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 Mathematical critical thinking ability is an essential skill that students 

must possess in solving contextual problems. However, students’ 

mathematical critical thinking ability is still considered low because 

students are more accustomed to solving problems procedurally rather 

than conducting analysis and evaluation. This study aims to analyze 

the mathematical critical thinking ability of vocational high school 

students based on Facione’s indicators. The study employed a 

qualitative descriptive method involving 23 eleventh-grade students 

of SMK Budi Mandiri Tanjungsari as the research subjects. The 

research instruments consisted of a mathematical critical thinking 

ability test, interviews, and documentation. The results showed that 

65% of students were in the low category and 17% were in the very 

low category. Students demonstrated fairly good ability in the 

indicators of interpretation and analysis; however, they were still weak 

in the indicators of evaluation and inference. Therefore, mathematics 

learning needs to emphasize evaluative and reflective thinking 

processes. 
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1. INTRODUCTION  

The rapid development of technology and the implementation of Education 5.0 have 

brought significant changes to 21st-century education. Students are not only required to 

master conceptual knowledge but also to possess higher-order thinking skills such as critical 

thinking, problem-solving, creativity, communication, and collaboration [1], [2]. 

Mathematics education plays a strategic role in developing higher-order thinking skills 

because mathematics trains students to think logically, systematically, and analytically [3]. 

In mathematics learning, critical thinking skills are highly important because students are 

required to interpret problems, analyze information, evaluate solution strategies, and draw 

logical conclusions [4]. Students who possess mathematical critical thinking skills can solve 

contextual problems effectively and apply mathematical concepts in everyday life [5]. 
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Therefore, the development of mathematical critical thinking skills has become one of the 

primary goals of mathematics learning. 

Critical thinking is defined as a reflective and rational thinking process focused on 

determining what to believe and what actions to take [6]. In the context of mathematics, 

critical thinking includes the ability to examine, analyze, evaluate, and systematically 

connect mathematical information to solve problems [7], [8], [9], [10], [11], [12], [13]. These 

studies state that as critical thinking skills develop, individuals tend to seek the truth, think 

openly and tolerate new ideas, analyze problems effectively, think systematically, possess 

intellectual curiosity, demonstrate maturity in thinking, and think independently and 

critically. 

In this study, the indicators of critical thinking skills refer to those proposed by Peter 

A. Facione [14], namely: (1) interpretation, the ability to understand and explain the meaning 

of mathematical information such as data, symbols, graphs, and problem statements; (2) 

analysis, the ability to identify and describe important components of mathematical 

information by recognizing the relationships among these components; (3) evaluation, the 

ability to assess the quality of solution arguments or mathematical procedures based on logic 

and evidence; and (4) inference, the ability to draw logical conclusions based on available 

data or information. 

These indicators assess not only students’ final answers but also the quality of their 

thinking processes. However, mathematics learning in schools still tends to be teacher-

centered and procedural, causing students to become more accustomed to memorizing 

formulas rather than developing reasoning and reflective thinking skills [15], [16], [17], [18]. 

A literature review of previous studies conducted by [19], [20], [21], [22], [23] indicates that 

classroom learning processes are still dominated by teacher-centered instruction, resulting 

in students merely receiving information without actively constructing understanding. 

Several previous studies also revealed that students still experience difficulties in 

understanding contextual problems, determining appropriate solution strategies, and 

drawing logical conclusions [12], [24], [25]. 

Research on mathematical critical thinking skills generally focuses on junior high 

school students, the implementation of problem-based learning models, and mathematics 

learning outcomes [7], [13], [21]. However, studies specifically analyzing vocational high 

school students’ mathematical critical thinking skills in solving contextual problems based 

on each of Facione’s indicators remain limited. In addition, previous studies generally 

focused only on written test results without strengthening the findings through interview 

data. Unlike previous studies, this research provides a more comprehensive analysis by 

examining students’ mathematical critical thinking skills based on each of Facione’s 

indicators and reinforcing the findings through student interviews. Furthermore, this study 

specifically focuses on vocational high school students in solving contextual problems on 

sequences and series material. Therefore, this study is expected to provide a deeper 

understanding of students’ mathematical critical thinking processes and serve as an 

evaluation material for developing more effective mathematics learning strategies. Based on 

this background, this study aims to analyze vocational high school students’ mathematical 

critical thinking skills in solving contextual mathematics problems based on Facione’s 
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indicators. The novelty of this study lies in the comprehensive analysis of vocational high 

school students’ mathematical critical thinking skills based on each of Facione’s indicators 

and strengthened through interview triangulation on contextual problems of sequences and 

series. 

 

2. METHOD  

This study employed a qualitative descriptive method. Qualitative descriptive 

research aims to describe phenomena systematically and comprehensively based on data 

obtained from the field [26]. The study was conducted at SMK Budi Mandiri Tanjungsari 

with 23 eleventh-grade students of the TKRO 2 class as the research subjects. The subjects 

were selected using purposive sampling because the chosen class was considered to 

represent students with diverse mathematical abilities. Most previous studies focused on 

junior high school students and problem-based learning implementation, while studies 

specifically investigating vocational high school students’ mathematical critical thinking 

skills on sequences and series topics remain limited. The research instruments consisted of 

a mathematical critical thinking skills test, interviews, and documentation. The mathematical 

critical thinking skills test was developed based on Peter A. Facione’s critical thinking 

indicators, namely interpretation, analysis, evaluation, and inference. The test instrument 

consisted of contextual problems on sequences and series material. Before being 

administered, the instrument was validated by mathematics education lecturers to ensure the 

suitability of the indicators, materials, and test items. Data collection was conducted in three 

stages. First, students were given a test of mathematical critical thinking skills. Second, 

interviews were conducted with several students representing different ability categories to 

strengthen the interpretation of the written test results. Third, students’ answer sheets were 

documented as supporting research data. The test instruments are presented in Figure 1. 

 

 
Figure 1. Test Items for Mathematical Critical Thinking Ability 

 

 

3. RESULTS AND DISCUSSION  

3.1 Statistical Analysis of Mathematical Critical Thinking Skills 

Based on the results of the mathematical critical thinking skills test administered to 

the students, score data were obtained for each test item, indicating variations in students’ 

abilities to solve mathematical problems. 
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Table 1. Statistical Analysis of Test Results 

  Score 

Total Students 23 

Average 48,55 

Standard Deviation 13,91 

 

The recapitulation results presented in Table 1 indicate that the students’ average test 

score was 48.55. This result shows that the students had not yet achieved the minimum 

mastery criterion established by the school, which was 75. This condition indicates that most 

students still experienced difficulties in interpreting problems and connecting mathematical 

concepts, and there were considerable differences in students' levels of understanding. 

Consequently, students’ higher-order thinking skills had not developed optimally. The 

interpretation of students’ mathematical critical thinking skill categories according to Ponna 

et al. [27] is presented as follows. 

 

Table 2. Categories of Students’ Mathematical Critical Thinking Ability 

Interpretation Categories 

81,25 < 𝑥 ≤ 100 Very High 

71,25 < 𝑥 ≤ 81,5 High 

62,5 < 𝑥 ≤ 71,25 Moderate 

43,75 < 𝑥 ≤ 62,5 Low 

0 < 𝑥 ≤ 43,75 Very Low 

 

Based on the categories of the mathematical critical thinking skills test results, where 

x represents the test score, the percentages of students’ mathematical critical thinking skills 

in the moderate, low, and very low categories are presented as follows. 

 

Table 3. Results of Students’ Mathematical Critical Thinking Ability Test 

Categories Percentage 

Very High 0% 

High 0% 

Moderate 17% 

Low 65% 

Very Low 17% 

 

Based on Table 3, which presents the percentage distribution of the mathematical 

critical thinking skills test results of 23 students, it was found that the majority of students 

were in the low category, consisting of 15 students. This finding indicates that most students 

had not yet been able to develop their critical thinking skills optimally, particularly in aspects 

requiring in-depth analysis, evaluation of strategies, and drawing logical and systematic 

conclusions. 

In addition, four students were categorized as very low, indicating that some students 

still experienced considerable difficulties in interpreting the given information, transforming 

problems into mathematical representations, and determining appropriate solution steps. 

Meanwhile, the remaining four students were in the moderate category, indicating that only 

a small proportion of students had been able to fulfill the critical thinking indicators at a 

better level, although these abilities had not yet developed optimally. 
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3.2 Analysis of Students’ Answers Based on Categories 

Overall, this condition demonstrates that students’ critical thinking abilities are still 

predominantly in the low category, highlighting the need to implement instructional 

strategies that are more oriented toward the development of critical thinking skills, such as 

problem-based learning or approaches that encourage students to actively analyze, evaluate, 

and independently draw conclusions from problems. In this study, the analysis of students’ 

mathematical critical thinking abilities in solving mathematical critical thinking test items 

employed a structured and objective assessment instrument capable of comprehensively 

describing students’ achievement. The scoring rubric used in this research was adapted from 

Facione’s framework by Karim and Normaya [20]. 

The following section presents sample student responses from MY, SA, and FA, 

along with their analyses based on the low category, as this category dominates students’ 

critical thinking ability and includes the majority of the research subjects. In addition, to 

strengthen the analysis, interviews were also conducted with several students to confirm their 

reasoning and approaches in solving the problems. The integration of written response 

analysis and interview findings allows for a more accurate interpretation of students’ 

mathematical critical thinking abilities. 

 

 
Figure 2. Students’ Responses to Question 1 

 

Based on Figure 2, the analysis of students’ responses indicates that students’ 

mathematical critical thinking abilities vary across test items. For Question 1, students MY, 

SA, and RA were able to correctly identify the given and the required information, indicating 

that their initial ability to understand the problem was well developed. The students were 

also able to transform verbally presented information into mathematical models and 

represent it graphically. However, in SA’s response, the analysis was not presented as a 

graph, although SA was able to draw a conclusion based on the obtained solution. In contrast 

to SA, students MY and RA presented graphs as representations of their analyses but were 

unable to draw appropriate final conclusions based on the relationships between variables 

shown in the graphs. To further explore these findings, interviews were conducted with the 

respective students. The interview results revealed that when understanding word problems, 

students did not directly express the information in numerical or mathematical symbolic 

form; instead, they first rewrote it in sentence form to facilitate comprehension of the 
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problem. In addition, students explained that selecting data for problem solving involved 

identifying information that was appropriate and relevant to the formulas or solution 

strategies to be applied. However, SA stated that a graph was not presented because they 

forgot the steps involved in constructing a graph. Students also reported that writing 

conclusions was not always performed for every answer. 

Based on data triangulation between the written test results and the interview 

findings, it can be concluded that students tend to focus more on computational processes 

and procedural problem-solving. However, students have not fully connected these solution 

results with the formulation of logical and meaningful conclusions. This finding is consistent 

with the results of studies by [28], [29], [30], which report that students are generally able to 

solve problems procedurally but are still not accustomed to making inferences and drawing 

conclusions, and tend to be more oriented toward final answers rather than toward 

interpreting the meaning of the obtained results. 

 

 
Figure 3. Students’ Responses to Question 2 

 

Based on Figure 3, the students’ responses to Question 2 indicate that students were 

able to carry out basic computational procedures fairly well and understood the initial steps 

of the problem-solving process. However, the students did not fully meet the demands of the 

question, as several steps were not completed thoroughly. In contrast, RA’s response was 

not accompanied by an explanation when concluding. Meanwhile, MY and SA provided 

final conclusions based on the processes they had undertaken, although not all solution steps 

were completed. These findings are supported by the interview results, in which students 

stated that when solving word problems, data selection was conducted by identifying 

information required by the formulas used. In addition, students explained that conclusions 

were formulated based on the answers or calculation results obtained previously. However, 

RA did not provide a final conclusion because he did not know how to draw one. The 

interview results also showed consistency with the students’ written responses, indicating 

that students were able to reflect on their work, even though their computational processes 

were not yet entirely accurate and systematic. Triangulation between test results and 

interview findings suggests that students possess the ability to reflect on their thinking 

processes, particularly at the stages of interpretation and analysis. However, the failure to 

complete solution steps and provide adequate mathematical explanations was a factor 

affecting the accuracy of the final answers. These findings are consistent with studies by 
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[31], [32] which state that inaccuracies or incompleteness in solution steps can lead to final 

answers that do not meet the demands of the problem, even when students can conclude the 

problem-solving process. 

 

 
Figure 4. Students’ Responses to Question 3 

 

For Question 3, student RA provided a brief solution at the analysis stage by 

transforming the available information into a mathematical model. This initial step indicates 

that RA understood how to model the given problem and was able to draw an initial 

conclusion based on the results of the analysis, albeit in a concise manner. In contrast to RA, 

students MY and SA did not carry out the analysis stage; instead, they merely wrote down 

the given information and drew a direct conclusion without continuing the problem-solving 

process to the evaluation stage. Consequently, no appropriate computational strategies, such 

as algebraic manipulation or other mathematical solution techniques, were applied, resulting 

in the problem not being solved comprehensively. 

The interview results reinforce these findings. Students stated that in selecting data 

for word problems, they tended to look for information that corresponded to the formulas 

they intended to apply. RA expressed confidence in the strategy or formula used, as the 

material had been studied previously at the tenth-grade level. However, all three students 

reported that the solution process could not be completed fully due to time constraints and 

rushed working conditions, which led to incomplete problem-solving procedures. 

Based on data triangulation between the written test results and interview findings, 

it can be concluded that students possess an initial understanding of concepts and problem-

solving strategies. However, students still encounter difficulties in developing these 

strategies into more complex and systematic computational procedures. In addition, time 

constraints also affect the completeness of problem-solving processes. These findings are 

consistent with studies by Syafruddin et al. [33], which indicate that students continue to 

experience difficulties in developing solution strategies and accurately applying more 

complex mathematical computational procedures. To obtain a deeper understanding of 

students’ mathematical critical thinking abilities, the students’ test results were analyzed for 

each critical thinking indicator, as presented below. 

 
 

 

 

 

 

5

1

Page 12 of 15 - Integrity Submission Submission ID trn:oid:::1:3618983586

Page 12 of 15 - Integrity Submission Submission ID trn:oid:::1:3618983586



               https://doi.org/10.58421/misro.v5i3.1357 

 

2252 

Table 5. Indicators of Interpretation Skills in Mathematical Critical Thinking 

  

Indicators 

1 2 3 4 

Average 3,5 2,9 0,91 1,2 

Percentage 84% 70% 21% 27% 

 

Based on the results of the analysis of students’ mathematical critical thinking 

abilities across each indicator, varying levels of achievement were identified, reflecting 

students’ mastery at each stage of critical thinking. Indicator 1, namely the ability to interpret 

problems by accurately identifying the given and required information, achieved the highest 

percentage at 87%. This result indicates that almost all students were able to understand the 

given problems well, particularly in identifying the essential elements contained in the 

questions. This finding suggests that students’ initial ability to comprehend the context and 

information of mathematical problems has developed very well. Furthermore, for Indicator 

2, which refers to the ability to analyze problems by transforming the obtained information 

into appropriate mathematical representations or models, a percentage of 70% was obtained. 

This result shows that the majority of students were able to perform the analysis process 

fairly well, namely by converting verbal information into symbols, equations, or 

mathematical models. 

Nevertheless, some students were not yet fully consistent and accurate in performing 

mathematical modeling, which subsequently affected the problem-solving process. In 

contrast to the previous two indicators, the achievement for Indicator 3, namely the ability 

to evaluate by selecting and applying appropriate strategies or formulas in problem solving 

and reviewing the analyses that had been conducted, was relatively low, at 21%. This finding 

indicates that most students experienced difficulties in determining and applying suitable 

solution strategies and were not yet accustomed to evaluating the steps they had taken. As a 

result, the solutions obtained were often inaccurate or not supported by strong mathematical 

reasoning. The lowest achievement was found in Indicator 4, namely the ability to draw 

logical and systematic conclusions based on the results of problem solving, with a percentage 

of 27%. The low achievement in this indicator suggests that students were not yet able to 

formulate final conclusions that were consistent with the processes and results of their 

solutions. The conclusions provided tended to be incomplete, inaccurate, or misaligned with 

the problem context. 

Overall, these results indicate that students’ mathematical critical thinking abilities 

are relatively strong at the stages of interpretation and initial analysis but remain weak at the 

stages of evaluation and conclusion drawing. This finding highlights the need to implement 

instructional strategies that place greater emphasis on developing students’ evaluative and 

reflective abilities, so that mathematical critical thinking processes can develop more 

comprehensively. 

 

4. CONCLUSION  

This study shows that vocational high school students’ mathematical critical thinking 

skills in solving contextual problems are still predominantly in the low category. Students 

7

15

21

4

Page 13 of 15 - Integrity Submission Submission ID trn:oid:::1:3618983586

Page 13 of 15 - Integrity Submission Submission ID trn:oid:::1:3618983586



 https://doi.org/10.58421/misro.v5i3.1357  

 

 

2253 

demonstrated fairly good abilities in interpreting and analyzing mathematical information; 

however, they still experienced difficulties in evaluating solution strategies and drawing 

logical conclusions. The findings indicate that students are still more accustomed to solving 

problems procedurally rather than engaging in reflective and evaluative thinking processes. 

The results of this study imply that mathematics learning needs to place greater 

emphasis on activities that encourage students to analyze, evaluate, and reflect on their 

thinking processes. Teachers are expected to implement learning models such as Problem-

Based Learning and contextual learning to facilitate the development of students’ 

mathematical critical thinking skills. This study was limited to one vocational high school 

and focused only on sequences and series material. Therefore, future studies are 

recommended to involve broader research subjects and examine the implementation of 

innovative learning models in improving students’ mathematical critical thinking skills. 
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