JPII 12 (4) (2023) 590-597

Jurnal Pendidikan IPA Indonesia

http://journal.unnes.ac.id/index.php/jpii

THE EVALUATION OF A TECHNOLOGY-EMBEDDED SOLAR ENERGY
STEM (SESTEM) MODULE: A PILOT IMPLEMENTATION OF MODERN
TEACHING TOOL FOR DIPLOMA SCIENCE STUDENTS

F. L.Supian*!, S. W. Tho?, Y. Y. Wong?, M. S. Mohd Azmi*, N. J. Hosman®,
Ratnawulan®, A. F. Al Naim’

12345Department of Physics, Faculty of Science and Mathematics,
Sultan Idris Education University, Malaysia
‘Department of Physics, Faculty of Mathematics and Natural Sciences,
Universitas Negeri Padang, Indonesia
"Department of Physics, College of Science, King Faisal University, Saudi Arabia

DOI: 10.15294/jpii.v12i4.43994
Accepted: April 19", 2023. Approved: December 29", 2023. Published: December 31 2023
ABSTRACT

Utilising an excellent teaching tool is vital for students’ education nowadays. In contrast to the traditional teach-
ing way, Technology-Embedded Solar Energy STEM (SESTEM) module was created as a modern teaching tool
for physics subject. In order to develop and evaluate the students’ perception towards the complete SESTEM
module, developmental research and technology acceptance model (TAM) were applied in this research study. 52
randomly selected diploma students from Sultan Idris Education University (UPSI) were involved as respondents
in this work. After the development of the SESTEM module using the analysis, design, development, implemen-
tation and evaluation (ADDIE) model, the perceptions of students as respondents towards this module were
evaluated based on the TAM via questionnaire. Based on the responses from the respondents, the majority of the
respondents demonstrated positive attitudes and behaviour intention, as well as agreed that the SESTEM module
was useful as a teaching tool. Besides, the respondents showed a positive technological acceptance towards SES-
TEM module. The respondents’ acceptance was contingent on the employment of technology for educational
purposes in the future. Consequently, SESTEM module could be utilised by educators as a contemporary tool for
enhancing student learning for future benefits.

© 2023 Science Education Study Program FMIPA UNNES Semarang

Keywords: ADDIE; module; STEM education; teaching tool

INTRODUCTION

In the 21* century, the traditional teaching
method is no longer relevant for creating an ef-
fective learning environment (Liu & Wang, 2021;
Rusydiyah et al., 2021; Malikovna et al., 2022;
Purba et al., 2022). Moreover, science, techno-
logy, engineering, and mathematics (STEM) as
vital factors in the modern world should be used
in education to help students integrate informati-
on across topics through flipped learning and by

*Correspondence Address
E-mail: faridah.lisa@fsmt.upsi.edu.my

encouraging them to think more logically and ho-
listically (Li et al., 2019; Rifandi & Rahmi, 2019;
‘Wicaksono, 2020; Laine et al., 2020; Chu et al.,
2022; Nurlina et al., 2022; Chu et al., 2023). To
accommodate the mastery of 21 century abili-
ties, it is crucial to invent teaching aids that align
with this contemporary trend. The use of effecti-
ve teaching tools in the education system is cru-
cial to boost the effectiveness of teaching for edu-
cators and the learning performance of students
(Tho et al, 2019; Ong et al., 2020; Eltahir et al.,
2021; Shurygin et al., 2022; Zakaria et al., 2022).



F. L. Supian, S. W. Tho, Y. Y. Wong,

M. S. Mohd Azmi, N. J. Hosman, 501

R. Ratnawulan, A. F. Al Naim / JPII 12 (4) (2023) 590-597

On the other hand, Physics is recognised
as one of the most abstract subjects in the science
stream (Istiyono et al., 2019; Kurniawan et al.,
2019; Berge et al., 2020; Kurniawati & Ermawati,
2020). Renewable energy, such as solar energy,
is one of the subtopics of Physics (Rajagukguk
et al., 2020; Chien et al., 2021; Malavoloneque &
Costa, 2022). Education about solar energy can
promote awareness and social acceptance of so-
lar systems for diverse purposes. The inclusion of
solar energy education in scientific and technical
courses in higher education may provide a dee-
per understanding of solar technologies, boost
research and development, and generate innova-
tions for the use of solar energy to solve local or
regional issues (Ciriminna et al., 2016; Malik &
Ayop, 2020). However, current teaching practice
on a solar issue in higher education focuses pri-
marily on traditional lectures that fail to connect
the theories to their environment. Thus, the deve-
lopment of a teaching tool for the topic of solar
energy is a significant step in making the learning
process more engaging and fostering student cre-
ativity (Hosman et al., 2022).

In contrast to the conventional teaching
way, a modern teaching tool, named Solar Ener-
gy STEM (SESTEM) module was created and its
evaluation in the context of students’ perception
was carried out in this work. This module incor-
porates STEM concepts and applies them to the
study of solar energy by students. The evaluation
of the students’ perceptions of this module was
focused on this work since the SESTEM modu-
le was effectively built based on our prior report
(Hosman et al., 2022).

Despite the fact that there have been a
number of previous studies concerning the deve-

(b)
Figure 1. The Components of the SESTEM Module, Consisted of (a) Solar Car, (b) Solar Windmill,
(c) Solar Puppy, and Their QR Codes, Respectively

loped STEM module with TAM implementation,
the use of STEM module in the study of solar
energy is still considered to be a novel implemen-
tation (Mutambara & Bayaga, 2021; Mater et al.,
2022; Mutambara & Chibisa, 2022; Zhao et al.,
2022). Some earlier research only addressed re-
newable energy in general, not solar energy spe-
cifically (Huenteler et al., 2016; Gu et al., 2019;
Al-Janabi et al., 2020; Wang et al., 2019). The
SESTEM module of this work incorporates the
utilisation of technology and solar energy within
the STEM framework. Using TAM questionnai-
res, an attempt was made to ascertain the percep-
tions of the respondents regarding the SESTEM
module to comprehend their technology accepta-
bility (Ghani et al., 2019; Naruetharadhol et al.,
2021; Kholifah & Fudhla, 2023).

METHODS

This study employed a developmental rese-
arch method using ADDIE model in the form of
questionnaires to evaluate the SESTEM module
as a teaching aid. Two essential aspects were in-
volved in this research, which were the SESTEM
module manual and a questionnaire. These mo-
dule and questionnaire were reviewed and evalu-
ated by a panel of research experts with science
and education related background to ensure face
and content validity as well as the language used.
Then, a pilot test was administered to 10 diploma
students who have not been involved in the study.
The Cronbach’s alpha reliability coefficient for
each construct of the questionnaire survey is ran-
ged 0.769 to 0.841. The components of the SES-
TEM module was illustrated in Figure 1 (Cres-
well & Clark, 2017; Hosman et al., 2022).
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As reported in our previous work, the AD-
DIE model (Figure 2) and TAM were adapted
and applied to develop the SESTEM module
(Abidin & Tho, 2018; Tho et al. 2019; Hosman et
al., 2022). All of the innovative activities given
in the SESTEM module used modern technology
with QR codes made available to students. Dey
et al. (2022) mentioned that the QR codes faci-
litated learning and the exchange of knowledge.
In this work, students were provided with video
clips as a resource for the activities by scanning
the QR codes. As the final activity, students
were encouraged to construct a solar park using
their creativity. Another instrument, which was
the questionnaire was adapted based on previo-
us research. The development of the SESTEM
module was considered very successful based on
the feedback of the respondent as mentioned in
our previous work. The perception of students
towards the SESTEM module was collected for

the evaluation part based on the TAM (Hosman
et al., 2022).

The population for this study was the
diploma science students from the Faculty of
Science and Mathematics in UPSI. A survey via
questionnaire was implemented in two diploma
classes from Semester 1, 2, and 3. The sample’s
criteria are based on the diploma students who
have taken the Basic Physics course due to the
necessity of understanding basic solar energy
knowledge. The cluster sampling method was
applied to ensure that the respondents were ran-
domly sampled, which was the main advantages
of using this sampling method. The respondents
were divided into several groups and selected at
random (Bhardwaj, 2019; Etikan & Babatope,
2019; Berndt, 2020; Mahmud et al., 2020). In this
work, 52 participants were recruited at random
as participants.

Analysis

Design

Development

Implementation

* Analysethe requirements and criteria for developing the SESTEM

module.

y

* Designthe hands-on practical solar activities.
* Use the appropriate materials.

y

« Develop different activity sets for solar topic.

y

+ Develop the procedure guidelines for performing the activities.
* Brief the students about the new activities in the SESTEM module.

¥

+ Collect the questi

k: some ch

ire data and feedt maybe

made for the improvement of the SESTEM module.

Figure 2. ADDIE Research Process
RESULTS AND DISCUSSION

In this paper, the evaluation of the SESTEM
module is reported in detail based on the feedback of
respondents via four main constructs consisted in the
questionnaire, including perceived usefulness, percei-
ved ease of use, attitude towards the use of SESTEM,
and behavioural intention. Based on the data obtained

via student activities (refer Figure 3) and questionnai-
re using the Likert scale from a scale of 1 to 5 ran-
ging from “strongly disagree” to “strongly agree”, the
central tendencies measurement including the mean,
standard deviation (SD), and mean ranking are listed
in Table 1, Table 2, Table 3, and Table 4 for each of
the constructs, respectively.

Figure 3. Student Activities During the Use of SESTEM
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The respondent’s responses on the first
construct, which was the perceived usefulness of
using the SESTEM module, are tabulated in Table 1.
The mean value ranged from 3.42 to 3.33. The mean
ranking of the first item was the highest, at 3.42. This
indicated that the majority of respondents agreed that
SESTEM would enhance their learning ability. The
item with the lowest mean score was the last item,
with a value of 3.33. Nevertheless, respondents ack-
nowledged that adopting SESTEM may improve
their learning performance. Based on the central ten-

dency measurement of each item, the majority of the
respondents agreed regarding the perceived usefulness
of using the SESTEM module. The preference of res-
pondents stated that their learning skills, productivi-
ty, and learning performance would be improved by
using the SESTEM module as a teaching tool in their
study. This was in congruence with the prior research
regarding the utilisation of educational aid in learning
process (Kumar et al., 2015; Ong et al., 2020; Castro
& Tumibay 2021; Kalid et al., 2022).

Table 1. Central Tendencies Measurement of Perceived Usefulness

Items Mean Mean
(SD) Ranking

1.  Using SESTEM will improve my learning skill. 342 1
(0.499)

2. Using SESTEM will increase my productivity. 3.40 2
(0.495)

3.  Ifind SESTEM as a useful tool in my study. 3.35 3
(0.520)

4.  Icould enhance my effectiveness by using SESTEM. (Effectiveness: in- 3.33 4
crease my learning performance) 0.474)

Responses from respondents about the second
construct, which was the perceived ease of use of the
SESTEM module, are stated in Table 2. The range
of mean values was between 3.33 and 3.08. The first
item showed the highest ranking with a mean of 3.33.
This suggested that the vast majority of respondents
agreed that SESTEM was easy to use. With a mean
value of 3.08, the final item has the lowest mean va-
lue. Moreover, it was determined that the respondents
did not exert a great deal of mental effort when inter-
acting with the SESTEM module. Based on the cent-

ral tendency measurement, the majority of the res-
pondents agreed regarding the perceived ease of use
for the SESTEM module. The respondents’ preferen-
ce indicated that the usage of the SESTEM module
was easy, clear, understandable, and did not require a
lot of mental effort. This was consistent with previous
research studies conducted regarding the importan-
ce of a user-friendly educational tool in the teaching
and learning process (Abidin & Tho, 2018; Tho et al.,
2019; Zubair & Folorunso, 2020; Chu et al., 2022).

Table 2. Central Tendencies Measurement of Perceived Ease of Use

Items Mean Mean
(SD) Ranking

1. Ifind it easy to use the SESTEM module. 3.33 1
(0.585)

2. My interaction with the SESTEM module is understandable. 3.29 2
(0.498)

3. Interacting with the SESTEM module does not require a lot of mental effort. 3.08 3
(0.763)

Responses of the respondent to the third
construct, which was the attitude towards the use of
the SESTEM module, are tabulated in Table 3. The
range of the mean value was 3.56 to 3.38. The avera-
ge position of the first item was the highest, at 3.56.
This demonstrated that the majority of respondents
agreed that SESTEM made the learning experience

more interesting. The item with the lowest mean sco-
re was the last one, which received a mean of 3.38.
The respondents were looking forward to the learning
approaches that required them to use QR codes and
videos. Based on the central tendency measurement,
the majority of the respondents demonstrated a posi-
tive attitude towards the use of the SESTEM module
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with promising acceptance. The respondents showed
that the SESTEM module made the learning process
interesting and fun. Furthermore, they liked to use the
SESTEM module and accepted the learning method
with the implementation of QR codes and videos.

This was in congruent with the previous research pro-
ject regarding the use of an educational tool that cre-
ated interesting learning surrounding (Nachiappan et
al., 2017; Tho et al., 2019; Zaki et al., 2020; Kee et
al., 2021).

Table 3. Central Tendencies Measurement of Attitude towards the Use of SESTEM

Items Mean Mean
(SD) Ranking

1. The SESTEM module makes the learning process more interesting. 3.56 1
(0.502)

2. Learning with the SESTEM module is fun. 3.48 2
(0.577)

3. Ilike using the SESTEM module. 3.38 3
(0.491)

4. Tlook forward to the learning method that requires me to use QR codes 3.38 4
and videos. (0.565)

The respondent’s feedback on the final
construct, which was the behavioural intention, is
tabulated in Table 4. The mean value ranged from
3.29 to 3.21. The mean ranking of the first item
was the highest, at 3.29. This showed that the ma-
jority of respondents were interested in utilising
the SESTEM module in the future. The lowest
mean value was 3.21 for the last item. Nonethe-
less, respondents would use the SESTEM modu-
le frequently if it were simple to use. Based on

the central tendency measurement, the majority
of the respondents showed a positive behavioural
intention toward the use of the SESTEM module
as a teaching tool in the future. The respondents’
awareness indicated the potential use of the SES-
TEM module in the coming days, which was in
accord with the findings of the study conducted
by prior researchers regarding the future applica-
tion of teaching aids (Neilson & Reeves, 2019;
Mirna et al., 2020; Zin et al., 2021).

Table 4. Central Tendencies Measurement of Behavioural Intention

Items Mean Mean
(SD) Ranking

1. Iwill use the SESTEM module in the future. 3.29 1
(0.457)

2. Whenever possible, I intend to use the SESTEM module for learning 3.27 2
and teaching in the future. (0.448)

3. Given that I can use the SESTEM module easily, I predict that I 3.21 3
would use it often. (0.457)

All items comprising the constructs revea- CONCLUSION

led positive answers from respondents concerning
the usage of the SESTEM module as a teaching
tool incorporating STEM and technology. As
discussed in the previous section, this was con-
sistent with the prior research regarding the use
of STEM and technology teaching tools, which
were considered relative and effective to enhance
the teaching and learning process. In general, the
findings corresponded with those of a number of
earlier studies, which found that the application
of the SESTEM module in learning led to better
outcomes for students.

The development of the SESTEM modu-
le with STEM application for the study of solar
energy was successful. Using a questionnaire, the
perceptions of students towards this module were
evaluated holistically. In general, respondents
had a favourable attitude toward the employment
of the SESTEM module as a teaching tool for the
study of solar energy, indicating a good recep-
tion. Consequently, this could be viewed as the
key to incorporating SESTEM into the lecture for
more insightful learning. The results may serve
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as a guide for the development of STEM-imple-
mented teaching aid in the near future, which is
crucial for the improvement of the teaching and
learning process for both students and teachers.
Future works are needed to explore the qualitati-
ve feature for more meaningful findings by inter-
viewing students’ attitude and motivational level
towards the technology-embedded solar energy
STEM module in learning science. For instan-
ce, the respondent feedback can be collected via
the interview to obtain in-depth qualitative data
on the implementation of the SESTEM modu-
le. Moreover, an experimental design with large
sample size is needed to enhance teaching and
learning in science by focusing on important va-
riables such as STEM literacy, science literacy,
technological literacy, mathematics literacy, and
science process skills.
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