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Critical thinking skills are one of the important competencies of the 
21st century that need to be developed through mathematics 
learning, especially in flat geometry, namely circles. One important 
indicator of critical thinking is analytical skills, namely the ability to 
analyze information, identify relationships between concepts, and 
draw rational conclusions. This study aims to describe students' 
mathematical critical thinking skills in the indicator of analysis in 
circles. The research used a descriptive quantitative approach with 
a sample of 31 eighth-grade students at a public junior high school 
in Padang City. The instrument consisted of one essay question 
that asked students to analyze two different arguments related to 
the concepts of diameter and chord, choose the correct argument, 
and provide logical reasons based on the concept of circles. 
Scoring was done using an analytical rubric with a score range of 
0–5. The results showed that only 3.22% of students were able to 
analyze correctly with logical reasoning, 6.45% of students could 
choose the correct argument but without a conceptual 
explanation, 80.65% of students were unable to analyze correctly 
and tended to copy the arguments in the questions, and 9.68% of 
students did not provide answers. These findings indicate that 
students' mathematical critical thinking skills, particularly their 
ability to analyze circle-related material, are still low. This study 
emphasizes the importance of mastering basic concepts as a 
foundation for promoting critical analysis skills in mathematical 
problem solving. 
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1. Introduction 
The 21st century requires students to possess 4C skills as preparation for facing developments in 

science, technology, and global life challenges. The 4C skills are critical thinking, creativity, 

communication, and collaboration (Azkiana et al., 2025; Jelodari et al., 2025; Vithanage & 

Nakashima, 2025). Among these four skills, critical thinking is critical. Critical thinking is widely 

recognised as a vital 21st-century skill, essential for navigating the complexities of modern life and 

work (Afiyanti et al., 2025; Pogrebnaya & Mikhailova, 2023). This skill is also a higher-order thinking 

skill that helps individuals evaluate information, consider various perspectives, and make logical 

decisions (Payadnya et al., 2023; Rahmawati et al., 2024). Critical thinking involves analysing and 

evaluating information using evidence, observation, and logical arguments to conclude (Berg et 

al., 2023; Rupe & Voas, 2025). 

Critical thinking skills are one of the key competencies that must be developed in education, 

primarily through mathematics learning. This skill is considered an important learning outcome in 

school and higher education (Kania et al., 2024; Vincent-Lancrin, 2024). In the professional world, 

critical thinking skills are necessary for problem-solving, decision-making, and adaptation to 

technological advances and globalisation (Horton et al., 2017). These skills involve analysing, 

evaluating, and synthesising information to produce appropriate decisions and practical solutions 

(Madden & Dedic, 2022; Pogrebnaya & Mikhailova, 2023; Saikia & Roy, 2024; Trúsiková & 

Velmovská, 2022). In addition to cognitive aspects, critical thinking also involves affective aspects, 

such as self-regulation (Utami, Probosari, et al., 2019), which enables individuals to deal with 

complex problems, make data-based decisions, and adapt to rapid social, technological, and 

environmental changes (Abbas & Rozimela, 2025; Saikia & Roy, 2024). 

Mathematics is a subject closely related to logical reasoning (Su et al., 2016), analysis (Ali et 

al., 2018), and problem-solving (Jawad, 2022; Kureethara & Joseph, 2017). Mathematics learning 

fosters critical thinking by encouraging students to construct logical chains, detect faulty 

arguments, and manipulate concepts appropriately (Abayeva et al., 2024; Georgieva & Nikolova, 

2019). Therefore, critical thinking is important in understanding concepts, connecting ideas, and 

solving mathematical problems. One prominent indicator is analytical ability, which involves 

breaking down information, identifying relationships between concepts, and drawing rational 

conclusions. Critical thinking is analytical and focuses on evaluating information to make reasoned 

judgments (Hidayati et al., 2019; Sun & Hui, 2006; Zhang et al., 2023). Mathematical analysis 

supports the development of problem-solving skills and more fundamental mathematical thinking 

(Zhang, 2021). It fosters a systematic mindset by breaking down complex problems into 

manageable parts (Hariri & Kania, 2025; Levin & Verner, 2020). 

The topic of circles in eighth-grade junior high school requires good analytical skills because 

it covers concepts, properties, and applications in everyday life. Analytical skills include three 

things: first, breaking down information into smaller parts to improve understanding (Burhanuddin 

et al., 2019; Castle, 2010; Hitchcock, 2017); second, identifying relationships between concepts to 

form a coherent understanding (Burhanuddin et al., 2019; Utami, Saputro, et al., 2019; Waluyo, 

2021); and third, drawing rational conclusions based on evidence (Burhanuddin et al., 2019; 

Hitchcock, 2017; Wulandari & Wutsqa, 2019). This analysis is at the core of mathematical critical 

thinking skills, which combine information evaluation, problem solving, and conceptual 

understanding (Susanti et al., 2020; Wibawa et al., 2025). 

https://doi.org/10.56855/gradient.v1i1.00
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Critical thinking skills are closely related to conceptual understanding. Ramlo (2019) found 

that students with higher levels of critical thinking had better conceptual understanding in physics. 

Similarly, Kriswanto et al. (2020) showed that integrating GeoGebra in geometry learning improved 

students' ability to make assumptions, predictions, and hypotheses, thereby developing their 

critical thinking skills. Previous studies have also shown that conceptual understanding is the 

foundation of problem solving because every mathematical concept is built on prior knowledge 

(Al-Mutawah et al., 2019; Cahyani et al., 2024; Ningrum et al., 2022). Procedural understanding is 

important, but it is conceptual understanding that enables students to know why a procedure 

works and when to apply it (Chueh & Zhao, 2025; Khairunnisa & Darhim, 2019; Kilp-Kabel & 

Mädamürk, 2024; Rittle-Johnson, 2017). With a strong conceptual understanding, students can 

think logically and analytically and connect various mathematical ideas (Chimmalee & Anupan, 

2022; Kholid et al., 2021; Prayitno et al., 2018). 

Research by Abakah and Brijlall (2024) shows that interactive didactic assessment based on 

APOS theory can improve students' metacognition and critical thinking skills in circle-related 

material. However, the research focuses more on complex non-routine questions, so it does not 

fully reveal students' analytical abilities regarding basic circle concepts. In fact, analysis of basic 

concepts is the foundation of mathematical critical thinking and a determinant of students' 

conceptual understanding. Conceptual understanding is crucial because it is the basis for problem 

solving; every mathematical concept is built on prior knowledge (Al-Mutawah et al., 2019; Cahyani 

et al., 2024; Ningrum et al., 2022). Thus, research on students' critical thinking skills, especially on 

the analysis indicator, should begin with ensuring mastery of basic concepts. This requires the 

design of assessment instruments that contain complex or non-routine questions and questions 

that measure basic conceptual understanding. 

Furthermore, research by Kriswanto et al. (2020) found that integrating GeoGebra into 

geometry learning effectively improves critical thinking skills through the ability to make 

assumptions, predictions, and hypotheses. However, this study focused more on technological 

support that facilitates creative thinking rather than on in-depth exploration of students' analytical 

skills regarding the relationship between circle concepts. This leaves room for further research to 

examine students' analytical abilities, without relying entirely on technology-based media. 

The research by Putri and Khadijatuzzahra (2025) focused on students' mathematical 

creative thinking skills on spatial figures. The results showed that the elaboration indicator was still 

lower than flexibility, originality, and fluency. Although this study contributed to the study of 

higher-order thinking skills, its focus was more on creativity and did not touch on critical thinking 

skills, especially analytical skills. Given the close relationship between critical and creative thinking, 

this gap is important to follow up on. First, research shows a positive correlation; an increase 

follows in critical and creative thinking scores (Arsih et al., 2023; Hidayati et al., 2019; Rosba et al., 

2021). Second, critical thinking skills can predict creative thinking, where a one-point increase in 

critical thinking scores can increase creative thinking scores by 0.913 points (Arsih et al., 2023). 

Third, critical and creative thinking are closely related and work together in problem solving, where 

critical thinking helps evaluate and refine creative ideas (Koçoğlu & Kanadlı, 2025; Lau, 2011; Mittal, 

2021). Although different, they are complementary: critical thinking provides a framework for 

evaluating ideas, while creative thinking brings new perspectives that enrich critical analysis 

(Álvarez-Huerta et al., 2022; Feist, 2024; Hidayati et al., 2019; Sun & Hui, 2006; Zhang et al., 2023). 

Thus, from these four facts, it can be concluded that critical thinking skills, particularly analytical 

skills, can be seen as the foundation for creative thinking skills in mathematical problem solving. 

Finally, research by Kania et al. (2025) produced a valid test instrument for junior high school 

students' higher-order thinking skills (HOTS) in mathematics. This instrument contains questions 

that measure analytical skills. However, it emphasizes the ability to break down complex problems 
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into simpler parts rather than the critical evaluation of information, which is the core of analysis 

(Saputro & Sunarno, 2021). In fact, the core of analytical skills in critical thinking is to evaluate 

information to make appropriate and reasoned decisions critically (Hidayati et al., 2019; Sun & Hui, 

2006; Zhang et al., 2023). Thus, there is still an opportunity for research to develop an 

understanding of student analysis, not only in breaking down problems, but also in evaluating 

information and drawing logical conclusions on circle material. 

Based on the description of previous research, critical thinking skills, particularly analytical 

skills, have not been explored in depth in mathematics learning. Abakah and Brijlall (2024) 

emphasize assessing complex non-routine problems but neglect analysing basic circle concepts. 

Kriswanto et al. (2020) highlight the effectiveness of GeoGebra in improving critical thinking skills, 

but focus more on technology-based creativity than pure analysis of geometric concepts. Putri and 

Khadijatuzzahra (2025) examine aspects of creative thinking, but do not touch on analytical skills, 

which are at the core of critical thinking. Meanwhile, Kania et al. (2025) have developed a valid 

HOTS instrument, but the analytical aspects explored are limited to solving complex problems 

rather than evaluating information and drawing logical conclusions. These research gaps indicate 

the need for a specific study on mathematical critical thinking skills focusing on students' analytical 

abilities on circles, which is fundamental and applicable in everyday life and other disciplines. The 

urgency of this research is even greater, considering that analysis is at the core of critical thinking 

skills and is closely related to creative thinking skills (Álvarez-Huerta et al., 2022; Arsih et al., 2023; 

Feist, 2024; Hidayati et al., 2019; Koçoğlu & Kanadlı, 2025; Lau, 2011; Mittal, 2021; Rosba et al., 2021; 

Zhang et al., 2023). 

The urgency of this study lies in the importance of revealing students' mathematical critical 

thinking skills, particularly their analytical abilities, on the topic of circles. Previous studies have 

examined critical and creative thinking skills, but studies specifically examining students' analytical 

abilities in circles are still limited. In fact, circles, as fundamental flat shapes, play an important role 

in science and engineering (Miller et al., 2011; Vainsencher & Bruckstein, 2008) as well as in design 

and architecture applications (Al-rabtah & Al-Banawi, 2023; Marjanović, 2007). 

Therefore, this research is urgently needed to provide a clearer picture of students' mastery 

of mathematical critical thinking skills, particularly analytical skills, on the topic of circles. This 

research's novelty lies in its specific focus on analytical skills as a core indicator of mathematical 

critical thinking in the context of circles in the 8th grade of a public junior high school. 

Previous studies have emphasised the general aspects of critical thinking or creative thinking 

skills, while this study highlights the role of conceptual analysis in understanding and solving circle 

problems. Thus, this study expands the literature on mathematical critical thinking skills by in-

depth studying one of its leading indicators. 

Theoretically, the results of this study can enrich the study of the relationship between 

critical thinking skills, conceptual understanding, and mathematical problem solving, particularly 

in circle geometry. Practically, this study provides input for teachers in designing learning 

strategies that encourage students to develop analytical skills and for assessment developers in 

designing instruments that are more balanced between routine, non-routine, and fundamental 

concept evaluation problems. Thus, this study provides academic contributions and tangible 

benefits in improving the quality of mathematics learning in schools. 

2. Methods  
This study used a descriptive quantitative approach to describe students' mathematical critical 

thinking skills, particularly their analytical abilities on circles. The research population consisted of 

all 255 eighth-grade students from eight classes at a public junior high school in Padang City. The 

research sample was determined using purposive sampling based on the criterion that students 
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had learned the same material on circles. Based on these criteria, one class containing 31 students 

was selected as the research sample. 

The research instrument consisted of a written test question to measure mathematical 

critical thinking skills in the analysis indicator. The question required students to read information 

from statements from two characters (Ani and Budi) debating the concepts of chord and diameter 

in a circle. Students were asked to analyse the information, decide which argument was correct, 

and provide logical reasons based on the mathematical concept of circles. Thus, this question 

emphasised correct or incorrect answers and students' ability to reason, identify the suitability of 

information, and present supporting mathematical reasons. Experts in the field of mathematics 

education have validated this question. 

Student answers are scored using an analytical rubric with a score range of 0–5. The score is 

divided into two parts, namely: (1) accuracy in choosing the correct information, with a score of 0 

if incorrect and one if correct, and (2) accuracy and logic of the reasoning in choosing the 

information, with a score of 0 if incorrect and four if correct. Thus, the minimum score is zero and 

the maximum score is 5.  

 

 

Figure 1 Critical Thinking Skills Test Questions on Analytical Ability Indicators 

3. Results and Discussion  
Based on the analysis of students’ written responses, four distinct categories of responses were 

identified. First, students who were able to analyse the problem accurately by selecting the correct 

argument and supporting their choice with logical reasoning grounded in relevant mathematical 

concepts. Second, students who were able to identify the correct argument but provided 

insufficient justification, as their explanations merely restated or quoted parts of the question 

without demonstrating deeper understanding. Third, students who failed to identify the correct 

argument and whose explanations were limited to reproducing information from the question 

indicated a lack of analytical engagement. Finally, students who did not provide any response at 

all. These categories reflect varying levels of cognitive engagement and highlight the differences 

in students’ reasoning processes when confronted with argumentation-based mathematical tasks. 
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3.1.1. Able to analyse by selecting which argument is correct and providing logical reasoning 

based on mathematical concepts 
The correct answer is Ani's argument. The logical reasoning is: (1) The concept of a chord is a line 

segment connecting two points on a circle (circle arc). Because a diameter also connects two 

points on a circle, and even though it passes through the centre of the circle, it is still a chord; or 

(2) A diameter is the longest. Both reasons are correct, and students are considered correct if they 

give at least one of these reasons. Here is an excerpt from one of the students' answers: 

 

Figure 2 One of the student's answers is correct with a logical explanation (Indonesian version) 

 

 

Figure 3 One of the student's answers is correct with a logical explanation (English version) 

Students who gave answers like those in Figures 2 and 3 got the maximum score of 5. One 

student (3.22%) fell into this type 1 category, where students could choose the correct argument 

accompanied by logical reasoning based on the concept of circles. This shows that students were 

able to analyse well. However, based on the percentage, very few or almost no students have 

critical thinking skills in the indicator of information analysis ability. 

3.1.2. Able to analyse by choosing whose argument is correct, but the reasons given only 

quote the question 
This type of response is considered partially correct in terms of identifying the appropriate answer. 

However, the reasoning provided does not align with the targeted mathematical concept of the 

circle, as it merely reproduces information stated in the problem, specifically the argument 

presented by "Ani." Such reasoning reflects a superficial level of understanding, as students rely 

on quoting the given statement rather than demonstrating independent analytical thinking or 

applying relevant conceptual knowledge. An excerpt from one of the students’ responses is 

presented below: 

 

Figure 4 One of the student's answers is correct, but the reasoning is incorrect (Indonesian 

version) 

Figure 5 One of the student's answers is correct, but the reasoning is not appropriate (English 

version) 

Two students (6.45%) fell into this second type. Students who gave answers such as those 

shown in Figures 4 and 5 received a score of 1 because they could only choose whose argument 

was correct, but their reasoning did not match the mathematical concept in question. The students 

only quoted the correct argument, namely Ani's statement, "The diameter is also a chord of a 

circle." In fact, the students should have explained why they agreed that the diameter is also a 

circle chord, as in the previous type 1 answer. 

The correct answer is Ani's, because the diameter is also the chord of a circle. 

Ani's answer is correct because the diameter is included in the bowstring, and the diameter is the 

largest. 
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3.1.3. Unable to analyze by choosing which argument is correct and only quoting the question 

as the reason 
This third type of answer proves that students cannot analyze the correct argument. In addition, 

students only quote back the argument they consider correct (even though it is wrong). Here is an 

excerpt from one of the students' answers: 

 

Figure 6 One example of an incorrect student answer (Indonesian version) 

 

 

 

 

Figure 7 One example of an incorrect student response (English version) 

Students who gave answers like those in Figures 6 and 7 received a minimum score of 0. 

Twenty-five students (80.65%) fell into this third type, where students were unable to analyze the 

correct argument. Although they made an effort to answer, this still showed that they were unable 

to analyze the correct answer. 

3.1.4. No answer 
This fourth type of response proves that students cannot analyze which argument is correct by not 

providing any answer. Students who did not provide an answer received a minimum score of 0. 

There were 3 students (9.68%) who fell into this fourth type, where students did not answer the 

question. 

The results of the study show that the majority of students, namely 80.65%, are unable to 

analyze information correctly and tend to only repeat the arguments from the questions without 

providing logical reasons. In fact, 9.68% of students did not provide any answers at all. Meanwhile, 

only 3.22% of students were able to choose the correct argument and provide logical reasons in 

accordance with the concept of circles, and 6.45% of students were able to choose the correct 

argument but were unable to relate it to a conceptual explanation. These findings confirm that 

students' mathematical critical thinking skills in the analysis indicator are still very low, especially 

in relating the information in the question to the basic concept of circles. 

This finding aligns with that of Wicaksono and Martyanti (2019), who found that the most 

common mistake made by eighth-grade students at a junior high school in Purworejo was drawing 

incorrect conclusions. This includes drawing conclusions about which arguments are correct. We 

suspect that the findings of 80.65% of students being unable to analyze information correctly and 

tending to simply repeat the arguments from the questions without providing logical reasons, as 

well as 9.68% of students not providing any answers at all, are due to the students' low level of 

understanding of the concept of circles. This is also in line with the findings of Wicaksono and 

Martyanti (2019), which state that student errors on the topic of circles are conceptual 

understanding errors of 16.93%. 

Our following assumption is that it is possible that students actually understand the 

concepts related to diameter and chord in circles. However, students find it difficult to analyze 

when faced with a new contextual problem in the form of a story question. The concepts 

understood by students are still not deep enough. This is in line with the findings of Michael (2022) 

Budi, because the bowstring does not pass through the circle's center, whereas the diameter 

does. The diameter is special because it divides the circle into two equal parts. So the diameter 

is not a bowstring. 
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that students have difficulty transferring knowledge from one topic to another, which hinders their 

ability to apply conceptual understanding to new problems. 

Our assumption is not without reason. This has been proven by Kartono et al. (2019) that 

between the aspects of mathematical critical thinking and theoretical metacognition, when 

observed in depth, there is a close relationship. Kartono et al. (2019) found that when someone is 

about to conclude a statement or assess the validity of an argument, they need prior knowledge 

and strategies to conclude that all of these are aspects of metacognition. Therefore, our 

assumption explaining why almost all students cannot analyze the correct argument regarding 

diameter and chord is that their conceptual understanding is still low, which is the most likely 

cause. 

Students who cannot analyze arguments correctly can be considered students with low 

critical thinking skills. This is supported by the findings of Putri et al. (2022) that students with high 

abilities can interpret questions and make analyses. However, there are still students who make 

mistakes in their calculations. Students in the middle category have been able to interpret and 

analyze questions. However, their inferences and evaluations are still incomplete. At the same 

time, students in the low category have not been able to interpret, analyze, or evaluate questions 

to conclude a mathematical question. 

A unique thing that happened in the students' answers was that they were able to analyze 

which arguments were correct but were unable to provide logical reasons for their answers 

because they only copied the information in the questions or the information that became the 

arguments. In this case, we assume students cannot complete the questions. This is in line with the 

findings of Palazzo et al. (2010) that students are often forced to copy due to time constraints, 

especially when they start their homework late and face an approaching deadline. This may also 

occur when students work on test questions (not just homework). The next possible cause is 

difficulty with the material. Although the material on the concepts of diameter and chord is not 

particularly complex, it is possible that students do not yet understand the concepts, or tend only 

to memorize the elements of a circle, so that when faced with new problems, students fail to 

analyze them and end up copying information from the question rather than providing an answer. 

This is in line with the findings of Buagayan et al. (2024) that difficulties in understanding 

mathematical concepts and self-regulation can encourage students to copy answers as a coping 

mechanism. However, based on the findings of Moore (2013) and Tosuncuoglu (2018), the solution 

to overcome students' low critical thinking skills, especially in the analysis ability indicator, is to use 

discussions in classroom learning to deepen understanding and analysis of arguments. 

4. Conclusions  
This study reveals that students' mathematical critical thinking skills, particularly their analytical 

abilities in the topic of circles, are still at a low level. These findings emphasize that understanding 

basic concepts is an important prerequisite for students to evaluate information, select correct 

arguments, and provide logical reasons in solving mathematical problems. Theoretically, the 

results of this study expand the study of the relationship between concept mastery, critical 

thinking skills, and mathematical problem solving, especially in the realm of circle geometry. 

Practically, this study provides input for teachers to design learning strategies that emphasize basic 

conceptual understanding while encouraging critical analysis through contextual questions and 

class discussions, as well as for assessment developers to design instruments that balance routine 

and non-routine questions and information evaluation. 

However, this study has limitations regarding the relatively small sample size, the analysis of 

the causes of low critical thinking skills that have not been empirically validated, and the focus on 

only one analysis indicator. Therefore, further research is recommended to involve a larger sample, 
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use data triangulation such as interviews or questionnaires, and examine other critical thinking skill 

indicators such as deduction, interpretation, inference, evaluation, and explanation. 

Acknowledgments  
I want to thank the school for giving researchers the opportunity to collect research data and the 

students who were willing to take the test. 

Conflict of Interest  
The authors declare that there are no conflicts of interest. 

References  
Abakah, F., & Brijlall, D. (2024). Finding an Effective Assessment Approach to Enhance the Teaching 

and Learning of Circle Geometry. Africa Education Review, 20(3), 93–116. 
https://doi.org/10.1080/18146627.2024.2402772 

Abayeva, N., Mustafina, L., Zhurov, V., Yerakhtina, I., & Mustafina, B. (2024). Leveraging 
Mathematics to Enhance Critical Thinking in Technical Universities. Asian Journal of University 
Education, 20(3), 566–581. https://doi.org/10.24191/ajue.v20i3.27861 

Abbas, M. F. F., & Rozimela, Y. (2025). Implementing a Collaborative-Inquiry Learning Model to 
Foster 21st Century Critical thinking: A Validity and Practicality Study for Sustainable Human 
Development. Seminars in Medical Writing and Education, 4. 
https://doi.org/10.56294/mw2025724 

Afiyanti, Y., Maryati, T. K., & Hafiz, M. (2025). Development of Three-Dimensional Space E-Module 
with Traditional Javanese Sundanese Culinary Ethnomathematics to Facilitate Students’ 
Mathematical Spatial Ability. International Journal of Geometry Research and Inventions in 
Education (Gradient), 2(01), 15–26. https://doi.org/10.56855/gradient.v2i02.1348 

Al-Mutawah, M. A., Thomas, R., Eid, A., Mahmoud, E. Y., & Fateel, M. J. (2019). Conceptual 
understanding, procedural knowledge and problem-solving skills in mathematics: High school 
graduates work analysis and standpoints. International Journal of Education and Practice, 7(3), 
258–273. https://doi.org/10.18488/journal.61.2019.73.258.273 

Al-rabtah, A., & Al-Banawi, K. (2023). Vertices of Ovals with Constant Width Relative to Particular 
Circles. Mathematics, 11(19). https://doi.org/10.3390/math11194179 

Ali, M., Sufahani, S., Hasim, N., Rusiman, M. S., Roslan, R., Mohamad, M., & Khalid, K. (2018). The 
Development of Proofs in Analytical Mathematics for Undergraduate Students. Journal of 
Physics: Conference Series, 995(1). https://doi.org/10.1088/1742-6596/995/1/012004 

Álvarez-Huerta, P., Muela, A., & Larrea, I. (2022). Disposition toward critical thinking and creative 
confidence beliefs in higher education students: The mediating role of openness to diversity 
and challenge. Thinking Skills and Creativity, 43. https://doi.org/10.1016/j.tsc.2022.101003 

Arsih, F., Zubaidah, S., Albenda, H., & Jamaluddin, A. B. (2023). Relationship of Critical Thinking Skills 
and Creative Thinking Skills through the RANDAI Learning Model. AIP Conference Proceedings, 
2569. https://doi.org/10.1063/5.0112399 

Azkiana, A., Nopriana, T., & Aminah, N. (2025). Analysis of Students’ Errors in Solving Surface Area 
Problems of Spherical Solids Based on Newman’s Error Analysis Theory. International Journal 
of Geometry Research and Inventions in Education (Gradient), 2(01), 42–56. 
https://doi.org/10.56855/gradient.v2i01.1339 

Berg, C., Philipp, R., & Taff, S. D. (2023). Scoping Review of Critical Thinking Literature in Healthcare 
Education. Occupational Therapy in Health Care, 37(1), 18–39. 
https://doi.org/10.1080/07380577.2021.1879411 

Buagayan, J. C., Cabuquin, J. C., Avila, N. B., & Gravoso, C. S. (2024). Prevalence and Underlying 
Factors Influencing Academic Dishonesty in Mathematics among Students at a State 
University in the Philippines. Asian Journal of University Education, 20(3), 540–564. 
https://doi.org/10.24191/ajue.v20i3.27855 



Aziz, S. A., & Jupri, A. 

112  

Burhanuddin, U, A., & M, I. (2019). Improving critical thinking skill of preservice chemistry teacher 
through writing assignment. Journal of Physics: Conference Series, 1307(1). 
https://doi.org/10.1088/1742-6596/1307/1/012018 

Cahyani, W. M., Fathia, Y., Wulandari, W., Kulsum, Z. N., Hafiz, M., & Putri, F. M. (2024). Analysis of 
student concept understanding ability on absolute value rational and irrational inequality 
materials. AIP Conference Proceedings, 3058(1). https://doi.org/10.1063/5.0202015 

Castle, A. (2010). Comparing and contrasting health profiles: One dimension of critical thinking. 
International Journal of Therapy and Rehabilitation, 17(7), 345–352. 
https://doi.org/10.12968/ijtr.2010.17.7.48891 

Chimmalee, B., & Anupan, A. (2022). Enhancement of Mathematical Conceptual Understanding in 
a Cloud Learning Environment for Undergraduate Students. International Journal of 
Engineering Pedagogy, 12(6), 50–69. https://doi.org/10.3991/ijep.v12i6.33775 

Chueh, H.-F., & Zhao, Y. (2025). Use of real-time sensors to teach statistical graphing to 
homeschooled children. In Cases on Informal Learning for Science and Mathematics Education 
(pp. 23–52). IGI Global. https://doi.org/10.4018/979-8-3693-1894-2.ch002 

Feist, G. J. (2024). Creatively and Critically Challenging Assumptions. In Transformational Creativity: 
Learning for a Better Future (pp. 121–134). Springer International Publishing. 
https://doi.org/10.1007/978-3-031-51590-3_9 

Georgieva, P. V, & Nikolova, E. P. (2019). Enhancing communication competences through 
mathematics in engineering curriculum. 2019 42nd International Convention on Information 
and Communication Technology, Electronics and Microelectronics, MIPRO 2019 - Proceedings, 
1451–1456. https://doi.org/10.23919/MIPRO.2019.8757207 

Hariri, D. D., & Kania, N. (2025). Mapping Critical Thinking Skills through Newman’s Error Analysis 
in Secondary Students’ Problem-Solving. Jurnal Pendidikan MIPA, 26(3), 1464–1478. 
https://doi.org/10.23960/jpmipa.v26i3.pp1464-1478 

Hidayati, N., Zubaidah, S., Suarsini, E., & Praherdhiono, H. (2019). Examining the Relationship 
between Creativity and Critical Thinking through Integrated Problem-based Learning and 
Digital Mind Maps. Universal Journal of Educational Research, 7(9A), 171–179. 
https://doi.org/10.13189/ujer.2019.071620 

Hitchcock, D. (2017). Critical Thinking as an Educational Ideal. In Argumentation Library (Vol. 30, pp. 
477–497). Springer Nature. https://doi.org/10.1007/978-3-319-53562-3_30 

Horton, R., Casillas, A., Oswald, F. L., & Shaw, A. (2017). Critical skills for the 21st century workforce. 
In Building Better Students: Preparation for the Workforce (pp. 47–72). 
https://doi.org/10.1093/acprof:oso/9780199373222.003.0003 

Jawad, L. F. (2022). Mathematical connection skills and their relationship with productive thinking 
among secondary school students. Periodicals of Engineering and Natural Sciences, 10(1), 421–
430. https://doi.org/10.21533/pen.v10i1.2667 

Jelodari, Z., Zenouzagh, Z. M., & Hashamdar, M. (2025). Exploring PBL and e-PBL: implications for 
21st-century skills in EFL education. Discover Education, 4(1). https://doi.org/10.1007/s44217-
025-00773-3 

Kania, N., Nurhikmayati, I., & Larsari, V. N. (2025). Designing a Geometry Examination Framework 
to Evaluate Higher-Order Thinking Skills. International Journal of Geometry Research and 
Inventions in Education (Gradient), 2(01), 1–14. https://doi.org/10.56855/gradient.v2i02.1327 

Kania, N., Suryadi, D., Kusumah, Y. S., Dahlan, J. A., Nurlaelah, E., & Elsayed, E. E. (2024). 
Comparative Praxeology: Assessing High-Level Cognitive Skills in TIMSS and Indonesian 
National Examinations. International Journal of Applied Learning and Research in Algebra, 1(1), 
25–47. https://doi.org/10.56855/algebra.v1i1.1160 

Kartono, Mulyono, & Waluya, S. B. (2019). Analysis of mathematical critical thinking ability of 
students based on diagnostic assessment. Journal of Physics: Conference Series, 1321(3), 
032084. https://doi.org/10.1088/1742-6596/1321/3/032084 

Khairunnisa, & Darhim. (2019). Analysis of students’ conceptual and procedural understanding of 



Mathematical Critical Thinking Skills: Students' Analytical Ability... 

113 

linear programming. Journal of Physics: Conference Series, 1280(4), 042018. 
https://doi.org/10.1088/1742-6596/1280/4/042018 

Kholid, M. N., Imawati, A., Swastika, A., Maharani, S., & Pradana, L. N. (2021). How are Students’ 
Conceptual Understanding for Solving Mathematical Problem? Journal of Physics: Conference 
Series, 1776(1). https://doi.org/10.1088/1742-6596/1776/1/012018 

Kilp-Kabel, T., & Mädamürk, K. (2024). The developmental trajectories of math skills and its relation 
to math interest in Grades three and five. European Journal of Psychology of Education, 39(3), 
2681–2699. https://doi.org/10.1007/s10212-024-00807-8 

Koçoğlu, A., & Kanadlı, S. (2025). Critical thinking disposition as a mediator in creativity and 
problem-solving: A MASEM study. Intelligence, 113. https://doi.org/10.1016/j.intell.2025.101951 

Kriswanto, A., Susanto, S., & Irvan, M. (2020). The analysis of students’ critical problem solving on 
circle-related questions using pesantren-based scientific approach. Journal of Physics: 
Conference Series, 1465(1). https://doi.org/10.1088/1742-6596/1465/1/012058 

Kureethara, J. V, & Joseph, M. (2017). Mathematics as an agent of dialogue in the society. Journal 
of Dharma, 42(2), 121–136. 

Lau, J. Y. F. (2011). An Introduction to Critical Thinking and Creativity: Think More, Think Better. In 
An Introduction to Critical Thinking and Creativity: Think More, Think Better. Wiley Blackwell. 
https://doi.org/10.1002/9781118033449 

Levin, L., & Verner, I. M. (2020). Fostering students’ analytical thinking and applied mathematical 
skills through 3D design and printing. IEEE Global Engineering Education Conference, EDUCON, 
2020-April, 145–149. https://doi.org/10.1109/EDUCON45650.2020.9125358 

Madden, J., & Dedic, M. (2022). Engaging with critical thinking: An action research project. English 
Australia Journal, 38(1), 16–23. 

Marjanović, M. M. (2007). Didactical analysis of primary geometric concepts III. Teaching of 
Mathematics, 10(2), 75–86. 

Michael, J. (2022). Use of core concepts of physiology can facilitate student transfer of learning. 
Advances in Physiology Education, 46(3), 438–442. https://doi.org/10.1152/ADVAN.00005.2022 

Miller, S. J., Morgan, F., Newkirk, E., Pedersen, L., & Seferis, D. (2011). Isoperimetric Sets of Integers. 
Mathematics Magazine, 84(1), 37–42. https://doi.org/10.4169/math.mag.84.1.037 

Mittal, P. (2021). THINK Lab: An Initiative to Foster Creative and Critical Thinking Amongst First Year 
Design Students. Smart Innovation, Systems and Technologies, 222, 305–319. 
https://doi.org/10.1007/978-981-16-0119-4_25 

Moore, T. (2013). Critical thinking: Seven definitions in search of a concept. Studies in Higher 
Education, 38(4), 506–522. https://doi.org/10.1080/03075079.2011.586995 

Ningrum, D. P. N., Usodo, B., & Subanti, S. (2022). Students’ Mathematical Conceptual 
Understanding: What Happens to Proficient Students? AIP Conference Proceedings, 2566. 
https://doi.org/10.1063/5.0116651 

Palazzo, D. J., Lee, Y.-J., Warnakulasooriya, R., & Pritchard, D. E. (2010). Patterns, correlates, and 
reduction of homework copying. Physical Review Special Topics - Physics Education Research, 
6(1). https://doi.org/10.1103/PhysRevSTPER.6.010104 

Pogrebnaya, I., & Mikhailova, S. (2023). Critical thinking competence as one of the key skills for 
bachelors of ecology in the era of the fourth industrial revolution. E3S Web of Conferences, 
458. https://doi.org/10.1051/e3sconf/202345806011 

Prayitno, S. H., Suwarsono, S., & Siswono, T. Y. E. (2018). The profile of conceptual comprehension 
of pre-service teacher in the mathematical problem solving with low emotional intelligence. 
Journal of Physics: Conference Series, 983(1). https://doi.org/10.1088/1742-6596/983/1/012089 

Putri, K. K., & Khadijatuzzahra, K. (2025). Students’ Creative Thinking Abilities in Solid Geometry 
Topics. International Journal of Geometry Research and Inventions in Education (Gradient), 
2(01), 27–41. https://doi.org/10.56855/gradient.v2i01.1397 

Putri, R. D., Yuanita, P., Kartini, K., & Roza, Y. (2022). Analysis of mathematical critical thinking 
ability of junior high school students in solving circle problem. Math Didactic: Jurnal Pendidikan 



Aziz, S. A., & Jupri, A. 

114  

Matematika, 8(3), 223–235. https://doi.org/10.33654/math.v8i3.1944 
Putu Ade Andre Payadnya, I., Prahmana, R. C. I., Lo, J.-J., Noviyanti, P. L., & Made Dharma Atmaja, 

I. (2023). Designing area of circle learning trajectory based on “what-if” questions to support 
students’ higher-order thinking skills. Journal on Mathematics Education, 14(4), 757–780. 
https://doi.org/10.22342/jme.v14i4.pp757-780 

Rahmawati, R., Nopriana, T., & Haqq, A. A. (2024). Strengthening Mathematical Connections in 
Middle School Geometry: The Role of Means-Ends Analysis in Learning Cubes and Rectangular 
Prisms. International Journal of Geometry Research and Inventions in Education (Gradient), 
1(01), 1–10. https://doi.org/10.56855/gradient.v1i01.1141 

Ramlo, S. (2019). Critical thinking and physics concepts: Indicators for general education science 
course assessment. Journal of General Education, 68(3–4), 191–215. 
https://doi.org/10.5325/jgeneeduc.68.3-4.0191 

Rittle-Johnson, B. (2017). Developing Mathematics Knowledge. Child Development Perspectives, 
11(3), 184–190. https://doi.org/10.1111/cdep.12229 

Rosba, E., Zubaidah, S., Mahanal, S., & Sulisetijono, S. (2021). College students’ critical thinking skills 
and creativity. AIP Conference Proceedings, 2330. https://doi.org/10.1063/5.0043294 

Rupe, J., & Voas, J. (2025). Is Critical Thinking Critical? Computer, 58(7), 14–16. 
https://doi.org/10.1109/MC.2025.3554307 

Saikia, H., & Roy, N. R. (2024). Fostering Critical Thinking Skills in Modern Learners: A Peep into 
Higher Educational Institutions. In Digital Skill Development for Industry 4.0 (pp. 46–51). CRC 
Press. https://doi.org/10.1201/9781003504894-4 

Saputro, S., & Sunarno, W. (2021). Of student analytical thinking skills in the natural sciences by 
implementing problem-based learning model. Journal of Educational, Cultural and 
Psychological Studies, 2021(23), 89–111. https://doi.org/10.7358/ecps-2021-023-suya 

Su, H. F. H., Ricci, F. A., & Mnatsakanian, M. (2016). Mathematical teaching strategies: Pathways to 
critical thinking and metacognition. International Journal of Research in Education and Science, 
2(1), 190–200. https://doi.org/10.21890/ijres.57796 

Sun, R. C. F., & Hui, E. K. P. (2006). Cognitive competence as a positive youth development 
construct: Conceptual bases and implications for curriculum development. International 
Journal of Adolescent Medicine and Health, 18(3), 401–408. 
https://doi.org/10.1515/IJAMH.2006.18.3.401 

Susanti, V. D., Krisdiana, I., & Adamura, F. (2020). Students’ mathematical critical thinking reviewed 
from self-regulated learning. Journal of Physics: Conference Series, 1613(1). 
https://doi.org/10.1088/1742-6596/1613/1/012008 

Tosuncuoglu, I. (2018). English language and literature students’ perceptions of critical thinking. 
International Journal of Higher Education, 7(5), 20–28. https://doi.org/10.5430/ijhe.v7n5p20 

Trúsiková, A., & Velmovská, K. (2022). Indicators of critical thinking and physics experiments. 
Journal of Physics: Conference Series, 2297(1). https://doi.org/10.1088/1742-6596/2297/1/012011 

Utami, B., Probosari, R. M., Saputro, S., & Masykuri, M. (2019). Empowering critical thinking skills 
with problem solving in higher education. Journal of Physics: Conference Series, 1280(3). 
https://doi.org/10.1088/1742-6596/1280/3/032047 

Utami, B., Saputro, S., Masykuri, M., & Widoretno, S. (2019). Performance assessment to assess 
students’ interpretation in chemistry learning. AIP Conference Proceedings, 2194. 
https://doi.org/10.1063/1.5139867 

Vainsencher, D., & Bruckstein, A. M. (2008). On isoperimetrically optimal polyforms. Theoretical 
Computer Science, 406(1–2), 146–159. https://doi.org/10.1016/j.tcs.2008.06.043 

Vincent-Lancrin, S. (2024). Critical thinking. In Elgar Encyclopedia of Interdisciplinarity and 
Transdisciplinarity (pp. 124–128). Edward Elgar Publishing Ltd. 
https://doi.org/10.4337/9781035317967.ch27 

Vithanage, V., & Nakashima, N. (2025). Evaluating the Effectiveness of a Project-Based Stem 
Curriculum in the Acquisition and Development of 4Cs of 21st-Century Skills. School Science 



Mathematical Critical Thinking Skills: Students' Analytical Ability... 

115 

and Mathematics. https://doi.org/10.1111/ssm.18388 
Waluyo, A. A. (2021). Critical thinking skills assessment instrument in physics subjects: How to 

develop a four tier diagnostic test? Journal of Physics: Conference Series, 1918(2). 
https://doi.org/10.1088/1742-6596/1918/2/022011 

Wibawa, F. S., Hariri, D. D., Mahmudah, H., & Kania, N. (2025). Bridging mathematics and culture: A 
systematic review of indigenous mathematical concepts in Indonesian traditions. 
Contemporary Mathematics and Science Education, 6(2), ep25013. 
https://doi.org/10.30935/conmaths/17076 

Wicaksono, A. B., & Martyanti, A. (2019). Analysis of Junior High School Students’ Errors in Solving 
Mathematical Problems for The Topic of Circle. Indonesian Journal of Mathematics Education, 
2(2), 61–68. https://doi.org/10.31002/ijome.v2i2.1888 

Wulandari, R., & Hindrayani, A. (2021). Measuring Critical Thinking Skills with the RED Model. IOP 
Conference Series: Earth and Environmental Science, 1808(1). https://doi.org/10.1088/1742-
6596/1808/1/012030 

Wulandari, S. Y., & Wutsqa, D. U. (2019). A study of junior high school students reasoning skill in 
mathematics. Journal of Physics: Conference Series, 1320(1). https://doi.org/10.1088/1742-
6596/1320/1/012059 

Zhang, C. (2021). Research on Strengthening Mathematical Analysis Literacy of Normal Students 
Majoring in Mathematics. ACM International Conference Proceeding Series, 810–813. 
https://doi.org/10.1145/3452446.3452640 

Zhang, Y., Bian, Y., Wu, H., Tang, W., & Li, Q. (2023). Intuition or rationality: Impact of critical 
thinking dispositions on the cognitive processing of creative information. Thinking Skills and 
Creativity, 48. https://doi.org/10.1016/j.tsc.2023.101278 

 

 

 


