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Abstract. In the 21st century, students are expected to have the ability to prob-
lem-solve, be creative, innovative, communicative, and collaborative. Students
with critical thinking skills are expected not only to become more critical indi-
viduals themselves but also to be able to transform their way of life and perspec-
tive in their daily lives. This research is a bibliometric analysis conducted using
the Publish or Perish and VOS Viewer software in an effort to understand the
research trends related to critical thinking skills, with metadata sourced from Sco-
pus and Google Scholar from 2019 to 2023. Based on this research, it is known
that the research trend related to critical thinking skills is undergoing a shift, and
future opportunities are related to assessment and e-learning. It can be concluded
that this research has been widely conducted, and it is hoped that future research-
ers can follow trends that have potential opportunities.
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1 Introduction

Physics learning in schools is the process of teaching and learning that focuses on
understanding the principles and phenomena of physics [1-3]. Typically, physics
education in schools begins from the middle school level to the high school level. The
main objective of physics education is to develop students' understanding of the fun-
damentals of physics and prepare them to apply these concepts in everyday life and
other fields of science [4, 5]. Physics education usually involves a combination of
theory, experimentation, and problem-solving [6, 7]. During physics education in
schools, it is important for teachers to encourage active student participation, critical
thinking, and collaboration. Physics education in schools should also consider rele-
vance to the real world. Teachers should be able to connect physics concepts with
their applications in everyday life [8—10].

Physics learning can encourage students to develop higher-order thinking skills in
various ways [11, 12]. One of the higher-order thinking skills developed in physics
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learning is critical thinking skills. Critical thinking skills play a significant role in
physics learning. Critical thinking involves the ability to analyze, evaluate, and con-
nect information in a logical and rational manner [13, 14]. In the context of physics,
critical thinking helps students understand complex concepts, develop a deep under-
standing of physics principles, and apply that knowledge to problem-solving [15, 16].

In physics learning, it is important to encourage and develop students' critical
thinking skills through various teaching methods. Teachers can provide questions that
stimulate critical thinking, encourage group discussions, present complex problems,
and provide opportunities for independent thinking. By developing critical thinking
skills, students will gain a deeper understanding of physics and be able to apply their
knowledge more effectively in various contexts [17, 18].

Critical thinking abilities let students examine data, make arguments and provide
evidence, think critically by putting forth ideas, look into phenomena to substantiate
their findings, and learn new material. A number of factors, including learning styles,
how learning is implemented, conceptual understanding, and problem-solving abili-
ties, affect how well students use their critical thinking abilities [19-21]. Thus, it may
be said that critical thinking abilities are deep thinking abilities that probe and con-
front any form of tight gaps in current issues, producing precise new ideas.

Based on the facts presented in this study, it certainly attracts the attention of re-
searchers due to its fundamental urgency in improving the expected learning out-
comes [22, 23]. However, critical thinking skills in physics are not a newly studied
topic. In the past five years alone, there have been many articles or documents on this
topic. In essence, bibliometric analysis has the principle that a research should be
connected or related to other research [24]. Thus, to understand the research trends
related to critical thinking skills and explore the possibilities for further research in
this topic, bibliometric analysis can be used. Bibliometric analysis is a valuable statis-
tical tool for mapping the state of scientific knowledge, as it helps identify important
information needed. The use of bibliometric analysis in this research is expected to
identify trends in a particular research area, allowing researchers to connect their re-
search findings to other studies. As expected in research, its role is to create progress
and develop knowledge in a specific field. Specifically, the purpose of this research is
to understand the development of literature on "critical thinking skills".

2 Method

This study used a data collection method through literature research by applying bib-
liometric analysis methods. Bibliometrics is a methodology that uses statistical and
mathematical techniques to analyze and assess scientific article literature. In order to
obtain secondary data from earlier journal articles and conference papers from the
Scopus and Google Scholar databases using title and keyword searches, the data col-
lecting method known as "Publish or Perish" (PoP) was carried out in March 2023.
The data search using the title "Critical Thinking Ability in Physics" with the key-
word "physics" and the title "Critical Thinking Ability" with the keyword "physics"
resulted in 47 metadata, including journal articles, previous articles, and theses.
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The metadata results were copied to Microsoft Excel and selected with the limita-
tion to journal articles and previous articles, and then continued with the research
topics and objectives. Then, they were exported in RIS (Research Information Sys-
tem) format. After that, the data was visualized in VOS viewer based on "title and
abstract”" to map the research variables using a total item count method with a mini-
mum item similarity set at 2. From the 98 items, 506 relationships between articles
were obtained. The visualization results were mapped into 12 clusters, forming a net-
work. Next, the selected results were sorted and analyzed within the visualization
clusters of various research topics. Then, each research topic was explained by re-
viewing each collected literature.

3 Results and Discussion

Based on the relationship and similarity of words in the title and abstract using the
method of calculating the overall count, generate a visualization of the bibliometric
analysis results as shown in Figure 1.
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Fig. 1. Network Visualization of the critical thinking in physics learning.

Sorting the items according to the re-search subject in Table 1 creates 12 groups of
mapping results, which are then arranged based on the visualization in Figure 1.

Table 1. Cluster mapping results

Cluster Colour Topics

1 Red Thinking, critical thinking test, physics classroom, leraning
strategy

2 Green Physics teaching material, student critical thinking, 21st
century, TPACK, PBL model

3 Blue Quantun physics, science, direct instruction, conceptual
understanding

4 Yellow Meta-analysis, systematic review, pre service teacher,

5 Purple Assesment, creative thinking, physics lab, impact
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6 Light Blue  Physics, e-module, higher education, blended learning

7 Orange Inquiry learning model, scientific approach, senior high
school physics, pandemic, covid

8 Brown Critical thinking ability, prospective physics teacher, pre-
service physics teacher

9 Pink Physics teaching, critical thinking disposition, android

10 Magenta Physics subject, physics critical thinking

11 Light Green  Critical thinking test, measurement, validation

12 Light Purple  Physics concept, elearning, paper

Based on the items in the cluster, it can be mapped into topics such as critical
thinking analysis, critical thinking skills assessment instruments, learning to improve
critical-thinking skills, critical thinking skills assessment indicator, research subject,
and physics theory.

3.1  Critical Thinking Analysis
In terms of the analysis of critical thinking skills in physics, several research find-
ings regarding the level of critical thinking skills in physics are as follows:

Table 2. Result of the analysis of critical thinking skills in physics.

Author Analysis Result

[25], [26] Students still do not possess all aspects of critical thinking
skills, having a high ability in the identification aspect but
low in the evaluation aspect. However, in the research find-
ings of Susilawati et al. (2020), the lowest level of critical
thinking skills is found in the analysis aspect.

[27] The critical thinking skills of students in physics are still
low.
[28] The level of critical thinking skills in the category of Rea-

soning is very high, while in the category of Argument Anal-
ysis, it is very low.

[23] The highest indicator of critical thinking skills is consider-
ing the credibility of sources, while the lowest is making
action decisions.

3.2 Critical Thinking Skills Assessment Instruments
Assessment instruments to measure critical thinking skills have been developed
with various forms of tests. The details are as follows:

Table 3. Critical Thinking Skills Assessment Instruments Form

Author Analysis Result
[29] Critical Thinking Test
[30],[31],[32] Four Tier Diagnostic Test
[33] Complex Multiple Choice
[34],[35] Three-Tier Diagnostic Test
[36],[37] Essay
[38],[39] Open-Ended

Based on Table 3, assessment instruments for measuring critical thinking skills are
often developed in the form of essay and multiple-choice tests because they are more
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comprehensive in assessing critical thinking skills in physics. In these test instrument,
students are given the opportunity to express their understanding of physics concepts,
analysis, and reasoning in response to open-ended questions [40, 41].

3.3  Learning To Improve Critical-Thinking Skills

Based on Table 2, it is known that the analysis of critical thinking skills in phys-
ics is still low in most aspects of critical thinking skill indicators. However, various
efforts have been made to improve critical thinking skills by implementing models
and learning strategies to enhance critical thinking abilities. Several efforts have been
implemented, such as problem-based learning, project-based learning, and direct in-
struction. More details are presented in Table 4 below.

Table 4. Critical Thinking Skills Assessment Instruments Form

Author Innovative Learning Result
[42] Problem-based hybrid  The teaching with Pro-BHL model can en-
learning model hance the students' cts
[22] Inquiry-discovery Teachers empower HOTS ability of the stu-

dents in the inquiry-discovery class, so that a
meaningful learning and student-centered
learning can be created.

[43] CinQASE learning model The learning with the CinQSE model re-
ceived positive responses, and furthermore,
this learning model is effective in enhancing
critical thinking skills

[44] Guided inquiry learning The result of this research is that learning

model model of guided inquiry effective to improve
students' critical thinking skills.

Many learning innovations have been implemented to improve the quality of stu-
dents' critical thinking skills in physics. The results have mostly been successful in
enhancing critical thinking abilities. However, several factors also contribute to the
incompatibility of these learning models in other contexts. In essence, collaborative
learning that involves student participation is one of the effective approaches [45].

3.4  Research Subject

Research on critical thinking skills has been conducted at various levels of educa-
tion, ranging from elementary schools, junior high schools, senior high schools, and
even universities. The target of the research is not only limited to students and first-
year university students but also extends to prospective physics teachers. The distribu-
tion of research subjects on critical thinking skills is presented in the following Table
S.

Table 5. Research Subject Critical Thinking Skills

Author Analysis Result
[46] Elementary school students
[47] Junior high school students

[43],[42],[44] Senior high school students
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[48] Student College
[49] Prospective physics teacher students

4 Conclusion

Based on the results of research and discussion indicate that critical thinking skills are
essential for students in learning physics. The measurement of critical thinking skills
is conducted through various forms of tests developed by researchers. The analysis of
critical thinking skills also reveals a low level of proficiency. However, there have
been significant improvements through the implementation of collaborative learning.
There are still ample opportunities for further research on critical thinking skills, par-
ticularly regarding instructional media, adaptive testing, and the development of
teaching models.
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