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Objective: This research aims to evaluate how integrating ICT teaching
materials in science learning enhances students' active involvement and
develops critical 21st-century skills necessary for their daily lives and future
careers. Method: A Systematic Literature Review (SLR) method is used in this
study to review recent research on ICT teaching materials to improve skills for
the 21st century. The results obtained were 23 articles. Results: The analysis
shows that 1) E-modules are the most widely used teaching material, 2)
Improving 21st-century skills, namely critical thinking. Thus, e-modules are
an ideal solution to support the development of critical thinking skills in the
modern era. Novelty: The novelty of this study lies in its emphasis on e-

modules as a particularly effective tool for nurturing critical thinking skills
among students. This focus represents a significant advancement in the
educational field by demonstrating how e-modules can serve as a targeted and
strategic approach to cultivating essential 21st-century skills. Using modern
technology in learning, e-modules make learning more exciting and help
students think critically. This is important for succeeding in today's world,
which is becoming more complex and relies on technology.

INTRODUCTION

Science education necessitates a student-centered approach, engaging students actively
in learning. Therefore, students must be involved and participate actively in
educational activities. Science instruction should include hands-on experiences to
enhance understanding rather than relying solely on rote memorization. As a subject,
science is integral to various educational levels due to its significant role in achieving
established educational objectives. Thus, mastery and understanding of science is
important for every student (Supena, 2021). Effective science learning can aid students
in cultivating critical thinking, analytical abilities, and problem-solving skills (Fitriani et
al., 2020; Saphira et al., 2022b, 2022a; Xu et al., 2023; Zulyusri et al., 2023). Consequently,
science stands as a vital discipline for preparing students to face future challenges
(Belbase et al., 2022; Darling-Hammond et al., 2020; Dishon & Gilead, 2021; Manz et al.,
2020; Matthews, 2024). Therefore, incorporating practical experience in science
education is crucial for equipping students with the essential skills for their daily lives
and future careers.

Advancements in information and communication technology (ICT) enable the
adaptation of teaching and learning methods to meet the preferences and needs of
students. ICT encompasses technologies used to manage, process, and transmit
information without restrictions on location or time, making data flow highly accessible
(Ates & Garzon, 2022). In addition, Akcil (2021) stated that ICT significantly influences
education by enhancing students' interest, creativity, and motivation to learn.
Consequently, integrating ICT into education facilitates learning and is crucial in
motivating students to pursue continuous learning.

IJORER: https://journal.ia-education.com/index.php/ijorer 1239


https://journal.ia-education.com/index.php/ijorer
file:///C:/Users/Tatangm/Downloads/ijorer@ia-education.com
http://issn.pdii.lipi.go.id/issn.cgi?daftar&1587288326&1&&2020
http://issn.pdii.lipi.go.id/issn.cgi?daftar&1587288607&1&&2020
https://crossmark.crossref.org/dialog/?doi=10.46245/ijorer.v5i5.679&domain=pdf&date_stamp=2024-09-30
https://crossmark.crossref.org/dialog/?doi=10.46245/ijorer.v5i5.679&domain=pdf&date_stamp=2024-09-30
https://creativecommons.org/licenses/by-sa/4.0/
https://creativecommons.org/licenses/by-sa/4.0/
https://doi.org/10.46245/ijorer.v5i5.679

ICT-Based Teaching Materials on Science Learning to Improve 21st-Century Skills : A Systematic
Review

ICT-based learning typically involves using mobile devices such as computers,
laptops, mobile phones, audio players, and e-books. This represents an example of ICT
applications in education (Ali, 2020; Ashraf et al., 2022, Mohammed & Kinyo, 2020;
Suzianti & Paramadini, 2021; Thongmak, 2021). For effective learning, it is essential to
support the availability of teaching materials, including animated videos, PowerPoints,
images, e-books, e-student worksheets, and e-modules. Incorporating ICT teaching
resources into the classroom effectively is a difficult process that calls for a strong
technological foundation, improved teacher preparation, and the willingness and drive
of educators. (Kazmi & Mohammad, 2023). Educators have predominantly relied on
traditional teaching methods for centuries, resulting in a conventional learning process
(Xhelili, 2021). Despite the challenges associated with its implementation, using ICT in
education holds significant potential to enhance learning effectiveness when applied
correctly.

Technology can help connect learning with real-life situations. Learning technology
is appealing because it allows various classes to connect across the boundaries of space,
time, and geography. Using Hark (2023), a socio-constructivist perspective, mobile
device communication capabilities can promote teamwork and establish the foundation
for mobile learning. In this 21st century now, students need to master the skills known
as the 4C: Critical Thinking, Communication, Collaboration, and Creativity (Haryani et
al., 2021; Limna et al., 2022; Pardede, 2020; Sari & Wardhani, 2020; Somphol et al., 2022;
Wahyuddin et al., 2022). Developing critical and creative thinking and other thinking
skills is important for students (Negoro, 2023). These skills are referred to as 21st-
century skills. Technological advancements have brought 21st-century skills into
everyday life. This strategy includes integrating technology learning into the classroom
to achieve learning goals through technology (Ozer & Kuloglu, 2023). Technology can
be a solution in education (Ibrahimi, 2024). In addition, these skills should be
incorporated into current learning strategies.

In the study of Dunstan (2024), it is explained that ICT serves not only as a tool for
teaching language but also as a medium for providing interactive and culturally
relevant digital teaching materials at the elementary school level. Additionally, the
study offers empirical data from surveys that reveal teachers' perspectives on
implementing ICT in instructional practices. This highlights the dual role of ICT in
enhancing language instruction and cultural education while offering valuable insights
into educators' views and experiences with integrating technology into their teaching
methods (Domu & Mangelep, 2024; Sutiyono et al., 2023).

Based on the review above, this study aims to systematically review the results of the
latest research on ICT teaching materials to improve 21st-century skills from 2018 to
2024. This review comes from an empirical article on systematic content analysis science
education. Given the increasing prevalence of ICT in education, this study aims to
investigate the potential of ICT-based teaching materials to foster the development of
21st-century skills. Some research questions created to guide the research are presented
as follows: 1) What types of ICT teaching materials are most commonly used in science
learning? 2) What 21st-century skills are essential for effectively using ICT in science
learning?
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RESEARCH METHOD

This study conducted a thorough literature review. Researchers use Systematic
Literature Review (SLR) to identify, review, evaluate, and interpret any available
research. This method allows researchers to conduct systematic reviews and
identification of journals by following the procedures set at each stage.

The SLR method encourages evidence-based activities, allows for more objective
research assessments, and discovers new research topics. According to PRISMA
guidelines, the study uses electronic scientific databases, including Eric, Scopus, and
Sinta, to identify relevant studies. The choice of database is based on its
multidisciplinary scope, accessibility, and relevance to the subject. Frameworks are
used to conduct literature searches in electronic scientific databases.

The procedure is divided into four stages:
1. Identification;

2. Screening;

3. Eligibility;

4. Included (Ridho, 2023).

In Figure 1, the first stage involves systematically searching the electronic database.
Studies were selected if they met the following inclusion criteria:

1. This study is empirical research on learning that uses ICT in the teaching and
learning process to improve 21st-century skills.

2. This study was published between 2018 and 2024. Figure 1 presents a graph chart of
PRISMA criteria.

Records identified from the
database (n=50)

Identification

l Records are
excluded after
being filtered
by title and
abstract

+ (n=18)

Removal
Duplicate (n=2)

Notes after filtering by
title and abstract (n=32) |—>

Screening

Full-text articles are assessed
for eligibility after duplicate
removal (n=30)

v

Studies were included Full-text articles
based on inclusion > excluded (n=7)
criteria (n=23)

Eligibility

Included

Studies are included for
analyzed (n=23)

Figure 1. Prisma criteria.

This search process resulted in 50 articles. Furthermore, the research's title and
abstract were selected in the second stage. In total, this screening process resulted in 32
relevant articles. When examining the results, two of them were found to be duplicates.
The assessment of the feasibility of thirty selected full-text articles was carried out in the
third stage. This process involves carefully reading all papers and selecting those

IJORER: https://journal.ia-education.com/index.php/ijorer 1241



A Systematic Review: ICT-Based Teaching Materials on Science Learning to Improve 21st-Century Skills

eligible for inclusion. After this process, 23 scientific articles that met the selection
criteria were considered for final extraction. In the final stage, the quality of the
scientific article (n = 23) is assessed using research questions.

RESULTS AND DISCUSSION

Results

ICT teaching materials are most commonly used in science learning

An article search in various national and international journals and the researcher
found 23 articles. These articles are related to ICT teaching materials in science learning
to improve 21st-century skills presented in Table 1.

Table 1. Results of ICT teaching materials analysis.

ICT Teaching Materials F P
E-Module 8 34.78%
Interactive Multimedia 3 13.04%
PowerPoint 1 4.35%
Worksheet 1 4.35%
E-learning 3 13.04%
E-book 1 4.35%
PhET 1 4.35%
E-student worksheet 1 4.35%
Augmented Reality 4 17.39%

21st-century skills are essential for the effective use of ICT in science learning
Moreover, the Partnership for 21st Century Skills outlines the essential competencies for
students, encompassing abilities for innovation and learning (Nesri & Kristanto, 2020).
These competencies include critical thinking, collaboration, creativity, and
communication, often referred to as the 4C skills (Trisnawati, 2019) —Table 2 shows the
results of the analysis of skill improvement in the 21st century.

Table 2. Analysis of 21st century skill improvement.

21st Century Skills F P
Critical Thinking 16 69.57%
Creativity 3 13.04%
Collaboration 3 13.04%
Communication 1 4.35%

The analysis of the year range of the most analyzed articles is presented in Figure 2.
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Figure 2. Article year range.

Table 3 presents an analysis of educational levels that use ICT teaching materials to
improve 21st-century skills. Table 4 shows all 32 articles included in the inclusion

criteria.

Table 3. Level of education.

Level of Education F P
Elementary School 5 21.74%
Junior High School 7 30.44%
Senior High School 8 34.78%
University 3 13.04%

Table 4. Inclusion criteria article.

Heading

Article Name Reference

“Development of an E-Module Based on
Problem-Based Learning to Grow Critical
Thinking Skills of Class V Elementary School
Students”

“Developing Inquiry-Based Lectora
Multimedia in Order to Increase the Logical
Ability and The Creative Thinking”

“The effectiveness of physics e-modules
based on creative problem-solving learning
model integrated with 21st-Century Skills”
“Development of E-Modules Based on
Mobile Learning Applications to Improve
Students' Critical Thinking Skills in Science
Subject”

"Implementing a Project-Based Collaborative
Learning Approach Using PowerPoint to
Improve Students' 21st-Century Skills"
"Development of online student worksheet
based on a scientific approach to improving
critical thinking ability in junior high school."
"Dynamic Blend of Ethnoscience and Inquiry
in a Digital Learning Platform (E-Learning)
For Empowering Future Science Educators'
Critical Thinking"

International Journal of

(Putra & Haryani,

Education and Research 2023)
Journal of Prima (Noviani & Wangid,
Edukasia 2018)
Indonesian Journal of
Science and (Andriani, 2023)
Mathematics Education
JPPS (Journal of Science .
Education Research) (Uma'iyah, 2023)
E-Learning and Digital .
Media (Aifan, 2022)
]. Incande.scent Natural (Wulan, 2023)
Sciences
Journal of Education
And E-Learning (Kuanganovna, 2023)

Research
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Heading

Article Name

Reference

"E-Book With Problem-Based Learning to
Improve Student Critical Thinking in Science
Learning at Elementary School"

“The Practicality and Effectiveness of
Collaborative Creativity Learning (CCL)
Model by Using Phet Simulation to Increase
Students' Scientific Creativity”

“The Effect of The Science Web Module
Integrated on Batik's Local Potential
Towards Students' Critical Thinking and
Problem Solving (Thinking Skill)”

“Student's Critical Thinking Skills Through
Discovery Learning Model Using E-Learning
on Environmental Change Subject Matter”
“Development of Android-Based Interactive
Multimedia to Enhance Critical Thinking
Skills in Learning Matters”

“Development of Interactive E-LKPD Based
on Creative Thinking Skills on The Concept
of Environmental Change”

“Enhancing Students' Critical Thinking and
Visualisation  Skills ~ Through  Mobile
Augmented Reality”

“Adaptive E-Learning Module in Teaching
Physical Science for Improved Student
Engagement and Critical Thinking Skills”

"Improving Critical Thinking Skills Students
Through Problem-Based Learning E-Module"
“Development of Interactive Multimedia
Learning Materials for Improving Critical
Thinking Skills”

“Investigating The Role of Augmented
Reality in Supporting Collaborative Learning
in Science Education: A Case Study”
“Developing Students' Critical Thinking
Skills and Argumentation Abilities Through
Augmented Reality-Based Argumentation
Activities in Science Classes”

“Science Learning Game (SLG) Based on
Augmented Reality Enhances Science
Literacy and Critical Thinking Students
Skills”

“The effectiveness of developing science e-
modules based project-based learning to
improve the communication skills of grade
5th students”

“Profile of Students' Critical Thinking
Ability: Implementation of E-Modul Based
on Problem-Based Learning”

International Journal of
Interactive Mobile
Technologies (IJIM)

International Journal of
Instruction

Journal of Science
Learning

European Journal of
Educational Research

Journal Of Science
Learning

JPBI (Indonesian Journal
of Biology Education)

Knowledge
Management & E-
Learning
IJSART (International
Journal for Science and
Advance Research In
Technology)
Science Education
Research Journal
International Journal of
Information and
Communication
Technology Education

International Journal of
Engineering Pedagogy

Science & Education

Science Education
Research Journal

Pendas Horizon Journal

IJORER: International
Journal of Recent
Educational Research

(Susanto, 2022)

(Astutik & Prahani,
2018)

(Putri & Aznam,
2019)

(Chusni, 2020)

(Hamdani, 2022)

(Ricky & Zulfiani,
2023)

(Saidin, 2024)

(Handog & Aliazas,
2024)

(Sulhan, 2023)

(Djamas, 2018)

(Kuanbayeva, 2024)

(Demircioglu, 2023)

(Fatih, 2024)

(Asriani, 2023)

(Mahmudah, 2022)
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Heading Article Name Reference
“Effectiveness of E-Module to Improve International Journal of (Diniyatushoaliha
Students' Critical Thinking Skills in High Science Education and y ’
. . . ” . 2024)
School Science Learning: Literature Study Science
Discussion

ICT teaching materials are most commonly used in science learning

The findings from the analysis of ICT teaching materials utilization in science education
revealed that the highest percentage, 34.78%, was attributed to the implementation of E-
modules. These E-modules encompassed various approaches, such as Problem-Based
Learning, Physics-focused modules, mobile learning-based modules, those rooted in
local wisdom, and Project-Based Learning modules.

Learning media, such as learning modules, are developing rapidly in education.
According to Khikmiyah (2021), an e-module is a digital tool utilized within the
educational journey, designed with structured methods, resources, and evaluations to
systematically guide students toward achieving competency objectives at various levels
of complexity —these electronically formatted modules aid in learning and fostering
informed perspectives (Laili, 2019). E-modules are self-paced learning tools that
combine learning materials (Anoda, 2022; Fathiya & Asrizal, 2022; Hakim et al., 2021;
Manalastas & De Leon, 2021; Sulaiman, 2023). As Siregar and Harahap (2020) outlined,
E-modules are electronic modules designed to be presented digitally, aiming to enhance
students' engagement and enthusiasm for learning. Another perspective suggests that
e-modules are electronically crafted mediums with structured limitations,
methodologies, and assessment tools systematically tailored to varying levels of
complexity to foster the acquisition of desired 21st-century competencies.

21st-century skills are essential for the effective use of ICT in science learning
The broad range of competencies students require are often considered 21st-century
talents. 21st-century learning often refers to the broader concept of education (Andrian
& Rusman, 2019). As a result, teachers in the twenty-first century need to be able to
incorporate ICT into the classroom. The analysis of skill improvement in the twenty-
first century shows that critical thinking reaches the highest level of 69.57%, and
communication reaches the lowest level of 4.35%. When people engage in critical
thinking, they constantly have a more profound curiosity about the material. Critical
thinking skills are crucial to preparing students for future challenges (Maulidah, 2021).
The analysis of the most frequently used articles revealed that 9 out of 23 were
published in 2023. Focusing on the educational levels, 8 of the 23 articles highlighted
using ICT teaching materials to enhance 21st-century skills in senior high school
students. This suggests a particular need for teaching materials that support and
improve students' critical thinking abilities at this level. Therefore, senior high schools
should leverage technology to the fullest extent in their teaching materials (Aditya,
2021; Hennessy et al., 2022; Major et al., 2021; Olszewski & Crompton, 2020; Sanusi et
al., 2022). By integrating modern technology into the learning process, e-modules offer a
more engaging and interactive approach to education (Mitra & Wahyudin, 2024). This
enhances student interest and motivation and fosters the development of critical
thinking skills, which are essential for navigating the increasingly complex and
technology-dependent world we live in today.
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CONCLUSION

Fundamental Finding: This research contributes fundamentally to the field by
highlighting the role of ICT teaching materials in enhancing 21st-century skills,
particularly critical thinking, in science education. The findings underscore the
prevalence of e-modules as practical tools for interactive and personalized learning
experiences at the high school level. By leveraging digital technologies, e-modules
facilitate active student engagement, fostering more effective teaching and learning
environments. Implication: Integrating ICT teaching materials, such as e-modules, into
science education offers substantial benefits. These tools enhance critical thinking and
21st-century skills, provide interactive and personalized learning experiences, and
increase student engagement. Additionally, they modernize teaching practices and
support educators by improving the quality of instruction. Limitation: However, it is
important to acknowledge the limitations of this study, mainly the focus on high school
settings and the predominance of recent literature from 2023. Implications for future
research include expanding the scope to different educational levels and subject areas
and exploring diverse methodologies to assess the impact of ICT teaching materials
comprehensively. Future Research: This study lays a solid foundation for future
researchers aiming to innovate and optimize educational practices through integrating
digital technologies, ultimately advancing the cultivation of critical thinking skills
essential for success in the modern era.
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