorship. This study implies that the STEM education program can increase

students' interest in STEM after-school and regular learning activities.

Keywords: Solar panel project; STEM after school; STEM education; student interest

1. Introduction

STEM education has received significant attention from many people around the
world. The nature of knowledge is also evolving; interdisciplinary fields are becoming
increasingly important. Many have highlighted the relationship between subjects that
must be made integrative to prepare a competent generation. For example, a superpower
country like the United States in recent decades has made massive reforms in STEM
education (Kelley & Knowles, 2016). The reforms are highly visible in the efforts to
integrate engineering into the science curriculum from kindergarten to high school.
Several countries have followed this reform. According to some reports, Egypt, as one of
the developed countries in the African region, was also reformed by integrating science,
technology, engineering, and mathematics disciplines into school learning (EI Nagdi et al.,
2018). They showed that STEM education reforms have allowed teachers to develop and
build their identity positively (El Nagdi & Roehrig, 2020). In Indonesia, efforts to integrate
STEM disciplines are also growing. Recently, the Ministry of Education of the Republic of
Indonesia has provided an alternative curriculum focusing on soft skills development,
essential content and flexible learning. This curriculum provides teachers with the
opportunity to conduct integrative learning, such as integrated STEM. Although the
Ministry of Education has provided guidebooks, many teachers still experience difficulties
implementing integrated STEM learning (Muchtar & Ding, 2024; Nuragnia et al., 2021).
Suryadi et al (2023) showed that efforts to develop teacher professionalism in integrated
STEM teaching in Indonesia are relatively scarce. Furthermore, Sulaeman et al (2022)
found that the majority of Indonesian physics teachers are familiar with the integrated
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STEM education approach; however, more than half have never tried to implement an
integrated STEM teaching approach in the classroom.

In addition to the learning resources factor, students' lack of interest in STEM can
make student engagement in STEM learning a challenge for teachers (Drymiotou et al.,
2021; Wang et al., 2023). According to Will (2017), only 38% of students are naturally
interested in STEM subjects, with 69% reportedly interested in technology, 42% in science,
25% in engineering, and 14% in math. In Indonesia, this is also seen in the interest in STEM
majors in some universities tends to be smaller than in other fields (Kemendikbud, 2020,
2021). Students' interest in STEM fields is influenced by various factors. Lichtenberger and
George-Jackson (2012) found that science course taking, standardized test performance,
and college aspirations were significant predictors of STEM interest. Kizilay and Yamak
(2023) further, the role of motivation was emphasized, with students who performed well
in STEM subjects considering majoring in STEM fields in college. Another factor that
remains less explored is gender. Previous finding, Sadler et al (2012) noted gender
differences, with men showing greater interest in engineering and women in health and
medicine.

One of the efforts made to develop students' interest and competence in STEM is
integrated STEM learning. The majority of studies have shown that STEM learning,
especially integrated learning, has a positive impact on students' knowledge and skills
(Astawan et al., 2023; Indranuddin et al., 2024; Mutakinati et al., 2018; Parno et al., 2020;
Yuliati et al., 2018). In STEM learning, students are challenged and motivated to design
and design technology to increase their ability to solve problems (Purwaningsih et al.,
2020). In addition, through STEM learning, students will be involved in various
meaningful activities to develop their critical thinking and creative thinking skills
(Sumarni et al., 2022).

An important aspect to consider in the design of an integrated STEM education
curriculum is customizing the topics. One topic that can facilitate integrative learning is
renewable energy. Among the types of renewable energy, considering the geographical
location of Indonesia, the use of solar energy seems very suitable. Solar energy can be used
as an applicable and real context for students to understand STEM applications (Machuve
& Mkenda, 2019)\. The exploration of solar panels in STEM education allows students to
engage in project-based learning, where they can design, build, and test mini solar panel
systems, understand the working principles of photovoltaic, and analyze energy efficiency
(Shahbazloo & Mirzaie, 2023). This approach not only improves students' conceptual
understanding of physical phenomena and engineering principles but also develops their
critical skills in problem-solving and innovation (Perea et al., 2021). Currently, attention to
renewable energy sources, especially solar energy, is growing rapidly. However, support
related to introducing solar energy at the secondary school level has so far been limited.
Therefore, based on the above discussion, this research was conducted with the following
objectives: 1) developing a solar panel STEM KIT; 2) exploring the extent to which the solar
panel STEM program can influence students' interest in STEM fields.

2. Materials and Methods
2.1 Research Procedure

This research is a research and development (R&D) conducted following the ADDIE
(Analyze, Design, Develop, Implement, and Evaluate) stages (Branch, 2009). First, a needs
analysis is conducted, especially on alternative energy topic. Second, Design and Develop,
the integrated STEM education program developed, consists of two parts, namely student
worksheets and solar panel STEM KIT. In this research, the STEM KIT facilitates learning
that is used for each meeting (four meetings) starting from introducing components to
presenting the products that have been made, namely solar panel-based automatic garden
lights, with the help of student worksheets. The integrated STEM education program was
developed by first making a prototype and testing it. The program development then
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involved experts to validate the program. The validation results are used to consider
making improvements to the program. Third, Implement, the STEM education program is
then implemented in two forms, namely as an after-school STEM program and a regular
learning program. After participating in the program, students fill out a questionnaire to
evaluate students' STEM interests. The research stages are presented in Figure 1.

Develop

Figure 1. Stages of research and development

2.2 Participants

The first phase was conducted using a student STEM interest survey involving 339
participants, of which there were 122 male and 217 female students spread across Jakarta
and East Java. The second phase of the research involved three experts who are physics
education lecturers who are experienced and competent in assessing a learning
product/program. In the third stage, we involved high school students as participants in
the pilot test of the STEM Education program. The research was conducted by
implementing the integrated STEM program in two schools. This study was conducted by
implementing an integrated STEM program in two schools, namely School A located in
South Tangerang and School B located in South Jakarta. Participants were involved with
convenience technique, the selection of the two schools was based on the availability of the
schools to participate in the research and the implementation of the program was only at
the pilot stage. A total of 25 students from School A were involved in the STEM education
program in the form of after-school STEM, and 58 students from School B were involved
in regular STEM learning. A total of 25 students from School A were involved in the STEM
education program in the form of STEM after school, and 58 students from School B were
involved in regular STEM learning.

2.3 Research Instruments

The research instrument used in this study was adapted to the STEM Semantics Scale
instrument developed (Tyler-Wood et al,, 2010). This instrument measures students'
interest in science, technology, engineering, and mathematics, as well as their interest in a
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career in STEM. The instrument is a 1-7 rating scale declared valid and reliable. This
instrument was given to students after attending the STEM education program.

2.4 Data Analysis

Data from the validation results were analyzed with descriptive statistics. Expert
assessment of STEM guide products is said to be valid if it reaches a percentage of 275%
(Borich, 2015). Furthermore, data on students' STEM interests after participating in
integrated STEM activities were analyzed with inferential statistics. Data centering
parameters such as mean and median in each participant group were analyzed. Data
dispersion parameters such as standard deviation and interquartile range were also
presented. Furthermore, an analysis with inferential statistics was conducted to see the
difference in students' interest in the two research locations. The difference test was
conducted using the non-parametric Mann-Whitney U statistic.

3. Results

This section describes the solar panel STEM education program, which consists of
student worksheets and the STEM KIT. It also analyzes the interest of students who
participated in the STEM education program both in STEM after school and in regular
STEM learning.

3.1 Analysis, Design, and Development of Solar Panel Topic STEM Education Program

The analysis was first conducted using a survey of students' STEM interests and a
needs analysis with the survey. The results of first phase showed that students' interest in
STEM fields was high. The data showed that more students are interested in pursuing a
career in medicine, with a percentage of 17.7%, followed by engineers with a percentage
of 7.7%. In third place is a career in computer programming at around 5.6%. The
percentage for careers in STEM teachers is very small, at around 3.2%. Furthermore, the
results showed that students' motivation for a career in STEM varies. The most chosen
reason is that the career field is interesting, which is around 56.9% of students' interest,
followed by the reason that the career field can help others, around 49%, and can help
provide for their families, around 44.2%.

Furthermore, the analysis was also conducted by observing the implementation of
renewable energy learning in two schools in Jakarta. The observation results showed that
renewable energy has been taught in schools but in a limited scope. The learning is project-
based but not well organized. In addition, the implementation is also still limited to certain
alternative energies. The use of solar panels as an alternative energy is still rarely studied
by students in a structured manner. Thus, guides and kits are needed to facilitate students'
interest in STEM fields, especially in the domain of renewable energy, such as solar panels.

The solar panel KIT design was made by first designing a prototype (Figure 2). This
prototyping took place iteratively with the help of experts. Furthermore, by paying
attention to the stages of the engineering design process, student worksheets were
designed. The worksheet contains objectives, problem identification, tools and materials,
work steps, observation results, redesign, and conclusions.

The STEM worksheets and KITs developed in this study have been checked by
experts and declared valid. The expert gave some notes on the improvement of the product
quality. The researcher has responded carefully to the suggestions from the expert
validators and made a comprehensive set of revisions. First, the learning objectives have
been formulated using the ABCD format, including audience, behavior, condition, and
degree. Second, we have replaced the images in the materials with more relevant ones,
ensuring that each illustration supports the content effectively. Third, the issues raised in
the materials are now more relevant, reflecting real situations faced in the community.
Finally, to improve understanding, we have ensured that each work step is accompanied
by a clear image, providing a visual guide that helps students follow the process more
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easily. These revisions are expected to improve the quality of the learning materials and
facilitate a more effective learning process.

y

SNSTEM KITH
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Figure 2. Social sciences teaching module

The worksheets developed to facilitate regular STEM learning activities and after-
school STEM learning are basically the same. The only difference is the time allocation
provided to complete the project. Furthermore, the STEM KIT provided in this version
focuses on the project of making automatic lights. The KIT consists of solar panels, Li-Ion
batteries, and electronic circuits that can produce automatic garden lights. Furthermore,
this STEM KIT also provides facilities for students to redesign. For example, students can
creatively change the automatic garden light's shape or the electrical circuit to make the
light brighter. Experts also validate the STEM program regarding material content,
appearance, language quantitatively (Table 1).

Table 1. STEM program validity results based on expert assessment

Aspect Percentage (%) Category
Content 89.50 Valid
Appearance 95.00 Valid
Language 95.00 Valid

The STEM program with solar panels is an activity shown to students at the high
school level and carried out in two schools, namely through regular STEM learning and
STEM after-school learning. This activity contains physics learning using the STEM
approach. The activities carried out by students in this activity are presented in Table 2
and Table 3.
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Table 2. Description of program implementation through STEM after-school Learning

Meeting

Activity

1

The activity began with an opening with the principal; then, students were
divided into several groups and introduced to renewable energy material and
STEM KIT, followed by carrying out activities in Guidebook 1 starting from
identifying problems (Figure 3), conducting research, conducting activities to
analyze the effect of solar panel area and light intensity, conducting discussions
related to the activities that have been carried out, and finally given the task of
designing an automatic garden light cover for the next meeting. All activities
are carried out with the guidance of the research team.

Figure 3. Identifying problems activity

Activities are carried out by following guide two, which consists of core
activities, namely making a solar panel automatic garden light circuit. After the
circuit is successfully made, students conduct an automation test on the circuit
(Figure 4). The circuit is successful when the lights turn on during dark
conditions and the lights turn off during bright conditions. Based on the
automatic garden lights made, students identify the quality of the product and
the improvements that need to be made by answering some questions in the
discussion section. At the end of the guide, students are asked to assemble the
circuit with the lamp frame assigned at the previous meeting.

Figure 4. Making a solar panel circuit
The activity begins by giving time to finalize the work of automatic garden
lights and prepare for the presentation of the work. Then, each group will make
a presentation, be assessed, and be given joint input by peers and the research
team. This activity ends by giving rewards to teams that make products,

presenting them interestingly, and following the criteria to be achieved (Figure
5).

[y
Figure 5. Group presentation
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Table 3. Description of program implementation through regular STEM learning

Meeting

Activity

1

The activity begins by dividing students into several groups and introducing
them to renewable energy materials and STEM KIT. Furthermore, students are
guided to carry out activities in Guidebook 1, starting from identifying
problems (Figure 6), conducting research, carrying out activities to analyze the
effect of the area of solar panels, conducting discussions related to the activities
that have been carried out, and finally being given the task of designing an
automatic garden light cover for the next meeting. All activities are carried out
with the guidance of the research team.

Figure 6. P.roblem identifying

The activity began with carrying out activities in guidebook two, starting from
analyzing the effect of the area of solar panels and the effect of two solar panels
if they are assembled in series or parallel, then conducting discussions related
to the activities that have been carried out (Figure 7), and finally being given
the task of designing an automatic garden light cover for the next meeting. All
activities were carried out with the guidance of the research team.

Figure 7. Group discussions and analysis

Activities are carried out by following guide three, which consists of core
activities, namely making a solar panel automatic garden light circuit. After the
circuit is successfully made, students conduct an automation test on the circuit.
The circuit is successful when the lights turn on during dark conditions and the
lights turn off during bright conditions. Based on the automatic garden lights
made, students identify the quality of the product and the improvements that
need to be made by answering several questions in the discussion section
(Figure 8). At the end of the guide, students are asked to assemble the circuit
with the lamp frame assigned in the previous meeting.

Figure 8. Testing a solution
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Meeting Activity

4 The activity begins by giving time to finalize the work of automatic garden
lights and prepare for the presentation of the work. Then, each group will make
a presentation and be assessed and given joint input by peers and the research
team. Then, each group will redesign based on the input that has been given.
This activity ends by giving rewards to teams that present them attractively and
follow the criteria to be achieved (Figure 9).

Figure 9. Group presentation

3.2 Analysis of students’ STEM interests after the program

This study measured students' interest in science, technology, engineering, and
mathematics and their interest in a career in STEM in students who have participated in
STEM program activities. The results of the study are expressed in Table 4.

Table 4. Comparison of students' STEM career interest in two locations

Regular Learning After-School Program Comparison
Median Mean Median .
N Mean (SD) (IOR) N (SD) (IOR) U sig.

Science Interests 58 4,87 (1,04) 4,80 (1,40) 25 5,45 (1,54) 5,80 (2,00) 444,00 0,005
Technology Interests 58 5,17 (0,96) 5,00 (1,80) 25 5,36 (1,56) 5,60 (2,40) 607,00 0,240
Engineering Interests 58 4,58 (1,18) 4,40 (1,45) 25 4,62 (1,18) 4,40 (1,50) 719,00 0,952
Math Interests 58 4,36 (0,71) 4,40 (1,00) 25 4,40 (1,00) 4,20 (1,60) 703,50 0,830
STEM Career Interests 58 4,91 (1,04) 4,80 (1,85) 25 4,98 (1,31) 5,20 (1,70) 676,50 0,629

The results showed no significant difference in interest in technology, engineering,
mathematics, and STEM careers between the groups of students who attended regular and
after-school STEM programs (p>0.05). The study found a significant difference in interest
in science between the group of students who participated in after-school STEM activities
and those who participated in STEM activities during regular hours (p<0.05). The median
of the group of students who participated in STEM after-school learning (Median = 5.8;
IQR =2.0) was greater than that of students who participated in the regular STEM learning
program (Median = 4.8; IQR = 1.4).

4. Discussion

This study was conducted by developing a STEM program and exploring the effect
of the solar panel STEM program on students' STEM interests. The study results showed
that the solar panel project can be an engaging learning context for students. This finding
gives us an insight that using projects closely related to contemporary global issues, such
as the energy crisis, not only increases students' engagement but also deepens their
understanding of the real applications of STEM concepts (Struyf et al., 2019; Suryadi et al.,
2023). According to the literature, choosing interdisciplinary and challenging learning
contexts can influence students' motivation (El Nagdi & Roehrig, 2020; Mayasari et al.,
2019). The integrated STEM program for solar panel topic developed in this study is
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designed to facilitate active, creative and collaborative learning. Students first need to
understand the problem of the energy crisis and renewable energy solutions. This
motivates students to complete the solar panel project. According to Aldemir et al (2022),
engineering process activities can increase students' interest.

This study has developed a solar panel learning KIT for secondary school students.
The results of the expert validation show that the solar panel STEM program developed in
this study is valid and feasible to use. One important aspect of research and development
is expert involvement. In this study, expert opinion has qualitatively helped improve the
quality of the product. By accommodating expert suggestions, product quality in various
aspects can be improved (Pasaribu et al., 2023).

The solar panel topic STEM Learning KIT had also been implemented through
afterschool activities and regular learning. The project implementation results showed that
the solar panel project ideas designed by students were quite varied. Although limited to
solar panel applications, the products produced by students were very creative. This result
aligns with previous studies that state that integrated STEM learning can encourage
students' creativity (Gok & Siirmeli, 2022; Lidya et al., 2024). Moreover, such activities can
also develop students' critical thinking (Indranuddin et al., 2024).

One of the most interesting findings of this study was that there was no significant
difference in students' interest in technology, engineering, mathematics, and STEM careers
between students who participated in the after-school STEM program and those who
studied through the regular curriculum. This result indicates that the solar panel STEM
program developed can attract students' interest. This result aligns with Sulaiman et al
(2023) study that showed that integrated STEM learning can develop student interest.
According to Leammukda et al (2024), not only male students, projects like this are also
effective in developing female students' interests.

There are several factors that may account for the lack of difference in STEM interest
between the two groups of students. First, the content and activities are the same. At the
secondary school level, photovoltaic materials are still rarely covered (Sulaiman et al.,
2023). This may be one factor that makes students interested in participating in STEM
programs. Second, both groups of students had the same opportunity to present and
receive feedback. Finally, the guidance provided by the teacher to both groups was also
the same. Through STEM project activities students are more active, fun, and joyful (Higde
& Aktamis, 2022). The only difference between the two is the participants. For STEM after
school, the participants are students who choose scientific extracurricular activities.
Meanwhile, for the regular class student group, the participants are more heterogeneous.
This is confirmed by the results of the study, which showed that the significant difference
was only in science interest. In summary, in terms of program implementation, this study
showed that the program can practically be applied in regular learning and after-school
learning modes.

Adjustments are needed in its implementation. This is due to the difference in time
allocation between these two activities. For example, in after-school activities, the time
provided by schools tends to be more flexible with less rigid demands on content.
Therefore, the program can focus on product completion. Although this study showed its
effectiveness in STEM after-school programs as a new domain, further studies are needed.

The findings of this study offer valuable insights for future STEM curriculum
development and teaching practices. Learning using this STEM KIT can be implemented
in both programs. However, future research needs to be conducted in an experimental
study. This study showed that active engagement of students through challenging and
relevant real-world projects could be the key to unlocking their full potential in science,
technology, engineering and math (Drymiotou et al., 2021; Gasiewski et al., 2012). This
study can inspire the development of various other interdisciplinary programs to make
integrated STEM learning easier and more effective to implement.
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5. Conclusion

In this study, we explored students' STEM career interests and developed a STEM
education program on solar panels. The program aims to introduce students to one form
of renewable energy, namely solar energy, through integrative STEM learning.
Furthermore, the effectiveness of the STEM program in this study was measured by
investigating students' STEM career interests. The results showed no significant difference
between students attending the STEM after-school and regular STEM programs. With a
fairly high average score, it can be said that the STEM program with solar panels positively
impacts students' STEM interests. Significant differences were only found in students'
science interest in STEM after-school activities and regular learning. STEM education
programs can be developed on more diverse topics in the future.

This study provides several important implications. First, integrated STEM education
can be implemented optimally if it involves an interdisciplinary context. In this study, the
issue of solar energy became quite a productive context for facilitating the learning process
with an integrated STEM approach. Secondly, this study showed that the STEM KITs and
worksheets developed in this study can be applied in both regular and after-school
learning environments. Regular and after-school learning activities are two learning
activities that contribute significantly to developing students' interests.

In addition, it is important to highlight the limitations of this study. One is the limited
research sample, which may not fully reflect Indonesia's demographic and social diversity.
Another limitation is the focus on a few specific aspects of STEM careers, which may not
cover the full spectrum of students' interests and motivations in STEM fields. Future
studies could address these limitations by including a wider sample and more diverse
variables to gain a more comprehensive understanding of STEM career interests and
choices in Indonesia. Considering these implications and limitations, future research could
focus on developing more targeted and inclusive educational interventions that increase
students' interest in STEM and support the development of students' necessary skills and
knowledge. This approach could significantly contribute to human capital development in
Indonesia and strengthen the overall STEM education ecosystem.
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