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Development of a STEM-based 
e-module using the MIKiR model 
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enhance students’ critical 
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Introduction: Elementary students’ critical thinking skills remain below average, 
partly due to the lack of interactive teaching materials. This research aims to 
develop STEM-integrated MIKiR-based e-modules on the topic of energy 
sources for fourth-grade students that are valid, practical, and effective.

Methods: The study uses the Plomp development model consisting of 
Preliminary Research, Prototyping, and Assessment phases. Participants 
included 2 expert lecturers, 2 teachers, and 69 fourth-grade students. Data were 
collected through questionnaires, interviews, and tests, and analyzed using 
descriptive quantitative methods.

Results: Media expert validation scored 97.03%, and language experts 90%, 
indicating high validity. The practicality score was 96.33%. A t-test result of 
0.001 < 0.005 shows a significant effect after implementation.

Discussion: The STEM-based MIKiR e-modules effectively improve students’ 
critical thinking skills and can be used as innovative and interactive teaching 
materials.

KEYWORDS

critical thinking, digital era, elementary students, e-module, STEM

1 Introduction

The development of information and communication technology continues to increase 
with various human needs, including in the field of education. With the onset of the 5.0 era, 
technology has become an integral part of human life itself (Al Faruqi, 2019; Salgues, 2018; 
Serpa and Ferreira, 2018). The advancement of technology requires teachers and lecturers to 
innovate in teaching by using materials that combine computer programs consisting of text, 
graphics, sound, images, and even animations (Alim et al., 2020b; Hamidi et al., 2011; Kulsum 
et al., 2019; Wijaya et al., 2021). Education is becoming increasingly important to ensure that 
learners have the ability to learn, innovate, use technology and information media, work, and 
survive using life skills (Alim et al., 2020a; Oktaviani et al., 2024; Wijaya et al., 2021).

Despite these technological advances, student achievement in core subjects remains 
a concern. According to the 2015 Trends in International Mathematics and Science Study 
(TIMSS) coordinated by The International Evaluation of Education Achievement (IEA), 
which examines the mathematics abilities of children aged 9–13, Indonesia ranked 44th 
out of 49 participating countries with an average score of 397 out of 500 (Setiawan et al., 
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2022). Meanwhile, in the 2018 Program for International Student 
Assessment (PISA) study, Indonesia’s mathematical literacy and 
science performance ranked 72nd out of 79 participating 
countries, with scores of 379 and 396, respectively (Dewi and 
Ekawati, 2022). In the 2022 PISA science category, Indonesia was 
ranked 15th (OECD, 2023). This category saw an increase of 6 
points from PISA 2018, but it still shows a low rating and needs 
further improvement efforts.

The findings above indicate the low mathematics and 
science abilities of Indonesian students. This is caused by several 
factors, such as students (1) lacking focus and having a tendency 
to get bored easily during lessons, (2) having low memory 
retention, (3) lacking confidence to ask questions, (4) having 
poor critical thinking skills due to poor systematic management, 
(5) paying insufficient attention to teachers during the delivery 
of lesson materials, (6) having limited teaching materials in 
textbooks or text-based learning instead of hands-on learning, 
(7) experiencing non-contextual learning or failing to connect 
knowledge with everyday life, (8) having low use of teacher 
worksheets during the learning process, and (9) using simple 
worksheets that focus on cognitive problem-solving 
(Kusumaningpuri et al., 2022; Sukmana, 2018). This leads to 
students having difficulty solving real-life problems, such as 
answering questions about the mechanisms of energy changes 
in a lamp and the energy sources needed to produce 
electrical energy.

Addressing these issues requires foundational support through 
curriculum reform. As one of the essential pillars of education, the 
curriculum has undergone adjustments, including the introduction of 
the Independent Curriculum in early 2021. It focuses on developing 
learning outcomes related to learning motivation and demands 
educators to innovate in designing learning materials to stimulate 
students’ abilities and skills. There needs to be a renewal in learning. 
Teachers can manifest their creativity and innovation by developing 
strategies, media, approaches, and materials. Teachers play a crucial 
role here in providing meaningful learning to students. Teachers are 
expected to deliver meaningful instruction so that students’ abilities 
can improve in learning (Astuti et  al., 2020; Gultom et  al., 2020; 
Metekohy et al., 2022). Many efforts can be made by teachers, one of 
which is applying media in learning (Iwung and Nugraha, 2022; 
Mfreke et al., 2020; Ningsih and Sari, 2021; Sibuea et al., 2023).

One effective learning medium is the e-module, which helps 
students discover concepts that can make learning more meaningful 
through activities they experience individually or collectively (Eliyasni 
et al., 2021; Rahmatsyah and Dwiningsih, 2021; Wulandari et al., 2023; 
Wulandari et al., 2022). This ensures that students acquire knowledge 
and skills and discover personal learning concepts through recalling 
facts and events (Firdaus et al., 2022; Firdaus and Wilujeng, 2018). The 
modules currently used by teachers generally consist of summaries 
and discussions derived from the curriculum without detailed 
explanations, thus failing to stimulate students’ critical thinking skills 
and abilities. Therefore, this research develops STEM-based MIKiR 
e-modules.

The STEM (Science, Technology, Engineering, and Mathematics) 
approach can make learning more meaningful, guiding students to 
become more creative and gain hands-on experience (Oktapiani and 
Hamdu, 2020; Safira et al., 2024). The MIKiR method (Experience, 

Interaction, Communication, and Reflection) is developed to enable 
students to act creatively, collaborate in teams, apply critical thinking, 
and achieve set learning objectives (Widyawati et  al., 2024). The 
integration of MIKiR within STEM-based modules is expected to 
enhance students’ participation and enhance critical thinking skills 
(Alim et al., 2023; Asmaryadi, 2023; Oktaviah et al., 2023).

Supporting this approach, Yang et  al. (2024), it is hoped that 
through this e-module, students’ interest and participation in learning 
can increase, alongside stimulating their skills, knowledge, and 
attitudes to think critically in the problem-solving process. Research 
by Widyawati et  al. (2024) revealed that implementing STEM in 
learning can enhance students’ critical thinking skills and motivation. 
Additionally, research by Safira et  al. (2024) showed that STEM 
implementation can be a potential avenue for educators to improve 
the quality of education. Overall, this research aims to develop a valid, 
practical, and effective STEM-based e-module using the MIKiR 
Model on Energy Sources Material to Enhance Students’ Critical 
Thinking Skills for fourth-grade elementary students.

2 Theoritical background

2.1 STEM education

The STEM (Science, Technology, Engineering, and 
Mathematics) approach is highly relevant for fostering critical 
thinking skills, as it places students in learning situations that 
encourage them to actively analyze, evaluate, and solve problems 
logically (Yaki, 2022). In STEM-based learning, students are not 
merely passive recipients of information; rather, they are trained to 
explore concepts through hands-on activities grounded in real-
world problems (Astawan et al., 2023; Morris, 2025). For instance, 
when studying the topic of “Energy Sources,” students are invited 
to compare various types of energy, assess their advantages and 
disadvantages, and design simple solutions for utilizing alternative 
energy sources. This process naturally cultivates critical thinking, 
as students are required to understand, reason, and make decisions 
based on evidence and observation.

Moreover, the interdisciplinary nature of STEM helps students 
develop the habit of connecting concepts across science, technology, 
engineering, and mathematics in addressing problems 
(Abdurrahman et al., 2023; Goos et al., 2023; Nugraha et al., 2024). 
This approach integrates analytical skills through scientific 
experiments, mathematical logic through calculations and 
estimations, systematic thinking in engineering and design, and the 
effective use of technology. These elements collectively form a crucial 
foundation for critical thinking. According to research by Sukmana 
(2023), STEM education significantly enhances students’ critical 
thinking skills by providing opportunities to observe, ask questions, 
test hypotheses, and draw conclusions based on data and logical 
reasoning. Hence, the relevance of the STEM approach lies in its 
ability to offer a learning experience that is challenging, meaningful, 
and reflective qualities essential for cultivating critical thinking from 
an early age (Elsayary, 2025; Prayogi et al., 2024).

Another study conducted by Hermita et al. (2023a) developed a 
STEM-based city map application for elementary school students. The 
findings revealed that the use of the STEM-integrated city map 
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application led to a significant improvement in students’ critical 
thinking skills. The STEM approach aligns closely with the direction 
and objectives of both the 2013 Curriculum and the Independent 
Curriculum, which emphasize the development of higher-order 
thinking skills (HOTS), particularly critical thinking and problem-
solving. In the context of the “Energy Sources” topic, STEM enables 
students to grasp concepts not only theoretically but also through 
practical applications such as designing simple tools that utilize 
alternative energy or conducting observations of energy use in their 
surroundings. Such learning experiences foster active and reflective 
student engagement, consistent with the principles of differentiated 
and contextual learning promoted in the Merdeka Curriculum.

STEM learning combines various disciplines to understand 
several concepts through an engineering process. This is appropriate 
for the 2013 curriculum, which is implemented through an integrative 
and scientific thematic approach. Learning integrates several student-
centered subjects to enable the development of various skills. Although 
STEM learning is very suitable for the 2013 curriculum because its 
implementation is based on educating students in a real-life context 
(Nurlenasari et al., 2019), several problems have been described in the 
educational practice in elementary schools. These include the absence 
of engineering in the basic curriculum, though problem-solving 
process activities and innovations exist in science and mathematics 
learning, alongside the different interpretations of the meaning of 
technology at the basic level. Other problems are weak skills and 
confidence of educators in teaching science and mathematics and the 
teacher’s poor science and mathematics studying content during 
lectures, despite their significance in supporting STEM learning 
(Blackley and Howell, 2015). Consequently, optimal preparation is 
needed before teaching by developing project-based STEM 
learning designs.

Three approaches can be used and adapted for STEM learning in 
Elementary Schools, namely silo, embedded, and integrated 
approaches (Roberts and Cantu, 2012). The silo approach refers to 
isolated instruction within each STEM subject (Dugger, 2010). The 
embedded approach can be broadly defined as an educational method 
in which domain knowledge is acquired through an emphasis on real-
world situations and problem-solving techniques in social, cultural, 
and functional contexts (Chen, 2001). Meanwhile, the integrated 
approach to STEM education envisions removing the barriers between 

each STEM content area and teaching them as single subjects (Breiner 
et al., 2012) (Figure 1).

As shown in Figure  2, integration in STEM Education can 
be implemented through content and context integration. Content 
integration means preparing a structured STEM education or flexible 
curriculum that covers more than one discipline. Conversely, context 
integration refers to focusing on one discipline and teaching 
meaningfully by selecting relevant contexts from other disciplines 
without compromising the unique characteristics, depth, and rigor of 
the main discipline (Cunningham, 2017; Kertil and Gurel, 2016). In 
the basic Indonesian curriculum, two integration models and three 
learning approaches are considered STEM learning models.

Recent studies show that STEM education provides various 
benefits for students. Sungur Gul et al. (2023) found that STEM 
education can enhance students’ skills to meet the demands of the 
21st century. Through STEM, students can engage in problem-
solving activities that connect prior knowledge and skills with new 
learning experiences. Parno Supriana et al. (2021) reported that 
student engagement in STEM learning can facilitate critical 
thinking in education. Astawan et al. (2023) revealed that using a 
STEM-based scientific learning model can help students enhance 
their critical and creative thinking skills. Aâyun et al. (2020) also 
revealed that through media such as digital books, it is possible to 
enhance students’ creativity and critical thinking abilities in a 
collaborative environment. Preca et al. (2023) stated that STEM 
activities can help students acquire important 21st-century skills 
essential for future success.

Rather than rigidly separating science, technology, engineering, 
and mathematics, the STEM approach provides an integrated and 
interactive learning experience (Cunningham, 2017; Hermita et al., 
2023b; Kurniati et al., 2021). Project-based activities, experiments, and 
problem-solving tasks accustom students to think systematically, 
collaborate effectively, and make decisions grounded in data and logic 
(Goos et  al., 2023; Ridlo et  al., 2020). This directly contributes to 
enhanced reasoning skills, creativity, and scientific communication. 
Therefore, STEM not only supports the achievement of national 
curriculum learning outcomes but also serves as a logical and relevant 
foundation to be  integrated with the MIKiR (Experiencing, 
Interaction, Communication, Reflection) approach, as both emphasize 
active, exploratory, and meaningful learning processes.

FIGURE 1

Types of STEM education.
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2.2 MIKiR-based STEM e-module

In 2018, the Tonato Foundation initiated a learning method called 
MIKiR (Yulisra et  al., 2022; Anisah, 2020), which stands for 
experience, interaction, communication, and reflection. This approach 
is an example of an active learning model that can develop students’ 
potential and creativity. Concerning the MIKiR method, experience 
means performing teaching and learning activities. Interaction is a 
process of exchanging thoughts and ideas between two or more 
people. Communication is a process of conveying thoughts and ideas 
from one person to another, while reflection involves repeating 
learning and drawing conclusions. The use of the MIKiR approach can 
provide new experiences, such as interesting and fun learning, which 
will increase students’ involvement and promote collaboration. 
Meanwhile, the students’ worksheet measures the extent to which 
students understand the material taught.

The MIKiR approach an acronym for experiencing, interacting, 
communicating, and reflecting is an active learning model designed 
to fully engage students in the learning process (Fatmawati et al., 2021; 
Martuti, 2023). Each component plays a complementary role in 
fostering meaningful learning. The experiencing phase offers students 
the opportunity to engage directly in exploratory activities, such as 
experiments or observations of phenomena, thereby establishing a 
strong foundation of understanding through firsthand experience. The 
interacting phase encourages collaboration and dialogue among peers 
and with teachers, reinforcing comprehension through the exchange 
of ideas. Communicating trains students to articulate their thoughts, 
findings, and questions both orally and in writing. Finally, the 

reflecting phase provides a space for students to critically evaluate their 
learning process and outcomes, recognize errors, and identify areas 
for improvement. Together, these four elements promote not only 
active student engagement but also the development of deep, 
meaningful learning experiences aligned with 21st-century 
competencies (Alpusari et al., 2019; Putra et al., 2025).

When combined with the STEM approach, MIKiR offers an ideal 
pedagogical framework for developing thematic e-modules, 
particularly on the topic of “Energy Sources” in elementary education. 
For instance, students may engage in hands-on learning by conducting 
simple experiments on alternative energy, such as creating windmills 
from recycled materials. They then collaborate in groups to analyze 
the efficiency of their models, discuss the challenges encountered, and 
formulate solutions together. In the communication phase, students 
present their project outcomes and explain the reasoning behind their 
designs. Finally, during the reflection phase, they evaluate the 
effectiveness of their prototypes and relate their learning to 
environmental issues and real-life energy needs. This integration 
brings STEM learning to life making it more engaging, practical, and 
personally meaningful for students.

Furthermore, the MIKiR approach has been shown to support the 
development of critical thinking skills. The reflection component 
encourages students to evaluate their arguments and thought 
processes an essential step in critical thinking (Hasnunidah et al., 
2020; Indrašienė et al., 2023; Rüütmann, 2019). Interaction through 
discussion familiarizes students with listening actively and 
constructing logical arguments. Communication reinforces the ability 
to articulate ideas in a coherent and structured manner, while 

FIGURE 2

STEM activities carried out by students using the e-module.
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experiencing provides concrete foundations that foster deeper analysis. 
Thus, MIKiR not only promotes active learning but also serves as a 
strategic vehicle for cultivating higher-order thinking skills in a 
purposeful and measurable way (Alpusari et al., 2019, 2020; Putra 
et al., 2025).

The integration of the STEM and MIKiR approaches in digital 
e-module development offers an innovative and contextualized 
learning model for elementary education. These modules go beyond 
delivering thematic content such as “Energy Sources” by facilitating 
experiential learning, collaboration, and reflection. This creates an 
interactive learning environment that is closely aligned with students’ 
real-life experiences and the principles of the Independent Curriculum 
(Indonesian Independent Curriculum). As such, the combination of 
STEM and MIKiR provides a robust logical and pedagogical 
foundation for designing e-modules that not only achieve learning 
outcomes but also foster students’ critical thinking skills.

Study Alpusari et al. (2020) indicates that integrating the MIKiR 
model in learning can enhance students’ critical thinking abilities. 
Zulaikhah et al. (2022) informs that through MIKiR-based learning, 
learning becomes active as students are directly engaged in the 
learning process. The MIKiR method can create more active learning, 
this method is also very simple and simple, so it’s easy to compile a 
lesson scenario so that it will not be difficult for teachers to prepare 
(Ruzaini, 2021). Asmaryadi (2023) reveals that developing STEM 
learning modules with MIKiR can make learning more interactive. 
The next Mangangantung et al. (2021) found Through the MIKiR 
model, it can assist in conceptualizing the material to be  taught. 
Therefore, through the development of STEM modules based on 
MIKiR, it is expected to make learning more interactive, engage 
students more actively in learning, thus enhancing students’ critical 
thinking abilities.

3 Method

3.1 Research type

This study is a development research using the Plomp 
development model. Therefore, this research falls under the category 
of developmental research design, and the formulated product is the 
STEAM e-module based on MIKiR. The activities are based on the 
Plomp model (2013) design with 3 phases: Preliminary Research 
Analysis, Development or Prototyping, and Assessment. This study 
employed a Research and Development (R&D) approach using the 
Plomp development model, which consists of three main phases: 
preliminary research, development or prototyping, and assessment. In 
the preliminary research phase, the researcher conducted a literature 
review on STEM-based learning, the MIKiR approach, and the topic 
of energy sources within the context of the Independent Curriculum. 
Additionally, a needs analysis was carried out through interviews with 
Grade 4 teachers, classroom observations, and a review of the 
curriculum and student characteristics. This information served as the 
foundation for designing the content of the e-module. The 
development phase focused on the creation of a prototype e-module 
based on the STEM-MIKiR framework, which integrated exploratory 
and reflective learning activities around the theme of energy sources. 
The prototype underwent limited testing through expert review, 
involving subject matter experts, media experts, and educational 

practitioners to gather feedback on content quality, instructional 
design, and component integration. The assessment phase involved 
product effectiveness testing through experimentation, aimed at 
evaluating the impact of the e-module on students’ critical 
thinking skills.

3.2 Location and research subjects

This research was conducted at SDN 192 Pekanbaru during 
the academic year 2021/2022 involving fourth-grade students. 
The development phase took place at the Elementary School 
Teacher Education Study Program, Faculty of Education, 
Universitas Riau, and SDN 191 Pekanbaru. This study developed 
STEAM-based MIKiR e-modules for use with the topic 
“Transforming Energy” for fourth-grade students. The sampling 
technique employed in this study was purposive sampling, 
aimed at selecting elementary schools that have fully 
implemented the Independent Curriculum and meet a minimum 
threshold of technological readiness. For the effectiveness trial, 
students were divided into two groups: an experimental group 
that used the STEM-MIKiR e-module and a control group that 
used a conventional module. A total of 60 students participated 
in the research (Table 1).

3.2.1 Data collection instruments and data 
analysis techniques

The data collection instruments in this study include 
validation questionnaires, practicality questionnaires, test 
questions, and interviews. Data analysis techniques consist of 
descriptive statistics. Furthermore, to assess the effectiveness of 
using the e-module in enhancing students’ critical thinking, 
effectiveness tests were conducted using experimental and 
control groups of fourth-grade students. Details of the data 
collection can be seen in Table 2.

Data analysis in this study includes product validation tests, 
practicality tests, and product effectiveness tests. Product validation 
was determined based on the average score obtained from the 
validators using the assessment categorization below. The data 
obtained were analyzed using IBM SPSS Statistics 20. Normality was 
tested using the Kolmogorov–Smirnov Test, while homogeneity of 
variance was assessed using Levene’s Test. To examine the effectiveness 
of the e-module on students’ critical thinking skills, an independent 
samples t-test was conducted with a significance level of 0.05. The 

TABLE 1 Research subjects.

No. Phases Respondents Total 
respondents

1 Validation Expert lecturers 2 Expert lecturers

2 One by One Students 3 Students

3 Small group 

test

Teachers 2 Teachers

Students 6 Students

4 Large group 

test

Students 60 Students

Total 73 Respondents
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results of these analyses were used to test the research hypothesis and 
to determine the magnitude of the effect of the STEM MIKiR-based 
e-module on improving the critical thinking skills of elementary 
school students (Table 3).

The guidelines for calculating the percentage score of the 
validation questionnaire are as follows:

 
=

Score Obtained 100%
Score maximum

percentage x

Criteria for decision-making for the MIKiR-Based STEM 
E-Modul validation are presented in Table 4.

Data on the effectiveness of the e-module were obtained 
through the analysis of students’ critical thinking and 
mathematical reasoning test results. The reasoning test consisted 
of validated essay questions aligned with the instructional 
content, and student responses were assessed using a standardized 
scoring rubric. This study employed a Randomized Posttest-Only 
Control Group Design, a true experimental design in which 
participants were randomly assigned to either an experimental 
group or a control group, and only posttest measurements were 
taken after the intervention. This design was selected because it 
eliminates the potential for pretest sensitization, which can 
influence student responses and affect the authenticity of the 
learning outcomes. By administering only the posttest, the study 
aimed to capture the pure effect of the intervention.

Randomization was conducted after identifying students 
who met the inclusion criteria those from elementary schools 
that had fully implemented the Independent Curriculum and 
possessed at least the minimum technological readiness. The 
eligible students were randomly assigned to the experimental or 
control group using a simple random assignment technique, 
ensuring that each student had an equal chance of being placed 
in either group. To ensure group equivalence, initial checks were 
conducted to compare baseline characteristics of the 
participants. In addition, tests of normality and homogeneity 
were performed before hypothesis testing to confirm that the 
two groups had comparable distributions and variances. This 
helped ensure that any observed differences in posttest scores 
could be attributed to the treatment rather than pre-existing 
group differences. Statistical analysis was carried out using IBM 
SPSS Statistics 20, with a significance level set at 5% (α = 0.05). 
The analysis aimed to determine whether there was a statistically 
significant difference in the average critical thinking skills 
scores between the experimental and control groups (Siregar 
and Sari, 2020).

4 Result

4.1 Preliminary phase

Based on interviews with fourth-grade teachers from SDN 192 
Pekanbaru and related data, the teaching process begins with 
delivering the material, followed by providing sample questions and 
exercises to students. Teachers deliver the material according to the 
Lesson Plan (RPP) using the educational books provided by the 
school. This was performed to determine the essential concepts related 
to the energy source topic that required an explanation namely by 
identifying and arranging the main concepts systematically. The main 
concept in the materials was identifying energy sources, conversion 
mechanisms, and alternative energy producers (wind, water, solar, 
geothermal, organic fuels, and nuclear).

The stages of the MIKiR-based STEM design will be conducted 
with learning and understanding of issues related to energy sources. 
This will be followed by planning for the presented problem. After 
creating a learning design, students will be directed to prepare tools 
and materials to create a product. Next, students will construct the 
planned design. After that, students will develop alternative energy 
source solutions, and upon completion, they will present the results of 
their discussions.

The curriculum analysis aims to formulate learning outcomes for 
the “energy transformation” topic in fourth-grade primary school, 
determine adequacy in achieving learning objectives, and develop the 
material effectively. The Student e-module discusses sound and light 
energy sources by aligning learning objectives within the 2013 
curriculum through a combination of learning outcomes from the 
School as Driver Curriculum.

4.2 Prototyping phase

This evaluation aimed to obtain expert feedback on prototype 2 
before its use to produce prototype 3. This stage involved validating 
the product design using developed teaching materials. A revised 
product was formulated and validated based on input from the 

TABLE 2 Data collection instruments.

No. Data collection 
tool

Respondents

1 Validation Questionnaire Media experts

Subject matter experts

2 Practicality Questionnaire Teachers

Students

3 Pretest-posttest Questions Students

4 Interviews Students Students

TABLE 3 Validation assessment categorization.

Category Score

Strongly agree 4

Agree 3

Neutral 2

Disagree 1

Source: Arkunto’s modification (2014).

TABLE 4 Percentage validation score and category of the teaching 
materials.

Interval (%) Category

25–44% Very invalid

45– 64% Invalid

65–84% Valid

85–100% Very valid

Source: Riduan’s modification (Rahayu and Azizah, 2012).
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validator. The validation consisted of two validators with different 
areas of expertise, namely media experts and linguists. Questionnaires 
were used as the instrument to validate the MIKiR-based STEM 
e-module. The results of the expert validation are presented to assess 
the feasibility of the developed teaching materials, which can be seen 
in Table 5.

The feasibility assessment of the learning media was conducted by 
two expert validators, evaluating four main aspects: content, learning, 
layout, and language. Each aspect was assessed based on specific 
indicators, and the average percentage score for each was calculated. 
The results showed that all aspects received scores above 85%, ranging 
from 93.75 to 100%. According to the assessment criteria, a score 
range of 85–100% falls within the “very valid” category. Therefore, 
with an overall average score of 97.03%, the developed media is 
considered to be  very valid and appropriate for use in the 
learning process.

4.3 Assesment phase

Subsequently, after the media has been assessed by validators and 
deemed suitable, the next step is to conduct media trials with students. 
The initial trial is conducted individually to observe how students use 
the media. If any difficulties in using the media are encountered, 
adjustments can be made before conducting larger-scale field trials. 
The individual evaluation stage is also known as One-to-One 
Evaluation. At this stage, 3 students with low, medium, and high skills 
were selected and evaluated using a MIKiR-based STEM e-module 
test for Grade IV class.

Based on the one-by-one trial that has been conducted, it was 
found that the design in Learning. The individual evaluation 
indicated that the MIKiR-based STEM e-module was easily 
understood by students with low, medium, and high skills. Students 
understood the experiments, answered questions satisfactorily, and 
appropriately performed activities for discovering alternative sound 
and light energy sources in the worksheets. The next stage, 
following the one-by-one media trial, which yielded results 
indicating that students from the low, moderate, and high score 
categories can easily use the developed e-module, involves 
conducting small group trials. Students who were participants in 
the small group trial were selected from the consideration of 
students with 2 low, 2 medium, and 2 high scores. A MIKiR-based 
STEM e-module was tested on a small group of 6 students.

The small group evaluation was divided into two meetings. At the 
first meeting, students conducted experiments on e-module alongside 
STEM designs. At the second meeting, they created tools according to 
their designs. Students were divided into two groups, with each 

consisting of 3 members with low, medium, and high skills. They were 
very enthusiastic about the experiments Subsequently, students with 
low skills experienced little difficulty in the group learning process. 
They were assisted by those with medium and high skills in answering 
questions and finding solutions to existing problems regarding the 
questions on the student worksheets, based on the students’ learning 
outcomes after two sessions, it was found that students, whether from 
the low, moderate, or high score categories, were all highly interested 
in using the e-module for learning. The activities carried out by 
students are as follows.

The use of the STEM-based e-module significantly improved 
students’ understanding and made them more actively engaged 
in the learning process when studying the topic of energy sources 
in science. Meanwhile, individual and small group tests were 
conducted during the test phase. The individual tests were 
performed to determine the readability of the developed teaching 
materials, while practical tests were implemented on students and 
teachers while evaluating the MIKiR-based STEM e-module. 
Practicality tests were conducted to measure the practicality of 
the materials using small group tests, which involved 6 students, 
who were asked to fill out a questionnaire. The results of the 
practicality test are shown in Table 6.

Based on the results of the practicality test involving 6 students 
using a 1–4 point Likert scale, the MIKiR-based STEM e-module was 
found to be  very practical. Each aspect instruction, objective, 
language, graphics, and benefit was assessed through 3 to 5 aspect s 
and received scores above 90%, with an overall average of 96.33%, 
placing it in the “very practical” category. These results suggest that 
the e-module is easy to use, suitable for students’ characteristics, and 
effectively supports the learning process. Therefore, it can 
be concluded that the e-module meets the practicality criteria based 
on student responses.

The effectiveness of the MIKiR-based STEM e-module is seen in 
the results of students’ critical thinking tests. Critical thinking was 
exhibited by students’ ability to provide opinions through different 
answers or strategies. Students learn informal and formal problems, 
and their variety of answers and opinions indicates an increase in this 
skill compared to the previous learning model. The effectiveness of the 
e-module was tested at the State Elementary School of 191 Pekanbaru 
on Grade IV students in the 2021/2022 academic year. The learning 
process was performed offline with a limited face-to-face system in 
order to comply with government regulations and health protocols. 
The sample consisted of 2 classes, with IV A as the experimental class 
and IV D as the control. The experimental class will use the MIKiR-
based STEM e-module, while the control class only use the thematic 
student book. A total of 60 students were involved in this research, and 
the material discussed was alternative energy sources. The material 
was taught to the experimental and control classes in 4 meetings. 
Subsequently, the science. The average increase in critical thinking is 
shown in Table 7.

According to Table  4, the improvement of students’ critical 
thinking with the MIKiR-based STEM e-module was higher than the 
learning model commonly used by teachers. The prerequisite analysis 
performed was a normality test, using the Mann–Whitney and 
Shapiro–Wilk methods. The following table shows the results of the 
normality test for improving critical thinking outcomes (Table 8).

Values with significance > α indicated normally distributed data. 
The results of data processing with Kolmogorov-Smirnova showed a 

TABLE 5 Data validation from experts.

No. Assessment 
aspect

Average (%) Category

1 Content 93.75 Very valid

2 Learning 96.87 Very valid

3 Layout 97.5 Very valid

4 Language 100 Very valid

Average Validation 97.03 Very valid
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significance of 0.227 > 0.05 for the experimental class and 0.324 > 0.05 
for the control class. Furthermore, the analysis using Shapiro–Wilk 
showed that the data for both classes were normally distributed 
(Table 9).

The criterion for homogeneous variance was sig > α. The data 
processing showed that the significance value obtained was 
0.070 > 0.05 for IVB and 0.033 > 0.05 for IVD. Therefore, the variance 
for the increasing students’ mathematical critical thinking aspects was 
homogeneously distributed. The results of the normality and 
homogeneity test are shown in Table 10.

Following the normality and the homogeneity tests of variance, 
the hypotheses were evaluated using t-tests through SPSS 19. The 
results of the t-tests for Mathematical Critical Thinking are shown in 
Table 11.

An independent samples t-test was conducted to compare the 
learning outcomes between the experimental and control classes at 
Elementary School of 37. The experimental class (Class IV A) had a 
mean score of 51.80 with a standard deviation of 9.67 and a standard 
error of 10.76, while the control class (Class IV D) had a mean score 
of 46.30 with a standard deviation of 4.01 and a standard error of 0.73. 
The significance value obtained from the t-test was 0.001, which is 
lower than the predetermined alpha level of 0.05. The effect size test 
using Cohen’s d yielded a value of 0.72, which falls into the “large” 
category. This indicates that the use of the MIKiR-based STEM 
e-module has a strong influence on students’ thinking skills. This 
result indicates a statistically significant difference between the two 
groups. Therefore, it can be concluded that the implementation of the 
MIKiR-based STEM e-module had a significant positive effect on 
students’ learning outcomes compared to conventional teaching 
methods. This means that the increase in students’ Critical Thinking 
in each class taught using the MIKiR-based STEM e-module for 
science and Mathematics learning was better than in groups where the 
worksheet was not used. This proves its effectiveness in increasing 
students’ critical thinking. Figure 2 also highlights the gratification of 
the effectiveness test for science and mathematics learning to increase 
students’ critical thinking in each sample class. An increase in 
Mathematical Critical Thinking is displayed in Figure 2.

Figure 3 presents a comparison of the average pretest, posttest, 
and normalized gain (N-Gain) scores between the experimental class 
(Class IV A) and the control class (Class IV D), each consisting of 30 
students. The experimental class, which utilized a STEM-based 
e-module integrated with the MIKiR learning model, showed a 
substantial improvement in learning outcomes. The average pretest 
score increased from 30 to 90 on the posttest, resulting in an N-Gain 

score of 0.78, which falls into the high category. In comparison, the 
control class, which received conventional instruction, also started 
with an average pretest score of 30, but only improved to 75 on the 
posttest, with an N-Gain score of 0.63, categorized as moderate. These 
findings indicate that the use of the MIKiR-based STEM e-module 
had a more significant impact on enhancing students’ understanding 
and learning outcomes compared to traditional teaching methods.

5 Discussion

The MIKiR-based STEM e-module developed in this study was 
found to be valid, practical, and effective in enhancing elementary 
students’ critical thinking skills on the topic of Energy Sources. The 
validity of the e-module was supported by expert evaluations, 
which yielded an average score in the “very valid” category, 
particularly in terms of content quality, the integration of STEM 
and MIKiR components, and alignment with the characteristics of 
elementary learners. This validity can be theoretically explained 
through its grounding in a constructivist approach, wherein 
students actively construct knowledge through exploratory and 
collaborative activities, as emphasized by the MIKiR model and 
STEM-based learning principles. Additionally, the structured 
module design which includes reflection stages at the end of each 
activity strengthens students’ evaluative abilities, a core dimension 
of critical thinking.

MIKiR is a learning stage where students undergo experiencing, 
interaction, communication, and reflection (Alpusari et al., 2019, 2020). 
In the research, students will first experience issues related to various 
energy sources through in-depth learning activities. This aims to 
stimulate strong initial interest and understanding of the subject matter. 
After grasping the fundamentals of energy issues, students will interact 
with the material through discussions, simulations, or experiments. The 
goal is to deepen their understanding and foster exchange of ideas 
among peers. During the Communication phase, students engage in 
discussions and presentations to articulate their understanding of 
proposed energy solutions. In the final stage, students will reflect on 
their learning. This reflection helps students internalize the concepts 
learned and apply them in real-life contexts. The focus on developing 
MIKIR-based STEM e-modules as a response to the evolving needs of 
21st-century education is a commendable effort. As we navigate the 
complexities of modern education, it’s evident that traditional teaching 
methods may fall short in fully engaging and preparing students for the 
challenges they will face in the future (Lopez-Fernandez et al., 2021). 
Therefore, it is crucial to innovate in learning (Puranik, 2020; 
Senthilkumar and Kannappa, 2017), whether in terms of teaching 
methods or the media used. This research rightly recognizes that digital 
media can be a transformative tool in this context (Bakhri et al., 2023; 
Mashuri et  al., 2022; Qumillaila Lestari et  al., 2022). The 
acknowledgment of digital media digital as a potential facilitator of 
interactive and engaging learning aligns with the changing landscape 
of education (Dhivya et al., 2023; Haleem et al., 2022). Today’s students 
are digital natives, growing up in an era where technology is an integral 
part of their daily lives. Therefore, leveraging digital media in education 
not only captures their attention but also speaks their language.

It is very necessary for teachers’ abilities to create interesting 
learning in accordance with the 21st century (Artama et al., 2023; 

TABLE 6 Results of the practicality test on the MIKiR-based STEM 
e-module by students.

No. Assessment 
aspect

Average (%) Practical 
category

1 Instruction 100 Very practical

2 Objective 94.16 Very practical

3 Language 95.83 Very practical

4 Graphics 91.66 Very practical

5 Benefit 100 Very practical

Average 96.33 Very practical
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Inggriyani, 2017; Kim et al., 2019). The research findings revealing 
the significant potential of the MIKIR-based STEM e-module in 
enhancing critical thinking skills are promising. Critical thinking 
is increasingly regarded as a cornerstone skill in the 21st century 
(Mardhatillah and Anas, 2023; Sari and Wardhani, 2020). With 
critical thinking it can empowers individuals to analyze 
information critically, make informed decisions, and adapt to an 
ever-changing world (Mardhatillah and Anas, 2023). By 
developing tools that foster critical thinking, educators are 
contributing to the holistic development of students. The inclusion 
of validation and practicality testing by educational experts is a 
crucial step in ensuring the effectiveness of the e-module. 
Education standards and quality are paramount, and any digital 
tool introduced into the classroom must align with these standards.

This process acts as a quality assurance mechanism, 
guaranteeing that the e-module is not only pedagogically sound 
but also user-friendly. Furthermore, involving experts in the 
validation process provides a layer of credibility to the research. It 
substantiates the claim that the developed media is suitable for 
student use. This, in turn, gives educators confidence in adopting 
the technology in their teaching. However, it’s important to note 
that while expert validation is a significant step, it represents only 
one facet of the journey toward effective educational technology. 

It’s equally vital to engage with teachers and students in the 
development and testing phases. Their feedback and experiences 
can offer valuable insights into usability, accessibility, and real-
world classroom dynamics. In addition to this, a holistic approach 
to evaluating the impact of the e-module should encompass not 
only its effects on critical thinking skills but also its broader 
implications. These might include changes in teaching 
methodologies, shifts in student engagement, and alterations in 
the overall learning environment. A comprehensive assessment 
would provide a more nuanced understanding of the e-module’s 
influence on education.

The research results indicate that MIKIR-based STEM 
e-modules are effective in enhancing students’ critical thinking 
skills. This holds true for students with various skill levels, 
ranging from low to high. Critical thinking skills encompass 
students’ ability to analyze information, evaluate arguments, and 
make evidence-based decisions. The e-module provides a 
supportive environment to nurture these abilities. This finding 
aligns with previous research (Iwung and Nugraha, 2022) this 
research aims to make a webtoon-based e-module on work and 
energy topics which tested for feasibility, effectiveness and 
implementation to improve students’ critical thinking skills. 
Based on the research findings, it is concluded that the e-module 
can enhance students’ critical thinking abilities. Furthermore, a 
study conducted by Uma’iyah et al. (2023), which developed a 
mobile learning-based e-module, yielded results indicating that 
through this e-module, it is also possible to enhance students’ 
critical thinking abilities. Thus, it can be  concluded that 
innovation in modules can enhance students’ critical thinking 
abilities (Suastrawan et al., 2021).

In addition to improving critical thinking skills, this e-module 
also successfully enhances students’ interest and participation in 
learning (Oktarina and Dewi, 2023; Sujanem and Putu Suwindra, 
2023). This suggests that interactive digital media can offer a more 
engaging learning experience for students, subsequently 
improving their learning outcomes. The research outcomes have 
significant implications in the field of education, particularly in 
the context of STEM (Science, Technology, Engineering, and 
Mathematics) education (Adha et al., 2023; Kurniati et al., 2021). 
MIKIR-based STEM e-modules can be  integrated into the 
curriculum to enhance students’ critical thinking skills. 
Furthermore, this research provides a foundation for further 

TABLE 7 Average student critical thinking skill.

School Class Group type N Pretest average Posttest 
average

Gain average

Elementary School of 

37

IV A Experimental class 30 53 84 0.78

IV D Control class 30 30 75 0.63

N-Gain = (Posttest Score-Pretest Score)/(Maximum Score-Pretest Score).

TABLE 8 Result of normality test of the experimental and control classes.

School Kolmogorov-Smirnova Shapiro–Wilk Comparison with α Description

Control Class 0.227 0.535 0.05 Normally distributed

Experimental Class 0.324 0.620 0.05 Normally distributed

TABLE 9 Result of analysis of homogeneity of variance of the 
mathematical critical thinking data with the Levene statistic.

Class Significance 
value

Comparison 
with α

Description

IV A 0.070 0.070 > 0.05 Homogeneous

IV D 0.033 0.070 > 0.05 Homogeneous

TABLE 10 Conclusion of the normality and homogeneity tests of the data 
variance on the improved mathematical critical thinking.

Class Normality 
test

Homogeneity 
test

Hypothesis 
test

Experimental Normally 

distributed

Homogeneous T-test

Control Normally 

distributed
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studies in the development of digital media for more effective and 
interactive learning.

6 Conclusion

This study confirms that the STEM-based MIKiR e-module 
developed for elementary science education is valid, practical, and 
effective in supporting the development of students’ critical 
thinking skills. The validation results from experts yielded an 
average score of 97.03%, placing the module in the “very valid” 
category. Practicality testing involving six students resulted in an 
average score of 96.33%, classified as “very practical.” In terms of 
effectiveness, the experimental class achieved a normalized gain 
score of 0.78, which falls into the high category, indicating a 
significant improvement in learning outcomes compared to the 
control group. The integration of the MIKiR model (Experiencing, 
Interaction, Communication, Reflection) within a digital STEM 
framework represents a innovative contribution to instructional 
design. This approach not only promotes active, student-centered 
learning but also aligns with the goals of 21st-century education. 
The e-module shows strong potential for use in classroom settings, 
especially in enhancing students’ higher-order thinking skills.

Future studies are encouraged to examine the application of 
this e-module across different subjects and educational levels, as 
well as to assess its long-term impact on students’ cognitive and 
affective outcomes. Teachers and instructional designers are 
advised to consider integrating the module into the existing 
curriculum as a tool to foster critical thinking and inquiry-based 
learning. Additional research could also focus on improving the 
module’s accessibility, ensuring that it can be effectively utilized 

in diverse educational contexts and reach a broader range 
of learners.
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