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Abstract: This study aims to measure the effectiveness of MLM-STEM on temperature and heat 

materials on students' critical thinking skills. The research method used in this study is a 

quantitative method with a quasi-experimental design. Research data were analyzed using 

normalized average gain, t-test, and effect size. Based on the analysis conducted, it is known that 

(1) the critical thinking skills in the experimental class are in the high category, while in the 

control class they are in the moderate category, (2) the critical thinking skills of the experimental 

class students using MLM-STEM are higher than the control class using electronic textbooks, (3) 

there is a significant difference between the improvement of critical thinking skills in the 

experimental class and the control class, and (4) students respond positively to the use of MLM-

STEM in learning. Therefore, it can be said that MLM-STEM is a solution to improve students' 

critical thinking skills.         

 

Keywords: multimedia learning modules, STEM, critical thinking. 

 

Abstrak: Penelitian ini bertujuan untuk mengukur efetktivitas dari MLM-STEM pada materi suhu 

dan kalor terhadap keterampilan berpikir kritis siswa. Metode penelitian yang digunakan pada 

penelitian ini adalah metode kuantitatif dengan desain quasi eksperimental. Data penelitian 

dianalisis menggunakan rata-rata gain yang dinormalisasi, uji-t, dan effect size. Berdasarkan 

analisis yang dilakukan diketahui bahwa (1) keterampilan berpikir kritis pada kelas eksperimen 

berkategori tinggi, sedangkan pada kelas kontrol berkategori sedang, (2) keterampilan berpikir 

kritis siswa kelas eksperimen yang menggunakan MLM-STEM lebih tinggi dibandingkan dengan 

kelas kontrol yang menggunakan buku ajar elektronik, (3) terdapat perbedaan yang signifikan 

antara peningkatan keterampilan berpikir kritis kelas eksperimen dan kelas kontrol, dan (4) siswa 

memberi respon positif terhadap penggunaan MLM-STEM dalam pembelajaran. Sehingga dapat 

dikatakan bahwa MLM-STEM menjadi solusi untuk meningkatkan kemampuan berpikir kritis 

siswa  

 

Kata kunci: modul pembelajaran multimedia, STEM, berpikir kritis.

 

▪ INTRODUCTION 

In the current 21st century, science and technology are developing very rapidly and 

have an impact on life, one of which is the field of education (Basak and Wotto 2018; 

Darmaji et al. 2019). So that through education it is expected to be able to create human 

resources who master science and innovation in facing challenges in the future. Where in 

facing these challenges, individuals are required to think fundamentally, consistently, 

efficiently, and master different abilities and be able to solve problems. One way to face 

future challenges is to train critical thinking skills, where critical thinking skills are 

individual intellectual thinking skills including reflective thinking, and entry which is 

focused on making decisions about what to do (Bharati & Lestari, 2019; Sujanem et al. ., 

2020). 
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Critical thinking is a process that involves seeking knowledge through reasoning, 

problem-solving, and decision-making skills that will enable us to achieve the desired 

results more efficiently (Saiz & Rivas, 2011). critical thinking is reasonable and reflective 

thinking that focuses on deciding what to believe or do. Meanwhile, according to Scriven 

in Fisher (2009), critical thinking is a skilled and active interpretation and evaluation of 

observation and communication, information and argumentation. Critical thinking skills 

are very important because they enable students to solve problems effectively in both 

social, scientific and practical fields (Snyder & Snyder, 2008). Critical thinking skills are 

developed into indicators of critical thinking skills which consist of five major groups, 

namely basic clarification, basic support, interference, further clarification, and strategies 

and tactics (Ennis, 1996). Critical thinking skills can be trained by giving argumentative 

assignments about common problems that occur (Saiz & Rivas, 2011). So developing 

critical thinking skills is needed to be able to analyze, synthesize, and construct a concept 

to solve problems (Perez et al., 2017). However, based on a preliminary study at a high 

school in the city of Klaten, it was found that students' critical thinking skills were still 

not optimally trained in learning. This is evidenced by the fact that students are still 

passive and act as recipients of information that follow the teacher's instructions. In 

addition, students still do not understand the material being taught which is indicated by 

the low student learning outcomes. Some research results show low students' critical 

thinking skills, such as that carried out by Christi et al., (2020) which shows that the 

critical thinking skills of class X students at SMA N 1 Jiwan are still low and learning 

physics is a boring and difficult subject to understand. In addition, research conducted by 

Ansori et al., (2017) also shows that students' critical and cognitive thinking abilities in 

physics learning at SMA Muhammadiyah 1 Temanggung are still low and their ability to 

solve problems is still not optimal. 

Various ways have been created to meet this demand, one of which is Science, 

Technology, Engineering, and Mathematics (STEM) based learning. STEM is a term used 

to refer to cross-disciplinary teaching and approaches, namely Science, Technology, 

Engineering, and Mathematics. The integration of this STEM angle can improve student 

learning outcomes (Pangesti et al., 2017; Bashooir & Supahar, 2018). STEM-based 

education aims to improve the ability to adapt, think critically, solve problems, self-

management and communicate. STEM-based learning is coordinated to encourage 

students to explore effectively, create thinking skills, and form critical thinking. STEM-

based education is believed to play a major role in improving the skills of 21st century 

students, one of which is critical thinking skills (Gürler, 2021). STEM learning students 

do not only memorize concepts, but rather how students get them and understand the 

concepts and their relation to application in life (Pertiwi, 2017; Lestari et al., 2018). 

Physics learning that is related to STEM aspects provides opportunities for students 

to understand physics concepts combined with technology, engineering and mathematics 

through discussion, practicum and project creation. Activities carried out during the 

learning process can attract students' interest and have implications for improving 

learning outcomes and students' critical thinking abilities, so teaching materials are 

needed that are relevant to the learning process. One form of teaching materials that can 

be used is a module. Modules are a set of teaching materials that are presented 

systematically so that students can learn without a teacher, arranged in a systematic and 
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interesting manner which includes material content, methods and evaluations that can be 

used independently (Sukardi, 2018; Warsono, et al., 2020). 

Multimedia Learning Modules (MLM) is a digital learning module that is 

associated with various types of media, such as text media, images, videos, animations, 

and simulations that are presented in various forms of representation (Li, 2014; Darmaji 

et al., 2019). This has a positive impact in the form of conveying a lot of information to 

users so that learning activities become more effective, increasing student understanding 

and motivation (Lee, 2012; Sadaghani, 2012). MLM is made in the form of multimedia 

presentations in the form of graphics, text, video, narration, animation and audio features 

that are embodied in various forms of representation (Setiyadi et al., 2019). MLM is an 

interactive multimedia module that is equipped with controls or facilities operated by the 

user, so that the user can choose what is needed to continue the learning process further 

(Moore, 2018; Putri et al., 2018). Multimedia Learning Modules (MLM) are introductory 

media that aim to motivate students to actively participate and be able to prepare and have 

initial knowledge before learning activities begin (Chen et al., 2010; Sadaghiani, 2012). 

MLM is used as a learning tool to reduce the limitations of using textbooks which are less 

effective where students only read books without taking more important information. The 

use of MLM is also more flexible because students can freely access it anywhere and 

anytime without the help of a teacher. Representation in MLM is able to clarify and 

improve students' understanding of abstract learning concepts. 

STEM-based Multimedia Learning Modules (MLM) are interactive modules 

designed to train students in problem solving by utilizing technology that is integrated 

with STEM learning (Fadlina et al., 2021). The use of the STEM approach in the form of 

MLM can improve students' creative thinking abilities, critical thinking, conceptual 

understanding, and student learning outcomes (Zulaiha & Kusuma, 2020; Almuharomah 

et al., 2019; Fadlina et al., 2021). In addition, STEM-based teaching materials, especially 

modules, have a more effective influence on student learning outcomes in terms of 

knowledge, skills and attitudes (Izzah et al., 2021). Based on research results (Fadlina et 

al., 2021), it was found that the use of STEM-based modules can improve critical thinking 

skills and student learning outcomes in motion systems material. Another study 

conducted by (Almuharomah et al., 2019) also showed that the use of STEM-based 

physics modules on vibration and wave material can improve creative thinking skills with 

an N-gain of 0.92 in the high category.           

 

▪ METHOD 

Research Design 

This study uses a quantitative approach with quasi-experimental methods. The 
research design used was The Matching-Only Pretest-Posttes Control Group Design 
(Fraenkel, Wallen, & Hyun, 2012). In this study, two classes were used, namely an 
experimental class that used MLM-STEM and a control class that used electronic 
textbooks from schools or the ministry of education and culture. The selection of the 
experimental class and the control class was made randomly from 7 science classes. The 
data obtained is in the form of quantitative data obtained from the pretest and posttest 
conducted in the experimental group and the control group. This study measures students' 
critical thinking skills with five indicators based on Ennis (2011), namely: elementary 
clarification, basic support, interference, advanced clarification, and strategy and tactics. 
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The model design in this study is presented in table 1. 
 

Table 1. Research design 
 

 
 
 
 
Information: 
O1 : Pretest critical thinking skills and cognitive experimental class. 
O2 : Posttest of critical thinking and cognitive skills of the experimental class 
O3 : Pretest critical thinking skills and cognitive control class. 
O4 : Posttest critical thinking skills and cognitive control class 
X  : The use of STEM-based MLM in physics learning on Temperature and Heat for high 

school students. 
Y  : Using physics teaching materials commonly used in schools at the high school level 

 
Participants 

The participants in this study were class IX students majoring in Science at SMA 
Muhammadiyah 1 Klaten, Central Java. This research was conducted in two groups as 
research subjects with a total of 72 students. Two groups were randomly selected 
consisting of an experimental group of 38 students and a control group of 34 students. 
The sample selection technique used was purposive sampling. Sugiyono (2016) states that 
purposive sampling is a sampling technique based on certain considerations, both from 
experts and based on certain objectives. 

 
Treatments 

The implementation of MLM-STEM was carried out in two class XI majoring in 
Science at SMA Muhammadiyah 1 Klaten. The experimental class uses MLM-STEM 
which is accessed via students' cellphones and PCs, and the control class uses electronic 
textbooks published by the Ministry of Education and Culture. The material studied by 
the two groups is temperature and heat with sub-materials on temperature and expansion, 
heat, and heat transfer. 

Before being treated with the use of MLM-STEM and electronic books in the 
learning process, a pretest was carried out in the experimental group and the control group 
to determine students' initial abilities regarding the material being studied. Furthermore, 
different treatment was given to the two groups, namely the experimental group was given 
MLM-STEM which could be accessed using cellphones and PCs via the link provided by 
the teacher, and the control group was given electronic books as learning resources. After 
being given treatment in both classes, a post-test was carried out to find out the increase 
in students' critical thinking skills in each group, and the effectiveness of MLM-STEM 
and electronic books to improve critical thinking skills. 

 
Research Instruments 

The research instrument used to measure students' critical thinking skills is 10 essay 
questions with five indicators of critical thinking according to Ennis (2011), namely basic 
clarification, basic support, interference, further clarification, and strategies and tactics. 

Group Pretest Perlakuan Posttest 

Experiment O1 X O2 

Control O3 Y O4 
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While the student response instrument used a questionnaire containing statements along 
with two answer choices, namely "Yes" and "No". The student perception questionnaire 
consists of 22 statements which are divided into six aspects, namely: (1) happy learning 
with three statements, (2) easy to understand subject matter with five statements, (3) 
motivated to learn with three statements, (4) confident and curiosity with four statements, 
(5) mutual respect with three statements, and (6) the use of MLM-STEM with seven 
statements. The student response instrument was developed and adapted based on 
Wilkinson's (2004) instrument. 

 
Data Analysis 

Data on students' critical thinking skills test results were obtained from the pre-test 
and post-test which were then analyzed using normalized gain calculations. interpreted 
by Hake (1999). Data on learning outcomes using MLM-STEM were compared to 
electronic textbooks using parametric independent t tests and effect sizes. Meanwhile, 
student perception data were analyzed descriptively (Sugiyono, 2016). 

 
Pilot Tests 

The critical thinking skill instrument was tested on 72 students in one of the senior 
high schools in Klaten Regency. The validity and reliability of the questions were 
measured using the Rasch Model. The results of the validity of the questions used the 
Item fit order calculation method with three criteria, namely Outfit MNSQ, Outfit ZSTD 
and Pt. Measure Corr (Bonee et al., 2014; Bond & Fox, 2015; Sumintono & Widhiarso, 
2015). Based on the Item fit order method, it was found that each test item was valid and 
feasible to use, and did not need to be changed. The reliability test uses the Rasch Model 
with the output summary statistics method with three criteria, namely person reliability, 
item reliability, and Cronbach alpha. Personal reliability. The value of item reliability and 
personal reliability for critical thinking is 0.91 in the very good category and 0.53 in the 
weak category, respectively. While the Cronbach Alpha value is 0.75 and is included in 
the good category. The results of this analysis can be concluded that the consistency of 
student answers is in the weak category, the quality of the items in the very good category, 
and the interaction of students and the items as a whole is in the good category. 
 

▪ RESULT AND DISSCUSSION 

Effectiveness of MLM-STEM 

This research was conducted to find learning strategies that can solve the problem 

of low students' critical thinking skills, especially in high schools in Klaten Regency. The 

chosen strategy is to design MLM-STEM that can be accessed via cellphones and PCs. 

The data obtained from this study were in the form of pretest and posttest quantitative 

data from the experimental group using MLM-STEM and the control group using 

electronic books. Then based on these data, the normalized gain values for each group are 

calculated. The results of the normalized gain calculation for the critical thinking skills 

test for the experimental group (E_G) and the control group (C_G) are shown in table 2. 

 

Table 2. Calculation results of n-gain critical thinking ability 
Group Pretest Posttest G Category 

Experiment (𝑬𝑮) 10.91 40.14 0.71 High 
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Control (𝑪𝑮) 10.65 31.53 0.51 Medium 

 

Based on table 2, it shows that students in the experimental group who use MLM-

STEM in learning have a higher increase in critical thinking skills, namely with a value 

of <g> 0.71 and are in the "High" category compared to the control group who use 

electronic textbooks in learning with value <g> 0.51 and categorized as "Medium". These 

results are in line with previous research, namely the use of electronic learning modules 

with a STEM approach to improve student learning outcomes and critical thinking skills 

(Puspitasari, 2019; Conradty, Sotiriu and Bogner, 2020; Izzah, et.al., 2021). 

According to Ennis (2011), critical thinking skills consist of five aspects, namely 

basic clarification, basic support, inference, further clarification, and strategies and 

tactics. Each group has a different average <g> increase in each critical thinking indicator. 

The average value of normalized gain for each aspect of critical thinking skills in the 

experimental group and the control group is shown in table 3. 

 

Table 3. Improved aspects of critical thinking skills 

Indicator 
Experiment Group Control Group 

g Category g Category 

elementary clarification 0.65 Medium 0.48 Medium 

basic support 0.80 High 0.51 Medium 

Inference 0.59 Medium 0.36 Medium 

advanced clarification 0.70 High 0.45 Medium 

strategies and tactics 0.91 High 0.89 High 

 

In table 3 it can be seen that students who use MLM-STEM experience an average 

increase in critical thinking skills in every aspect compared to students who use electronic 

textbooks. Based on table 3, the strategy and tactics indicator obtained the highest 

increase in score compared to other indicators both in the experimental group with a <g> 

value of 0.91 and in the control group with a <g> value of 0.89. Meanwhile, the inference 

indicator experienced the lowest increase compared to other indicators, namely 0.59 in 

the experimental group and 0.36 in the control group. 

To find out whether there is a significant difference between the increase in critical 

thinking skills in the experimental group and the control group, prerequisite tests are 

carried out, namely the normality test and homogeneity test. Test the normality of 

increasing critical thinking skills by using the IBM SPSS Statistics 26 program with the 

Kolmogorov-Smirnov method. The normality test results obtained a significance value 

(sig) in the control group of 0.159 and in the experimental group of 0.200. This result 

means that the significance value of the control class and the experimental class is more 

than 0.05 (sig. > 0.05), which means that the <g> increase data for each group is normally 

distributed. 

Homogeneity test was carried out to find out whether the data in the experimental 

group and control group were homogeneous or not. Homogeneity testing in this study 

used the Levene test method. The homogeneity test of increasing <g> critical thinking 

skills was carried out using the IBM SPSS Statistics 26 program. The homogeneity test 

results obtained that the significance value (sig) in the data <g> the control group and the 
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experimental group was 0.258. The significance value is more than 0.05 (sig > 0.05), 

which means that the control class and experimental class data are homogeneous.  

The t' test was carried out to find out the significant difference between the average 

increase in the critical thinking skills of the experimental group students who used MLM-

STEM in learning and the control class which only had electronic books. The t-test was 

carried out using the IBM SPSS Statistics 26 program. The t-test results for the 

experimental group and control group data showed that the significance value (sig) of the 

data for improving critical thinking skills was 0.00. The significance value is lower than 

0.05. This means that there is a significant difference between the data on increasing <g> 

critical thinking skills in the experimental group using MLM-STEM and the control group 

using electronic textbooks. 

From the t test it can be seen that there is a significant difference between the 

increase in critical thinking skills of the experimental group and the control group. Then 

it is necessary to measure the magnitude of the difference in the increase in critical 

thinking skills between the experimental group and the control group to see the 

effectiveness of MLM-STEM in improving students' critical thinking skills. The 

magnitude of the difference in the increase in critical thinking skills between the group 

using MLM-STEM (M_E) and the group using electronic textbooks (M_C) was carried 

out by an effect size test. The results of the effect size test are shown in table 4. 

 

Table 4. Result of effect size test data on increasing critical thinking ability 

𝐌𝐄 𝐌𝐂 𝐒𝐃𝐄 𝐒𝐃𝐂 𝐒𝐃𝐏𝐨𝐨𝐥𝐞𝐝 d Category 

0,71 0,51 0,12 0,13 0,12 1,64 High 

 

In table 4 it is known that Cohen's d value is 1.64 which is included in the high 

category. This means that the use of MLM-STEM in learning is more effective with a 

high category for improving critical thinking skills compared to electronic textbooks. In 

table 4 it is known that the Cohen's d value is 1.64 which is included in the high category. 

This means that the use of MLM-STEM in learning is more effective with a high category 

to improve critical thinking skills compared to electronic textbooks. This is because 

MLM-STEM materials on temperature and heat contain images, animations, and 

simulations that can help students to learn independently and improve students' critical 

thinking skills.  

Based on the results of statistical and non-statistical analysis, it was shown that 

students in the experimental group who used MLM-STEM in learning had a higher 

increase in critical thinking skills compared to the control group who used electronic 

textbooks in learning. In line with research conducted by Khalil and Osman (2017), 

modules that are integrated with the STEM approach can train students in 21st century 

skills, such as critical thinking and creative thinking. In addition, Mustafa, Arsyad and 

Helmi (2020) found that the use of STEM-based physics modules in learning can improve 

students' critical thinking skills more than using the usual learning modules provided in 

schools. 

According to constructivism theory, the educational process must actively involve 

students to build knowledge through interactions with objects, phenomena, the 

environment, and experience (Suparlan, 2019; Suparno, 1997). In this theory, the learning 

process must be student-centered and the teacher acts as a facilitator. STEM-based 
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learning provides opportunities for students to build knowledge and improve 

understanding and ability to solve problems and think critically (Pangesti, et.eal., 2017; 

Pertiwi, 2017). So that teaching materials are needed that are relevant and integrate STEM 

learning such as modules. In addition, based on the theory of dual coding according to 

Paivio explains that learning based on a combination of verbal (text and sound) and visual 

(images, diagrams and animation) is more effective in mastering new material than just 

using one of them (Kanellopoulou, Kermanidis, & Giannakoulopoulos, 2019). Therefore, 

teaching materials that combine verbal and visual are better than teaching materials that 

only use verbal or visual. 

Multimedia Learning Modules (MLM) are digital learning modules connected to 

multimedia in the form of text, images, videos, animations and simulations presented in 

various forms of representation. This has a positive impact in the form of conveying a lot 

of information to users so that learning activities become more effective, increasing 

student understanding and motivation. These results are also in line with previous 

research (Khalil & Osman 2017; Mustafa, Arsyad & Helmi, 2020; Agustina, 

Akhdinirwanto, & Fatmaryanti, 2021; Kurniawati, Andra, & District, 2021) which 

explains that electronic physics modules can improve critical thinking skills, creative 

thinking skills, and students' cognitive outcomes are more effective than using regular 

learning modules. The use of MLM-STEM is more effective in increasing critical 

thinking skills because MLM-STEM has learning activities, sample questions, and 

assignments that train critical thinking skills. In addition, MLM-STEM contains videos, 

animations and simulations that can improve students' understanding of concepts 

(Sujanem, 2012; Kurniawati & Nita, 2018). MLM-STEM which contains simulations and 

navigation that can be run and controlled by the user can facilitate interactive and dynamic 

students, making it easier to transfer information to students and add insight and domain 

knowledge to students. 

 

Students' Perceptions 

Analysis of students' perceptions of MLM based on the STEM approach was carried 

out to find out students' perceptions of the learning that has been done using this module. 

Students' perceptions of the use of MLM-STEM were obtained by distributing 

questionnaires to students who had used MLM-STEM in the learning process. The results 

of students' perceptions of MLM-STEM are shown in Figure 1. 

 
Figure 1. Students’ perceptions result 
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In Figure 1, it can be seen that every aspect of student perception is in the high 

category according to the interpretation presented by Sugiyono (2016). The results of the 

students' perceptions of the experimental group towards MLM-STEM, it is known that as 

many as 93.33% of students stated that they enjoyed the learning process using MLM-

STEM. In addition, 88.57% of students stated that MLM-STEM helped in understanding 

the material being taught, and 91.43% revealed that using MLM-STEM further increased 

their learning motivation compared to textbooks. Then 92.85% of students felt more 

confident and curious about the material being studied using MLM-STEM, and 95.43% 

of students said that using MLM-STEM was easier and had a positive impact on learning. 

So it can be concluded that students gave a positive response to the use of MLM based 

on the STEM approach on temperature and heat during learning. 

In addition, STEM-based MLM can be well received by students during learning. 

This is in line with the results of interviews with students after learning, where students 

feel helped by the existence of STEM-based MLM which was developed because it 

contains various media such as images, videos and animations so that it is easier to 

understand the material. Students who use MLM during physics lessons feel that learning 

is more effective and helps students understand the physics concepts being taught, and 

MLM is very easy to use (Darma, Setyadi, Wilujeng, Jumadi, & Kuswanto, 2019). 

Students prefer MLM because they can better visualize the concepts being taught and the 

ease of accessing MLM independently (Sadagdiani, 2012). 

 

▪ CONCLUSION 

Based on the results and discussion regarding the impact of using MLM-STEM on 

learning temperature and heat material which is accessed via mobile phones and PCs to 

train students' critical thinking skills in class XI SMA Muhammadiyah 1 Klaten, it can be 

seen that: (1) improvement of critical thinking skills in the experimental class in the high 

category, while in the control class it was in the moderate category, (2) the critical 

thinking skills of the experimental class students who used MLM-STEM were higher than 

the control class which used electronic textbooks, (3) there was a significant difference 

between the improvement of the experimental class' critical thinking skills and control 

class, and (4) students gave a positive response to the use of MLM-STEM in learning. So 

it can be concluded that MLM-STEM can be a solution for teaching materials that can 

train students' critical thinking skills.  

 

▪ REFERENCES 

Agustina, N. A., Akhdinirwanto, R. W., & Fatmaryanti, S. D. (2021). development of 

physics learning materials stem-local wisdom oriented to improveing students' 

critical thinking skills. Jurnal Inovasi Pendidikan Sains (JIPS), 54-61. 

Almuharomah, F. A., Mayasari, T., & Kurniadi, E. (2019). Pengembangan modul fisika 

stem terintegrasi kearifan lokal “beduk” untuk meningkatkan kemampuan berpikir 

kreatif siswa smp [development of integrated stem physics module "beduk" local 

wisdom to improve creative thinking ability of junior high school students]. Berkala 

Ilmiah Pendidikan Fisika, 7(1), 1. https://doi.org/10.20527/bipf.v7i1.5630 

Ansori, M. I. L., Sunarno, W., & Suparmi. (2017). Pengembangan modul fisika berbasis 

inkuiri pada pokok bahasan listrik dinamis untuk meningkatkan keterampilan 

berpikir kritis siswa kelas x sma/ma [development of an inquiry-based physics 

https://doi.org/10.20527/bipf.v7i1.5630


402 Jurnal Pendidikan MIPA, 24 (2), 2023, 393-405 
 

module on the subject of dynamic electricity to improve critical thinking skills of 

class x sma/ma students]. Jurnal INKUIRI, 6(2), 35–46. 

Aydin Gürler, S. (2021). State of prediction of the critical thinking dispositions of primary 

school teacher candidates through their self-efficacy for STEM practices. 

Participatory Educational Research, 9(3), 61–81. 

https://doi.org/10.17275/per.22.54.9.3 

Basak S K & Wotto M. (2018) D-learning : Conceptual definition and comparative 

analysis Journal E-learning and Digital Media vol 15 no. 4 

Bashooir, K. dan Supahar. (2018). Validitas dan reliabilitas instrumen asesmen kinerja 

literasi sains pelajaran fisika berbasis stem [validity and reliability of stem-based 

science literacy performance assessment instruments]. Jurnal Penelitian dan 

Evaluasi Pendidikan, Volume 22(2), 221. 

Bharati , D. A. L., & Lestari , T. (2019). A need analysis in developing project-based 

writing assessment module to stimulate students’ critical thinking and 

creativity. KnE Social Sciences, 3(18), 130–138. https://doi.org/10.18502/kss.v3i 

18.470 

Bond, T. G., & Fox, C. M. (2015). Applying the rasch model: fundamental measurement 

in the human sciences (3rd ed.). New York: Routledge. 

Bonee, W. J., Staver, J. R., & Dan Yale, M. S. (2014). Rasch analysis in the human 

science. Springer Science & Business Media. 
Chen, Z.; Stelzer, T.; Gladding, G. (2010). Using multimedia modules to better prepare 

students for introductory physics lecture. Phys. Rev. ST Phys. Educ. Res., 6, 010108. 

Christi, R. Y. D., Handhika, J., & Yusro, A. C. (2020). Pengembangan modul fisika 

berbasis oasis pada materi suhu dan kalor untuk meningkatkan kemampuan 

berpikir kritis [development of an oasis-based physics module on temperature and 

heat materials to improve critical thinking ability]. RADIASI: Jurnal Berkala 

Pendidikan Fisika, 13(2). 

Conradty, C., Sotiriou, S. A., & Bogner, F. X. (2020). How creativity in STEAM modules 

intervenes with self-efficacy and motivation. Education Sciences, 10(3), 1–

15. https://doi.org/10.3390/educsci10030070 

Darma, R. S., Setyadi, A., Wilujeng, I., Jumadi, & Kuswanto, H. (2019). Multimedia 

learning module development based on sigil software in physics learning. Journal 

of Physics: Conf. Series. 
Darmaji, D., Astalini, A., Kurniawan, D. A., Parasdila, H., Iridianti, I., Susbiyanto, S., 

Kuswanto, K., & Ikhlas, M. (2019). E-Module based problem solving in basic 

physics practicum for science process skills. International Journal of Online and 

Biomedical Engineering, 15(15), 4–17. https://doi.org/10.3991/ijoe.v15i15.10942 

Ennis. R.H, Robert. (1996). Critical Thinking. Prentice-hall inc.: USA 

Fadlina, F., Artika*, W., Khairil, K., Nurmaliah, C., & Abdullah, A. (2021). Penerapan 

model discovery learning berbasis stem pada materi sistem gerak untuk 

meningkatkan keterampilan berpikir kritis [application of the stem-based discovery 

learning model in motion systems material to improve critical thinking skills]. 

Jurnal Pendidikan Sains Indonesia, 9(1), 99–107. 

https://doi.org/10.24815/jpsi.v9i1.18591 

Fisher, Alec. (2009). Berpikir kritis : sebuah pengantar [critical thinking : an 

introduction]. Jakarta: Erlangga. 

https://doi.org/10.17275/per.22.54.9.3
https://doi.org/10.18502/kss.v3i%2018.470
https://doi.org/10.18502/kss.v3i%2018.470
https://psycnet.apa.org/doi/10.3390/educsci10030070
https://doi.org/10.3991/ijoe.v15i15.10942
https://doi.org/10.24815/jpsi.v9i1.18591


Jurnal Pendidikan MIPA, 24 (2), 2023, 393-405 403 

 

Fraenkel, J. R., Wallen, N. E., & Hyun, H. H. (2012). How to design and evaluate research 

in education. USA: The McGraw-Hill Companies. 

Hake, R.R. (1999). Analyzing change/gain scores. Aera-d - american educational 

research association’s division d, measurement and research methodology. 

http://lists.asu.edu/cgi-bin/wa?A2=ind9903&L=aera-d&P=R6855 

Hamid M A, Yuliawati L, and Aribowo D. (2020). Feasibility of electromechanical basic 

work e-module as a new learning media for vocational students J. Educ. Learn., 

vol. 14, no. 2, p. 199–211 

Izzah, N., Asrizal, A., & Festiyed, F. (2021). Meta analisis effect size pengaruh bahan 

ajar ipa dan fisika berbasis stem terhadap hasil belajar siswa [meta-analysis of 

effect size effect of stem-based science and physics teaching materials on student 

learning outcomes]. Jurnal Pendidikan Fisika, 9(1), 114. 

https://doi.org/10.24127/jpf.v9i1.3495 

Kanellopoulou, C., Kermanidis, K. L., & Giannakoulopoulos, A. (2019). The dual-coding 

and multimedia learning theories: film subtitles as a vocabulary teaching tool. 

Education Science, 1-13. 

Khalil, N., & Osman, K. (2017). STEM-21CS module: Fostering 21st century skills 

through integrated STEM. K-12 STEM Education, 3(3), 225-233. 

Kurniawati, R. D., Andra, D., & Distrik, I. w. (2021). E-module development based on 

PBL integrated STEM assisted by social media to improve critical thinking skill: A 

preliminary study. Journal of Physics: Conference Series. 

Lee, T. T., & Osman, K. (2012). Interactive multimedia module in the learning of 

electrochemistry: effects on students’ understanding and motivation. Proceding - 

Social and Behavioral Sciences, 46, 1323–1327 

Lestari, D.A.B., Budi, A. dan Darsono, T. (2018). Implementasi lks dengan pendekatan 

stem (science, technology, engineering, and mathematics) untuk meningkatkan 

kemampuan berpikir kritis siswa [implementation of lks with stem (science, 

technology, engineering, and mathematics) approach to improve students' critical 

thinking ability]. Jurnal Pendidikan Fisika dan teknologi, Volume 4(2), 202. 

Li, Y. W. (2014). Transforming conventional teaching classroom to learner-centred 

teaching classroom using multimedia-mediated learning module. International 

Journal of Information and Education Technology, 6(2), 105–112. 

Melida, H. N., Sinaga, P., & Feranie, S. (2016). Implementasi strategi writing to learn 

untuk meningkatkan kemampuan kognitif dan keterampilan berpikir kritis siswa 

sma pada materi hukum newton [implementation of writing to learn strategies to 

improve cognitive abilities and critical thinking skills of high school students on 

newton's law material]. Jurnal Penelitian & Pengembangan Pendidikan Fisika, 31-

38. 

Mustafa, M.S., Arsyad, & Helmi. 2020. Pengembangan modul fisika berbasis science, 

technology, engineering and mathematics (stem) [development of science, 

technology, engineering and mathematics (stem) based physics modules]. Semin. 

Nas. Fis., pp. 20–23. 

Pangesti, K.I.,  Dwi, Y. & Sugianto. (2017). Bahan ajar berbasis stem (science, 

technology, engineering, and mathematics) untuk meningkatkan penguasaan 

konsep siswa sma [stem (science, technology, engineering, and mathematics) based 

https://doi.org/10.24127/jpf.v9i1.3495


404 Jurnal Pendidikan MIPA, 24 (2), 2023, 393-405 
 

teaching materials to improve mastery of high school students' concepts]. Unnes 

Phisics Education Journal, 6(3), 57. 

Pérez, F. J. S. V., Stefanova, S., & Bobkina, J. (2017). The effectiveness of teaching 

critical thinking skills through literature in EFL context: A case study in Spain. 

International Journal of Applied Linguistics and English Literature, 6(6), 252-266. 

Pertiwi, R.S. (2017). Pengembangan lembar kerja siswa dengan pendekatan stem 

(science, technology, engineering, mathematics) untuk melatih keterampilan 

berpikir kreatif siswa pada materi fluida statis. (Tesis). FKIP Universitas Lampung, 

Lampung. 

Puspitasari, A. D. (2019). Penerapan media pembelajaran fisika menggunakan modul 

[application of physics learning media using modules]. Jurnal Pendidikan FIsika, 

7(1), 17–25. 

Sadaghiani, H. (2012). Using multimedia learning modules in a hybrid-online course in 

electricity and magnetism. Phys. Rev. ST Phys. Educ. Res. Vol.7, 010102. 

Saiz, C., & Rivas, S. F. (2011). Evaluation of the ARDESOS program: An initiative to 

improve critical thinking skills. Journal of the Scholarship of Teaching and 

Learning, 11(2), 34–51 

Sari, A. M. and Ariswan, A. (2020) Development of integrated physics learning e-module 

with pancasila character values in work and energy subjects. Proc. 7th Int. Conf. 

Res. Implementation, Educ. Math. Sci. (ICRIEMS 2020) vol. 528 p. 451–457 

Sarimuddin., Muhiddin., & Risitiana, E. (2021). Pengaruh Module Problem Based 

Learning Terhadap Kemampuan Kognitif dan Keterampilan Berpikir Kritis Materi 

IPA Siswa Kelas V SD di Kecamatan Herlang Kabupaten Bulukumba [The Effect 

of the Problem Based Learning Module on Cognitive Abilities and Critical 

Thinking Skills in Science Materials for Class V Elementary School Students in 

Herlang District, Bulukumba Regency]. Jurnal Pendidikan dan Pengajaran Guru 

Sekolah Dasar, 281-288. 

Setiyadi, & Muhammad, W. 2017. Pengembangan modul pembelajaran biologi berbasis 

pendekatan saintifik untuk meningkatkan hasil belajar siswa [development of a 

biology learning module based on a scientific approach to improve student learning 

outcomes]. Jurnal of Educational Science and Technology. Volume 3 Nomor 2. 

Sugiyono. (2016). Metode penelitian kuantitatif, kualitatif, dan R&D. Bandung: Alfabeta. 

Sujanem, Rai., Suwindra, Nyoman P., & Suswandi, Iwan. (2020). The effectiveness of 

Problem-Based Interactive Physics E-Module On High School Students’ Critical 

Thinking. J. Phys.: Conf. Ser. DOI 10.1088/1742-6596/1503/1/012025. 

Sukardi. (2018). Metodologi penelitian pendidikan kompetensi dan praktiknya. Jakarta: 

Bumi Aksara. 
Sumintono, B dan Widhiarso, W. (2015). Aplikasi pemodelan rasch pada assessment. 

pendidikan. Cimahi: Trim Komunikata Publishing House. 

Suparlan. (2019). Teori konstruktivisme dalam pembelajaran [constructivism theory in 

learning]. Jurnal Keislamandan Ilmu Pendidikan, 79-88. 

Suparno, P. (1997). Filsafat konstruktivisme dalam pendidikan. Yogyakarta: Kanisius. 

Suyono, & Hariyanto. (2017). Belajar dan Pembelajaran. Bandung: PT Remaja 

Rosdakarya. 

Snyder, L. G., & Snyder, M. J. (2008). Teaching critical thinking and problem solving 

skills. The Journal of Research in Business Education, 50(2), 90. 



Jurnal Pendidikan MIPA, 24 (2), 2023, 393-405 405 

 

Ulfa, E. M., Subiki, & Nauraini, L. (2021). Efektivitas penggunaan modul fisika 

terintegrasi stem (science, technology, engineering, and mathematics) materi 

usaha dan energi di sma [the effectiveness of using the stem (science, technology, 

engineering, and mathematics) integrated physics module on business and energy 

in high school]. Jurnal Pembelajaran Fisika, 136-142 

Warsono, Supahar, A. Setiyadi, D. A. Oktavia, R. S. Darma, & P. I. Nursuhud, (2020). 

The development  of  terbang  papat  and  larung  sesaji  local  wisdom-based  

physics learning module to increase the senior high school students’ physics 

representation ability in realizing nature of sciences. International Conference on 

Educational Research and Innovation. vol. 401, pp. 90–94. doi: 

10.2991/assehr.k.200204.017 

Wilkinson, S. (2004). Focus group research. Qualitative research: Theory, method, and 

practice, 2, 177-199. 
Zulaiha, F., & Kusuma, D. (2020). Pengembangan modul berbasis stem untuk siswa smp 

[development of stem-based modules for middle school students]. Jurnal 

Pendidikan Fisika Dan Teknologi, 6(2), 246. 

 


