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Abstract: This literature review article (literature study) aims to identify the 
effectiveness of e-modules in improving students' critical thinking skills in 
high school science learning (Biology, Physics, Chemistry). A literature 
study was carried out to find and understand articles discussing the 
effectiveness of e-modules and critical thinking skills in high school science 
learning. The research results show that the Android-based Selvo E-Module 
(Volta Cell) and the HOTS-based physics e-module are effective in 
improving students' critical thinking skills in high school science learning 
with an increase in test results in the 61-65 range. 
 
Keywords: Critical thinking skills; Effectiveness; E-module; Science; 
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Introduction  
 

The rapid development of technology, information 
and communication in this century has influenced 
various areas of life, one of which is education, 
especially science education. Science is a learning 
activity through natural phenomena that can be 
identified systematically through scientific steps 
(Yulianti & Zhafirah, 2020). Biology, Chemistry and 
Physics are scientific disciplines that are branches of 
Natural Science (PA). The skills that students in the 21st 
century need to have in learning science are the 4C skills 
(Critical Thinking & Problem Solving, Creativity & 
Innovation, Collaboration, Communication). The focus 
of improving skills that are important to have in the 21st 
century is critical thinking skills because they are one of 
the targets of implementing the 2013 curriculum 
(Pratiwi & Endah, 2022) and are among the most 
important parts that are very hotly discussed by 
scientists both in the education and field of education. 
general (Selviani, 2019). 

In Indonesia, there is a lot of research on critical 
thinking skills, especially in the context of science 

education. Some studies focus on the distribution of 
students' critical thinking levels (Susetyarini & Ahmad, 
2020), and others discuss the influence of specific 
learning designs on students' critical thinking skills 
(Wulandari et al., 2017 in Susetyarini & Ahmad, 2020). 
There is also research that discusses the relationship 
between critical thinking skills and other parameters of 
learning achievement (Naimnule & Corebima, 2018 in 
Susetyarini & Ahmad, 2020). Improving critical thinking 
skills can be trained continuously because only with 
practice can critical thinking skills become a habit. 
Critical thinking is a thinking habit that should be 
instilled from an early age. 

Critical thinking skills are closely related to 
students' scientific literacy, because the focus of scientific 
literacy is to train individuals to have a mindset that is 
responsive and critical towards knowledge (Rahma, 
2022). It is known that the scientific literacy scores of 
students in Indonesia are still low. The test carried out 
by PISA (Program for International Student Assessment) 
on students in Indonesia (average age 15 years) in 2018 
showed a reading score of 371, mathematics 379, and 
scientific literacy 396 (OECD, 2019). Focusing on the 
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scientific literacy category, Indonesia is ranked 9th from 
the bottom, namely 71st out of 79 countries (OECD, 
2019). So, it can be seen that the scientific literacy abilities 
of students in Indonesia are still very far below 
international standards (China, Singapore and Macau 
which get an average score of 500 and above). The low 
scientific literacy scores of Indonesian students are a 
serious problem considering that students' scientific 
literacy is one of the skills that students should have in 
the 21st century. 

The results of the PISA test on students' scientific 
literacy skills must of course be used to follow up on 
effective strategies to increase students' scientific 
literacy. In connection with this, the initial strategy for 
students to have scientific literacy skills is to first 
improve their critical thinking skills. Therefore, critical 
thinking skills are the key in education to solve a 
problem (Sujanem, et al. 2022), in this case the scientific 
literacy of students in Indonesia. 

Critical thinking skills are very important in a 
learning process because students can examine various 
opinions, situations and existing problems (Azizzah, 
2021). Therefore, students' bright ideas are needed to 
think of solutions to everyday problems in the 
surrounding environment. These ideas are explored 
through questions that can train students' critical 
thinking skills. Therefore, teaching materials or learning 
resources are needed that can train students' critical 
thinking skills. One product that can be developed to 
improve critical thinking skills is an electronic module 
(e-module). The advantage of e-modules is that they can 
reduce the use of paper in the learning process, and their 
use is also flexible and can be accessed via computer or 
smartphone, which in the current technological era is 
very easy for students to access (Adilah, et al. 2022). 

Several research results regarding electronic 
modules include those carried out by Fathurrohmi 
(2019), developing an electronic module with the overall 
results of the questionnaire stating "very interesting". 

Syamsiah et al., (2019) developed an electronic module 
and found that teacher responses obtained very strong 
criteria, while student response data obtained very 
strong criteria. This means that the resulting e-module 
can be implemented by teachers and students as 
teaching material as well as media used in the learning 
process. The effectiveness of e-modules in high school 
science learning shows various findings. So, the author 
took the initiative to review various articles related to e-
modules in high school science learning (Biology, 
Physics, Chemistry) to improve students' critical 
thinking skills. 
 
Method  
 

The method used in this research is a literature 
study or literature review of research results that have 
been published in various scientific articles. This 
literature study is limited to articles related to high 
school science e-modules to improve students' critical 
thinking skills. Articles were obtained from various 
national journals and international journals which were 
accessed via the internet on the SINTA search page, 
Google Scholar, Science Direct, and Research Gate. With 
the keywords e-module, science e-module, effectiveness 
of e-module, critical thinking, critical thinking. 
Researchers limited the articles reviewed to articles from 
the last four years, namely from 2019 to 2023. 

 
Result and Discussion 
 

The results of searching for articles in various 
national and international journals, researchers obtained 
a total of 20 articles. All search results for articles 
relevant to the effectiveness of E-Modules in high school 
science learning (Biology, Physics, Chemistry) to 
improve students' critical thinking skills are 
summarized in the Table 1. 

 
Table 1. Results of tracking the effectiveness of E-modules in improving students' critical thinking skills in high 
school science learning 

Researcher Material Model subjects  Pre-test Post-test Improved 
Test Results 

Pratiwi & Endah, 
2022 

Human Reproductive 
System 

Sosio-Scientific Issues 
(SSI) 

Biology 30.60 73.80 43,20 

Selviani, 2019 Respiratory system Problem Based 
Learning (PBL) 

Biology 32.00 85.2 53.20 

Amrilizia, et al. 2022 Interaction of Living 
Organisms with Their 

Environment 

Contextual Teaching 
and Learning (CTL) 

Biology 62.9
2 

83.33 20.41 

Sujanem, et al. 2022 
 

Rotational Dynamics and 
Equilibrium of Rigid 

Bodies 

Problem Based 
Learning (PBL) 

Physics 30.60 73.1 42.50 

Sujanem, et al. 2019 
 
 

Momentum & Harmonic 
Vibration 

Blended Problem Based 
Learning (BPBL) 

Physics 22.70 59.1 36.40 

Irawan, et al. 2019 Vibrations and Waves Problem Based 
Learning (PBL) 

Physics 20.30 50.4 30.10 
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Researcher Material Model subjects  Pre-test Post-test Improved 
Test Results 

Nurlaili, et al. 2021 Genetic Discovery Learning Biology 40.58 84.78 44.20 
Oktaviani, et al. 2022 Elasticity and Hooke's 

Law 
Guided Inquiry Physics 32.00    68.5 36.50 

   Chemistry 50.00 78 28.00 
Auliyani, et al. 2022 Thermochemical Higher Order Thinking 

Skill (HOTS) 
    

Sulistiani, et al. 2022 Virus Sosio-Scientific Issues 
(SSI) 

Biology 26.00 44 18.00 

Ulfa & Imam (2022) Circular motion  Higher Order Thinking 
Skill (HOTS) 

Physics 6.46 70.83 64.37 

Cahyanto, et al. 
(2022) 

Sound Waves Articulate Storyline 3 Physics 52.67 82.93 30.26 

Aisyah, et al. (2019) Electrochemistry (Voltaic 
Cells) 

- Chemistry 20.14 85.07 64.93 

Dibyantini & 
Sulastri (2022) 

Reaction rate Problem Based 
Learning (PBL) 

 

Chemistry 33.17 73.27 40.10 

Putri & Syafriani 
(2022) 

Dynamic electricity Science, Environment, 
Technology, Society 

(SETS) 

Physics 35.53 83.55 48.02 

Nugraheny, et al. 
(2022) 

Circular motion Attention, Relevance, 
Confidence, Satisfaction 

(ARCS) 

Physics 53.09 83.45 30.36 

Sari, et al. (2023) Newton's Law: Gravity Guided Inquiry Physics 31.37 75.66 44.29 
Aulia, et al. (2022) Kinetic Theory of Gases Predict, Observe, 

Explain (POE) 
Physics 36.48 82.86 46.38 

Latifah, et al. (2020) - - Physics 33.19 73.47 40.28 
Putri & Minda 
(2023) 

Acid Base Problem Based 
Learning (PBL) 

Chemistry 42.51 79.31 36.80 

       

Based on Table 1, it was found that the Android-
based Selvo e-module was very effective in improving 
students' critical thinking skills. This is shown by the 
increase in high school students' test results on 
electrochemical material (Voltaic Cells), namely 64.93. In 
research by Aisyah et al. (2019) did not explain the 
model used in learning activities so the model used and 

applied in the e-module is unknown. And the HOTS-
based e-module on circular motion material got an 
increase in test results of 64.37, where in use it uses the 
Sigil application. Below is presented the range of 
improvement in test results after implementing the 
Science E-Module with various learning models along 
with the number of articles

Figure 1. Improved Critical Thinking Skills Test Results 
 

The figure above shows that there are five articles 
in the range of improving test results 36-40, four articles 
each in the range 26-30 and 41-45, two articles each in the 
range of improving test results 15-20, 46-50, and 61-65, 

one article in the 51-55 range, and no articles in the test 
result improvement ranges 21-25, 31-35, and 56-60. The 
increase in test results on students' critical thinking skills 
after implementing e-modules based on various models 
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showed that the voltaic cell e-module had the highest 
increase in results and was followed by the HOTS-based 
e-module on circular motion physics material in the 61-
65 range. And e-modules based on the CTL (Contextual 
Teaching and Learning) model on the interaction of 
living organisms with their environment and e-modules 
based on SSI (Socio-Scientific Issues) on biological 
viruses are in the lowest range, namely 15-20. 

The Selvo E-module application is effectively used 
by students where the average student score before 
using the Selvo E-module application (pretest) is 20.14 
and the average student score after using the Selvo E-
module application (posttest) is 85. 07. The overall 
increase in student scores after using the Selvo E-module 
application was a score of 64.93. After using the Selvo E-
module application, students are able to answer 
questions from the posttest questions. Where 70% of 
students can answer posttest questions. This proves that 
the use of the Selvo E-module application can influence 
students' understanding so that students can stimulate 
their critical thinking skills. Thus, it can be said that the 
Selvo E-module application is able to stimulate students 
to carry out the learning process optimally. The 
indicators of thinking skills used are: interpretation, 
evaluation, analysis, inference, explanation, self-
regulation (Aisyah et al., 2021). 

The HOTS-based e-module on circular motion 
material is designed based on format. The format for this 
electronic module is: (1) cover; (2) foreword; (3) learning 
instructions; (4) concept map; (5) core competencies, 
basic competencies, competency achievement 
indicators, and learning objectives; (6) materials; (7) 
practicum; (8) summary; (9) bibliography. The HOTS 
content in the circular motion module includes: (1) the 
material begins with critical problems and questions to 
build critical thinking skills; (2) let HOTS is to form a 
concept about a material and students are expected to be 
able to analyze the problem that has been given; (3) let's 
discuss: HOTS content for students and open discussion 
space with their friends so that students can analyze 
everyday problems related to the material; (4) let's 
practice: HOTS content for students' practice space so 
that students can analyze HOTS questions; (5) let's prove 
it: HOTS content to prove concepts or equations so that 
students can analyze and evaluate a concept from the 
material; (6) practicum: HOTS content leads to 
experiments so that students can analyze, evaluate and 
draw conclusions from experiments (Ulfa and Imam, 
2022). 

The HOTS-based e-Module using the Sigil 
application in circular motion material received a score 
of 4.56 or in the very good category in the material aspect 
and 4.49 or in the very good category in the media 
aspect. It turns out that apart from improving critical 
thinking skills, this e-module can improve the learning 
outcomes of 35 students at SMAN 2 Bangkalan (Ulfa and 
Imam, 2022). 

E-Module  
E-module is a set of digital or non-print learning 

media that is systematically arranged and used for 
independent learning purposes, thereby requiring 
students to learn to solve problems in their own way 
(Hunaidah, et al. 2022). E-module is an electronic 
module in digital form where access and use can be done 
via electronic devices such as computers, laptops, tablets 
or smartphones (Putri & Syafriani, 2022). Electronic 
modules can be used as teaching materials for students 
to study independently because e-modules are equipped 
with instructions for use and e-modules contain material 
in video form (Putri & Syafriani, 2022). 

Critical Thinking Skills are skills in reflecting 
thoughts and solving problems (Rahardhian, 2022). He 
is explains that critical thinking can be formed by 
combining several habits such as the following. The 
desire to seek knowledge and understanding. Curious 
people are never satisfied with their current 
understanding, but are driven to ask questions and seek 
answers. Curiosity itself is endless, the better someone 
understands a particular topic, the more they realize 
how much more there is to learn.  

Humility is the recognition that one's own 
understanding of knowledge is of limited value. 
Humility is closely related to curiosity. If someone 
thinks that they already know everything, then there is 
no reason to be curious. A humble person is always 
aware of the limitations and gaps in their knowledge. 
With humility, a person becomes more receptive to 
information, becomes a better listener and learner. 
Skepticism is an attitude of suspicion towards what 
other people say. Skepticism means the feeling of always 
demanding proof and not simply accepting what other 
people say. At the same time, skepticism must also focus 
inward on one's own beliefs.  

Formal logic skills are very necessary for critical 
thinkers. Skepticism makes one wary of bad arguments, 
and rationality helps to know exactly why such things 
happen. Rationality makes it possible to identify good 
arguments and then helps understand the further 
implications of those arguments. 

Creativity is the ability to produce a combination of 
new ideas. When someone thinks critically, without 
realizing it, they often involve the ability to think 
creatively in solving a given problem. Critical thinking 
can be applied by trying to see problems from other 
people's perspectives. By seeing things from another 
person's perspective, a person can generate more new 
ideas than relying solely on one's own knowledge. 

 
Critical Thinking Skills of Male and Female Students in the 
Science Program 

Based on the research results of Azizzah et al. 
(2021), the results of the analysis of the answers to 
questions from the rubric developed from the basic 
elements of critical thinking by Ennis (1985) in solving 
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problems, namely Focus, Reason, Inference, Situation, 
Clarity, and Overview, obtained data from male 
students in class XI SMA N 5 Surakarta, there were 18 
students (60%) of the 30 male students who had critical 
thinking skills that had not yet developed while the 
remaining 12 students (40%) had started to develop and 
the results showed that gender could influence skills. 
students' critical thinking. There are meaningful or 
significant differences in the critical thinking skills of 
female students and male students. Female students 
have higher critical thinking skills than male students. 

Women tend to be better than men in terms of task 
performance and verbal fluency, as well as in memory 
tasks, perceptual speed and language, while men tend to 
be superior in numeracy and natural knowledge 
(science) (Azizzah et al., 2021). Language is considered 
important in thinking skills because it is seen as making 
it easier to express ideas (Sasser, 2010 in Azizzah et al., 
2021). Each person's language ability is different because 
it is influenced by certain factors, for example gender 
because men's brain activity is more focused on the left 
part of the frontal gyrus, while women have activity 
patterns on the right and left parts of the inferior frontal 
gyrus. This explanation proves that there are variations 
or differences in the quality of language processing in 
women and men (Azizzah et al., 2021). 
 
Conclusion  
 

Based on the literature study that has been carried 
out, it was found that the Android-based Selvo E-
Module on voltaic cell material and the HOTS-based E-
Module on circular motion material are very effective in 
improving students' critical thinking skills in high 
school science learning with an increase in test results in 
the range of 60- 65. The Selvo e-Module can stimulate 
students' critical thinking skills. And the HOTS-based E-
Module on circular motion material can also improve 
the learning outcomes of 35 students at SMAN 2 
Bangkalan. 
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