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Introduction

The development of the 21st century is marked by
massive technological advancements that have brought
changes to various aspects of life. These changes have
created a demand for individuals to continuously
improve their skills to remain competitive. Education is
one area that has undergone significant transformation.
21st-century learning emphasizes helping students hone
their abilities to keep growing and stay relevant to

Abstract: Critical thinking involves identifying a problem by drawing on
experience from past issues, finding relationships between these issues, and
solving them in different contexts. This study aims to analyze research trends
on critical thinking in science learning from 2014 to 2024. The research method
is descriptive and analytical, using the PRISMA research procedure. The data
comprises articles from the Scopus and Google Scholar databases, accessed with
the help of Publish or Perish (PoP) software. The analyzed data includes
publication year, author density, journal density, and highly cited articles. Data
analysis is conducted using bibliometric analysis, supported by VOSViewer
software. The findings indicate a positive trend in publications from 2014 to
2024, with slight fluctuations before a significant decline after 2021. *Wilujeng*
is identified as the most prolific author, while the *Journal of Physics:
Conference Series* is the journal with the most articles published on this topic.
The article by Blair, Clancy published in 2014 holds the highest citation count,
with 300 citations. Over the past decade, Indonesia has dominated publications
in this area, accounting for 74.55% of the total.
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21st-century  skills encourage students to
continually create new ideas, evaluate and analyze
acquired knowledge, and then apply and reflect on this
knowledge in real life, making it a learning experience.
These skills equip students with the ability to compete
and become competent individuals, emphasizing the
development of habitual thinking patterns (Chen &
Huang, 2017; Febriya et al., 2023). Additionally, 21st-
century skills help students develop effective
communication, teamwork, creativity and innovation

modern needs through specific essential skills across various fields, and critical thinking.
(Kaufman, 2013; van Laar et al., 2020). These skills, often Critical thinking is a form of higher-order,
called the "4Cs" of 2lst-century skills, include reflective, and rational thought, enabling students to

Communication, Collaboration, Critical Thinking, and
Creativity (Fuldiaratman & Ekaputra, 2023; Rudianto et

al.,, 2022; Weng et al., 2022).

How to Cite:

identify problems using experience from previous
issues, find relationships between problems, and resolve
them in different contexts (Goodsett, 2020; Khairina et
al., 2023; Silviariza et al., 2021). Mastering critical
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thinking skills is essential for students, as it enhances
their sensitivity to problems, helping them sift through
information effectively to solve the issues they
encounter. Critical thinking skills can be observed in
students' ability to express opinions, evaluate personal
viewpoints, and their foundational drive to seek
understanding and draw conclusions.

Critical thinking is particularly important in science
education, as science not only emphasizes an
understanding of facts, concepts, principles, and
theories but also promotes the discovery of new
knowledge through scientific products, processes, and
attitudes (Chiappetta & Koballa, 2010; Larimore, 2020;
Rizki et al., 2021). Science learning encourages and
inspires students to think critically, analytically, and
accurately in identifying, understanding, solving
problems, and applying learning material (Anggraeni et
al.,, 2023; Elmouhtarim, 2018; Kartini et al., 2019).

Current conditions in the field show that students'
critical thinking skills remain relatively low (Ali et al.,
2023; Asrowi et al., 2025; Selviyana et al., 2022). Research
Nofianti et al. (2022) indicates that middle school
students’ critical thinking skills are generally low, with
an average percentage of 43.46%. Specific dimensions
are as follows: interpreting at 34.66% (very low),
analyzing at 38.66% (low), evaluating at 55.33%
(moderate), concluding at 29.99% (very low), and
explaining at 58.66% (moderate). The low level of
students' critical thinking skills is influenced by several
factors, including teacher-centered learning, which
limits students' exposure to active learning that
maximizes critical thinking potential. Further research is
needed to empower students' critical thinking skills.

Before carrying out research, it is necessary to
analyze information regarding the trend of critical
thinking in science learning, so it is necessary to carry
out literature review research related to research trends
in critical thinking in science learning in order to obtain
an overview of trends and publication opportunities in
the future. This research is crucial as studies on critical
thinking in science education still offer potential for
further exploration at the middle school, high school,
and college levels (Akramova, 2017; Putri et al., 2024; Raj
et al., 2022).

This study focuses on analyzing information
regarding research on critical thinking within science
education. A systematic literature review in this study is
important to provide a comprehensive and accurate
picture of how critical thinking research in science
education is conducted, serving as a reference for future
studies (Cavas, 2015; Dewi et al., 2024; Susetyarini &
Fauzi, 2020). This research will answer questions
regarding which authors are most active in critical
thinking research in science learning, which journals
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actively publish articles related to this field, and which
subtopics are most frequently discussed in critical
thinking in science learning.

Method

This research is a literature review using the
PRISMA (Preferred Reporting Items for Systematic
Review and Meta-Analysis) method which was carried
out systematically by following the research stages or
protocols that have been developed (Fauza et al., 2023;
Liberati et al., 2009; Mclnnes et al., 2018). This research
follows stages which include Research question,
conducting systematic literature review, searching
literature and Included (Dewi et al., 2024; Haddaway et
al., 2018; Onofre et al., 2021) as in Figure 1.

Question formulation

l

Conducting systematic literature
review
(Publish or Perish and Vos Viewer)

l

Searching literature

l

Selection criteria

l

Data extraction

l

Data findings
Figure 1. Prisma Systematic Literature Review Models

A qualitative approach is used in data analysis and
provides answers to the research questions that have
been formulated. After in-depth analysis, several main
articles were selected to formulate research questions
related to critical thinking in science learning from
various perspectives from different authors.

Formulating the research question

The first step that must be taken is to determine the
scope to be researched so that the research focus
becomes clear. This research formulates several research
questions which function as parameters. Research
questions are presented in Table 1.
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Table 1. Research Question

December 2024, Volume 10, Issue 12, 1049-1059

ID Research Question
RQ1 What are the trends in annual publications in the field of critical thinking in learning in the period 2014-2024?
RQ2 What is the distribution of articles containing the word critical thinking in the title published in the 2014-2024

period?
RQ3 What journal published the most articles related to critical thinking in science learning in the 2014-2024 period?
RQ 4 Who are the authors most active in critical thinking research in science learning in the 2014-2024 period?
RQ5 What subtopics are most published in critical thinking research trends in the 2014-2024 period?
RQ6 What articles were most cited and published in academic journals in the 2014-2024 period?
RQ7 Which country contributed the most to the publication of articles on critical thinking in the field of science

education in the period 2014-2024?

Conducting systematic literature review

Next, a search was conducted using the Scopus and
Google Scholar databases with the Publish or Perish
(PoP) application. PoP is an application used to search
and analyze reference sources needed to create scholarly
works from databases such as Google Scholar, Scopus,
Web of Science, Microsoft Academic, PubMed, and
CrossRef (Mokhtari et al., 2020; Mondal & Mondal,
2022).

Bibliometric analysis was also applied in this study
to measure the quantity and quality of published
scientific research, map published articles, and trace
trends in knowledge development within specific fields
(Shabira et al., 2024; Singh et al., 2021; Valérie & Pierre,
2010). The bibliometric analysis in this study involved
five research stages: keyword investigation; initial
search refinement; total initial search reduction; initial
statistical data compilation; and data interpretation
through an analytical narrative (Dewi et al., 2021;
Donthu et al., 2021). This bibliometric analysis focused
on articles published in journals and proceedings.

The article data obtained from the search using PoP
was then organized using Mendeley. VOSviewer was
used to visualize data on publications on specific topics,
enabling a systematic and detailed literature analysis
(Arruda et al., 2022; Gunawan et al., 2022).

Searching for literature

This research was conducted from June to August
2024. Articles were searched using the keyword "critical
thinking in science learning." The article databases used
in this study were Scopus and Google Scholar. Some
manual adjustments were made to maintain article
consistency and minimize potential research bias.

Selection criteria

The articles included in this study met the following
inclusion criteria: focused on issues related to critical
thinking in science learning, written in English,
published between 2014 and 2024, and indexed in
Scopus. After the articles were gathered, an analysis was
performed to ensure relevance. Descriptive qualitative
analysis and synthesis were conducted to observe,

describe, classify, and synthesize new insights gained
through meta-synthesis.

Data Extraction

The research theme guided data extraction to
answer the research questions. Qualitative analysis was
employed to interpret and synthesize findings to
address the research questions. The article extraction
flowchart is shown in Figure 2.

Literature research

Database: Scopus, Google scholar
Software: PoP, Vosviewer, Mendeley

l

Result: (n=187)

l

Filtered based on similarity of articles: 185

l

Filtered by title, abstract, and keywords: 164

1

Filtered by article content: 113

l

Relevant articles: 113

Figure 2. The article extraction flowchart

Result and Discussion

Based on the search using the Publish or Perish
software, a total of 187 articles were retrieved from the
Scopus and Google Scholar databases. Two articles were
removed due to duplication, leaving 185 articles. After
removing duplicates, an additional 21 articles were
excluded for not being in English or not aligning with
the focus issue, resulting in 164 articles. A thorough
analysis was then conducted, further narrowing the
selection to 113 articles that were deemed most relevant
and met the criteria.
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The findings of this research are presented in seven
sections: the distribution of publications on critical
thinking in science learning over the 2014-2024 period,
the distribution of articles containing "critical thinking"
in the title, the most frequently appearing researchers,
the most cited articles, the journals that most frequently
publish research on critical thinking in science learning,
the countries most productive in publishing on critical
thinking in science learning, and the most frequently
researched topics.

30
25
20
15

10
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Distribution of critical thinking in science learning
publications during the 2014-2024 period by year

The search results in the Scopus and Google Scholar
databases found 113 articles based on titles, abstracts,
keywords, and summaries containing the words "critical
thinking". Figure 2 illustrates the distribution of
publications on critical thinking in science learning from
January 2014 to August 2024, based on the annual
research volume, to answer the first research question.

2014 2015 2016 2017 2018

2019

2020 2021 2022 2023 2024

Figure 3. Distribution of Publications by Year

The analysis results show that the publication trend
of critical thinking in science learning is fluctuating.
From 2014 to 2018, there was a gradual increase with
slight fluctuations. In 2015, there was a decline from 2014
before rising again in 2016. The year 2015 had the fewest
publications, with only one article. A significant increase
occurred in 2019, continuing to its peak in 2021. The peak
of critical thinking in science learning research
publications occurred in 2021, with a total of 27 papers
published. After reaching the peak in 2021, there was a
decline until 2022. Although there was a slight increase
in 2023, the number of publications dropped
significantly again in 2024. The sharp decline in 2024 was
due to the data being collected up to August, with four

months remaining in 2024. The declining trend in critical
thinking in science learning research from 2022 to 2024
highlights the need for further research in this area,
considering that critical thinking is an essential skill for
students, especially in science education (Sumarni &
Kadarwati, 2020; Zulyusri et al., 2023).

Distribution of critical thinking in science learning
publications during the 2014-2024 period which contains
critical thinking in the title

The distribution of articles, whether they include
"critical thinking" in the title or not, during the period
from 2014 to 2024 to answer the second research
question can be seen in Figure 4.

20 18
15
10
5 3 3
2 1
0 0 =0 .
O > -
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

@ With Critical Thinking

Without Critical Thinking

Figure 4. Distribution of the Word "Critical Thinking" in Titles
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The analysis results show that the distribution of
articles is quite fluctuating. The number of articles with
"critical thinking" in their titles is 73, while 40 articles do
not include "critical thinking" in their titles. Articles
containing "critical thinking" in the title show a more
positive trend, with a significant increase from 2014,
reaching a peak in 2021 before declining until 2024. The
distribution of articles without "critical thinking" in the
title is also quite fluctuating. From 2014 to 2016, there
was a significant decline, with 2016 being a year with no
publications at all, before a gradual increase until 2019.
After 2019, the number of articles alternated between
increases and decreases each year, eventually declining
again in 2024.

Number of publications by journal

The results of the analysis of the academic journals
with the most published papers during the period 2014-
2024 to answer the fourth research question are
presented in Table 2.

Tabel 2. Most Published Journal

Rank Journal N of Papers

1 Journal of Physics Conference Series 43

2 ACM International Conference 4
Proceeding Series

2 Jurnal Pendidikan IPA Indonesia 4

2 International Journal of Emerging 3
Technologies in Learning

3 International Journal of Instruction 3

3 International Journal of Interactive 3
Mobile Technologies

4 International Journal of Learning, 3
Teaching and Educational Research

4 Thinking Skills and Creativity 3

5 Cakrawala Pendidikan 2

5 Computer and Education 2

Based on Table 2 above, it is known that 10 journals
published the most papers on critical thinking in science
learning during the 2014-2024 period. Critical thinking
in science learning research is most widely published in
the Journal of Physics Conference Series with a total of
43 papers. Furthermore, the ACM International
Conference Proceedings Series and the Indonesian
Science Education Journal are in second place with a
total of 4 papers each, followed by several other journals
with an average number of 3-2 papers.

Density of researchers in the field of critical thinking in science
learning

Research in the field of critical thinking in science
learning has increasingly been conducted since 2014.
Therefore, to answer the third research question, an
analysis was carried out to determine which researchers
have published the most articles on this topic, providing

December 2024, Volume 10, Issue 12, 1049-1059

a reference for future studies. The visualization of the
researchers who have published the most on critical
thinking in science learning was done using the
VOSViewer application. The results of the visualization
are shown in Figure 5.

A vosviewer

Figure 5. Researchers who published the most critical
thinking in science learning

Figure 5 above shows a density visualization of
researchers in the field of critical thinking in science
learning. The researcher density is represented by bright
yellow areas; the brighter the yellow, the more articles
on critical thinking in science learning have been
published by that researcher. Conversely, dimmer
yellow areas indicate fewer articles published on the
topic (Doyan et al., 2024; Kaur et al., 2022).

Overall, the visualization reveals 19 researchers
identified under the search subject "critical thinking in
science learning." The findings indicate that research on
critical thinking in science learning is predominantly
conducted by researchers from Indonesia. Among these,
Wilujeng, 1. stands out with the brightest yellow
indicator, signifying that Wilujeng, I. is the most prolific
researcher in this field, having published six articles on
critical thinking in science learning. These publications
by Wilujeng, I. can serve as a valuable reference for
future research on this topic. The other 18 researchers
have published at similar frequencies, ranging from
three to one article each.

The most frequently researched research topics in the field of
critical thinking in science learning

Research sub-topic density analysis was carried out
to answer the seventh research question by identifying
the research topics that most frequently appear in critical
thinking in science learning research. Visualization of
research subtopics that often appear related to critical
thinking in science learning that often appear during the
2014-2024 time period is carried out using the
VOSViewer application. The visualization results are
shown in Figure 6.
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Based on Figure 6, the research subtopic in the
shape of a large blue ball is the most researched subtopic,
while the subtopic in the shape of a smaller ball is the
least discussed subtopic. The subtopics that are most
often discussed the least can become reference topics in
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Figure 6. The Most Frequently Researched Research Topics in The Field of Critical Thinking in Science Learning

subsequent research.

Distribution of the most cited articles

The fifth research question regarding the most cited

articles is analyzed in Table 3.

Tabel 3. Most Cited Papers in Critical Thinking Research Between 2014-2024

Rank Cites Authors  Years Title
1 300 Blair, Calncy 2014 Closing the achievement gap through modification of
neurocognitive and neuroendocrine function: Results
from a cluster randomized controlled trial of an
innovative approach to the education of children in
kindergarten
2 239 Chang, Sao-Chen 2018 Impacts of an augmented reality-based flipped learning
guiding approach on students’ scientific project
performance and perceptions
3 99  Mahmood H. Hussein, Siew Hock Ow, 2019  Effects of Digital Game-Based Learning on Elementary
Loh Sau Cheong, Meow-Keong Thong, Science Learning: A Systematic Review

& Nader Ale Ebrahim
4 94 Vieira, Rui Marques 2016 Fostering Scientific Literacy and Critical Thinking in
Elementary Science Education
5 65 Ahmad Syawaludin, Gunarhadi, & 2019 Development of augmented reality-based interactive
Peduk Rintayani multimedia to improve critical thinking skills in science
learning
6 63 Bathgate, Meghan., Crowell, Amanda., 2015 The Learning Benefits of Being Willing and Able to
Schunn, Christian., Cannady, Mac., & Engage in Scientific Argumentation

Dorph, rena
7 50 Sutiani, Ani,, Situmorang, Manihar, & 2021 Using educational data mining to assess students’ skills
Silalahi, Albinus at designing and conducting experiments within a

complex systems microworld
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Rank Cites Authors  Years Title
8 45  Mahmood H. Hussein, Siew Hock Ow, 2019 A Digital Game-Based Learning Method to Improve
Loh Sau Cheong, & Meow-Keong Students' Critical Thinking Skills in Elementary Science

Thong
9 43 Hand, Brian., Shelley, Mack C., 2018 Improving critical thinking growth for disadvantaged
Lauugerman, Marcia., Fostvedt, Luke., groups within elementary school science: A
& Therrien, William randomized controlled trial using the Science Writing
Heuristic approach
10 40 Rossi, Izadora Volpato., de Lima, =~ 2021 Active learning tools improve the learning outcomes,

Jordana Dinora., Sabatke, Bruna.,
Nunes, Maria Alice Ferreira., Ramirez,
Graciela Evans., & Ramirez, Marcel
Ivan

scientific attitude, and critical thinking in higher
education: Experiences in an online course during the
COVID-19 pandemic

Table 3 depicts the 10 most cited papers in the 2014-
2024 time period. Papers are sorted by the highest
number of citations. The number of citations was
obtained from the Scopus database assisted by the
Publish or Perish application. The results of the analysis
show that Blair, Calncy's article, published in 2014, is the
most cited article with 300 citations. This is followed by
Chang, Sao-Chen's article, published in 2018, with 239
citations, and the author's articles others with less than
100 citations.

The most productive country in critical thinking research.

This analysis aims to identify which countries are
most active in publications in the field of critical thinking
in science learning based on the sixth research question.
The results of the analysis of countries with the highest
number of paper publications in the field of critical
thinking in science learning in the 2014-2024 period are
presented in Table 4.

Tabel 4. Rank of Publication by Country

Rank Country N of Papers  Percentage (%)
1 Indonesia 82 74.55
2 United States 11 10.00
3 Malaysia 5 4.55
4 Taiwan 3 2.73
5 China 2 1.82
6 Colombia 2 1.82
7 Japan 2 1.82

Based on Table 4, it is known that the countries with
the highest publication productivity in the field of
critical thinking in science learning are dominated by
Indonesia with a total of 82 papers (74.55%), followed by
the US with 11 papers (10%), Malaysia with 5 papers (4
.55%), Taiwan 3 papers (2.73%) and other countries with
percentages below 2%.

This study provides a comprehensive overview
through a systematic literature review, offering broad
and relevant insights into publications in the field of
critical thinking in science learning. The results show
that the distribution of articles published from 2014 to

2024 has been quite fluctuating. A significant increase
occurred between 2014 and 2021 with slight fluctuations,
but after 2021, the trend of publications on critical
thinking in science learning continued to decline. This is
a serious concern, considering that critical thinking is
one of the 21st-century skills that students must possess
(Kereluik et al., 2013; Sarigoz, 2023). If this continues,
there will be a significant decline year after year.

The second research question regarding the
distribution of articles that contain or do not contain
critical thinking in the title varied from the beginning of
2014 to the end of 2024. The number of articles that
included critical thinking in the title was 73, while the
remaining 40 articles did not include critical thinking in
the title. Regardless of whether the title contained critical
thinking or not, the trend of critical thinking in science
learning research had a positive trend, as evidenced by
a significant increase from 2014 to 2021, despite slight
fluctuations in some years, before eventually continuing
to decline in subsequent years.

In terms of journal publication productivity, the
Journal of Physics Conference Series was the most
productive in publishing articles on critical thinking
research, with a total of 43 articles. The Journal of
Physics Conference Series likely became the most
productive journal in publishing critical thinking
research because many researchers in Indonesia
submitted their articles to international conferences
indexed by Scopus and then published them in the
Journal of Physics Conference Series. Besides the Journal
of Physics Conference Series, ACM International
Conference Proceeding Series and Jurnal Pendidikan
IPA Indonesia were also highly productive in publishing
articles on critical thinking in science learning, each with
four articles. Jurnal Pendidikan IPA Indonesia provides
four publications per vyear. Additionally, Jurnal
Pendidikan IPA Indonesia collaborates with the
Indonesian Society for Science Educators, which has
attracted the attention of researchers in the field of
critical thinking in science learning in recent years.
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The fourth research question regarding the most
active authors in critical thinking research revealed that
Wilujeng is the most productive author. Visualization
using the VOS Viewer application showed that Wilujeng
stood out the most compared to other authors.

The fifth research question regarding the density of
subtopics studied in science learning, the findings of this
study can serve as a reference for future research to
explore areas that are still under-researched. The
empowerment of critical thinking in science learning can
utilize learning models such as problem-based learning,
discovery learning, inquiry learning, and others. The use
of media is also recommended in empowering critical
thinking, such as modules, applications, virtual reality,
and others. Additionally, critical thinking in science
learning research still has opportunities to be further
explored with subjects ranging from middle school, and
high school, to university students.

Regarding the most cited article found that Blair
and Calncy's article, published in 2014, was the most
cited, with 300 citations. According to the graph on
annual publication trends, only two articles on critical
thinking were published in 2014. This indicates that the
article was a primary or pioneering article, which led to
it being frequently cited by other researchers in
subsequent years. The next most cited article was by
Chang and Sao-Chen, published in 2018, with 239
citations.

Regarding the countries with high productivity in
the field of critical thinking research, it was found that
Indonesia is the most productive country in conducting
critical thinking in science learning research, followed
by the United States and Malaysia in third place. The
development of 2lst-century learning, which
emphasizes mastery of critical thinking skills as one of
the 21st-century skills that students must possess, has
driven the intensity of critical thinking in science
learning publications in Indonesia.

Conclusion

The conclusion based on a review of 113 articles on
critical thinking in science learning published between
2014 and 2024 shows that the publication trend has
increased positively with slight fluctuations before
ultimately experiencing a decline. The highest number
of publications, both mentioning critical thinking in the
title and not, occurred in 2021. The most productive
researcher in publishing articles is Wilujeng. The journal
that most frequently published critical thinking articles
is the *Journal of Physics Conference Series*. The article
with the most citations is Blair and Calncy’s article from
2014 with 300 citations, followed by Chang and Sao-
Chen’s article from 2018 with 239 citations. Indonesia
has dominated publications in the past decade,

December 2024, Volume 10, Issue 12, 1049-1059

accounting for 74.55% of total publications. Subtopics
within critical thinking in science learning research still
have potential for further exploration.
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