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Abstract: The skills needed in the 21st century are basic literacy, competence, and 
character. Critical thinking skills are one of the competencies and attitudes of science 
which is part of the character. The research aims to enhance students' critical thinking 
skills and science attitudes using interactive teaching materials on Climate Change. This 
quasi-experimental research was conducted in one of the junior high schools in Bogor 
involving 42 students in the experimental class and 41 students in the control class. Data 
collection uses critical thinking skills tests in the form of essays, science attitude 
questionnaires, and student response questionnaires. The data collected were analyzed 
descriptively and inferentially. The results showed that students who used interactive 
teaching materials had a higher average N-gain than the control class. The results of the 
t-test show that there are significant differences in critical thinking skills. The students' 
scientific attitude showed a meaning that was not much difference between students who 
used interactive teaching materials and those without them. Students gave a positive 
response to climate change interactive teaching materials in science learning. 
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Introduction  
 

The 21st century requires students to have critical, 
creative, collaborative, and communicative thinking 
skills (Iriani & Handoyo, 2020; Liesa-Orús et al., 2020; 
Magno et al., 2016; Yulianti et al., 2021). These 21st-
century skills need to be possessed by students to face 
problems that arise in everyday life. Critical, creative, 
collaborative, and communicative thinking skills need to 
be trained and familiarized through the learning process 
as well as in everyday life. According to Wahyuddin et 
al. (2022), the learning process that takes place 
interactively is inspiring, fun, and full of challenges that 
will facilitate students to express their ideas, initiatives, 
and creatives.  

In addition, the occurrence of Covid-19 Pandemic 
has caused changes in various activities in the world 
(Salzberger et al., 2020; Wang et al., 2021; Zhou et al., 
2020). The implementation of policies to maintain 
distance and human interaction in various countries is 

recommended to reduce the impact of the spread of 
COVID-19. This also affects teaching and learning 
activities in schools. Learning that was originally carried 
out offline changed to online (Adedoyin & Soykan, 2020; 
Mukhtar et al., 2020). During online learning, teachers 
cannot observe student activities and students do not 
interact directly with teachers or other students (Salta et 
al., 2022). Online learning also has an impact on the need 
to use technology (Abriata, 2022; Sukendro et al., 2020; 
Winter et al., 2021). This change has had a considerable 
impact on teachers and students (Al Darayseh, 2020; 
Kim et al., 2019). Learning is carried out remotely using 
various facilities available including the change of 
teaching materials from printed teaching materials to 
digital and interactive teaching materials. that can be 
accessed easily (Mahmudah et al., 2022; Wahyuni et al., 
2020; Warlinda et al., 2022) and students need the 
facilities to be able to keep up with technological 
developments in learning. 

https://doi.org/10.29303/jppipa.v9i3.3196
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The development of technology in the 21st century 
has also brought about a change in the balance of the 
environment. Therefore, environmental awareness 
needs to be instilled in the community from an early age 

(Abdillah et al., 2022; Kousar et al., 2022). One of the 
efforts to instill environmental awareness in students is 
to develop eco-literacy-based teaching materials that are 
expected to familiarize students with caring for the 
environment by asking questions, analyzing and solving 
problems, understanding readings/information well, 
being honest, open-minded, having great curiosity, and 
not easily believing in the information that has no 
evidence. Thus, critical thinking skills and scientific 
attitudes are necessary to maintain a sustainable life.  

The results of observations on teaching materials 
used in science learning in one of the cities in West Java 
have not facilitated students develop critical thinking 
skills. The teaching materials available are in the form of 
printed teaching materials that are content-charged, 
monotonous, and look less interactive.  This is also the 
case in several other schools (Hamid et al., 2020). The 
results of the research on the use of printed teaching 
materials can only improve the critical thinking skills of 
students with moderate categories (Fitriana & 
Kaniawati, 2017; Pursitasari et al., 2019).  Therefore, it is 
necessary to further develop interactive teaching 
materials that can be accessed easily and are expected to 
improve students’ critical thinking skills.  Critical 
thinking skills are one of the aspects needed by students 
to solve problems with various alternative problem-
solving (Husnah, 2017). 

Based on the problem and literature review that 
have been stated, the purpose of this study is to produce 
interactive teaching materials that can improve students' 
critical thinking skills and science attitudes. Teaching 
materials are learning resources that contain materials, 
methods, boundaries, and ways of evaluating that are 
systematically designed and interesting to enhance 
critical thinking skills and science attitudes.   
 

Method  
 

Climate change teaching materials used to improve 
critical thinking skills and science attitudes have been 
developed with the Analysis-Design-Development-
Implementation-Evaluation (ADDIE) stage. This study 
is the stage of implementation of the teaching materials 
produced and has been tested for feasibility by experts 
and assessments of junior high school science teachers.  

The resulting teaching materials are then 
implemented in class VII students in one of the junior 
high schools in the city of Bogor. Learning is carried out 
online and offline because there is still a Covid 19 
Pandemic. The number of students was 46 in the 

experiential class and 38 in the control class with the age 
between 13-14 years. The research method used during 
implementation is a quasi-experiment with pre-test and 
post-test control group design (Table 1).  
 
Table 1. Pre-test and post-test control group design 

Experimental Class OE.1 X OE.2 

Control Class OC.1 C OC.2 

 
The implementation is carried out using two 

classes, namely the control class and the experimental 
class. The control class is a class that in climate change 
learning does not use developed teaching materials (O), 
while the experimental class uses digital climate change 
teaching materials (R). Before and after climate change 
learning, pre-tests (OE.1; OC.1) and post-tests (OE.2; OC.2) 
are carried out to measure students' critical thinking 
skills and science attitudes. The research instrument is in 
the form of a critical thinking skills test in the form of an 
essay with 13 valid questions with a reliability coefficient 
of 0.825. Exploring students' scientific attitudes is carried 
out using questionnaires with the judging criteria for 
positive statements as strongly agree = 4; agree = 3; 
disagree = 2; and strongly disagree = 1. As for positive 
statements, they get the opposite score. The data of 
critical thinking skills obtained are then carried out 
scoring and analysis to determine N-gain using Formula 
(1). The N-gain values obtained are further categorized 
as high, medium, and low based on Table 2. The 
assessment of students' science attitudes is carried out 
only after the student has studied the teaching materials. 
Furthermore, a significance test of the difference 
between the two averages was carried out using Mann-
Whitney's statistical test. 
 

< g > =
Posttest Score −Pretest Score

Score maximum −Pretest Score
    (1) 

 
Table 2. Critical thinking Improvement Criteria  

 

Range Category 

𝑔 ≥ 0.7 High 
0.3 ≤ 𝑔 ≤ 0.7 Medium 
𝑔 < 0.3 Low 

 

Result and Discussion 
 

The climate change material presented in the 
interactive digital teaching material contains weather 
and climate types, climate change, greenhouse effects, 
global warming, causes of climate change, the impact of 
climate change on ecosystems, and climate change 
mitigation (Figure 1). The interactive digital teaching 
material is packaged in such a way as to have an 
attractive appearance and presentation of material that is 
easy for students to understand and contains 
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components of eco-literacy which will promote 
students' critical thinking skills and science attitudes.  
 

 
Figure 1. Display of interactive teaching materials on 

Climate Change to Ecosystems. 

 
Students’ Critical Thinking Skills 

The application of interactive teaching materials 
with the topic of Climate Change (Figure 1) at SMP 
Negeri 1 Bogor is carried out online both in 
experimental classes and control classes using zoom 
meetings and classical meetings according to a 
predetermined lesson schedule. Students can use 
interactive teaching materials using laptops, computers, 
or smartphones. This can make it easier for students to 
learn Climate Change material because it can be 
accessed using equipment owned by students and 
schools. According to Gikas & Grant (2013), the use of 
mobile technology such as smartphones or android 
phones, laptops, computers, tablets, and I-phones can 
be used to access information anytime and anywhere, 

and has a large contribution to educational institutions, 
including the achievement of distance learning goals 
(Korucu & Alkan, 2011). 

As a result of observations during the Zoom 
meeting (Figure 2), students seemed enthusiastic and 
serious about opening and studying slide after slide 
related to material on climate change. Some natural 
phenomena are displayed as a result of climate change 
such as global warming, depletion of the ozone layer, 
melting of polar ice caps, etc. Based on the phenomenon 
they see students write down and answer the questions 
contained in the teaching materials. This can familiarize 
students to get used to criticizing every problem they 
face and solving the problem appropriately. When 
learning, students also dare to ask questions if there are 
things that are not yet understood. Students can also 
answer the teacher's questions well. 
 

   

 
Figure 2. Learning Climate Change with Zoom Meeting 

 
According to Nosics (2012), the three activity of 

students should do to think critically are: (1) 
involvement in asking questions; (2) answering 
questions through logical reasoning; and (3) believing 
that the answers given are the result of his reasoning. 
The results of research on the implementation of 
teaching materials in science learning in junior high 
school grade VII showed an increase in N-gain of 0.47 
in experimental classes with the "moderate" category 
and 0.22 in the control class with the "low" category 
(Table 3). 

 
Table 3. Students' critical thinking 
Description Experiment Control 

Number of students 46 38 
Highest N-gain 0.77 0.40 
Lowest N-gain 0.21 0.10 
Average N-gain 0.47 0.22 
Standard deviation 0.12 0.077 

 
The difference in N-gain obtained is due to 

different teaching materials used in learning, but the 
models, methods, and infrastructure are all conditioned 
the same. The N-gain in the experimental class is greater 
than in the control class. This is because the interactive 
teaching materials used have the characteristics of 
having an attractive and fun appearance, a complete 
menu variety, and demanding active student 
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involvement, facilitating students to solve problems 
based on the results of analysis of contextual issues. An 
example of student involvement in the e-teaching 
material is that students can directly answer questions 
by filling in the answers in the space provided and 
matching quizzes (Figure 3), and other activities in the 
teaching materials. Various learning activities in the e-
module contain aspects of critical thinking skills, 
namely building basic classification, concluding, 
providing a further explanation, and managing 
strategies, and tactics (Ennis, 1985). 

 

 
 

 
Figure 3. Examples of questions that ask students to conclude 

and find a suitable answer 

  
The significance test of differences in improving 

students' critical thinking skills was carried out using 
inferential statistics after normality and homogeneity 
tests were carried out. The results of normality and 
homogeneity conclude that the data are normal and 
homogeneous distributed (Table 4).  
 
Table 4. Normality and Homogeneity Test Results of 
Critical Thinking Skills 

Class 
Normality Test Homogeneity Test 

sig. Conclusion sig. Conclusion 

Control 0.168 Normal 
distribution 

0.226 
Homogeneous 

groups Experiment 0.464 Normal 
distribution 

 

Because the data is distributed normally and 
homogeneously, the signification test uses an 
independent t-test with the test results showing a sig 
value of 0.00. These results show that the null 
hypothesis is rejected, so it can be concluded that there 
are differences in the improvement of critical thinking 
skills.  

This is in line with the results of research by 
Santoso et al. (2018) which concluded that the 
effectiveness of using e-books was higher than that of 
printed books. Interactive teaching materials can also be 
easily accessed by students and teachers using 
appropriate tools. Interactive teaching materials consist 
of practical learning materials, methods, and 
evaluations, to attract students' learning interests 
(Elvarita et al., 2020). Interactive teaching materials 
used in learning can be accessed using smartphones. 
The use of smartphones for learning has the following 
advantages: (1) learning does not depend on place and 
time; (2) learning is more varied; and (3) increases 
student motivation with a variety of multimedia 
resources that make learning enjoyable (Sirwan & 
Nurkhamid, 2021). Using interactive teaching materials 
generates interest in students. This high interest can be 
seen from the enthusiasm of students when learning 
using interactive teaching materials in science learning 
on Climate Change during offline learning (Figure 4). 

 

 
Figure 4. Enthusiastic students when using interactive 

teaching materials. 

 
The high enthusiasm of the students causes 

students to be more motivated to study climate change 
material and build critical thinking skills. In addition to 
facilitating students to develop critical thinking skills, 
the interactive teaching materials are also designed to 
build students' science attitudes.  
 
Science Attitudes 

Science attitudes play a role in learning because they 
will affect student learning outcomes and skills (Fitriani 
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et al., 2020).  The attitude of science has the following 
characteristics not being easy to believe and open-
minded, critical, logical, honest, and unyielding (Ali et 
al., 2013). Students who have a good scientific attitude 
will not easily believe in something without evidence 
and logical explanation (John & Ademola, 2014). The 
results of the post-test of students' science attitudes in 
the experimental and control class after studying 
interactive teaching materials on climate change 
material descriptively are found in Table 5.  
 
Table 5. Students' science attitudes 
Description Experiment Control 

Highest score 3.6 3.5 
Lowest score 2.7 1.9 
Average score 3.1 2.8 
Standard deviation 0.23       0.28 
Range 0.9        1.90 

 
Table 4 shows the average science attitude scores of 

students in the experimental class are greater than those 
of the control class. The result of the normality test 
showed data on science attitudes in the control class are 
normality non-distributed (Table 6). Therefor the 
significance test uses the Mann-Whitney test. The results 
of the significance test showed that there was a 
significant difference in the average science attitude of 
students with sig. = 0.00.  

 
Table 6. Results of the Normality Test of Students' 
Science Attitudes 

Group 

Kolmogorov-
Smirnov 

Shapiro-Wilk 

Statistic Sig. Statistic Sig. 

Experiment 0.112 0.200 0.967 0.292 
Control 0.159 0.011 0.918 0.006 

 
The results in Table 4 and Table 5 show that the use 

of teaching materials in climate change teaching 
materials causes students to have a good science 
attitude. This is because teaching materials contain 
activities that can promote student attitudes, for 
example in matchmaking activities, let's experiments 
with the title “Modeling the Greenhouse Effect, and 
Yook Creating” through the use of paper waste into 
crafts that have artistic and selling value. A further 
review of each aspect of students' science attitudes with 
the following indicators: curiosity, responsible. 
openness, criticality, interest in science, meticulousness, 
honesty, and empathy are found in Figure 5. The 
average science attitudes of students in the experimental 
class and control class were 3.1 and 2.8, respectively.  

Figure 5 shows that the science attitudes of students 
in the experimental class are higher than the control class 
on all aspects of science attitudes. The highest score on 

the empathy and curiosity aspects. This is because the 
interactive climate change teaching materials contain 
videos about environmental conditions that occur due to 
climate change. After listening carefully to the content of 
the video, students are asked to ask questions or express 
related opinions. Some of the students' questions and 
opinions show students' curiosity and concern for the 
phenomenon of climate change in the world presented 
virtually. Schutte (2019) concluded that virtual reality 
can be used as a vehicle to awaken curiosity and other 
positive characters. Curiosity is a great desire to know 
something (Noordewier & Dijk, 2017). According to 
Kashdan et al. (2018), curiosity consists of joyous 
exploration, stress tolerance, and social curiosity. Virtual 
reality can also facilitate the emergence of empathy 
(Bertrand et al., 2018) and the recognition of emotions 
(Ke & Moon, 2018). 

 

 
Figure 5. The science attitude of junior high school students. 

 

Conclusion  

 
Based on the results of the study, it can be 

concluded that the interactive climate change teaching 
materials have succeeded in enhancing critical thinking 
skills with a moderate category with an N-gain of 0.47 
and science attitude achievement w i t h  a n  average of 
3.1. The test results showed that the average difference 
in students' critical thinking skills and science attitudes 
concluded that there was a significant difference 
between the gains in the experimental class and the 
control class. The highest attitude toward science is 
obtained in the aspect of curiosity and empathy with 
excellent categories. Students respond positively to 
climate change interactive teaching materials in science 
learning. 
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