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ABSTRACT
 
Climate change is a problem that has received attention from various countries around the world. Climate change 
disrupts the balance of  the ecosystem, which, if  allowed to continue, can threaten the continuity of  life on Earth. 
In education, addressing the challenges of  learning about climate change can be done by selecting appropriate 
teaching materials. This study aims to examine Science, Technology, Engineering, and Mathematics (STEM) 
based physics teaching materials on climate change developed and designed to improve the climate literacy of  
high school students. The research uses the Analyze, Design, Development, Implementation, and Evaluation 
(ADDIE) Model. The teaching materials developed are then implemented in learning climate change in high 
school students. The research design was one group pretest-posttest with a sample of  37 high school students 
in Indonesia. The sampling technique used cluster random sampling. The instrument used was a test technique 
for the aspects of  knowledge and action consisting of  30 multiple-choice questions and a questionnaire for the 
attitude aspect comprising 15 statements. The results show that the STEM-based physics teaching material on 
climate change improves the climate literacy of  Indonesian high school students, with an average N-Gain score 
of  0.51 in the moderate category. Based on these results, it can be concluded that STEM-based teaching materials 
on climate change materials can be used to improve the climate literacy of  high school students.
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INTRODUCTION

In recent times, climate change has emer-
ged as a significant global issue, with widespread 
adverse effects felt across the globe (Leuzinger et 
al., 2019; Widiyawati, 2020; Trémolière & Dje-
riouat, 2021; Leal Filho et al., 2023; Queiroz et 
al., 2023). The influence of  human activities on 
climate change has altered extreme weather pat-
terns in all regions of  the world (Fleischhut et 
al., 2020; IPCC, 2021). Indirectly, climate chan-
ge involves nature’s unique components: the at-

mosphere, hydrosphere, and biosphere (Nayan 
et al., 2020). All aspects associated with climate 
change are anticipated to cause disruptions to so-
cial systems, infrastructure, and even ecosystems 
(Nabilah & Hariyono, 2021). Climate change 
also increases extreme events, such as harsh cli-
mate La Nina and El Nino, which can cause crop 
failure (Mardiyati et al., 2021). Uncontrolled cli-
mate change can result in natural disasters like 
severe flooding triggered by intense rainfall (Na-
yan et al., 2018). On the other hand, unchecked 
climate change can also cause extreme drought, 
increasing the risk of  forest fires, water shortages, 
migration, and extinction of  plants and livestock 
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(Sanaz et al., 2022). Both present and future ge-
nerations will have to confront the consequences 
of  climate change, with potentially more concer-
ning repercussions in the future (Gunamantha & 
Dantes, 2019).

Enhancing students’ knowledge and cha-
racter is a crucial function of  education (Nabilah 
& Hariyono, 2021). Moreover, multiple studies 
have identified education as the primary factor in 
fostering individual awareness of  climate change 
(Lee et al., 2015; Pan et al., 2023). According to 
Shi et al. (2016), education has been demonstra-
ted to enhance consciousness regarding climate 
change. Familiarity with climate change and its 
consequences is crucial for making informed 
choices concerning future adaptation and miti-
gation initiatives (Harker-Schuch et al., 2020) to 
maintain the Earth’s sustainability (Kumar et al., 
2023). In climate change education, strategies or 
learning methods that can influence the younger 
generation’s behavior regarding climate issues 
are still being debated (Kolenatý et al., 2022). 
Mittenzwei et al. (2019) assert that communities 
should be given the means to evaluate scientific 
evidence and comprehend the consequences of  
their actions, and this is especially vital for ele-
mentary and upper-level students, as they rep-
resent potential future leaders who must grasp 
and address the implications of  climate change 
(Oliver & Adkins, 2020). Challenges related to 
the issue of  climate change can be faced, one of  
which is by forming community climate literacy 
through education (Wu & Otsuka, 2021). It is 
crucial to garner public attention towards clima-
te change, and students play a significant role in 
enhancing climate literacy. This knowledge is va-
luable in identifying community-based solutions 
for addressing the challenges posed by climate 
change (Hestness et al., 2019; Toffaletti et al., 
2022).

Issues related to increasing climate lite-
racy have become an exciting topic (Suhaimi & 
Mahmud, 2022), essential (Pacini et al., 2022), 
and need to be carried out throughout the world 
(Foy & Foy, 2019; Brannon et al., 2022). Studies 
on climate change education and climate literacy 
have been conducted in Taiwan, Africa, Malay-
sia, Nigeria, England, Australia, and Indonesia. 
In Taiwan, the problem of  drought or water shor-
tage due to climate change has become a signifi-
cant concern for the government and residents of  
Taiwan  (Mardiyati et al., 2021). Helbling et al. 
(2021) state that in Africa, individuals with high 
climate literacy tend to live in urban areas and are 
highly educated. These results are also supported 
by Simpson et al.’s (2021) research, which shows 

that education strongly predicts one’s climate li-
teracy. Alenda-Demoutiez’s (2022) research focu-
ses on what shapes African climate literacy. 

Research conducted by Nayan et al. (2020) 
in Malaysia shows that students’ climate literacy 
in the behavioral aspect is lower than their know-
ledge. Research by Eze et al. (2022) on Nigerian 
teachers shows that teachers’ climate literacy is 
in the medium to low category. Science teachers 
are essential in increasing students’ scientific lite-
racy (Plutzer & Hannah, 2018). Climate change 
education is necessary in England, especially for 
young people (Rushton et al., 2023). In Austra-
lia, the natural environment of  Australia and its 
people are facing new challenges due to clima-
te change; therefore, the integration of  climate 
change issues into education programs is urgent-
ly needed (Yasukawa, 2023). Climate change is 
integrated into the physics curriculum taught in 
grade XI high schools in Indonesia, particular-
ly within global warming discussions. However, 
research suggests that the climate literacy level 
of  Indonesian students is still insufficient. For 
instance, an analysis of  climate literacy among 
high school students in Surabaya, Indonesia, in-
dicates that the indicators related to identifying 
scientific phenomena are categorized as low. In 
contrast, those for explaining scientific phenome-
na and using scientific evidence are classified as 
medium (Nabilah & Hariyono, 2021). Similarly, 
findings from a study on high school students’ 
perceptions of  climate change in Samboja, In-
donesia, demonstrate that a majority of  students 
do not have a complete understanding of  climate 
change, and only about one-third of  the partici-
pants view it as a global threat (Nugroho, 2020).

The problems above indicate the need to 
integrate climate change content into learning in 
secondary schools to improve students’ climate 
literacy as a whole, knowledge, actions, and at-
titudes. In Indonesia, the presence of  inaccura-
cies in the selection of  teaching materials used 
during the learning process is one of  the factors 
contributing to low scientific literacy, including 
climate literacy (Rusilowati et al., 2016). Apart 
from the learning materials, instructional met-
hods also play a crucial role in determining the 
effectiveness of  the learning process. One viable 
approach to teaching climate change is the Scien-
ce, Technology, Engineering, and Mathematics 
(STEM) approach, as it integrates essential skills 
necessary for designing effective climate change 
mitigation solutions (Kumar et al., 2023). STEM 
education can increase students’ knowledge of  
Climate Change Topics (Phanphet et al., 2019). 
The STEM approach integrates multiple scienti-
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fic disciplines, such as science, technology, engin-
eering, and mathematics, and is believed to imp-
rove students’ thinking skills and problem-solving 
skills (Duffy et al., 2019; Gupta et al., 2020). The 
STEM learning approach addresses practical, 
real-world challenges related to everyday life, and 
this can be achieved through inquiry-based met-
hods and collaborative efforts with peers to foster 
an efficient and productive learning environment 
(Savran Gencer & Dogan, 2020). The activities 
of   STEM learning or programs have also proven 
successful in increasing students’ climate litera-
cy, for example, those carried out by Choi et al. 
(2021) through learning programs with the SSI-
STEAM approach, which is an approach that in-
tegrates socio-scientific issues (SSI) and Science, 
Technology, Engineering, Arts, and Mathematics 
(STEAM). Research by  Nafidiah et al. (2023) 
also shows that integrating STEM into learning 
media can stimulate students’ scientific literacy 
on climate change.

The implementation of  the STEM appro-
ach can also be integrated into teaching materi-
als. Studies show that there is a high need for the 
provision and use of  STEM-based teaching ma-
terials to improve student learning outcomes, for 
example, research by Widarti et al. (2020), Sus-
tiningsih et al. (2021), Laila and Asrizal (2021), 
and Handayani et al. (2022). The use of  STEM-
integrated teaching materials has been proven 
to improve various types of  student learning 
outcomes, among others are students’ problem-
solving skills (Purwaningsih et al., 2020), STEM 
literacy (Hikmawati et al., 2020), and 21st-centu-
ry skills (Yulianti et al., 2020). Research by De-
Waters et al. (2014), who examine students in 
rural and suburban public school districts across 
New York, shows a significant increase in Clima-
te literacy levels of  junior and senior high school 
students measured on the cognitive scale through 
STEM-based teaching materials. Therefore, one 
way that can be used to teach climate change to-
pics is through the use of  teaching materials by 
integrating them with STEM learning approa-
ches.

Increasing climate literacy is urgently nee-
ded  (Powers et al., 2021; Pacini et al., 2022). Cli-
mate literacy is required so that individuals can 
understand how climate affects all life, acquire 
skills to communicate about climate change, and 
be aware of  ways to increase local resilience in 
climate change adaptation and mitigation efforts 
(Cooper et al., 2019). However, research on de-
veloping STEM-integrated teaching materials in 
Indonesia to improve students’ climate literacy 
is still limited. Therefore, we developed teaching 

materials integrated with the STEM approach 
to increase students’ climate literacy, which was 
declared very valid and received excellent student 
responses (Mutmainah et al., 2022). This follow-
up research explores how students’ climate lite-
racy increased after implementing STEM-integ-
rated teaching materials on the topic of  climate 
change. This research on implementing teaching 
materials integrated with the STEM approach 
was conducted in a high school in Indonesia, 
where initial observations showed that students’ 
climate literacy was still low. As a guideline in 
research, the research questions include: 1) How 
does climate literacy increase in the knowledge 
aspect of  high school students in Indonesia after 
implementing STEM-based teaching materials 
on climate change?; 2) How does climate litera-
cy increase in the action aspect of  high school 
students in Indonesia after implementing STEM-
based teaching materials on climate change?; 3) 
How does climate literacy increase in the attitude 
aspect of  high school students in Indonesia after 
implementing STEM-based teaching materials 
on climate change?

METHODS

Materials are an essential factor in de-
termining the quality of  learning. Since the de-
velopment of  teaching materials is a linear pro-
cess with the learning process, when designing 
teaching materials, it is necessary to consider 
the development model to ensure the quality of  
teaching materials that support the learning ef-
fect. One commonly used design for developing 
instructional materials is the five-step: Analyze, 
Design, Development, Implementation, and Eva-
luation (ADDIE) model. The ADDIE model is a 
learning system design model that describes the 
primary phases of  an easy-to-implement learning 
system (Cahyadi, 2019). According to Mayfield 
(2011), the ADDIE process has become a general 
framework for creating training programs. May-
field further claims that many instructors, trai-
ners, and universities use this instructional design 
model. This can be seen from Usta and Güntepe’s 
(2017) test of  the e-book design process based on 
the ADDIE model used by prospective teachers 
in the Computer and Instructional Technology 
department. Therefore, according to Puspasari 
(2019), there needs to be a step in producing a 
textbook that has suitable qualifications and is 
appropriate for application in lectures using the 
ADDIE model.

This research used a type of  development 
research with the ADDIE development model, 
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which consists of  five stages: Analysis, Design, 
Development, Implementation, and Evaluation 
(Aldoobie, 2015). The products developed and 
tested for feasibility were physics teaching mate-
rials for STEM-based climate change materials.

The special case design was employed 
in this study to explore one or more cases and 
provide the findings thoroughly. Yin (2018) as-
serts that case studies are the best methodology 
for situations requiring in-depth analysis. In the 
first stage, it is necessary to analyze the intended 
school’s needs and curriculum by formulating in-
dicators of  competency achievement and objecti-
ves through teaching materials developed to imp-
rove the climate literacy of  high school students. 
This analysis was carried out to obtain informati-
on related to the needs of  teaching materials, the 
curriculum used, and the material presented in 
teaching materials. This approach is useful for de-
veloping a learning system that adapts to student 
needs so that learning objectives can be achieved 
optimally (Yu et al., 2021).

Attention should be considered if  there is 
a need to change and manipulate specific design 
aspects while adapting educational materials to 
a particular learning environment. From the 
perspective of  why this is done and the standards 
utilized, there is a direct correlation between the 
evaluation and adaption of  materials (Ataboyev 
& Tursunovich, 2023). Several educational and 
methodological manuals illustrate the essential 
guidelines and ideas teachers should consider 
when creating teaching materials in light of  the 
transition to new academic standards (Tursuno-
vich, 2022). The second stage was designing te-
aching materials by sorting content into teaching 
materials and making concept maps. So basically, 
the designed teaching materials emphasized in-
tegrating the four aspects of  STEM and their re-
lation to climate literacy and realizing the design 
into a product.

Next, the third stage was developing teach-
ing materials in the form of  the realization of  the 
design into a product and testing for feasibility by 
experts. The goal was to assess the feasibility of  
the product and produce a product that students 
in learning can use. The number of  variables that 
influence the success or failure of  textbooks in 
specific contexts has made it necessary to define 
appropriate criteria under which these decisions 
are based (Tomlinson, 2023). 

The fourth stage was applying teaching 
material products that were considered feasible 
for students through the learning process to desc-
ribe students’ responses to teaching materials and 

increase student climate literacy after using these 
products. The sampling technique used cluster 
random sampling, a sample based on an arbitrary 
class where students were seen as class members 
(Dhivyadeepa., 2015). So, the development test 
of  STEM-based teaching materials on climate 
change material was conducted at Senior High 
School in Samarinda. The trial was conducted 
for students of  class XI MIPA. The design at 
the implementation stage used an experimental 
group subjected to pretest and posttest treatment 
with the samples, totaling 37 students. This de-
sign used one experimental group that was sub-
jected to pretest and posttest treatments, as in 
Table 1 (Fraenkel et al., 2023)

Table 1. One Group Pretest-Posttest Design

Pretest Treatment Posttest

O
1

X O
2

The final stage was evaluating the results 
obtained from the previous stage and improving 
the product until it reached the outcome of  te-
aching materials for STEM-based physics climate 
change material. The data generated came from 
the pretest given before the treatment, namely the 
use of  STEM-based physics teaching materials, 
and the posttest given after using STEM-based 
physics teaching materials. The instruments used 
were climate literacy questions in knowledge and 
action, totaling 30 multiple-choice questions, and 
a questionnaire on attitude related to climate 
change, which amounted to 15 statements (Chris-
tensen & Knezek, 2015). The questionnaire grids 
used for attitude questionnaires contained indica-
tors of  intention beliefs. 

The improvement of  students’ climate 
literacy was analyzed using the N-gain test with 
the following equation:

   

Then, the result of  these calculations was 
converted into the categories of  score-taking rates 
as shown in Table 2.

Table 2. N-Gain Score Categories

N-Gain Score Category

(< g >) > 0,70 High

0,70 > (<g>) > 0,30 Medium

(< g >)  < 0,30 Low

The acquisition of  the N-Gain score beca-
me the answer to this study which is described 
into one of  the categories.
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RESULTS AND DISCUSSION

This research was initiated by developing 
teaching materials that were developed and te-
sted for their feasibility to be implemented on 37 
Indonesian high school students consisting of  12 
male students and 25 female students. Three as-
pects of  climate literacy will be seen as improved, 
including the aspects of  knowledge, actions, and 
attitudes. Improving the climate literacy of  high 
school students includes solving problems and 
solutions that consider the complex interactions 
between engineering or engineering activities, the 
Earth’s climate system, and social systems that 
include benefits, costs, and risks (Powers et al., 
2021). Improving climate literacy can motivate 
students to work towards climate change-related 
solutions. Learning is carried out using STEM 
approaches and EDP models. The EDP model 
can facilitate students to simulate thinking and 
acting like a technique to create the most effective 
solutions to solve problems (Duong et al., 2022). 
The STEM learning stages used have adjusted 
the EDP syntax: define, learn, plan, try, test, and 
decide. Students are directed to work on creating 
flood-resistant houses in groups. Group activities 
can encourage students to discuss with each ot-
her, exchange ideas, and work together to solve 
problems (Efwinda et al., 2022).

The define and learn stage is the first step 
for students to get to know the problems that oc-
cur, while in the planning stage, students begin to 
think about plans that will be developed to solve 
issues related to climate change’s impacts. Stu-
dent involvement in learning can be connected 
to how they interact with their peers in STEM 
activities (Sulaeman et al., 2021); therefore, this 
also needs to get the teacher’s attention when 
applying STEM-based teaching materials. Teach-
ers must continue developing themselves to deve-
lop learning that suits current needs (Efwinda & 
Mannan, 2021). Teacher readiness to implement 
the STEM Approach plays an essential role in the 
success of  its implementation (Sulaeman et al., 
2022).

 The define stage leads students to be able 
to define the problem that occurs. Compared 
with conventional problem-solving methods, it is 
proven that the use of  EDP can further impro-

ve students’ ability to find problems and develop 
engineering design thinking in solving problems 
(Lin et al., 2021). The define stage is one of  the 
EDP stages that is commonly used by experts or 
researchers in science learning (Winarno et al., 
2020). This stage can facilitate students to learn 
how to know the difficulties faced by people and 
help those people so that the issue can be resol-
ved. Climate literacy that wants to be formed in 
the STEM component at the define stage is the 
engineering aspect. In this aspect, climate literacy 
is the ability of  students to provide solutions and 
design tools that can reduce the impact of  clima-
te change. The results show that five groups can 
understand the problems that occurred, and one 
group does not understand the issues that arose. 
This result indicates that students have differen-
ces in receiving the information obtained in defi-
ning the problem.

The learning stage leads students to provide 
problem-solving through scientific concepts, and 
students answer questions about climate change’s 
triggers and impacts at this stage. These results 
are in accordance with findings by Abdurrahman 
et al. (2023) which show that at the ”learn” stage 
in EDP, students who carry out EDP activities 
have a higher level of  attention to developing al-
ternative problem solutions because at this stage 
they are also given more space to investigate and 
explore information. Climate literacy that wants 
to be formed in STEM components at the lear-
ning stage is the science and mathematics aspect. 
Climate literacy in the science aspect is the ability 
of  students to understand how the Earth’s climate 
system is and make responsible decisions in con-
nection with actions that can affect the climate. 
In contrast, climate literacy in mathematics is the 
student’s ability to analyze graphs related to cli-
mate change. The planning stage directs students 
to be able to make a flood-resistant home solution 
plan that matches the criteria given by the per-
son who needs the solution and develop it in the 
form of  a picture. Students obtain information 
from the previous stages and begin to think of  so-
lutions that can provide answers to the problems 
faced. Students conduct material strength and 
absorption tests to manufacture a flood-resistant 
house prototype. They proceed to create a design 
for a flood-resistant house, as shown in Figure 1.    
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Climate literacy that wants to be formed in 
STEM components at the plan stage is aspects of  
science, technology, engineering, and mathema-
tics. All STEM aspects are needed in this stage, 
and students will integrate all four aspects to de-
sign solutions to problems arising in the previous 
step. Climate literacy in science is the ability of  
students to understand the Earth’s climate system 
and make responsible decisions concerning ac-
tions that can affect the climate. Climate literacy 
in the technology aspect is the ability of  students 

(b)(a)

Figure 1. (a) Material Strength Tests; (b) Material Absorption Test

to sort and assess scientifically credible informati-
on about the climate change topic circulating on 
the internet. Climate literacy in the engineering 
aspect is students’ ability to provide solutions and 
design tools that can reduce the impact of climate 
change. Climate literacy in mathematics is the ability 
of students to model and calculate the costs required 
of the tools they want to design to reduce the impacts 
of extreme climate change. An example of a design 
for a prototype of a flood-resistant house is presented 
in Figure 2.

The try stage directs students to include the 
design in the previous step in the form of  action 
and consider the risks and ways to optimize the 
design that has been made. Students are directed 
to use predetermined criteria and limitations to 
create a flood-resistant model or prototype of  a 
house. Climate literacy that wants to be formed 
in STEM components at the trial stage is the en-
gineering and mathematics aspects. Climate lite-
racy in the engineering aspect is the ability of  stu-
dents to provide solutions and design tools that 
can reduce the impact of  climate change. Climate 
literacy in mathematics is the ability of  students 
to model and calculate the costs required of  the 
tools they want to design to reduce the impacts of  
extreme climate change. Students are directed to 
continue making models or prototypes of  flood 

Figure 2. Examples  of   Flood  Resistant  House Designs

resistant houses at home at this stage due to li-
mited face-to-face time at school. An example of  
a prototype of  a flood-resistant house that stu-
dents have made is shown in Figure 3.

The test stage directs students to develop a 
design to determine whether the solution meets 
the criteria, limitations, and needs. Climate litera-
cy that wants to be formed in STEM components 
at the test stage is the technology and mathema-
tics aspects. Climate literacy in the technology 
aspect is the ability of  students to sort and assess 
scientifically credible information about the cli-
mate circulating on the internet. Climate literacy 
in mathematics is the ability of  students to model 
and calculate the costs required of  the tools they 
want to design to reduce the impacts of  extreme 
climate change. 
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The decide stage directs students to deter-
mine if  the design or prototype of  the flood-resis-
tant house made by each group can be a solution 
and provide answers to the problems that occur. 
This stage leads each group to present the results 
that have been created. The engineering aspect 
is climate literacy, which wants to be formed in 
STEM components at the decision stage. In this 

Figure 3. (a) Flood Resistant House Model Group 1; (b) Flood Resistant House Model Group 2

(b)(a)

aspect, climate literacy is the ability of  students to 
provide solutions and design tools that can redu-
ce the impact of  climate change.

The increase in student climate literacy is 
seen in pretest and posttest scores. The results of  
improving student climate literacy are presented 
in Figure 4.

 The N-Gain score for each aspect of  cli-
mate literacy is presented in Table 3.  Table 3 
shows that using STEM-based teaching materi-
als on Climate Change topics can improve the 
climate literacy of  high school students in the 

Figure 4. Results of  Improving Climate Literacy by Each Indicator

medium category. The average N-Gain score for 
all aspects of  climate literacy is 0.51, with an N-
Gain score of   0.70 for the knowledge aspect, an 
N-Gain score of   0.46 for the action aspect, and 
an N-Gain score of   0.37 for the attitude aspect.  

Table 3. The N-Gain Scores obtained for Each Aspect of  Climate Literacy

No. Climate Literacy Aspects N-Gain Category

1. Knowledge 0,70 High

2. Action 0,46 Medium

3. Attitude 0,37 Medium

Average 0,51 Medium

Based on the N-Gain score division cate-
gorBased on the N-Gain score division category, 
the increase in climate literacy of  high school 
students after using the STEM-based physics 
teaching materials developed is in the medium 

category. These results show the benefits of  
implementing STEM-based teaching materials 
in improving climate literacy. The STEM appro-
ach integrated with the EDP model can facilitate 
students’ involvement in every stage of  learning 
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activities (Duong et al., 2022). Project activities 
created by students encourage the construction of  
their knowledge themselves (Kuthe et al., 2020). 
Teaching materials with student worksheets con-
taining project activities related to climate chan-
ge can help students understand the problems 
faced and solve the impacts of  climate change. 
STEM-based teaching materials also receive a 
positive response from students and are suitable 
for senior high school-level learning (Mutmainah 
et al., 2022). Teaching materials with a STEM 
approach are excellent to implement because the 
STEM approach facilitates students’ learning by 
integrating various disciplines’ knowledge (Susti-
ningsih et al., 2021); it is needed in social life to 
solve real problems in everyday life (Widarti et 
al., 2020). Using STEM-based teaching materi-
als can improve students’ problem-solving skills, 
make learning fun and interesting (Purwaningsih 
et al., 2020), and increase students’ STEM litera-
cy (Hikmawati et al., 2020). Improving students’ 
climate literacy seeks to improve climate-related 
knowledge content and improves students’ ability 
to solve problems through teaching materials to 
motivate students to move towards climate chan-
ge solutions. This teaching material is one of  the 
product’s contributions to improving students’ 
climate literacy.

Teaching materials are needed by students 
as a source of  learning; they can be developed 
based on specific approaches, for example, integ-
rated with the STEM approach while still paying 
attention to the suitability of  topic characteristics 
(Widarti et al., 2020). The results of  this study 
also support other relevant studies that imple-
ment STEM-based teaching materials in science 
subjects, including physics and chemistry. For 
example, Asrizal et al. (2022) shows that using 
STEM-based electronic teaching materials in 
physics subject can support students’ 21st-cen-
tury skills. In addition, the use of  STEM-based 
teaching materials in chemistry subjects can also 
improve learning outcomes (Handayani et al., 
2022) and students’ scientific literacy (Kusasi et 
al., 2021). Research by Asrizal et al. (2023) also 
indicates that using STEM-based physics teach-
ing materials is proven to develop new conceptual 
understanding and literacy for students.

Based on these results, we recommend the 
need for an evaluation of  the high school educa-
tion curriculum, especially on topics related to 
climate change, to integrate the STEM approa-
ch to learning. Climate change topics contain 
multidisciplinary sub-topics, not only associated 
with physics subjects but also can be integrated 
with other fields, including technology, enginee-

ring, mathematics, other science fields, and even 
social sciences related to this problem. Students 
must  study following real-world contexts to solve 
real-world problems (Widarti et al., 2020). Teach-
ing climate change topics needs to be carried out 
through a meaningful process. In science lear-
ning, the learning outcomes are formed from in-
dividual experience, intuition, imagination, and 
cultural and sustainable sociopolitical values in 
everyday life, which involve students in develo-
ping their critical scientific literacy (Ryu & Da-
niel, 2020). The limitation of  this study is that it 
was implemented on a small scale, with only 37 
Indonesian senior high school students. Further 
research needs to be done to implement teaching 
materials on a larger scale to strengthen the re-
sults of  this study further.

Further research needs to be conducted 
considering that students’ climate knowledge still 
needs to be improved, in terms of  essential kno-
wledge, attitudes, and behaviors, to prevent the 
negative impacts of  climate change in the future 
(Hakim et al., 2023). Therefore, this novel ap-
proach demonstrates the significance of  creating 
STEM education programs that are tailored to 
different age groups and result in a high capacity 
to improve learning outcomes in climate change 
(Kumar et al., 2023). 

CONCLUSION

Based on the study results, it can be con-
cluded that STEM-based teaching materials on 
climate change topics can improve the climate 
literacy of  high school students. Increasing cli-
mate literacy is in the medium category, with an 
average N-Gain score of  0.51, and can be used 
as a source of  learning support. STEM-integrated 
teaching materials support students in learning to 
integrate various disciplines needed to solve real 
everyday problems. The research results can be 
helpful for teachers in increasing students’ clima-
te literacy and as a reference for teaching materi-
als on the topic of  climate change that have been 
adapted to current needs, namely by integrating 
with the STEM approach. 

REFERENCES

Ataboyev, I., & Tursunovich, R. I. T. R. I. (2023). 
Adaptation And Systematization of  Teaching 
Materials For Individuals and Groups. Журнал 
иностранных языков и лингвистики, 5(5).

Abdurrahman, A., Maulina, H., Nurulsari, N., Su-
kamto, I., Umam, A. N., & Mulyana, K. M. 
(2023). Impacts of  integrating engineering 
design process into STEM maker space on re-



 A. Hakim, S. Efwinda, P. Damayanti, M. Syam,
O. Mutmainah, A. Norsaputra/ JPII 12 (4) (2023) 526-537

534

newable energy unit to foster students’ system 
thinking skills. Heliyon, 9(4), e15100. 

Aldoobie, N. (2015). ADDIE Model. American Inter-
national Journal of  Contemporary Research, 5(6), 
68–72. 

Alenda-Demoutiez, J. (2022). Climate change literacy 
in Africa: the main role of  experiences. Inter-
national Journal of  Environmental Studies, 79(6), 
981–997. 

Asrizal, A., Annisa, N., Festiyed, F., Ashel, H., & 
Amnah, R. (2023). STEM-integrated physics 
digital teaching material to develop conceptual 
understanding and new literacy of  students. 
Eurasia Journal of  Mathematics, Science and Tech-
nology Education, 19(7). 

Asrizal, A., Mardian, V., Novitra, F., & Festiyed, F. 
(2022). Physics electronic teaching material-
integrated STEM education to promote 21st-
century skills. Cypriot Journal of  Educational Sci-
ences, 17(8), 2899–2914. 

Brannon, L., Gold, L., Magee, J., Walton, G., Bran-
non, L., Gold, L., Magee, J., & Walton, G. 
(2022). The Potential of  Interactivity and Gamifi-
cation Within Immersive Journalism & Interactive 
Documentary ( I-Docs ) to Explore Climate Change 
Literacy and Inoculate Against Misinformation The 
Potential of  Interactivity and Gamification Within 
Immersive Jou. 

Cahyadi, R. A. H. (2019). Pengembangan bahan ajar 
berbasis ADDIE model. Halaqa: Islamic Educa-
tion Journal, 3(1), 35-42.

Choi, S. Y., Won, A. R., Chu, H. E., Cha, H. J., Shin, 
H., & Kim, C. J. (2021). The Impacts of  a Cli-
mate Change SSI-STEAM Program on Junior 
High School Students’ Climate Literacy. Asia-
Pacific Science Education, 7(1), 96–133. 

Christensen, R., & Knezek, G. (2015). The climate 
change attitude survey: Measuring middle 
school student beliefs and intentions to enact 
positive environmental change. International 
Journal of  Environmental and Science Education, 
10(5), 773–788. 

Cooper, O., Keeley, A., & Merenlender, A. (2019). 
Curriculum gaps for adult climate literacy. Con-
servation Science and Practice, 1(10). 

DeWaters, J. E., Andersen, C., Calderwood, A., & 
Powers, S. E. (2014). Improving climate liter-
acy with project-based modules rich in educa-
tional rigor and relevance. Journal of  Geoscience 
Education, 62(4), 469–484. 

Dhivyadeepa, E. (2015). Sampling techniques in educa-
tional research. Lulu. com.

Duffy, M. A., Hammond, J. W., & Cheng, S. J. (2019). 
Preaching to the choir or composing new 
verses? Toward a writerly climate literacy in in-
troductory undergraduate biology. Ecology and 
Evolution, 9(22), 12360–12373. 

Duong, X. Q., Nguyen, N. H., Nguyen, M. T., & Thao-
Do, T. P. (2022). Applying Stem Engineering 
Design Process Through Designing and Mak-
ing of  Electrostatic Painting Equipment in Two 

Rural Schools in Vietnam. Jurnal Pendidikan 
IPA Indonesia, 11(1), 1–10. 

Efwinda, S., & Mannan, M. N. (2021). Technological 
pedagogical and content knowledge (TPACK) 
of  prospective physics teachers in distance 
learning: Self-perception and video observa-
tion. Journal of  Physics: Conference Series, 1806(1). 

Efwinda, Shelly, Damayanti, P., Mutmainah, O., 
Malisan, R., & Anggraeni, B. (2022). Pelati-
han Pembuatan Poster Digital Tema Pemanasan 
Global Dalam Melatihkan Kreativitas Siswa. 6(3), 
756–768.

Eze, E., Nwagu, E. K. N., & Onuoha, J. C. (2022). Ni-
gerian teachers’ self-reported climate science 
literacy and expressed training needs on cli-
mate change concepts: Prospects of  job-embed-
ded situative professional development. Science 
Education, 106(6), 1535–1567. 

Fleischhut, N., Herzog, S. M., & Hertwig, R. (2020). 
Weather literacy in times of  climate change. 
Weather, Climate, and Society, 12(3), 435–452. 

Foy, G. P., & Foy, R. L. H. (2019). The Path Forward 
Through Climate Science Literacy. ACS Sympo-
sium Series, 1313, 119–131. 

Fraenkel, J. R., Wallen, N. E., & Hyun, H. H. (2023). 
How to Design and Evaluate Research in Education 
(11th ed). McGraw-Hill.

Gunamantha, I. M., & Dantes, N. (2019). Climate 
Change Literacy of  Elementary School Stu-
dents in Buleleng District, Bali Province, In-
donesia. Journal of  Physics: Conference Series, 
1254(1).

Gupta, R., Voiklis, J., Rank, S. J., Dwyer, J. de la T., 
Fraser, J., Flinner, K., & Nock, K. (2020). Pub-
lic perceptions of  the STEM learning ecology–
perspectives from a national sample in the US. 
International Journal of  Science Education, Part 
B: Communication and Public Engagement, 10(2), 
112–126. 

Hakim, M., Omran, A. A. B., Ahmed, A. N., Al-
Waily, M., & Abdellatif, A. (2023). A system-
atic review of  rolling bearing fault diagnoses 
based on deep learning and transfer learning: 
Taxonomy, overview, application, open chal-
lenges, weaknesses and recommendations. Ain 
Shams Engineering Journal, 14(4), 101945.

Handayani, D., Winarni, E. W., Sundaryono, A., 
Firdaus, M. L., & Alperi, M. (2022). The De-
velopment of  Organic Chemistry Teaching Ma-
terials on The Topic of  Lipid Using Android 
STEM Based Approach. International Journal of  
Interactive Mobile Technologies, 16(3), 104–122. 

Harker-Schuch, I. E., Mills, F. P., Lade, S. J., & Colvin, 
R. M. (2020). CO2peration – Structuring a 3D 
interactive digital game to improve climate lit-
eracy in the 12-13-year-old age group. Comput-
ers and Education, 144(January 2019), 103705. 

Helbling, M., Auer, D., Meierrieks, D., Mistry, M., & 
Schaub, M. (2021). Climate change literacy and 
migration potential: micro-level evidence from 
Africa. Climatic Change, 169(1–2), 1–13. 



535
 A. Hakim, S. Efwinda, P. Damayanti, M. Syam,

O. Mutmainah, A. Norsaputra/ JPII 12 (4) (2023) 526-537

Hestness, E., McGinnis, J. R., & Breslyn, W. (2019). 
Examining the relationship between middle 
school students’ sociocultural participation and 
their ideas about climate change. Environmental 
Education Research, 25(6), 912–924. 

Hikmawati, A., Pursitasari, I. D., Ardianto, D., & 
Kurniasih, S. (2020). Development of  Digital 
Teaching Materials on Earthquake Themes 
to Improve STEM Literacy. Journal of  Physics: 
Conference Series, 1521(4). 

IPCC. (2021). The Physical Science Basis. Contribution 
of  Working Group I to the Sixth Assessment Report 
of  the Intergovernmental Panel on Climate Change. 
(Cambridge (ed.)). Cambridge University Press.

Kolenatý, M., Kroufek, R., & Činčera, J. (2022). What 
Triggers Climate Action: The Impact of  a Cli-
mate Change Education Program on Students’ 
Climate Literacy and Their Willingness to Act. 
Sustainability (Switzerland), 14(16). 

Kumar, P., Sahani, J., Rawat, N., Debele, S., Tiwari, 
A., Mendes Emygdio, A. P., K.V., A., Kukadia, 
V., Holmes, K., & Pfautsch, S. (2023). Using 
empirical science education in schools to im-
prove climate change literacy. Renewable and 
Sustainable Energy Reviews, 178. 

Kusasi, M., Fahmi, F., Sanjaya, R. E., Riduan, M., & 
Anjani, N. (2021). Feasibility of  STEM-based 
basic chemistry teaching materials to improve 
students’ science literature in wetland context. 
Journal of  Physics: Conference Series, 2104(1). 

Kuthe, A., Körfgen, A., Stötter, J., & Keller, L. (2020). 
Strengthening their climate change literacy: A 
case study addressing the weaknesses in young 
people’s climate change awareness. Applied En-
vironmental Education and Communication, 19(4), 
375–388. 

Laila, R., & Asrizal. (2021). Analysis of  need for devel-
opment of  physics teaching materials assisted 
by a learning house portal integrating STEM 
and contextual models to improve student digi-
tal literacy. Journal of  Physics: Conference Series, 
1876(1). 

Leal Filho, W., Balasubramanian, M., Abeldaño Zu-
ñiga, R. A., & Sierra, J. (2023). The Effects 
of  Climate Change on Children’s Education 
Attainment. Sustainability (Switzerland), 15(7), 
1–12. 

Lee, T. M., Markowitz, E. M., Howe, P. D., Ko, C. Y., 
& Leiserowitz, A. A. (2015). Predictors of  pub-
lic climate change awareness and risk percep-
tion around the world. Nature Climate Change, 
5(11), 1014–1020. 

Leuzinger, S., Borrelle, S. B., & Jarvis, R. M. (2019). 
Improving Climate-Change Literacy and Sci-
ence Communication Through Smart Device 
Apps. Frontiers in Education, 4(November), 1–5. 

Lin, K. Y., Wu, Y. T., Hsu, Y. T., & Williams, P. J. 
(2021). Effects of  infusing the engineering de-
sign process into STEM project-based learning 
to develop preservice technology teachers’ en-
gineering design thinking. International Journal 
of  STEM Education, 8(1), 1–15. 

Mardiyati, S., Natsir, M., & Nailah. (2021). Literacy 
and adaptation strategy of  rainfed lowland 
farmer on climate change risk in Takalar Re-
gency Literacy and adaptation strategy of  rain-
fed lowland farmer on climate change risk in 
Takalar Regency. The 1st International Conference 
on Environmental Ecology of  Food Security, 1–6. 

Mayfield, M. (2011). Creating training and develop-
ment programs: using the ADDIE method. De-
velopment and Learning in Organizations: An Inter-
national Journal, 25(3), 19-22.

Mittenzwei, D., Bruckermann, T., Nordine, J., & 
Harms, U. (2019). The energy concept and its 
relation to climate literacy. Eurasia Journal of  
Mathematics, Science and Technology Education, 
15(6). 

Mutmainah, O., Hakim, A., & Syam, M. (2022). Va-
lidity of  Physics Teaching Materials Based on 
STEM to Improve Climate Literacy of  High 
School Students. Jurnal Pendidikan Fisika Dan 
Teknologi, 8(2), 208–216. 

Nabilah, H., & Hariyono, E. (2021). Analysis on 
Climate Literacy Capacity of  Level XI High 
School Students in Surabaya. Prisma Sains : Ju-
rnal Pengkajian Ilmu Dan Pembelajaran Matema-
tika Dan IPA IKIP Mataram, 9(1), 28. 

Nafidiah, F. Z., Parno, P., Fitriyah, I. J., Fardhani, I., 
Nida, S., & Suprihatin, R. (2023). Development 
of  Digital Game-Based Learning Based PBL-
STEM to Stimulate Scientific Literacy of  Ju-
nior High School Students in Climate Change 
Analyzing Activities. International Conference on 
Mathematics and Science Education: Science and 
Mathematics Education Research: Current Chal-
lenges and Opportunities, ICoMSE 2021Virtual. 

Nayan, N., Mahat, H., Hashim, M., Saleh, Y., & Nor-
khaidi, S. B. (2018). Verification of  the Instru-
ment of  Climate Literacy Knowledge among 
Future Teachers: Confirmatory Factor Analy-
sis (CFA). International Journal of  Academic Re-
search in Progressive Education and Development, 
7(3), 25–39. 

Nayan, N., Mahat, H., Hashim, M., Saleh, Y., & Nor-
khaidi, S. B. (2020). Climate literacy aware-
ness among preservice teachers in Malaysia. 
Cakrawala Pendidikan, 39(1), 89–101. 

Nugroho, A. W. (2020). What students know about 
climate change? a case study of  high school 
students in Samboja, Indonesia. IOP Conference 
Series: Earth and Environmental Science, 487(1). 

Oliver, M. C., & 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(January), 101641. 

Pacini, A., Edelmann, H. G., Großschedl, J., & Schlüt-
er, K. (2022). A Literature Review on Facade 
Greening: How Research Findings May Be 
Used to Promote Sustainability and Climate 
Literacy in School. Sustainability (Switzerland), 
14(8). 

Pan, W.-L., Fan, R., Pan, W., Ma, X., Hu, C., Fu, P., 



 A. Hakim, S. Efwinda, P. Damayanti, M. Syam,
O. Mutmainah, A. Norsaputra/ JPII 12 (4) (2023) 526-537

536

& Su, J. (2023). The role of  climate literacy 
in individual response to climate change: evi-
dence from China. Journal of  Cleaner Production, 
40515. 

Phanphet, S., Jomjunyong, S., Wangmai, A., Suk-
prasert, N., Boonyaprapa, P., & Suttipong, R. 
(2019). The Creation of  Perception and Col-
laboration in Decreasing the Effects of  Climate 
Change through Stem Education. IOP Con-
ference Series: Earth and Environmental Science, 
347(1), 1–5. 

Plutzer, E., & Hannah, A. L. (2018). Teaching climate 
change in middle schools and high schools: 
investigating STEM education’s deficit model. 
Climatic Change, 149(3–4). 

Powers, S. E., Dewaters, J. E., & Dhaniyala, S. (2021). 
Climate literacy—imperative competencies for 
tomorrow’s engineers. Sustainability (Switzer-
land), 13(17), 1–15. 

Purwaningsih, E., Sari, S. P., Sari, A. M., & Suryadi, 
A. (2020). The effect of  STEM-PjBL and dis-
covery learning on improving students’ prob-
lem-solving skills of  the impulse and momen-
tum topic. Jurnal Pendidikan IPA Indonesia, 9(4), 
465–476. 

Puspasari, R. (2019). Pengembangan Buku Ajar Kom-
pilasi Teori Graf  dengan Model Addie. Journal 
of  Medives: Journal of  Mathematics Education 
IKIP Veteran Semarang, 3(1), 137-152.

Queiroz, A. C. M., Fauville, G., Abeles, A. T., & Le-
vett, A. (2023). The Efficacy of  Virtual Reality in 
Climate Change Education Increases with Amount 
of  Body Movement and Message Specificity.

Rushton, E. A. C., Sharp, S., Kitson, A., & Walshe, 
N. (2023). Reflecting on Climate Change Edu-
cation Priorities in Secondary Schools in Eng-
land: Moving beyond Learning about Climate 
Change to the Emotions of  Living with Cli-
mate Change. Sustainability (Switzerland), 15(8). 

Rusilowati, A., Nugroho, S. E., & Susilowati, S. M. 
(2016). Development of  Science Textbook 
Based on Scientific Literacy for Secondary 
School. Jurnal Pendidikan Fisika Indonesia, 12(2), 
98–105. 

Ryu, M., & Daniel, S. M. (2020). How Did We Engage 
Resettled Chin Youth in Critical STEM Litera-
cy Practices? Asia-Pacific Science Education, 6(2), 
319–345. 

Sanaz, S., Bahramzadeh, A., & Hanafi-Bojd, A. A. 
(2022). Climate Change and Gender : Mapping 
Drought and Gender Gap in Literacy and Em-
ployment Sections in Iran between 2011 and 
2016. Medical Journal of  the Islamic Republic of  
Iran (MJIRI), 36(146), 1–8.

Savran Gencer, A., & Dogan, H. (2020). The Assess-
ment of  the Fifth-Grade Students’ Science 
Critical Thinking Skills through Design-Based 
STEM Education. International Journal of  As-
sessment Tools in Education, 2020(4), 690–714.

Shi, J., Visschers, V. H. M., Siegrist, M., & Arvai, J. 

(2016). Knowledge as a driver of  public percep-
tions about climate change reassessed. Nature 
Climate Change, 6(8), 759–762. 

Simpson, N. P., Andrews, Talbot Krönke, M., Len-
nard, C., Odoulami, Romaric COuweneel, B., 
& Steynor, A. (2021). Climate change literacy 
in Africa. Nature Climate Change, 11(11), 937–
944. 

Suhaimi, N., & Mahmud, S. N. (2022). A Bibliometric 
Analysis of  Climate Change Literacy between 
2001 and 2021. In Sustainability (Vol. 14, Issue 
19). 

Sulaeman, N. F., Efwinda, S., & Putra, P. D. A. (2022). 
Teacher Readiness in STEM Education: Voic-
es of  Indonesian Physics Teachers. Journal of  
Technology and Science Education, 12(1), 68–82.

Sulaeman, N. F., Putra, P. D. A., Mineta, I., Haka-
mada, H., Takahashi, M., Ide, Y., & Kumano, 
Y. (2021). Exploring Student Engagement in 
STEM Education through the Engineering De-
sign Process. Jurnal Penelitian Dan Pembelajaran 
IPA, 7(1), 1. 

Sustiningsih, Utaminingsih, S., & Santoso. (2021). 
Development of  Science Teaching Materials 
Based on STEM: A Needs Analysis. Journal of  
Physics: Conference Series, 1823(1). 

Toffaletti, S., Rosi, T., & Onorato, P. (2022). Civic sci-
entific literacy: A teaching learning sequence 
on the climate change. Nuovo Cimento Della So-
cieta Italiana Di Fisica C, 45(6), 1–4. 

Tomlinson, B. (2023). Using text-driven and other 
principled frameworks for developing language 
learning material. Developing materials for lan-
guage teaching.

Trémolière, B., & Djeriouat, H. (2021). Exploring the 
roles of  analytic cognitive style, climate science 
literacy, illusion of  knowledge, and political 
orientation in climate change skepticism. Jour-
nal of  Environmental Psychology, 74(January). 

Tursunovich, R. I. (2022). “GUIDELINES FOR 
DESIGNING EFFECTIVE LANGUAGE 
TEACHING MATERIALS. American Journal 
of  Research in Humanities and Social Sciences, 7, 
65-70.

Usta, N. D., & Güntepe, E. T. (2017). Pre-Service 
Teachers’ Material Development Process Based 
on the ADDIE Model: E-Book Design. Journal 
of  Education and Training Studies, 5(12), 199-
210.

Widarti, H. R., Rokhim, D. A., & Syafruddin, A. B. 
(2020). The development of  electrolysis cell 
teaching material based on STEM-PjBL ap-
proach assisted by learning video: A need 
analysis. Jurnal Pendidikan IPA Indonesia, 9(3), 
309–318. 

Widiyawati, Y. (2020). Global warming & climate 
change: Integration of  socio-scientific issues 
to enhance scientific literacy. Journal of  Physics: 
Conference Series, 1511(1). 

Winarno, N., Rusdiana, D., Samsudin, A., Susilowati, 



537
 A. Hakim, S. Efwinda, P. Damayanti, M. Syam,

O. Mutmainah, A. Norsaputra/ JPII 12 (4) (2023) 526-537

E., Ahmad, N., & Afifah, R. M. A. (2020). The 
steps of  the Engineering Design Process (EDP) 
in science education: A systematic literature 
review. Journal for the Education of  Gifted Young 
Scientists, 8(4), 1345–1360. 

Wu, J., & Otsuka, Y. (2021). Exploring the climate 
literacy of  high school students for better cli-
mate change education. International Journal of  
Global Warming, 23(2). 

Yasukawa, K. (2023). Teaching about climate change: 
Possibilities and challenges in Australian adult 
literacy programs. Journal of  Adolescent and 
Adult Literacy, 66(4), 218–228. 

Yin, R. K. (2018). Case Study Research and Applica-
tions. In SAGE Publications (6th ed.).

Yu, S. J., Hsueh, Y. L., Sun, J. C. Y., & Liu, H. Z. 
(2021). Developing an intelligent virtual real-
ity interactive system based on the ADDIE 
model for learning pour-over coffee brewing. 
Computers and Education: Artificial Intelligence, 2, 
100030. 

Yulianti, D., Wiyanto, Rusilowati, A., & Nugroho, S. 
E. (2020). The Development of  High School 
Physics Teaching Material Based on STEM 
to Facilitate the Development of  21st Century 
Learning Skills. Proceedings of  the 7th Mathemat-
ics, Science, and Computer Science Education Inter-
national Seminar, MSCEIS 2019. 


