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Abstract

This research aims to describe students' science literacy through implementation
of integrating teaching modules with SETS approach on renewable energy topics.
This research is a quantitative pre-experimental method with one-group pretest-
post-test design with 34 research subjects in one of the high schools in
Banjarmasin. The instrument used was a science literacy test in the form of an
essay, consisting of four questions based on the dimensions of PISA science
literacy. The study found that students' science literacy, based on statistical tests
of pretest and post-test results, showed significant differences. The dimensions
of science literacy that involve explaining scientific phenomena, interpreting data
or scientific evidence, and the evaluation and design of scientific investigations
were categorized as high in the post-test. Students' science literacy improved
because the implementation of integrating the teaching module with SETS
approach. This research is expected to be a guideline for other research in
improving students' scientific literacy.

Keywords: PISA assessment, Renewable energy, Science literacy skill, SETS
approach, Teaching module.
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1.Introduction

The integration of teaching modules with the science, environment, technology,
and society (SETS) approach significantly improves students' science literacy
skills, especially in the context of renewable energy education. This educational
strategy fosters critical thinking and is aligned with the sustainable development
goals (SDGs), especially in promoting awareness and understanding of renewable
energy sources among students.

Research shows that the incorporation of self-paced learning and innovative
physics education within the SETS framework can substantially improve critical
thinking skills among students [1-5]. This is especially important in the Society 5.0
era, where the integration of technology and education plays an important role in
achieving the sustainable development goals by 2030 [6-10]. The SETS approach
emphasizes the interconnectedness of science and social issues, allowing students
to engage with real-world issues, especially those related to renewable energy and
environmental sustainability.

In addition, the effectiveness of educational interventions in renewable energy
topics is supported by findings that highlight a positive correlation between
students' level of knowledge and their support for renewable energy policies [11-
13]. Higher quiz scores related to renewable energy concepts were associated
with a greater likelihood of advocating for such policies, suggesting that
increased science literacy directly affects students' attitudes toward renewable
energy [14-16]. This is in line with the idea that educational programs should not
only provide knowledge but also foster a sense of responsibility and advocacy for
sustainable practice.

The lack of public awareness of renewable energy sources is a significant
barrier to the implementation of sustainable practices [17-19]. Educational
initiatives focused on renewable energy can bridge this gap by increasing public
understanding and acceptance of these technologies [20-23]. Research has shown
that children educated about renewable energy are more likely to embrace these
technologies as part of their lifestyles, thus fostering a generation of informed
decision-makers and advocates for sustainable energy solutions [24-26].

In addition, the relationship between educators' attitudes towards renewable
energy and the critical thinking disposition of their students underscores the
importance of teacher training in this domain [27-29]. Teachers who are
knowledgeable and positive about renewable energy are more likely to instil similar
attitudes in their students, thereby improving the overall educational experience
and promoting a culture of sustainability [30]. This is particularly relevant in the
context of higher education, where the demand for skilled professionals in the
renewable energy sector is increasing rapidly [31, 32]. In summary, the application
of the integration of teaching modules with the SETS approach on renewable
energy topics significantly improves students' science literacy skills. This approach
not only fosters critical thinking and awareness of renewable energy but also
prepares students to become proactive contributors to sustainable development. As
educational institutions continue to evolve, an emphasis on renewable energy
education will be crucial in shaping a more sustainable future.

Based on the above background, research was conducted on students' science
literacy through the implementation of integrating the teaching module with SETS
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approach. The purpose of this research is to describe the achievement of students'
science literacy through the implementation of integrating the teaching module
SETS approach. The novelty of this research is (i) integrating the SETS approach
in the teaching module on renewable energy topic; (ii) through the SETS approach,
students are trained in scientific literacy skill. This research is expected to
contribute to science literacy education. Finally, this study supports current issues
in the sustainable development goals (SDGs) as reported elsewhere [33-37].

2.Literature Review
2.1.Renewable energy

Renewable energy is increasingly recognized as an important component of the
global energy landscape, especially because of its potential to mitigate climate
change, improve energy security, and drive sustainable economic growth.
Renewable energy sources, such as wind, solar, geothermal, hydroelectric power,
and biomass, are characterized by their ability to regenerate naturally and provide
a sustainable alternative to fossil fuels, which are limited and contribute
significantly to environmental degradation [38-40].

The transition to renewable energy is driven by several factors, including the
urgent need to reduce greenhouse gas emissions and combat climate change.
Reliance on fossil fuels has led to significant environmental challenges, including
air pollution and climate instability. Instead, renewable energy sources offer
cleaner alternatives that can help achieve global climate goals [41, 42]. For
example, wind energy has been highlighted for its high productivity and reliability
compared to other renewable sources, making it an important player in the energy
transition [43].

2.1.1. Hydroelectric power plants

Hydroelectric power plants (HPP) are one of the most important sources of
renewable energy around the world, utilizing the kinetic energy of flowing water
to generate electricity. The technologies used in HPP vary, ranging from large dams
to smaller river flow systems, all of which aim to convert mechanical energy into
electrical energy. The operational efficiency of HPP is greatly influenced by
hydrological conditions, which are increasingly vulnerable to climate change, thus
causing variability in water availability and flow patterns [44-46].

The role of HPP in energy generation is particularly prominent in countries such
as Brazil, where these plants account for around 59% of the total installed capacity
[47]. HPP is in demand due to its lower greenhouse gas emissions compared to
fossil fuel-based power plants, making it a key component in efforts to reduce
carbon footprint [48]. However, dependence on hydropower also presents
challenges, especially in areas prone to drought and climate variability, which can
significantly affect electricity production [44, 45, 49]. The integration of wind
energy with HPP has been proposed as a solution to reduce the impact of water
flow variability, thus allowing for a more stable energy supply [47-49].

HPP utilizes the power of water to generate electricity in a sustainable and
environmentally friendly manner. Through the utilization of potential energy stored
in the water in the reservoir, HPP is able to convert this energy into kinetic energy
and finally into electrical energy that can be used to meet the needs of the
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community. In the HPP scheme, various components such as reservoirs, penstocks,
turbines, and generators work synergistically to ensure that the power generation
process takes place efficiently and effectively. Figure 1 provides a clear picture of
how the HPP system works, from water collection to electrical energy distribution,
as well as the various essential elements that support its operational sustainability.

Reservoir

m-{ »—Control Gate

Fig. 1. Working principle of HPP [48].

Figure 1 shows a Hydroelectric Power Plant. HPP is an energy generation
method that utilizes the potential energy of water from reservoirs. The water stored
in the reservoir has potential energy due to its height. When water is flowed through
the penstock, this potential energy is converted into kinetic energy. This high-speed
water then spins the turbine, which converts kinetic energy into mechanical energy.
The mechanical energy is then converted into electrical energy through a generator.
The generated electricity is then transformed by the transformer to adjust to the
required voltage before being distributed through the transmission network to the
end user.

The hydropower plant is also equipped with a spillway to drain excess water
from the reservoir to prevent damage to the dam and a fishway to allow fish to
migrate through the dam. The water that has been used to rotate the turbine is
flowed back into the river through a draft tube. This system is an efficient and
environmentally friendly form of renewable energy, as it generates large amounts
of electricity without direct carbon emissions, utilizing a stable and sustainable
flow of water.

2.1.2. Solar cells

In recent decades, developments in solar cell technology have made it possible to
increase efficiency and reduce production costs, making it an increasingly
affordable and reliable energy solution for a wide range of applications, from
household scale to large industrial scale. Figure 2 shows a visual representation of
how solar cells work, illustrating the process of converting energy from sunlight
into electricity that can be used for a variety of everyday purposes.
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Fig. 2. Illustration of solar cells at work [50].

Figure 2 shows a diagram of a solar cell, which is the main device in a solar
panel to convert solar energy into electrical energy. The working principle of solar
cells is based on the photovoltaic effect, in which sunlight consisting of photons
hits the surface of a solar cell made of a semiconductor material, generally silicon.
Solar cells are made up of two different layers of silicon, which are n-type and p-
type. When photons from sunlight are absorbed by this semiconductor material, the
energy from the photons is enough to free the electrons from their atoms, creating
electron-hole pairs.

These free electrons move towards the n-type layer, while the hole moves
towards the p-type layer, creating a difference in electrical potential between the
two layers [51]. The solar cell current (I) is directly proportional to the amount of
solar radiation (G) and temperature (T) according to equation (4), where Isc (Trer)
ISC (Tref) is the short circuit current of the solar cells at the reference temperature

(Tref).
G
I, = Fefx(lscTref + Kix (T—T,) Q)

This potential difference causes the flow of electrons through an external circuit
connected to the solar cell, which then generates an electric current. This electric
current can be used to power a load such as a lamp, as shown in the diagram. In
other words, solar cells convert light energy into electrical energy that can be used
directly. This process is highly efficient and environmentally friendly, making solar
energy one of the most promising renewable energy sources in the future. Solar
cells do not require fuel and produce no emissions during their operation, thus
contributing to the reduction of carbon footprint and climate change mitigation. The
use of solar cells has additional advantages for developing countries due to their
flexibility, cost competitiveness, and higher electrical output, along with recent
technological innovations [52].
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2.2.Science literacy

The term scientific literacy has the objectives of understanding and justifying the
application of science in education [53]. Many reports relating to science literacy
have been well documented [54-57]. Furthermore, there are various definitions of
scientific literacy, namely: (i) understanding how science works: understanding the
standards, methods, and processes associated with science [58, 59]; (ii) the ability
to use scientific knowledge for personal, social, and cultural and civic purposes [58,
60]; (iii) making informed decisions about the natural world, moral and ethical
justification [58, 60]; (iv) understanding the collective nature of science [58, 61];
and (v) the ability to critically evaluate scientific information and arguments made
by scientists or the media [58, 62].

Another definition of scientific literacy is the ability to participate in addressing
scientific problems and ideas by using what is known to identify questions, generate
new knowledge, provide scientific explanations, and develop reflective thinking
patterns [63, 64]. People who are scientifically literate need competencies, namely
the competence to explain phenomena scientifically, evaluate and design scientific
investigations, and interpret data and evidence scientifically [65]. Based on this
definition, scientific literacy can be defined as a series of abilities or self-skills that
make science the main reference in solving various scientific problem ideas.

Framework for PISA 2022 science literacy assessment same as PISA for 2018,
namely (i) the dimension of science competence; (ii) the dimension of knowledge
or science core; (iii) the dimension of the context of science use; (iv) the dimension
of the attitude. Specifically, the science competencies dimension relates to
explaining scientific phenomena, interpreting data or scientific evidence, and
evaluating and designing scientific investigations [63]. The science knowledge
dimension relates to content, procedural, and epistemic knowledge. Finally, the
science context dimension relates to personal, local/national, and global needs [63].
Figure 3 shows the framework for PISA 2022.

Knowledge
How an individual -Content
. Competencies dose this is -Procedural
. lz?q_l&u'els -Explain phenomena influenced -Epistemic
individua -
Contexts to display scientifically ‘ by
_Personal -Evaluateand design
-Local/national p|  scientific inquiry
-Global -Interpret dataand
evidence Attitudes
scientifically -Interest in
science
-Valuing
scientific
approaches to
inquiry
-Environmental
awareness

Fig. 3. Framework for PISA 2022 scientific literacy assessment [63].
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2.3.Sciences, environment, technology, and society (SETS)

In the era of increasingly complex globalization, education has a crucial role in
shaping individuals who are not only academically intelligent, but also sensitive to
global challenges and issues. A holistic and integrated approach to education is
becoming increasingly important to ensure that students not only acquire
theoretical knowledge but are also able to apply it in real-life contexts. One
framework that emphasizes this approach is the integration of science, technology,
the environment, and society in the educational curriculum. This framework
teaches students to understand how each of these elements is interrelated and affects
each other, as well as how they can work together to achieve sustainable and
responsible solutions. The following Fig. 4 illustrates how these four elements
come together in the context of education, demonstrating the importance of
interdisciplinary understanding in creating meaningful and relevant learning for
students in the 21st century.

Technology
-~ I See-
\/

Fig. 4. Science-environment-technology-society (SETS)
framework for research and education for sustainability [66, 67].

Figure 4 is a representation of a holistic approach to education, which integrates
four main elements: science, technology, environment, and society. At its core, this
approach suggests that education is inseparable from the broader context in which
science, technology, the environment, and society interact with each other and
influence each other. Each of these elements has an important role in shaping a
more comprehensive and in-depth understanding of the world around us. For
example, science provides the basis of knowledge, technology facilitates the
application of that knowledge, the environment becomes the context in which we
apply and observe the results, and society provides values and perspectives that
guide how science and technology are used.

The interaction between science, the environment, technology, and society is a
complex and diverse domain that has attracted significant attention in recent years.
This review synthesizes various perspectives on how technological advances can
positively and negatively affect environmental sustainability and community well-
being. One of the central themes in this discourse is the evaluation of the role of
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technology in promoting sustainability. A comprehensive framework for assessing
the impact of technology on the environment and society, highlighting the
interaction between technology, economics, and ecological systems [66]. This
framework is crucial because it moves beyond a simple view of technology as a
benefit or harm, rather than advocating for nuanced understandings that combine
economic, social, and environmental dimensions. The dual nature of technology
development, notes that although traditional industrialization often leads to
environmental degradation, the emergence of green technology presents an
opportunity to create a more resilient global society [68].

The philosophical basis of the impact of technology on society is also explored
in this discourse. The technogenic environment through various Ienses-
technocentric, ecocentric, and anthropocentric—each reveals different aspects of
how technology shapes social interactions and environmental outcomes [69]. This
classification underscores the importance of adopting a holistic view when
assessing the impact of technology, as it allows for a more integrated approach to
understanding the consequences of technological innovation. The concept of
Society 5.0, which reflects the vision of a future where technology is utilized to
overcome social challenges and improve human capabilities. This vision is in line
with the SDGs, which emphasize the need for technological innovation to support
sustainable development [70]. Disruptive technologies with the achievement of the
SDGs, show that a coordinated approach to technology development is essential to
realize sustainable outcomes [71].

2.4. Teaching module

Teaching module theory involves a structured educational approach that
emphasizes the use of separate, independent units of instruction, known as
modules. This method allows for the systematic development of skills and
knowledge, offering a more personalized learning experience for students. The
modular approach is particularly effective in accommodating diverse learning
styles and paces, allowing students to engage with content at their own pace while
fostering independence in their learning journey [72-73]. By breaking down the
content into manageable sections, students can focus more on specific areas of
learning, which can lead to increased retention and understanding.

The theoretical framework underlying the teaching module is essential for its
effectiveness. A well-designed module should incorporate essential elements such
as relevant content, applicable theory, effective teaching design, and material that
undergoes formative evaluation to ensure its usefulness in an educational setting
[74-75]. For example, integrating theories of social interdependence and operant
conditioning can improve the learning experience by promoting collaborative
learning and reinforcing positive behaviour's [75]. In addition, ADDIE's
instructional design model (analysis, design, development, implementation,
evaluation) is often used to guide the creation of educational modules, ensuring
they meet specific learning objectives and meet the needs of learners [76]. This
structured approach ensures that modules are not only educationally sound but also
adaptable to a variety of learning contexts, including digital and interactive
platforms, which have become well-known in recent years [74-77]. Table 1 shows
several teaching modules developed using ADDIE's instructional design model
with the SETS approach [78-80].
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Table 1. Teaching modules developed using the SETS approach.

No. Title Ref.
1  Development of SETS e-module integrated with POE model for [78]
science learning.
2 EM-SETS: An integrated e-module of environmental education [79]
and technology in natural science learning.
3 The influence of SETS based e-modules on scientific literacy [80]
using the discovery learning model

3.Method

This research method is quantitative pre-experimental. The research design
employs a one-group pretest-post-test design. The implementation of integrating
the teaching module with SETS approach was carried out with 34 students at a high
school in Banjarmasin. The research subjects were selected using purposive
sampling. Before the implementation of the teaching module, students first took a
pretest. After the implementation of the teaching module, students took a posttest.
The improvement in students' science literacy was analysed based on the results of
the pretest and post-test analysis. The components of science literacy used refer to
the PISA science literacy components [63].

The data for this study was collected using an essay test. The test consisted of
four questions, aligned with the PISA science literacy components. The
effectiveness of students' science literacy achievement was analysed using the non-
parametric Mann-Whitney statistical test, as the normality test results indicated that
the pretest and post-test data were not normally distributed. To measure the level
of students' science literacy achievement [81].

4.Results and Discussion

The objective of this research is to describe the science literacy of students after the
implementation of integrating the teaching module with SETS approach. The
teaching module was validated by five experts. (four lecturers and one practitioner).
The results of the development of integrating the teaching module with SETS
approach teaching module with ADDIE instructional design model are presented
in Table 2.

The following is a review of the science literacy dimension of explaining
phenomena scientifically. Figure 5(a) shows the questions on the science literacy
dimension of explaining phenomena scientifically, and Fig. 5(b) shows a
representative student answer from the post-test.

The question in Fig. 5(a) requires students to make or justify accurate
predictions using knowledge of scientific concepts. Students need to read the
information in the stimulus about the hydroelectric power plant, then answer the
two questions. In this question, students must apply content knowledge by using
the competence "explaining phenomena scientifically." The context is categorized
as natural resources within a local/national scope. Solving the question requires the
use and application of conceptual knowledge.

Journal of Engineering Science and Technology October 2024, Vol. 19(5)



1702 S. Hartini et al.

Table 2. Development of teaching module with SETS approach.

Stage Procedure Result

Analysed Case study of Conclusion of analysis: development of
education teaching modules is needed to improve
problems in students' scientific literacy using the
Indonesia*. SETS approach on the topic of
Field study renewable energy.

through interviews
with relevant
sources
(teachers)*,
problems found;
school curriculum;

student
characteristics;
and
learning tools
Design Determining Learning objectiv

learning objectives
based on learning
outcomes

Creating a module
flowchart
Compiling a
module draft
Creating a testing

strategy :'

Development  Building content  Building content
Selecting or — R
developing
supporting media
Developing guides
for teachers and
students
Conducting expert
validation
Conducting
formative
revisions

Reliability = 0.98
Evaluation Assess the quality  Final Product
of learning
processes and
products before
and after

implementation
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" Renewable Energy

Quetion: i Answer/Solution:
Riam Kanan Hydroelectric Power Plan (HPP) is one of the power plants 2. The scientific phenomenon occurring is that water flows from top to

supporting the electrical system in South Kelimantan, The construction of the . , i
Rim K Hydolcric Pover Pl vas il by I, Pngen bottom (towards the electric generator) due to the gravitational pull of the

Mubammad Noor and inaugurated by President Socharto in 1981, The carth, The equation 15' EP=mgh. ) )
operating system of the Riam Kanan Hychoclectric Power Plant useswateras b, The closer the water s to the generator, the larger the water discharge will
amedium to generate potential energy, which will then rotate the water turbine, be. The gqumjoﬂ related to this condition is Q=V/t. Jika waktu adalah
This power plant uses a horizontal type of generator with an electricity capacity t=h/v maka Q=Vv/h.

of 30,000 kilowatts

a. Analyze the scienific phenomenon occurring in the movement of water
flow!

b, the water discharge or low rate (Q) determines the amount of power that
can be generated by the generator, provide an accurate prediction regarding
the relationship between the water discharge and the above scientific
phenomenon!

Fig. 5. (a). Question on the dimension of explaining phenomena
scientifically, (b). Student representative answer in the post-test.

Students' pretest answers were low on this question because they lacked an
understanding of the scientific phenomenon occurring, so they could not make a
prediction. After students participated in learning that systematically trained
science literacy by the teacher, the post-test results were categorized as high.
Moreover, the students' predictions in question 1.b were supported by the
reinforcement of the water discharge equation, unlike in the pretest where students
did not include argument reinforcement.

The following is a review of the science literacy dimension of interpreting data
and evidence scientifically in the pretest and post-test. Figure 6(a) shows the
question on the science literacy dimension of interpreting data and evidence
scientifically, and Fig. 6(b) shows the student's answer in the post-test.

The question in Fig. 6(a) requires students to explore their understanding of data.
Students are asked to read the stimulus about the micro-hydro power plant and
analysed the energy changes in the water wheel into a graphical form. This question
tests content knowledge using the competence "interpreting data and evidence
scientifically". The context is natural resources within a local/national scope.

Student responses were low in the pretest because they were unable to argue
based on the information. This competence requires more than just reading data,
translating it, and then presenting it; students must also be able to package their
arguments by interpreting information with appropriate representation. Figure 6(b).
is representative the student's answer in the post-test. In the post-test results, some
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students were able to read data, translating it, and present information with
appropriate representation.

o Question:

Eva shares that she once visited a micro-hydro power plant (MHPP) unit located in
Kintap Subdistrict, Tanah Laut Regency, South Kalimantan. The Kintap MHPP is
managed directly by the local residents and can generate 900 watts of electricity by
utilizing the water flow from a lake along an old mining excavation (G.a). Eva also
detailed other information she found in (G.b).

I. WV h Y O‘
a. b.
If Eva wants to analyze the energy changes that occur in the water wheel, create a bar

chart showing the kinetic energy, potential energy, and mechanical energy of the water
along with an analvsis statement of the condition!

Answer
Kinetic Energy, Potential Energy and Mechanical Energy diagram at point A

il B

At point A above the water surface, potential energy = 0. Mechanical energy at point A
= kinetic energy at point A.
Kinetic Energy, Potential Energy and Mechanical Energy diagram at point B

Atpoint B in the middle of the water wheel, there is potential energy. Mechanical energy

at point B = the sum of kinetic energy at point B and potential energy at point B.
Kinetic Energy, Potential Energy and Mechanical Energy diagram at point C

him)

31

At point C above the water wheel, kinetic energy = 0. Mechanical energy at point C =
potential energy at point C.

Fig. 6. (a) Question for the dimension of interpreting data and evidence
scientifically, (b) Representation of student responses in the post-test.

Below is an explanation of the dimension of science literacy in interpreting data
and evidence scientifically. Figure 7(a) question for the dimension of science
literacy in interpreting data and evidence scientifically. Figure 7(b) a representative
student answer in the post-test.

The question in Fig. 7(a) requires students to explore their understanding of
data. Students are asked to read a stimulus about a solar water heater and analysed
the number and area of solar collectors needed for a bathing room. This question
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tests content knowledge using the competency of "interpreting data and evidence
scientifically." The context is categorized as natural resources within a

local/national scope.

Question:

Banjarmasin is a densely populated city in South Kalimantan. According to the
2018 Second Semester Population Report issued by the Directorate General of
Population and Civil Registration of South Kalimantan Province, most of
Banjarmasin's residents work in private offices and government positions (civil
servants). To access a peaceful, rural vacation spot like the Tanuhi Hot Springs
in Loksado, Banjarmasin residents need to dig deep into their wallets and
consider their work schedules. Moreover, this tourist spot is the only one in
South Kalimantan that offers hot spring facilities because the island of
Kalimantan is not located along the Pacific Ring of Fire, and therefore lacks
active volcanoes that could provide geothermal resources.

Given this situation, the Banjarmasin local government should open business
and research ies by utilizing adva such as
solar water heaters, transforming small areas of Banjarmasin into enclosed hot
spring facilities. This would help residents relax without worrying about costs
and work demands. To realize this development, one of the actions that Bappeda
(Regional Development Planning Agency) should take is to gather information
related to the size of the bathing area, the amount of water in the bathing area,
the water temperature, the efficiency of the solar collectors, the price of the solar
collectors, and the intensity of solar radiation falling on the surface of the solar
collectors,

Note: Specific Heat Capacity: 4,200 joule/kg®C.

Price of Solar Collector: IDR 700,000 (2 * 3) m.

Bathing Area Solar Water Heater
Area Water Water Solar Collector
Volume  Temperature  Radiation  Efficiency
Intensity
5x5m 1,000 L 20°C40°C 600 Wim? 85%
6x7m 1400 L 20°C-50°C 600 Win? 85%

For a target water heating time of approximately =8 hours, determine the
number and area of solar collectors required for one bathing room! (Water

Answer/Solution:
Given:
e ¢ =4,200joules/kg°C
Price of solar collector, IDR 700,000.00 for a size of (2x3) m or 6 m*
p=1,000 kg/m*
VA=1,000 L= 1,000 dm*= | m*
VB=1400 L = 1,400 dm’ = 1.4 m’
mA=pVA=1,000 kg
mB= pVB=1.400 kg ATA=(40-20)°C=20°C
ATB=(50-20)°C=30°C
n=85% or 0.85
o [R=600W/m*
o =8 hours = 83,600 s=28,800 s
Question: What is the required number and area of solar collectors?
Answer/Solution:
Areas of collectors needed to heat 1,000 L of water from 20°C-40°C
mAATA _ (1,000 kg)(4,200joule/ kg'C )(20°C) _ (1,000 kg)(4,200joule/ kg'C )(20°C)
nike (0:85)(600W/m? )(288005) (085)(600joule/m?s )(28,800 5)
Ap=5.72 m? atau 6 m?
Area of collectors needed to heat 1,400 L of water from 20°C-50°C
_ mBeATB _ (1,400 kg)(4,200joule/kgC J(30°C) _ (L400 kg)(4,200joule kg'C / )(30°C)
BT iRe (0.85)(600W/m?)(28,6005) (0.85)(600joule/m?2s ) (28,800 5)
As=12 m?
Conclusion: For a bathing room with a water volume of 1,000 L, a solar
collector area of 6 m* is required. Therefore, only one solar collector, costing
IDR 700,000, needs to be purchased. For a bathing room with a water volume
of 1400 L, a solar collector area of 12 m* is necessary. Hence, two combined

* e e e o s 0 .

density p=1.000 kg/m3) solar collectors, costing IDR 1,400,000, should be purchased.
Fig. 7. (a) Question for the dimension of interpreting data and evidence
scientifically, (b) Student representative answer in the post-test.

Students' answers were low on the pretest because they were unable to link
arguments to the information provided. In this competency, it is not just about
reading data, translating it, and presenting it; students must also be able to frame
their arguments by interpreting information with appropriate representation. In the
post-test results, students were able to frame information with appropriate
representation.

The following is an explanation of the science literacy dimension of evaluating
and designing scientific investigations. Figure 8(a) shows a question for the
dimension of evaluating and designing scientific investigations, and Fig. 8(b)
shows representative answers from students on the post-test.

The question in Fig. 8(a) requires students to evaluate and design a scientific
investigation. Students are asked to design a way to save PLN electricity in
households. The knowledge categorization for this item is procedural, and the
competency is to evaluate and design scientific investigations. The context is
categorized as Natural Resources within a local/national scope. The cognitive level
of this question is categorized as high because students are given a complex situation
and need to develop a systematic investigation order to answer the question.

Students' answers were low on the pretest because they were able to determine
the family's electricity usage rate but were unable to evaluate the design of the
electricity-saving method by arguing why that particular rate should be used. Figure
8(b) shows presentative answer on the post-test. In the post-test results, some
students evaluated the electricity-saving method design and provided arguments.
In addition, students' solutions for item four were supported by information
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references related to the family's electricity usage rate and solutions in the form of
mathematical analysis.

Question

One of the impacts of the COVID-19 pandemic is the slowdown in economic growth, including in our
eountry, Indanesia. The group most affeeted by this economic downtum is the lewer-income segment
of society. To ease the burden on underprivileged and affected communities, the goverment provided
free electricity 10 450 VA customers and a 50% discount to 900 VA (subsidized) custormers. In practice,
customers are divided into two groups: postpaid and prepaid customers. Postpaid customers are segular
customers who pay for electricity at the end. of each month after usage. Meanwhile, prepaid customers
pay for electricity before usage (via tokens)

For regular 430 VA household customers, eleciricity usage and load charges for the Aprl, May, and
June 2 aived. Prepaid 430 VA customer ken equivalent to th it
usage in the last three months when purchasing tokeas in April, May, and Juae 2020. Additionally,
regular 900 VA household customers received a 50% discount on their April, May, and June 2020
electricity bills. Prepaid 900 VA d 2 30% discount on the hig e in the last three
months when purchasing tokens in April, May, and June 2020, Below ase the clectricity costs for various
household powes levels.

Answer/Solution:

There are two forms of solution:

s Based on the information, there is a statement "after the subsidy is removed.”
indicating that the family is a subsidy recipient. Since the subsidy recipients are only
users of 450 VA (free) and 900 VA (with a discount), it is likely that the family is
in the 900 VA category. This is supported by the information on the family's
significant energy consumption.

The family’s electricity usage is 900 VA, and they are prepaid (token) customers.
This can be inferred from the maximum power of devices that can possibly run
simultancously, such as a refrigerator (100 watts), TV (110 watts), rice cooker (150
watts). dispenser (100 watts), washing machine (300 watts), water pump (100

Tarifl Power Limit Reguler Pre-paid watts), and two lamps (10 watts cach). The total is approximately $80 watts, which
Group Load Usage Cost (IDR/KWH) is less than 900 watts
o 17 T S e —TT) + Monthly Electricity Cost for the Family = 30  (daily elesticiy usage » IDR
TR 1300 VA D a0 146128 1,352.00) Monthly Electricity Cost for the Family = 30 » (7.33 » IDR 1,352.00)
R-ITR 2200 VA ") 146728 146728 Monthly Electricity Cost for the Family = IDR 297.304.80 This exceeds the amount
R2TR 3500VA-5,500 b 146728 146728 the family can afford to pay (IDR 250.000.00).
. VA o One way forthe family to reduce expenses is by minimizing the use of unnecessary
Source: phn.coid i g ‘ . :
. e P clecticty. For example, using a refrigerator instead of a dispenser ta store water.
evices Us \verage Usage Day ; . gar
Duration reconsidering the TV usage duration, and using lights only when necessary.
1 Rice Cooker, 130 wart 3 bours/day 045 * 1 Dispenser 100 watt (0 hours/day) = 1x100 W0 IVday = 0 Wh/day
1 Washing Machine, 300 watt 2 bours/day 060 * 1 TV 110 watt (4 hours/day) = 1x110W >4 h/day= 440 Whiday = 0.44 kWh/day
1 Water Pump, 100 wat 3 hoorsday 030 + 4 Lamps 20 watt (4 hours/day) = 4x20W» 4 /day = 320 Wh/day or = 0.32 kWhiday.
Llion, 300 watt Zhoun/duy L] Dovices Used Average Usago Duration KWh/Day
1 Dispenser, 100 watt 8 bours day 080 TRice Cooker, 150 war ™ hours/day 045
1 Refrigerator, 100 watt 24 hoursiday 240 TV e Ve 500 B s
1 Digital TV, 110 watt 8 houry/dn 088 ashing Machine, 2 hours/day 0.0
4 Lamps, 20 wan ous day il
3 Lasaps, 10 want e T Water Pump, 100 wan 3 hours/day 030
4 Maobile Phones, 20 watt ours/day 1Iron, 200 watt 2 hours/day 040
3 Laptops, 90 wat ours/day T Dispeases, 100 watt 0 hours/day 0
Daily Electricity Consumption 1 Refrigerator, 100 watt 24 hours/day 240
Question 1 Digital TV, 110 wart T hours/day 0.44
One month after the subsidy i removed, how can the family save on electricty usage if they only spend T P—T—— < Doy .
IDR 250,000 per month on tokens? (Details to include in the solution) Amps, 20 wa ours day /]
o Family electricity usage 2 Lamps, 10 watt § hours/day 0.16
+  Calculation of the family's monthly electricity cost 4 Mobile Phoes, 20 watt 20 bours/day 0.16
o Solutions slong with recalculations 3 Laptops, 90 watt 7 hours/day 054
Daily Electricity C i 577

Monthly Electricity Cost for the Family = 30x(daily electricity consumption<IDR
1,352.00) Monthly Electricity Cost for the Family = 30%(5.77<IDR 1.352.00) Monthly
Electricity Cost for the Family = IDR 234,031.20 This is less than the amount for the
family can afford to pay (IDR 250.000.00).

Fig. 8. (a) Questions on the dimension of evaluating and designing scientific
investigations, (b) Student representative answer in the post-test.

The achievement of students' science literacy based on the dimensions of
science ability varies. Table 3 presents the achievement of science ability

dimensions based on pretest and post-test results.

Table 3. Achievement of science literacy dimensions.

Average Score
Post-
test

Pre-
test

Science Literacy Dimensions

Category Category

Explaining phenomena 21.02 Low 78.13 High
scientifically

Interpreting data and evidence 25.00 Low 75.98 High
scientifically

Evaluating and  designing 10.94 Low 68.44 High
scientific investigations

Average 16.97 Low 74.18 High

Based on Table 3, each dimension of science literacy in the post-test results
increased compared to the pretest results. From the pretest results, the largest
science literacy dimension was explaining phenomena scientifically, and the
smallest was evaluating and designing scientific investigations. The pretest results
for all science literacy dimensions were categorized as low. From the post-test
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results, the largest science literacy dimension was explaining scientific phenomena,
and the smallest was evaluating and designing scientific investigations. The post-
test results for all science literacy dimensions were categorized as high.

The dimension of scientific literacy related to explaining scientific phenomena
showed high performance on the post-test. The ability to explain phenomena
scientifically requires students to recall substantial scientific knowledge or content
in specific situations and use it to interpret and provide explanations related to
scientific phenomena, as well as to make predictions or tentative hypotheses [63].
Students with scientific literacy are expected to use standard scientific models to
create simple representations to explain everyday phenomena. This competence
also includes the ability to describe or interpret phenomena and predict potential
changes and implications in the social environment [54, 63, 82, 83].

Another dimension that scored high is the ability to interpret data or scientific
evidence. The ability to interpret data and evidence scientifically requires students
to convey their arguments by interpreting data or information with appropriate
representations. These representations can be in the form of writing, diagrams,
design drawings, or mathematical equations. A scientifically literate person must
be able to interpret the meaning of scientific evidence and its implications in their
own words, using diagrams or other appropriate representations. This competence
also includes accessing scientific information, generating and evaluating arguments
or conclusions based on scientific evidence, and providing reasoning using
procedural or epistemic knowledge [54, 63, 82, 83].

The dimension that scored high is the ability to evaluate and design scientific
investigations. Competence in evaluating and designing scientific investigations is
necessary to evaluate scientific reports and investigate critically. This competence
depends on the ability to distinguish scientific questions from other types of
questions or recognize questions that can be investigated scientifically in a specific
context. It requires knowledge of key features of scientific investigations, such as
what to measure, which variables to change or control, or what actions to take to
collect accurate and reliable data [54, 63, 82, 83].

Statistical tests were used to analyse the achievement of science literacy
components. The results of the statistical tests are presented in Table 4.

Table 4. Statistical tests results for the achievement of science literacy.
Results Mean Normality Test Difference Test (Sig. (2-tailed)
Pretest 16.97 0.036
Posttest 73.51 0.020 0.000

Table 4 shows that the pre-test and post-test results based on the statistical
tests differ significantly, indicating that the average post-test score increased
compared to the pretest score. This is due to the implementation of the teaching
module integrated through the SETS approach. Several studies have shown that
the implementation of teaching modules with the SETS approach has a positive
effect on various thinking skills and students' science literacy [78 ,79, 84-86].
The SETS-based teaching module science literacy through scientific texts.
Students understand these texts and use the information to complete specific tasks
[65, 87-89].
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The presence of SETS in the teaching module elevates students' abilities to a
multidimensional level, diversifying their knowledge of science content. The SETS
approach is a learning process that focuses on real-world problems related to the
components of science, environment, technology, and society from the perspective
of the students, involving concepts and processes to reach the stages of
investigation, analysis, and application [78, 79, 86]. The characteristics of the SETS
approach in the learning process are (i) teaching science contextually; (ii) requiring
thinking skills related to the transfer of science into technology; (iii) bringing
situations that utilize science for community life; (iv) considering the benefits and
drawbacks of using science related to relevant technology; (v) explaining the
relationship of science to other SETS elements; and (vi) building an understanding
of SETS from various individual initial perspectives [86]. This can address
motivation issues, education quality problems, and the development of science
literacy [87-89].

5.Conclusions

Based on the research results, students' scientific literacy improved significantly
through the implementation of teaching modules using the SETS approach, according
to statistical tests on pretest and post-test results. The dimensions of scientific literacy
in explaining scientific phenomena, interpreting data or scientific evidence, and
evaluating and designing scientific investigations were categorized as high on the
post-test. Based on these findings, it can be concluded that students' scientific literacy
increased after implementing of integrating the teaching module with SETS
approach. This research had limitations, as it was conducted during a limited trial
phase and focused on the topic of Renewable Energy. Future research could be
implemented on a broader scale and with other topics in the Independent Curriculum.

Acknowledgment

Thanks are due to the Universitas Lambung Mangkurat which funded this research
through a competitive grant with contract number 1374.104/UN8.2/PG/2024.

References

1. Kareem, K.; Rasheed, M.; Liaquat, A.; Hassan, A.M.M.; Javed, M.L.; and Asif,
M. (2022). Clean energy production from Jatropha plant as renewable energy
source of biodiesel. ASEAN Journal of Science and Engineering, 2(2), 193-198.

2. Putri, B.M.; Ningrum, L.; and Maulida, N.M. (2021). Simple micro-hydro uses
water as a renewable energy source. Indonesian Journal of Multidiciplinary
Research, 1(1), 23-28.

3. Fauziah, N.R.; Maoludin, S.A.; Ramadhan, W.S.; Wafi, W.; Khoerunnisa, F.; and
Winarno, N. (2021). Geothermal: From education to a new solution for renewable
energy. Indonesian Journal of Multidiciplinary Research, 1(1), 85-88.

4. Susilowati, N.I.; Liliawati, W.; and Rusdiana, D. (2023). Science process skills
test instruments in the new Indonesian curriculum (Merdeka): physics subject

in renewable energy topic. Indonesian Journal of Teaching in Science, 3(2),
121-132.

Journal of Engineering Science and Technology October 2024, Vol. 19(5)



10.

11.

12.

13.

14.

15.

16.

17.

Student’s Science Literacy Skill through Implementation of Integrating . . . . 1709

Nasrudin, D.; Setiawan, A.; Rusdiana, D.; and Liliasari, L. (2022). Renewable
energy online learning: A systematic literature network analysis. Journal of
Engineering, Science and Technology, 17(1), 83-91.

Rizki, I.A.; and Suprapto, N. (2024). Project-oriented problem-based learning
through SR-STEM to foster students’ critical thinking skills in renewable
energy material. J. Sci. Educ. Technol., 3(1), 526-541.

Rizki, I.A; Hariyono, E.; Suprapto, N.; Dawana, I.R.; and Shobah, N. (2024).
Renewable energy learning project in physics classroom: Achieving education
for sustainable development. TEM Journal, 13(2), 1452-1460.

Itavares, P.; Ingi, D.; Araugjo, L.; Pinho, P.; and Bhusal, P. (2021). Reviewing
the role of outdoor lighting in achieving sustainable development
goals. Sustainability, 13(22), 1-20.

Indahwati, S.D.; Rachmadiarti, F.; and Hariyono, E. (2023). Integration of
PJBL, STEAM, and learning tool development in improving students’ critical
thinking skills. IJORER: International Journal of Recent Educational
Research, 4(6), 808-818.

Tongsoong, S.; and Jermtaisong, R. (2021). Learning management through the
combination of STEAM education and phenomenon-based learning to develop
creative thinking of secondary 6 (grade 12) students. Advances in Social
Science, Education and Humanities Research, 520(1), 341-345.

Palanca,T.R.; Alvarez, D.B.D.; Palanca, R.S.; Tan, N.M.P.; Castillo, G.B.;
Saplala, D.C.A.; and Wang, N. (2024). Households’ preferences for alternative
renewable energy technologies: An attribute based choice experiment survey
in Metro Manila, Philippines. International Journal of Sustainable
Development and Planning, 19(1), 1-10.

Oluoch, S.; Lal, P.; Susaeta, A.; and Wolde, B. (2021). Public preferences for
renewable energy options: A choice experiment in Kenya. Energy Economics,
98 (105256), 1-14.

Amar, S.N.; Kamaludin, M.; Aziz, A.A.; Zainuddin, M.R.K.V; and Sulaiman,
K.I. (2024). Assessing preferences and willingness to pay for renewable energy
investment among manufacturing sectors in Malaysia: A choice experiment
method. Journal of Sustainability Science and Management, 19(4), 73-86.

Numata, M.; Sugiyama, M.; Swe, W.; and Alvarez, D.B. (2021). Willingness
to pay for renewable energy in Myanmar: Energy source preference. Energies,
14(5), 1-17.

Khai, H.V.; Tran, H.L.T.; Ngan, N.V.; and Duyen, T.T.T. (2024). Choice
modeling approach to evaluate the economic value of renewable energy

development. Agricultural and Resource Economics: International Scientific
E-Journal, 10(1), 284-300.

Yu, Y.; Yamaguchi, K.; Thuy, T.D.; and Kittner, N. (2022). Will the public in
emerging economies support renewable energy? Evidence from Ho Chi Minh
City, Vietnam. Renewable and Sustainable Energy Reviews, 169(112942), 1-18.
Abbass, K.; Qasim, M.Z.; Song, H.; Murshed, M.; Mahmood, H.; and Younis,
I. (2022). A review of the global climate change impacts, adaptation, and

sustainable mitigation measures. Environmental Science and Pollution
Research, 29(28), 42539-42559.

Journal of Engineering Science and Technology October 2024, Vol. 19(5)



1710 S. Hartini et al.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Dowell, M.N.; Fennell, P.S.; Shah, N.; and Maitland, G.C. (2017). The role of
CO2 capture and utilization in mitigating climate change. Nature Climate
Change, 7(4), 243-249.

Adenle, A.A.; Azadi, H.; and Arbiol, J. (2015). Global assessment of
technological innovation for climate change adaptation and mitigation in
developing world. Journal of Environmental Management, 161(15) , 261-275.

Rahman, F.A.; Aziz, M.M.A.; Saidur, R.; Bakar, W.A.; Hainin, M.R.;
Putrajaya, R; and Hassan, N.A. (2017). Pollution to solution: Capture and
sequestration of carbon dioxide (CO2) and its utilization as a renewable energy
source for a sustainable future. Renewable and Sustainable Energy Reviews,
71(17), 112-126.

Bhuiyan, M.R.A. (2022). Overcome the future environmental challenges
through sustainable and renewable energy resources. Micro and Nano Letters,
17(14), 402-416.

Elum, Z.A.; and Momodu, A.S. (2017). Climate change mitigation and
renewable energy for sustainable development in Nigeria: A discourse
approach. Renewable and Sustainable Energy Reviews, 76 (17), 72-80.

Owusu, P.A.; and Sarkodie, A.S. (2016). A review of renewable energy
sources, sustainability issues and climate change mitigation. Cogent
Engineering, 3(1), 1-14.

Geng, M.; and Akilli, M. (2019). The correlation between renewable energy
knowledge and attitude: A structural equation model with future’s educators.
Journal of Baltic Science Education, 18(6), 866-879.

Celikler, D.; Yilmaz, A.; and Aksan, Z. (2016). Determining the attitudes
towards renewable energy sources of twelfth grade students attending different
types of high schools. Journal of Educational and Instructional Studies in the
World, 6(1), 103-113.

Eymur, G. (2017). Developing energy systems engineering students’
perceptions of renewable energy for sustainable future. Journal of Turkish
Science Education, 14(2), 42-51.

Guven, G.; and Sulun, Y. (2017). Pre-service teachers’ knowledge and
awareness about renewable energy. Renewable and Sustainable Energy
Reviews, 80 (17), 663-668.

Doazru, M.; and Melahat, A. (2019). Analysis of pre-service science and
classroom teachers’ attitudes and opinions concerning renewable energy
sources in terms of various variables. International Journal of Renewable
Energy Research (IJRER), 9(4), 1761-1771.

Geng, M.; and Durak, B. (2023). Pre-service teachers’ perception of renewable
energy sources: A case study of Diizce University. Mimbar Sekolah Dasar,
10(3), 561-577.

Giiven, G.; and Cakir, N.K. (2019). The relation between teachers’ attitudes

towards renewable energy sources and critical thinking dispositions. Journal
of Baltic Science Education, 18(5), 717-731.

Tsapenko, M.; Uvanii, V.; and Moroz, 1. (2019). The European experience of
learning the basics of energy conservation. Sustainable Development under the
Conditions of European Integration, 2(1), 35-47.

Journal of Engineering Science and Technology October 2024, Vol. 19(5)



Student’s Science Literacy Skill through Implementation of Integrating . . . . 1711

32. Khuc, Q.V.; Tran, M.; Nguyen, T.; Thinh, N.A.; Dang, T.; Tuyen, D.T.; Pham,
P.; and Dat, L.Q. (2023). Improving energy literacy to facilitate energy transition
and nurture environmental culture in Vietnam. Urban Science, 7(1), 1-17.

33. Nurramadhani, A.; Riandi, R.; Permanasari, A.; and Suwarma, I.R. (2024).
Low-carbon food consumption for solving climate change mitigation:
Literature review with bibliometric and simple calculation application for
cultivating sustainability consciousness in facing sustainable development
goals (SDGs). Indonesian Journal of Science and Technology, 9(2), 261-286.

34. Makinde, S.O.; Ajani, Y.A.; and Abdulrahman, M.R. (2024). Smart learning
as transformative impact of technology: A paradigm for accomplishing
sustainable development goals (SDGs) in education. Indonesian Journal of
Educational Research and Technology, 4(3), 213-224.

35. Gemil, K.W.; Na’ila, D.S.; Ardila, N.Z.; and Sarahah, Z.U. (2024). The
relationship of vocational education skills in agribusiness processing
agricultural products in achieving sustainable development goals (SDGs).
ASEAN Journal of Science and Engineering Education, 4(2), 181-192.

36. Haq, M.R.L;; Nurhaliza, D.V.; Rahmat, L.N.; and Ruchiat, RN.A. (2024). The
influence of environmentally friendly packaging on consumer interest in
implementing zero waste in the food industry to meet sustainable development
goals (SDGs) needs. ASEAN Journal of Economic and Economic Education,
3(2), 111-116.

37. Basnur, J.; Putra, M.F.F.; Jayusman, S.V.A.; and Zulhilmi, Z. (2024).
Sustainable packaging: Bioplastics as a low-carbon future step for the
sustainable development goals (SDGs). ASEAN Journal for Science and
Engineering in Materials, 3(1), 51-58.re

38. Dezhdar, A.; Bedakhanian, A.; and Keykhah, S. (2023). Investigating the most
potential renewable energies for clean electricity production. Advances in
Transdisciplinary Engineering, 38(1), 245-249.

39. Odilova, S.; Sharipova, Z.; and Azam, S. (2023). Investing in the future: A
systematic literature review on renewable energy and its impact on financial
returns. International Journal of Energy Economics and Policy, 13(4), 329-337.

40. Radu, V.; Pipirigeanu, M.; Dedk, G.; and lonescu, P. (2019). Statistical
evaluation of the energy, economic and social potential from renewable sources
in Romania. Eurasian Journal of Economics and Finance, 7(3), 44-51.

41. Mosaad, M. (2020). Comparative study between the electrical generators used
in wind energy conversion systems. International Journal of Energy, 14 (1),
88-92.

42. Vliet, M.; Sheffield, J.; Wiberg, D.; and Wood, E. (2016). Impacts of recent
drought and warm years on water resources and electricity supply worldwide.
Environmental Research Letters, 11(12), 124021

43. Silva, S.N; Guerrero, P.D.; Gonzalez, L.R; Segovia, K.E.; Enriquez, J.D.B;
Dominguez, J.A.A.; and Castillo, J. (2023). Hydropower scenarios in the face
of climate change in Ecuador. Sustainability. 15(13), 1-15.

44. Silva, S.N; and Castillo, J. (2021). Hydropower: Projections in a changing
climate and impacts by this "clean" source. Cienciameérica, 10(2), 32-45.

45. Mello, T. (2023). The current Brazilian energy model: 2016 to 2020. Revista
Brasileira De Ciéncia Tecnologia E Inovagdo, 8(1), 96-105.

Journal of Engineering Science and Technology October 2024, Vol. 19(5)



1712 S. Hartini et al.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

Kahraman, G.; and Tasgin, Y. (2019). Metallographic aspects investigation of
penstock materials in hydroelectric power plants and penstock maintenance
methods. Sakarya University Journal of Science, 23(5), 744-748.

Silvério, N.; Barros, R.; Filho, G.; Santafé, M.; Santos, I.; and Valério, V.
(2018). Use of floating PV plants for coordinated operation with hydropower
plants: case study of the hydroelectric plants of the Sdo Francisco river basin.
Energy Conversion and Management, 171, 339-349.

Kern, J.; Echeverri, D.P; and Characklis, G. (2014). The impacts of wind power
integration on sub-daily variation in river flows downstream of hydroelectric
dams. Environmental Science and Technology, 48(16), 9844-9851.

Kose, F; and Kaya, M. (2013). Analysis on meeting the electric energy demand
of an active plant with a wind-hydro hybrid power station in Konya, Turkey:
Konya water treatment plant. Renewable Energy, 55(13), 196-201.

Kirchartz, T.; and Rau, U. (2018). What makes a good solar cell?. Advanced
Energy Materials, 8 (28), 1-10.

Sharma, S.; Jain, K.K.; and Sharma, A. (2015). Solar cells: In research and
applications - a review. Materials Sciences and Applications, 6(12), 1145-1155.

Giinen, M.A. (2021). Determination of the suitable sites for constructing solar
photovoltaic (PV) power plants in Kayseri, Turkey using GIS-based ranking
and AHP methods. Environmental Science and Pollution Research, 28(40),
57232-57247.

Kruit, M.P.; Oostdam, R.J.; Berg, E.; and Schuitema J.A. (2018). Assessing
students’ ability in performing scientific inquiry: instruments for measuring
science skills in primary education. Research in Science and Technological
Education. 36(4): 413-439.

Zukmadini, A.Y.; Rohman, F.; Dharmawan, A.; Sari, M.S.; Rochman, S.; and
Razak, S.A. (2024). Potential biodiversity from ethnozoology of Enggano
island: utilization, a quantitative analysis, list of animals conserved by local
people, and application of research findings empowering species literacy in
biology student teachers. Indonesian Journal of Science and Technology, 9(2),
463-496.

Nugraha, M.G. (2023). Scientific approach to enhance scientific literacy of
junior high school students: domain of competence. Indonesian Journal of
Educational Research and Technology, 3(2), 111-118.

Fitrianti, A.; Suwarma, LR.; and Kaniawati, 1. (2024). Improvement of
students' literacies skills in the knowledge aspect through science, technology,
engineering, and mathematics (STEM)-integrated module. /ndonesian Journal
of Teaching in Science, 4(1), 41-46.

Dwiana, O.; Muktiarni, M.; and Mupita, J. (2022). Improved information
literacy of elementary school students about living pharmacies through
information and communication media (ICT). ASEAN Journal of Science and
Engineering Education, 2(3), 193-198.

Cipkova, E.; Karol¢ik, S.; and Scholzové, L. (2020). Are secondary school
graduates prepared for the studies of natural sciences?-evaluation and analysis
of the result of scientific literacy levels achieved by secondary school
graduates. Research in Science and Technological Education, 38(2), 146-167.

Journal of Engineering Science and Technology October 2024, Vol. 19(5)



Student’s Science Literacy Skill through Implementation of Integrating . . . . 1713

59. Holbrook, J.; and Rannikm, A.M. (2014). The philosophy and approach on
which the profile project is based. Center for Educational Policy Studies
Journal, 4(1), 9-29.

60. Ceccucci, W.; Tamarkin, D.; and Jones, K. (2015). The effectiveness of data
science as a means to achieve proficiency in scientific literacy. Information
Systems Education Journal, 13(4), 64-70.

61. Farlane, D.A. (2013). Understanding the challenges of science education in the
21st century: new opportunities for scientific literacy. International Letters of
Social and Humanistic Sciences, 1(4), 35-44.

62. Choi, K.; Lee, H.; Shin, N.; Kim, S.W.; and Krajcik, J. (2011). Re-
conceptualization of scientific literacy in South Korea for the 21st
century. Journal of research in science teaching, 48(6), 670-697.

63. Hanfstingl, B.; Gnambs, T.; Porsch, R.; and Jude, N. (2023). Exploring the
association between non-specialised science teacher rates and student science
literacy: An analysis of PISA data across 18 nations. International Journal of
Science Education, 46(9), 874-892.

64. Kang, J. (2022). Interrelationship between inquiry-based learning and
instructional quality in predicting science literacy. Research in Science
Education, 52(1), 339-355.

65. Oliver, M.C.; and Adkins, M.J. (2020). “Hot-headed” students? Scientific
literacy, perceptions and awareness of climate change in 15-year olds across
54 countries. Energy Research and Social Science, 70(101641), 1-9.

66. Pyakurel, P. (2021). Green growth or degrowth? Evaluating the potential of
technology for sustainability. Economics and Policy of Energy and the
Environment, 1(1), 21-36.

67. Gamarra, M. (2022). Green tech: Developing a new future. Computer and
Electronic Sciences Theory and Applications, 3(1), 1-12.

68. Kulzhanova, Z.; Kulzhanova, G.; Mukhanbetkaliyev, Y.; Kakimzhanova, M.;
and Abdildina, K. (2020). Impact of technology on modern society - a
philosophical analysis of the formation of technogenic environment. Media
Watch, 11(3), 537-549.

69. Setiyo, M. (2023). The role of mechanical engineering in the era of industry
4.0 and society 5.0. Mechanical Engineering for Society and Industry, 3(2),
54-56.

70. Kasinathan, P.; Pugazhendhi, R.; Elavarasan, R.; Ramachandaramurthy, V.;
Ramanathan, V.; Subramanian, S.; Kumar, S.; Nandhagopal, K.; Raghavan,
R.R.V.; Rangasamy, S.; Devendiran, R.; Alsharif, M.H.; and Alsharif, M.
(2022). Realization of sustainable development goals with disruptive
technologies by integrating industry 5.0, society 5.0, smart cities and villages.
Sustainability, 14(22), 1-31.

71. Protacio, A. (2021). Improving students’ articulatory fluency in English
through speech smart module. International Journal of English Literature and
Social Sciences, 6(3), 093-098.

72. Gabucan, J; and Sanchez, J. (2021). Strategic intervention material (SIM)-
based instruction in teaching global warming concepts in 9th grade science.
Formatif Jurnal Ilmiah Pendidikan MIPA, 11(1), 15-24.

Journal of Engineering Science and Technology October 2024, Vol. 19(5)



1714 S. Hartini et al.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Ishak, I.; Rahim, N.; Salim, N.; Husaini, C.; Jamaludin, I.; Khalid, H.; Adeena,
N.; Lutfi, A.; Syathiroh, S.; Afzaruddin.; Ghazali, A.R.; Ludin, A.F.M.; Warif,
N.W.A.; Ibrahim, F.W.; Othman, F.A.; Harun, N.C.D.; Yahya, H.M; and Rozali,
W. (2022). Development and validation of huffaz prohealth 1.0: a module to
improve the well-being of tahfiz students in Selangor, Malaysia. International
Journal of Environmental Research and Public Health, 19(13), 1-15.

Siong, N.; and Ali, S. (2022). Quality assessment of badminton skills training
(BST) module: aspects of validity and reliability among secondary school
students. International Journal of Education, 14(3), 181-194.

Suratnu, R. (2023). The adoption of the addie model in designing an
instructional module: the case of Malay language remove students.
International Journal of Indonesian Education and Teaching, 7(2), 262-270.

Elviani, Y. (2023). ICT digital teaching module on the preparation of
interactive student worksheets. Mimbar Ilmu, 28(2), 246-254.

Mohamad, S. (2023). Teachers' perception of the use of augmented reality
(AR) modules in teaching and learning. International Journal of Academic
Research in Business and Social Sciences, 13(9), 1-14.

Wilyjeng, 1.; and Putri, T.S.Y. (2020). Development of SETS e-module
integrated with POE model for science learning. Journal of Educational
Science and Technology, 6(2), 252-264.

Purwanto, A.; Nurjayadi, M.; Suluya, R.; and Ichsan, .Z. (2020). EM-SETS:
an integrated e-module of environmental education and technology in natural

science learning. International Journal of Advanced Science and Technology,
2(3), 7014-7025.

Elistiana, V.; Novita, N.; Ginting, F. W.; and Fadieny, N. (2024). The influence
of SETS (science, environment, technology, and society) based e-modules on
scientific literacy using the discovery learning model. Indonesian Journal of
Technical and Vocational Education Training, 1(1), 10-17.

Fiandini, M.; Nandiyanto, A.B.D.; Al Husaeni, D.F.; Husaeni, A.D.N.; and
Mushiban, M. (2024). How to calculate statistics for significant difference test
using SPSS: Understanding students comprehension on the concept of
STEAM engines as power plant. [ndonesian Journal of Science and
Technology, 9(1), 45-108.

Forbes, C.T.; Neumann, K.; and Tiska, S.A. (2020). Patterns of inquiry-based
science instruction and student science-achievement in PISA 2015.
International Journal of Science Education, 42(5), 783-806.

Ustun, U.; Cansiz, M.; Ozdemir, E.; and Cansiz, N. (2022). Student and school-
level factors to predict science literacy for two top-performing countries in
PISA 2015: Finland and Singapore. International Journal of Science
Education. 44(4), 579-603.

Ristina, H.; Linuwih, S.; and Nuswowati, M. (2019). Sets learning efficacy to
improve students science literacy skills. Journal of Innovative Science
Education, 8(2), 183-189.

Nurkaenah, N.; Isnaeni, W.; and Subali, B. (2019). Influence of SETS science

learning program towards scientific literacy improvement. Journal of Primary
Education, 8(1), 59-66.

Journal of Engineering Science and Technology October 2024, Vol. 19(5)



Student’s Science Literacy Skill through Implementation of Integrating . . . . 1715

86. Usmeldi, U.; Amini, R.; and Trisna, S. (2017). The development of research-
based learning model with science, environment, technology, and society
approaches to improve critical thinking of students. Jurnal Pendidikan IPA
Indonesia, 6(2), 318-325.

87. Bellova, R.; Balazova, M.; and Tomcik, P. (2023). Are attitudes towards
science and technology related to critical areas in science education?. Research
in Science and Technological Education, 41(3), 1117-1132.

88. Toma, R.B.; Greca, .LM.; and Gémez, O.M.L. (2019). Attitudes towards
science and views of nature of science among elementary school students in
terms of gender, cultural background and grade level variables. Research in
Science and Technological Education, 37(4), 492-515.

89. Bellova, R.; Melichercikova, D.; and Tomcik, P. (2018). Possible reasons for
low scientific literacy of Slovak students in some natural science subjects.
Research in Science and Technological Education, 36(2), 226-242.

Journal of Engineering Science and Technology October 2024, Vol. 19(5)



