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ABSTRACT  
The low ability of students in solving non-routine problems highlights the importance of examining 

their mathematical problem-solving abilities in contextual circle problems. Problem-solving ability 

refers to how individuals utilize their knowledge and skills to handle unfamiliar situations. These 

abilities are analyzed based on five indicators proposed by Krulik and Rudnick: read and think, 

explore and plan, select a strategy, find an answer, and reflect and extend. This study employed a 

descriptive qualitative method with data collected through written tests and semi-structured 

interviews. Data were analyzed using the Miles and Huberman model. The test instrument consisted 

of three contextual circle problems with different levels of guidance: complete guidance, brief 

guidance, and no guidance. The results show that students’ problem-solving abilities varied across 

each problem. In the first problem, most students from all categories were able to complete the task 

according to the indicators, although errors occurred in the calculation and reflection stages. In the 

second problem, one student in the moderate category showed a decline from the planning to the 

reflection stage, while students in the low category experienced a more significant drop. In the third 

problem, only students in the high category consistently showed good abilities, while moderate and 

low-category students struggled in nearly all stages. One student in the low category even made no 

attempt to solve the problem. Students’ problem-solving profiles are reflected through their successes 

and obstacles in carrying out the five problem-solving stages. 

Keywords: Contextual Circle Problems, Krulik dan Rudnick Indicators, Problem-Solving Ability 

 

How to Cite: Salwa, Hidayah, N., & Aribuabo, A. F. M. (2025). An Analysis Of Eleventh-

Grade Students’ Mathematical Problem-Solving Abilities In Contextual Circle Problems. 

Mathline: Jurnal Matematika dan Pendidikan Matematika, 10(3), 801-816. 

http://doi.org/10.31943/mathline.v10i3.956 

 

 

PRELIMINARY 

Students’ mathematical abilities include not only computation but also logical and 

critical thinking in solving problems. Solving mathematical problems is a complex cognitive 

ability that requires understanding the problem and applying mathematical concepts 

(Amalina & Vidákovich, 2023b). According to Alsina et al. (2024), mathematical problem 

solving is one of the main goals of mathematics In the 2012 PISA assessment, it is defined 

as the ability to understand and solve situations where the solution is not immediately 
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apparent  (Csapó & Molnár, 2017). Mathematical problem solving refers to a thinking 

process that involves understanding the problem situation and applying mathematical 

knowledge to reach a solution (Amalina & Vidákovich, 2023a). According to Isfahani et al. 

(2024), Krulik and Rudnick (1988, 1995) stated that problem-solving ability is the process 

of using one’s knowledge, skills, and understanding to resolve unfamiliar situations. Krulik 

and Rudnick (1995), proposed five interrelated steps in the problem-solving process: read 

and think, explore and plan, select a strategy, find an answer, and reflect and extend 

(Suryaningsih, 2019). Siswanto & Ratiningsih (2020), also argue that problem-solving 

ability is effective when students can comprehend information, design a plan, follow 

systematic steps, and correctly apply mathematical concepts to draw accurate conclusions 

related to contextual problems. 

One type of problem closely related to problem solving is the contextual problem. 

This type of question represents real-life situations encountered in daily life (Chavarría-

Arroyo & Albanese, 2023). According to Lomibao et al. (2017), students tend to solve a 

problem by relying on their prior understanding and knowledge until they are able to provide 

an answer or interpretation of the given situation. Word problems are a common form of 

contextual problems that present a scenario and a question, where the answer is obtained 

through the application of mathematical operations (Vessonen et al., 2025). Although 

contextual problems are intended to support understanding, many students still struggle to 

solve them. In relation to problem solving, scaffolding can be provided through student 

worksheets designed with embedded directions or instructions that encourage students to 

think, thus helping them better understand and solve the contextual problems presented 

(Arifin et al., 2020). On the other hand, students often dislike mathematics because they 

perceive it as difficult, full of formulas, and confusing (Rayhan & Juandi., 2023). This 

difficulty becomes a barrier to achieving optimal learning outcomes (Rayhan et al., 2025).  

One of the mathematical topics frequently considered difficult by students is the topic of 

circles. 

A circle is a closed curve where all points on the curve are equidistant from the center. 

The curved line in this definition can be understood as a closed curve, thus a circle is 

considered a two dimensional shape in a plane (Utami et al., 2022). The concept of the circle 

is taught from elementary school through high school and is closely related to daily life, so 

solving problems related to circles requires problem-solving skills (Sholihah et al., 2024). 

Nevertheless, many students have not yet fully understood the basic concepts of circles. This 

is evident from their errors in determining the area and circumference of circles or in 
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accurately visualizing the shape of a circle (Mustaghisa & Chandra, 2024). Thus, the topic 

of circles presents a unique challenge, particularly when students make frequent errors in 

distinguishing between radius and diameter, or applying formulas for area and circumference 

correctly. 

Observations in Grade XI at SMA Islam Pekalongan indicate that many students still 

face difficulties in following systematic steps in mathematical problem solving, particularly 

in designing appropriate strategies and identifying key information in the problems. These 

difficulties reflect a weak conceptual understanding, consistent with Indonesia’s 2022 PISA 

mathematics score of 366, which falls below the minimum proficiency level required for 

solving basic mathematical problems (OECD, 2023). Therefore, this study aims to describe 

the profile of students’ mathematical problem-solving abilities in contextual circle problems, 

with the goal of contributing to the improvement of mathematics learning quality. 

 

METHODS 

This study employed a descriptive qualitative method to analyze students’ 

mathematical problem-solving abilities in answering contextual circle problems based on 

Krulik and Rudnick’s stages. Qualitative research aims to examine phenomena in natural 

settings with the researcher acting as the primary instrument (Safrudin et al., 2023). 

According to Waruwu (2023), the qualitative approach is both descriptive and analytical. 

Descriptive refers to portraying and explaining events, phenomena, and social situations, 

while analytical involves interpreting, giving meaning to, and comparing the research data.  

The study was conducted at SMA Islam Pekalongan, involving six 11th-grade 

students in the second semester of the 2024/2025 academic year, selected through purposive 

sampling. Data were collected through tests and semi-structured interviews developed based 

on the five indicators of mathematical problem-solving abilities according to Krulik and 

Rudnick: read and think, explore and plan, select a strategy, find an answer, and reflect and 

extend. The Krulik & Rudnick model was chosen for this study because it is considered more 

suitable for non-routine or contextual problems, while the Polya model tends to be more 

appropriate for routine problems (Tohir et al., 2018). The test consisted of three contextual 

essay questions on the topic of circles, each with different levels of guidance (complete, 

brief, and none), aiming to explore students’ abilities based on the indicators. Before 

implementation, the test instrument was validated by three experts to ensure the suitability 

of each item with the predetermined indicators. Content validation was conducted as this 

study is descriptive qualitative, where the researcher acts as the main instrument. Validation 
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data were tabulated and analyzed using Aiken’s V formula, resulting in a score of 0,823. 

The validity criteria refer to Sensus et al., (2022), who stated that an instrument is considered 

valid if the index value falls within the range of 0,40 <  𝑉 ≤  0,60 or higher. Thus, the 

instrument in this study is declared valid and appropriate for use. 

The interview aimed to explore in greater depth the students’ thinking processes and 

strategies in solving contextual problems involving circles, guided by a framework based on 

the five indicators of Krulik and Rudnick. The read and think stage examined students’ 

understanding of the information and questions in the problem. Explore and plan 

investigated their initial plans, such as the use of diagrams. In select a strategy, students 

explained the strategy they chose and their reasoning. Find an answer focused on the process 

of constructing a solution and performing calculations, while reflect and extend evaluated 

the students’ answers, their awareness of mistakes, and the potential for applying the strategy 

to similar problems. Students’ abilities were analyzed using a scoring rubric on a 0–3 scale 

for each indicator, based on an adaptation from the study by (Sesa et al., 2022). Thus, the 

maximum score for each problem was 15. The final score was calculated using the following 

formula: 

Final Score = (
𝑆𝑡𝑢𝑑𝑒𝑛𝑡′𝑠 𝑆𝑐𝑜𝑟𝑒

𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑆𝑐𝑜𝑟𝑒
) × 100 

 

The data obtained from the study were collected, categorized, and processed to 

produce a description of the problem-solving ability categories, as presented in Table 1. 

Table 1. Categories of Problem-Solving Ability 

Category Score Interval Range of Scores 

High 𝑥 ≥ 76 76 − 100 

Moderate 55 < 𝑥 < 76 55,01 − 75,99 

Low 𝑥 ≤ 55 0 − 55 

     (Sesa et al., 2022) 

The qualitative data analysis in this study followed the stages proposed by Miles and 

Huberman (1992), data reduction, data display, and conclusion drawing. The reduced data 

included test results and interviews related to students’ thinking processes in solving 

contextual circle problems, which were then sorted according to ability categories (high, 

moderate, low) to enable more focused analysis. Data display refers to the process of 

organizing information in a way that facilitates the drawing of conclusions in qualitative 

research. Data can be presented in the form of brief descriptions, diagrams, or other formats 

(Zulfirman, 2022). The data collected in this study came from mathematical problem-solving 

test instruments and semi-structured interviews. All of these data were then processed and 

presented in written form for further analysis. In this study, conclusion drawing was carried 
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out through the following steps: 1). Reviewing all data based on the indicators of 

mathematical problem-solving ability as proposed by Krulik and Rudnick; 2). Formulating 

preliminary conclusions based on the initial analysis of students’ responses to contextual 

problems on circles; 3). Drawing final conclusions based on in depth analysis of the test 

results according to the indicators and students’ ability categories. 

 

RESULT AND DISCUSSION 

Based on students’ scores, mathematical problem-solving abilities were categorized 

into three groups: high, moderate, and low. Differences in ability were observed through the 

students’ work on three contextual circle problems, which were analyzed using the indicators 

proposed by Krulik and Rudnick. 

A. Research Result 

1) Analysis of Data on Problem 1 

The first problem provided complete guidance and asked students to 

determine the equation of a miniature garden circle based on the given diameter and 

the center point of the original garden. In the read and think stage, students identified 

key information in the problem. The explore and plan stage involved calculating the 

radius of the miniature garden. In select a strategy, students chose the general formula 

for the equation of a circle. During find an answer, they substituted the values into 

the formula and performed the calculation. Finally, in the reflect and extend stage, 

students concluded the equation form as the final answer. This problem assessed 

students’ ability to construct a mathematical model from a real-world context with 

the support of structured steps. 

a) Data Result in the High Category 

Based on the data analysis, the test results of students in the high category 

namely students T5 and T6 are presented. In the fourth indicator, student T5 made 

an error in the final calculation by writing the result of the squared radius substitution 

as 122 = 122, whereas it should have been 144. In the fifth indicator, T5 was able to 

write a conclusion consistent with the result of substituting the squared radius into 

the circle equation. This indicates that despite a calculation error, the student was still 

able to reflect and connect the result to the correct concept. Meanwhile, student T6 

did not rewrite the formula as instructed but was able to perform the calculation 

accurately due to a thorough understanding of the concept. This shows that strong 

conceptual mastery enables students to solve problems systematically. Overall, 
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students in the high category were able to solve the problems well, although there 

were still some issues with calculation accuracy and consistency in presenting the 

results. 

b) Data Results in the Moderate Category 

The following presents the test analysis of moderate-category students S1 and S2: 

  

Figure 1. S1’s Test Result Figure 2. S2’s Test Result 

The analysis of students S1 and S2 reveals a difference in their level of 

achievement. In the first indicator, S1 was able to write the given information 

correctly but did not include the part of the question being asked, resulting in an 

incomplete understanding of the problem. In the second indicator, S1 was able to 

determine the radius of both the original park and the miniature, but the presentation 

of the steps lacked order and systematic structure. In the fourth indicator, although 

the value substitution was correct, S1 did not complete the procedure to the final step. 

A fairly significant error was found in the fifth indicator, where S1 wrote a conclusion 

that did not match the calculation result. On the other hand, S2 showed better 

performance across the indicators. Although the written steps in the second indicator 

were unclear, the interview revealed a strong conceptual understanding. Therefore, 

it can be concluded that S2 demonstrated better problem-solving skills than S1, as S2 

was able to understand the problem, follow the instructions carefully, and complete 

the process through to the conclusion. Meanwhile, S1 still experienced confusion in 

understanding the question and in formulating an accurate final conclusion. 

c) Data Results in the Low Category 

The following presents the test analysis of low-category students R1 and R2: 
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Figure 3. R1’s Test Result Figure 4. R2’s Test Result  

Overall, both R1 and R2 were able to fulfill the second and fourth indicators 

successfully. They accurately determined the radius of the park and correctly performed 

value substitution to obtain the expected results. However, inconsistencies were 

observed in the remaining indicators. In the first indicator, R2 systematically wrote 

down the known and asked information, whereas R1 demonstrated only a visual 

understanding without documenting it. Regarding the third indicator, R2 stated the 

formula before substitution, while R1 directly substituted the values without including 

the formula. In the fifth indicator, R2 formulated a consistent conclusion, although it 

was not yet simplified, while R1 provided a conclusion that did not correspond to the 

calculated result. Based on the test and interview findings, R2 exhibited a more 

systematic problem-solving process compared to R1.  

2) Analysis of Data on Problem 2 

The second problem provided brief guidance, in which students were asked to 

calculate the circumference and area of a circular pond based on a given equation. In 

the read and think stage, students identified the center and radius from the standard 

equation. The explore and plan stage involved determining the radius by taking the 

square root. In select a strategy, students chose the formulas for circumference and area 

of a circle using π = 3.14. In find an answer, they performed the calculations based on 

the formulas, and in reflect and extend, they concluded the results along with appropriate 

units. This problem assessed students’ ability to interpret an equation and apply it in a 

geometric context. 

a) Data Results in the High Category 

Both students T1 and T2 were able to fulfill most of the indicators of 

mathematical problem-solving ability. They successfully determined the radius of 

the circle, applied the formulas for circumference and area before performing 
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calculations, and executed the calculations accurately. Their written responses and 

explanations during the interviews reflected a solid understanding of the problem-

solving process. However, T2 did not state the question being asked in the first 

indicator and only focused on the given information. During the interview, T2 

admitted that this occurred due to a lack of careful reading of the problem. In the fifth 

indicator, T2 only included the result of the circumference in the conclusion, omitting 

the area, even though both were required. T2 was unaware of this omission until it 

was pointed out during the interview, indicating a weakness in reviewing the final 

answer. In contrast, student T1 demonstrated a complete solution that aligned with 

all indicators, including stating both the known and required information, concluding 

with a complete sentence, and writing the correct units. This difference suggests that 

while T2 has a good conceptual understanding of the necessary steps, improvement 

is needed in terms of accuracy and awareness in presenting all essential elements of 

the solution. 

b) Data Results in the Moderate Category 

The following presents the test analysis of moderate-category students S1 and S2: 

 

 

Figure 5. S1’s Test Result Figure 6. S2’s Test Result 

In general, both S1 and S2 met most of the indicators, particularly in the initial 

stage of understanding the problem. In the first indicator, both students were able to 

identify the given information, such as the center point and the form of the equation, 

and understood what was being asked. In the second indicator, S1 demonstrated a 

well-structured process in determining the radius from the given equation. S2 also 

identified the radius correctly but did not show the calculation process, indicating 

limited elaboration of their thinking. Regarding the third indicator, S1 wrote the 
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formulas for both circumference and area completely, while S2 only included the 

formula for circumference, suggesting a lack of mastery in selecting appropriate 

strategies. 

In the fourth indicator, S1 carried out the calculations for both circumference 

and area correctly. In contrast, S2 only calculated the circumference, and the result 

was incorrect due to an error in decimal multiplication. In the fifth indicator, S1 

provided a complete conclusion, including appropriate units and both results, 

whereas S2 only stated the circumference and mistakenly used that value as the area 

without further calculation, resulting in an inaccurate conclusion. These findings 

highlight a difference in the completeness of the process and accuracy of the final 

answer. S2 appeared to struggle with recalling formulas, lacked precision, and did 

not review their work, indicating the need for further guidance to improve accuracy 

and systematic thinking skills. 

c) Data Results in the Low Category 

 The following presents the test analysis of low-category students R1 and R2: 

  

Figure 7. R1’s Test Result Figure 8. R2’s Test Result 

In the first indicator, both respondents were able to correctly identify the 

given and asked information in the problem. However, in the second indicator, both 

made a conceptual error by interpreting the value 36 in the equation as r instead of 

r², thus failing to extract the square root and directly writing r = 36. R2 did not realize 

this mistake until the end of the problem, while R1 recognized the error when 

beginning the calculation process. In the third indicator, R2 incorrectly stated the 

formula for circumference and was only accurate in the area formula, indicating a 

lack of mastery of basic formulas. In contrast, R1 correctly wrote both formulas, 

aided by the guidance provided in the question. 

For the fourth indicator, R2 did not complete the calculation properly due to 

uncertainty about the radius value and difficulty handling decimal numbers, resulting 
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in an incorrect final answer. Conversely, although R1 initially wrote r = 36, they used 

the correct radius (r = 6) during the calculation, leading to an accurate result. In the 

fifth indicator, R2 was unable to provide a complete and correct final conclusion, as 

they lacked confidence in their calculations and had not properly finished the 

problem. Meanwhile, R1 was able to compose a complete and accurate conclusion 

aligned with the final result. Overall, although both students made an initial error in 

determining the radius, R1 was able to correct the mistake and solve the problem 

more effectively, thus demonstrating stronger mathematical problem-solving ability 

compared to R2.  

3) Analysis of Data on Problem 3 

The third problem did not include any guidance, so students had to 

independently construct the equation of a circle using information about the center 

and diameter of the pond, then convert it into general form. In the read and think 

stage, students understood the initial information. During explore and plan, they 

gradually determined the radius. The select a strategy stage involved choosing the 

equation formula for a circle. Next, in the find an answer stage, students substituted 

the values and simplified them into standard form. Finally, in the reflect and extend 

stage, they converted the equation into general form and checked the result. This 

problem assessed students’ ability to formulate strategies and solve problems without 

any solution guidance. 

a) Data Results in the High Category 

Student T1 demonstrated full achievement across all indicators of 

mathematical problem-solving ability. The student understood the problem well, 

highlighted key information, and supported their understanding with prior 

knowledge. The solution steps were written completely and neatly, accompanied by 

a clear final conclusion. Student T2 also showed strong performance, successfully 

identifying important information and arriving at the correct answer. However, T2 

did not write down what was being asked in the problem and provided an incomplete 

calculation process, particularly in determining the radius. The strategies and 

conclusions written were also less detailed compared to those of T1. Overall, T1 

demonstrated a more systematic and complete problem-solving ability than T2. 

Based on interview results, T1 followed the problem instructions thoroughly, while 

T2 tended to skip certain steps due to feeling confident in their understanding of the 

task. 
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b) Data Results in the Moderate Category 

The following presents the test analysis of moderate-category students S1 and S2: 

 
 

Figure 9. S1’s Test Result Figure 10. S2’s Test Result 

In problem number 3, Student S2 was able to meet the first and second 

indicators by clearly writing down the given information and correctly determining 

the radius. However, in the third and fourth indicators, errors occurred in selecting 

the appropriate formula and performing the substitution calculation, resulting in an 

incorrect answer. In the fifth indicator, S2 was unable to properly transform the 

equation form and failed to state the conclusion clearly. Meanwhile, Student S1 

fulfilled the third indicator by correctly writing the formula, but did not meet the first 

and second indicators due to not stating the question and failing to determine the 

radius. This mistake also affected the outcomes in the fourth and fifth indicators, 

where the calculation and conclusion were inaccurate. Therefore, although both 

students received the same score, S2 demonstrated a stronger understanding of the 

initial concept, while S1 tended to rely on memorizing formulas without fully 

comprehending the problem context. 

c) Data Results in the Low Category 

Only respondent R16 attempted problem number 3, while respondent R13 

did not complete the task due to perceiving it as too difficult; thus, none of the 

indicators were achieved. The following is an analysis of the test and interview data 

from respondent R1. 
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Figure 7. R1’s Test Result 

Respondent R1 demonstrated inconsistencies across nearly all indicators. For 

the first indicator, R1 only wrote the information about the center point and the 

original diameter without stating what was being asked. In the second indicator, R1 

failed to determine the radius of the miniature pond due to confusion caused by the 

absence of guidance. In the third and fourth indicators, errors occurred in both the 

use of formulas and calculations due to the incorrect radius value. For the fifth 

indicator, R1 was unable to transform the equation correctly and did not write a 

conclusion due to confusion. In general, both students in the low-ability category 

experienced difficulties in understanding the problem, planning solution steps, and 

composing accurate calculations and conclusions. These difficulties were 

influenced by confusion, lack of focus, and unpreparedness in solving problems 

without explicit instructions. 

 

B. Discussion 

Based on the analysis of six subjects, students’ mathematical problem-solving 

abilities were categorized into three levels: high, moderate, and low. In the first problem, 

T1 and T2 showed good performance, although T1 made a calculation error. S1 and S2, 

as moderate-category students, also demonstrated fairly good initial abilities, with S1 

completing the explore and plan through find an answer stages, though less optimal in 

understanding the problem and reflection. S2, meanwhile, had not yet performed well 

in the explore and plan stage. In the low category, R1 performed relatively well in the 

explore and plan and find an answer stages, while R2 met all indicators optimally. 

In the second problem, T1 and T2 continued to apply appropriate strategies and 

produced correct solutions, although T2 showed a slight decline, particularly in reading 

the problem and reflecting. In the moderate category, S1 began to show a decrease, 

especially in the explore and plan indicator, which was not achieved. S2 also began to 

struggle, particularly in selecting strategies, solving the problem, and reflecting. In the 
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low category, R1 performed better than R2 in the second problem. R1 achieved well in 

strategy, solving, and reflection, although their understanding still needed improvement. 

Meanwhile, R2 only showed strength in the initial stage of understanding the problem 

but declined in the following stages, resulting in a less optimal outcome. 

In the third problem, high-category students continued to apply suitable 

strategies and produce accurate solutions, although T2 showed decreased performance 

in the first and second indicators. S1, in the moderate category, experienced a decline, 

especially in the explore and plan stage. S2 showed significant difficulties from explore 

and plan to reflect and extend, with most indicators minimally achieved. Low-category 

students experienced the most significant decline. R2 was unable to solve the problem 

at all due to lack of attempt. R1, on the other hand, still showed limited achievement in 

several stages, although the result was not optimal. 

A math problem becomes a problem for students when it is non-routine, 

unfamiliar, and cannot be solved directly (Faza et al., 2022). According to Schukajlow 

et al. (2023), students who worked on problems with specific guidance showed higher 

success rates and were more likely to include numerical assumptions than those without 

guidance. Krulik and Rudnick proposed five interrelated problem-solving steps: read 

and think, explore and plan, select a strategy, find an answer, and reflect and extend 

(Lukman et al., 2023). Students’ low performance is often caused by a lack of 

experience in solving problem-based questions (Reva et al., 2025), and errors in one 

stage can affect performance in others (Sari et al., 2020). Therefore, students’ varying 

abilities in solving contextual circle problems can be analyzed based on their successes 

or difficulties in carrying out these five stages. 

 

CONCLUSION 

The results of the study show that students’ mathematical problem-solving abilities 

in solving contextual circle problems varied across each question. In the first problem, most 

students from all categories were able to solve the problem according to the indicators, 

although there were still some errors in certain stages such as calculation and reflection. In 

the second problem, one student in the moderate category showed a decline from the 

planning to reflection stages, resulting in a less optimal outcome. Students in the low 

category showed a more significant decline and were not yet able to solve the problem 

effectively. In the third problem, only students in the high category consistently 

demonstrated strong abilities, while those in the moderate and low categories experienced 
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difficulties in nearly all stages. One student in the low category did not show any attempt to 

solve the problem. Thus, students’ profiles of mathematical problem-solving abilities are 

reflected through their performance across the five stages, and these findings can be used by 

teachers to design structured learning activities and worksheets based on the Krulik and 

Rudnick model. 
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