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ABSTRACT 

Critical thinking skills are needed to face the 21st century. PISA 2018 data shows that students' critical thinking skills 

are still low. The Earth is experiencing an increase in temperature so it requires a solution to overcome it. STEM 

animation learning media with feedback can increase student reality and involvement and make it easier for students to 

understand concepts by linking STEM elements. The application of STEM learning media animation with feedback is 

still rarely used to build capabilities of critical thinking. The purpose of this study was to develop STEM animation 

learning media with feedback to facilitate students' critical thinking skills on appropriate global warming materials. This 

study uses Research and Development and ADDIE model's 5 stages, namely Analysis, Design, Development, 

Implementation, and Evaluation. The instrument used is a media validation questionnaire, material, and readability. The 

results of the average percentage of test material were 95,1 % and media 94,3% with very decent criteria. The percentage 

of students' readability test has an average value of 81% with a very decent category. So, this media can facilitate 

students to think critically on global warming material. For future researchers, it is recommended to use the product as 

a medium of learning in the classroom. 

Keywords: Animation learning media, STEM, STEM-feedback animation, Critical thinking, and Global 

warming.

1. INTRODUCTION 

The increase in temperature that is currently happening is 

one of the impacts of global warming [1]. Global warming 

can occur because the earth's temperature has increased so 

that it can lead to climate change [2]. The increase in 

temperature of the earth can be seen through the sea surface 

temperature in 2018 ranged between 25° C‒26° C, in 2019 

ranged between 26°C‒27°C, the year 2020 ranging from 

30°C‒31°C. On May 23, 2020, it became the highest sea 

surface temperature value, reaching 30,8°C [3]. The results 

of the study in 2020 showed that the SPL reached a higher 

value than in 2019. The sea surface temperature is a 

benchmark to see the impact of climate change due to global 

warming. These data provide an overview of the existence of 

climate change in the future [4].  

Understanding global warming material is important 

because students need to analyze the causes and impacts of 

global warming so that they can provide solutions to 

overcome these problems [5]. The problem that occurs in 

global warming material is that students still often experience 

misconceptions about global warming material [6]. Students 

still think that the material on global warming is difficult, this 

is indicated by the data that students find it difficult to answer 

questions in the form of global warming problems of 81.25% 

[7]. Science material is material that is still abstract so that 

students still have difficulty understanding it and make 

students feel bored so that it can cause misconceptions that 

affect students' critical thinking skills [8]. 

Several studies have been conducted to develop students' 

abilities on global warming material. The research in question 

is the use of discovery learning models to train students' 

scientific literacy skills [9], implementation of spot capturing 

learning to improve science process skills [10], development 

of science magazines to increase student interest in learning 

[5], Student worksheet 7E learning cycle model to improve 

critical thinking skills [11], the application of the beach ball 

type class discussion model to improve student learning 

outcomes [12], global warming worksheets with SETS vision 

to improve critical thinking skills [13], blended learning to 
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increase the level of critical thinking skills [14], skills 

students' critical thinking in the implementation of the 

discovery learning model [15]. From these studies, it can be 

concluded that critical thinking skills have been studied more, 

but there are still few who have researched the media. Thus, 

it is necessary to increase critical thinking skills using media 

on global warming material. 

Critical thinking skills are needed in everyday life to face 

life's challenges so that students can face all the problems in 

everyday life [16]. The survey results from PISA in 2018 

showed that the critical thinking ability of students in 

Indonesia in science material was low with a rank of 71 out 

of 79 countries with a score of 396 which decreased 

compared to 2015 which was 403 [17]. The low ability of 

students' critical thinking on global warming material is 

shown by pre-test data on class VII E Junior High School 20 

Surabaya [18]. The low critical thinking ability of students is 

due to students being less active in developing their 

knowledge independently [19]. 

Several studies have been conducted to overcome the low 

critical thinking skills of students on global warming 

material. The research in question is the application method 

with a scientific approach [18], the application of discovery 

learning models [20], electronic teaching materials [21], 

constructivism-oriented SETS-oriented worksheets [13], 

learning media in the form of interactive multimedia [22], and 

instructional video media. based on local wisdom [23]. These 

studies have weaknesses, including the lack of updates that 

can make students analyze and think critically so that they 

can produce products, and there is no reciprocal relationship 

or feedback by students in using the media as a form of 

communication so that active learning occurs. It appears that 

learning media solutions on global warming materials are still 

rarely used. Also, the learning media developed was only in 

the form of static audio-visual. From this research, no 

research has been found that develops animation media that 

applies STEM with feedback to facilitate students' critical 

thinking skills on global warming material.   

Learning media serves to help students understand the 

concept by presenting the material concretely so that students 

become more active [24]. Learning media on global warming 

material is important because global warming is related to 

natural phenomena so it will be very difficult to present it in 

learning [7]. Animation can explain abstract concepts into 

concrete in the form of moving images so that it is easier for 

students to understand concepts [25, 26]. Thus, animated 

learning media can present a non-static visualization of the 

material phenomenon of global warming.   

STEM learning is an approach by combines science, 

technology, engineering, and mathematics in learning so that 

it can help students gain knowledge independently and 

skillfully solve problems in real life [27]. Learning STEM 

animation will make material that is still abstract more 

concrete because learning STEM animation directly relates 

the material to everyday life [28]. STEM animation learning 

media can make it easier for students to understand the 

concept [29]. Thus, STEM animation learning media can 

make students analyze and think critically about the global 

warming phenomenon through the manufacture of 

Engineering products. 

Feedback by students is a form of active communication 

in media learning. Thus, feedback is an important thing that 

must exist in the media because communication will occur 

through feedback [30]. Learning on the media will be more 

meaningful and active because of the feedback [31]. One 

form of feedback is by giving information warnings in the 

form of wrong and right answers by giving opinions [32]. 

The emergence of critical thinking skills is influenced by 

the provision of feedback [33]. Feedback and critical thinking 

are interrelated entities because feedback in the form of 

evaluation is needed in forming a concept of critical thinking 

[34]. Feedback in learning media can improve critical 

thinking skills and train students to solve problems 

independently [35]. STEM animation learning media can 

improve concept understanding better through critical 

thinking [28]. Students' critical thinking skills can be 

increased by using a STEM approach accompanied by 

feedback [36]. 

Based on this description, the development of STEM 

animation learning media with feedback is still rarely done. 

So it is necessary to develop STEM animation learning media 

with feedback that aims to facilitate students' critical thinking 

skills so that learning becomes active and students can 

determine solutions to solving a problem. This study aims to 

develop a STEM animation learning media with feedback to 

facilitate students' critical thinking skills on valid and 

appropriate global warming material. 

2. RESEARCH OF METHODS 

This type of research uses Research & Development 

(RnD) which aims to produce a product [37]. This study uses 

the ADDIE model because this model has revision steps at 

each stage so that it is up-to-date and relevant [38]. The 

product result is in the form of STEM animation learning 

media with feedback to facilitate students' critical thinking 

skills on global warming material in the form of a smartphone 

application. The research design using the ADDIE model 

consists of 5 stages, namely analysis, design, development, 

implementation, and evaluation. Table 1 showed the details 

of the research stages with the results obtained. 

Table 1. Table of Details of Research Stages 

Stages Results 

Analysis Earth temperature change data and 

literature study problems 
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The Analysis stage is an analytical activity that aims to 

find the right solution to the problem and determine the 

characteristics of students [39]. The activity carried out by the 

researcher is to analyze the problems that occur in the global 

warming material and students. Then collect data on changes 

in the earth's temperature for several years and conduct 

literature studies. 

At the Design stage, it is carried out to determine specific 

competencies, methods, learning strategies, teaching 

materials, and media [39]. The activities carried out 

storyboards containing concepts, materials, and views. 

Making Indicators of achievement of basic competencies 

based on basic competencies and critical thinking indicators, 

questionnaire assessment instruments consisting of material 

validation sheets, media, and student readability tests. 

At the Development stage by making teaching materials 

and programs that will be used in learning activities [39]. 

Activities carried out by researchers are developing media, 

conducting product validation tests, and revising products 

based on suggestions from validators. Media and material 

validation questionnaires were filled out by lecturers and 

teachers in charge of science subjects. The questionnaire 

produces quantitative and qualitative data. Quantitative data 

in the form of the Likert scale and Guttman scale. Qualitative 

data in the form of suggestions and responses from validators 

and students of Junior High School 23 Malang. 

At the Implementation stage, it is done by applying the 

design of the learning program to the learning activities [39]. 

The activity carried out by the researcher was to test the 

product to junior high school students who had taken global 

warming material by distributing a readability test 

questionnaire. The questionnaire produces quantitative and 

qualitative data. Quantitative data in the form of a Likert scale 

while qualitative in the form of student responses. 

At the Evaluation stage, the learning program evaluation 

stage [39]. The activity carried out by the researcher was to 

revise the product according to student responses. The final 

result of the research is a product that is ready to use. 

Data analysis consists of 2 types, namely quantitative and 

descriptive. Quantitative data were obtained from the results 

of material and media validation questionnaires filled out by 

lecturers and science teachers at Junior High School 23 

Malang and readability questionnaires by students at Junior 

High School 23 Malang. 

Qualitative data in the form of suggestions and responses 

from validators and students. Readability, material, and 

media questionnaires used a 4-level Likert scale, namely 

very good, good, poor, and not good. The correctness of the 

concept uses the Guttman scale in the form of a statement 

with a yes answer for a score of 1 and no for a score of 0. 

Then add up the overall score on each questionnaire and 

calculate it with the percentage score formula. The 

percentage score can be formulated as follows. 

P = 
∑𝑅

𝑁
 × 100% 

Description : 

P = Percentage score              

R = Total score of answers given by each respondent              

N = Total ideal score              

Furthermore, after calculating the average percentage 

score, it is continued by concluding the data criteria [40, 41, 

42]. Table 2 showed the results of the average percentage 

score. 

Qualitative data in the form of suggestions from 

validators and students are taken into consideration in 

developing or improving products. 

3. RESULTS AND DISCUSSION 

The product that has been developed is a learning media 

in the form of an application that can be used on an android 

smartphone accompanied by a user guide for the application. 

This learning application is presented in the form of 

animation with integrated STEM which is equipped with 

practice questions on critical thinking on the topic of global 

warming. It is intended that students have critical thinking 

skills that can be applied in everyday life to overcome 

Stages Results 

Design Storyboard, Indicator of achievement of 

basic competencies, critical thinking 

question instrument, and questionnaire 

assessment instrument 

Development Media, validation results, and revision 

results  

Product readability test results 

Evaluation The revised product is based on the 

responses and suggestions of students 

and validators 

 

Table 2.  Table of Eligibility Criteria for Questionnaire Data 

No 
Score 

(%) 
Qualification Information 

1 
81 – 100 Very good 

Very feasible/very 

valid 

2 61 – 80 Well Eligible / valid 

3 
41 – 60 Pretty good 

Inappropriate/ less 

valid 

4 
21 – 40 Not good 

Inappropriate / 

invalid 

5 

<20 Not very good 

Very 

inappropriate/very 

invalid 
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challenges and problems in everyday life [16]. In addition, 

the application is presented in the form of animation which 

aims to make the material presented to students more visible 

so that the material can be understood by students well and 

there are no misconceptions [43]. The developed application 

displays several menus, namely Basic Competence and GPA, 

Instructions for Use, Material and Practice Questions, About, 

Quit Button. Figure 1 and Figure 2 showed the initial 

appearance of the application and the homepage. 

 

 

Figure 1 Image of Application Start Page. 

 

Figure 2 Image of Application Home Page. 

Figure 1 showed the initial display when opening the 

application. The initial screen contains a welcome greeting, a 

title, and a start button that is equipped with an audio 

background. The start button is used to start the application 

so that you can learn about global warming. 

Figure 2 showed what the home page looks like. The 

home page displays a title with several menus and application 

buttons. On the menu, the material is presented in the form of 

images, animations, and texts accompanied by audio 

narration effects that will facilitate students' understanding in 

mastering global warming material that has been integrated 

with STEM. The use of this STEM approach can serve to 

improve students' critical thinking skills by combining 

Science, Technology, Engineering, and Mathematics [44]. 

The Basic competence menu contains basic competencies 

and basic competency achievement indicators to be achieved 

in learning. Basic competency achievement indicators are 

prepared based on critical thinking indicators for global 

warming material. The user guide menu contains an 

explanation of how to use the application. The About menu 

contains application developer biodata as owner information 

for copyright. There are several buttons, namely the music 

icon and across. The music icon functions to turn off and turn 

on the background music in the application. The cross button 

is a Quit menu that serves to exit the learning application. In 

the material menu, there are several submenus, namely the 

greenhouse effect, global warming, the impact of global 

warming, and efforts to overcome global warming. 

The greenhouse effect submenu displays the concept of 

the greenhouse effect material and the process of its 

occurrence in the form of animation and audio. Then, an 

animation of the experimental process of the greenhouse 

effect is shown, accompanied by conclusions from the 

experiment and exercises on critical thinking and discussion. 

The element of Science can be seen from the experimental 

animation of the process of the greenhouse effect which 

makes students more scientific in understanding it materially 

and related to everyday life besides that students can observe 

experiments and analyze the results of observations. This is 

by the element of Science in STEM, namely Science in 

STEM is the use of knowledge and skills of the scientific 

process which aims to understand natural phenomena in 

everyday life [45]. Science applies its learning activities not 

only to knowledge but also to skills that will make students 

think critically by being able to analyze material and events 

in everyday life [46]. At the end of the experiment, there is 

also a conclusion and discussion where according to the 

procedures in Science there is a stage of concluding the 

experimental results based on the information obtained and 

then adjusting it with provisional assumptions [47]. Critical 

thinking skills are presented in materials and questions with 

Evaluation indicators, students can interpret the problems 

given by properly describing the relationship between 

relevant variables and Analysis indicators, with the existence 

of a phenomenon students can provide appropriate arguments 

and based on analysis that is by the concept [48]. 

In the submenu of global warming and the causes of 

global warming shown the concept of global warming in the 

form of animation and there are exercises critical thinking 

and discussion. The element of Technology is contained in 

the animated display that causes global warming, namely 

tools related to the principle of global warming used by 

humans. This is by the Technology component in STEM 

which consists of all organized human systems, knowledge, 

processes, and devices that can be used [49]. Critical thinking 

skills are presented in materials and questions with Inference 

indicators, data, graphs, or images are presented and students 

can make conclusions correctly based on data, graphs, or 

images presented based on the correct concept [48]. 

In the submenu, the impact of global warming is shown 

the problems caused by global warming which is detrimental 

to humans. The material is presented in the form of animation 

and there are exercises on critical thinking and discussion. 

Critical thinking skills are presented in questions with 

Interpretation indicators, students can interpret the problems 

given by describing the relationship between relevant 

variables appropriately [48]. 

In the submenu of efforts to overcome global warming, 

solutions to overcome and prevent global warming are shown 

that can be applied in everyday life. An animation of making 

solar panels is displayed simply and at the end of each 

material, there is an exercise in critical thinking and 

discussion. Elements of Engineering is a technique for 
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designing and using technology solutions that are applied to 

overcome global warming which is shown in the animation 

of making simple solar panels with the results in the form of 

miniatures. This is by the Engineering component in the 

STEM element which is more directed to how to operate, 

design, or assemble based on the previously developed 

science and technology [45]. 

Elements of Mathematics is a mathematical calculation in 

solving global warming problems, namely calculating the 

electrical power needed to make solar panels. Based on the 

components of STEM elements, Mathematics is more about 

analyzing by showing evidence and the existence of problem-

solving to interpret a solution from the data obtained and the 

results of calculations [45]. Critical thinking skills are 

presented in materials and questions with self-regulation 

indicators, students can explain the causes of events that can 

occur based on the knowledge they know and then relate them 

to the material. Explanation indicator, students can make 

statements and provide explanations based on the correct 

concept [48]. 

In each material and at the end of the sub material, 

feedback is given to facilitate students' critical thinking skills 

[34]. Feedback is presented in the form of practice questions 

by providing false and correct information accompanied by a 

discussion [50]. Giving true or false information is useful to 

warn students that the concepts they understand are still 

wrong so that discussions are displayed and students can re-

learn the material through discussion and then answer the 

questions again with the correct answers. So, with feedback, 

it will form a concept of critical thinking skills [34]. 

This application media has been tested for the feasibility 

of the material, the media, and the readability test. The 

product feasibility test consists of media and material 

validation which is assessed by one lecturer of the Science 

Education Study Program, Universitas Negeri Malang, and 

one science teacher at Junior High School 23 Malang. 

Obtaining the average percentage of media assessments and 

material is presented in Tables 3 and Table 4. 

STEM animation media resulted in the acquisition of a 

percentage of the feasibility of the material with an average 

of 95,1 % with a very valid category [51]. The results of the 

media feasibility test resulted in an average eligibility 

percentage of 94,3 % with very feasible criteria [51]. In 

addition, qualitative data were also obtained in the form of 

suggestions from the validator, namely the media can be used 

on laptops. The improvements are presented in Figures 3 and 

Figure 4. 

 

Figure 3 Smartphones display images. 

 

 

Figure 4 Laptop Display Picture. 

Figure 3 shows the appearance of the application on a 

smartphone. Figure 4 shows the appearance of the application 

on a revised laptop. 

In addition, the readability test of the application that has 

been carried out produces quantitative and qualitative data. 

Quantitative and qualitative data were obtained from 30 class 

IX students of Junior High School 23 Malang who filled out 

a questionnaire.  

From the results of the readability test the percentage of 

eligibility obtained is 81% with very feasible criteria. 

Qualitative data obtained in the form of responses, namely 

the application is good, can be used easily, students feel 

happy using this application. In addition, students are easier 

to understand the material, the application can motivate 

students to learn independently, and is very fun. 

Based on the results of the feasibility and legibility test 

results, it is shown that media is very feasible to function for 

application media that can facilitate students in critical 

thinking independently. This is by the research that animation 

applications can make students more active in learning and 

Table 3. Table of Average Percentage of Media Rating 

Scores 

No Rated aspect 

Average 

Score 

(%) 

Assessment 

criteria 

1 
Use of words or 

language 
93.8 Very Feasible 

2 Design and Graphics 93.1 Very Feasible 

3 Presentation Aspect 94.6 Very Feasible 

4 Application Benefits 95.6 Very Feasible 

Average 94.3 Very Feasible 

 

Table 4. Table of Average Percentage of Material 

Assessment Scores 

No Rated aspect 
Average 

Score (%) 

Assessment 

criteria 

1 
The suitability of the 

material with KD 
91.7 Very Valid 

2 Material Accuracy 91.7 Very Valid 

3 Material Update 95.9 Very Valid 

4 Learning Presentation 96.4 Very Valid 

5 Concept Truth 100 Very Valid 

Average 95.1 Very Valid 
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learning objectives can be achieved [26], by integrating 

STEM aspects can improve students' critical thinking skills 

[52]. STEM animation learning can improve students' 

conceptual understanding skills better and can relate the 

material to everyday life [28], the feedback makes learning 

more active and meaningful so that communication occurs 

[30] and can bring up critical thinking skills [34]. 

The advantages of this study are the appearance of the 

application is attractive, can be a medium for student self-

learning, can be operated offline, can be used on android 

smartphones and laptops, the explanation of the material with 

text, images, audio, and animation. Each question has 

feedback in the form of a discussion of each question and 

information on correct and incorrect answers, practice 

questions based on indicators of critical thinking skills. The 

drawback of this research is that it is limited to Basic 

Competencies 3.9, which is global warming material. Cannot 

be operated other than Android smartphones. 

4. CONCLUSION 

Based on the results of the feasibility test products can be 

inferred that the media is very feasible to use the average 

value of the media 94,3 % and 95.1% material. From the 

results of the readability test, the developed media has an 

average readability test percentage of 81% with a very 

feasible. Therefore, media can be used to facilitate the critical 

thinking skills of junior high school students on global 

warming material. The recommendation for future research is 

to use the product in the classroom as a learning medium. 
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