
 

 

Volume 8, Number 2, October 2026 

Jurnal Didactical Mathematics 
DOI: https://doi.org/10.31949/dm.v8i2.19208 

p-ISSN: 2622-7525, e-ISSN: 2654-9417 

 

 

 

| 469 
Open Access: https://ejournal.unma.ac.id/index.php/dm 

Stage-Specific Patterns in Students’ Statistical Problem Solving: 

A Qualitative Analysis Through Pólya’s Framework 
 

Laura Fatikhatus Salim¹*, Muthiah Fildzah Noverli2, Hendra Kartika3 
1.2.3 Department of Mathematics Education, Universitas Singaperbangsa Karawang 

 

*Corresponding Author:  2210631050123@student.unsika.ac.id 

 
Article Info Abstract 
 

Article History 
This study examined Grade VIII students’ mathematical problem-solving 

performance in statistical tasks through Pólya’s four problem-solving stages: 

understanding the problem, devising a plan, carrying out the plan, and looking 

back. A qualitative descriptive design was employed to examine students’ 

written responses across these stages. The participants were 30 eighth-grade 

students from MTsN 4 Bogor who completed an open-ended mathematical 

problem-solving test. Based on their overall scores, six students representing 

high-, moderate-, and low-achievement categories were purposively selected 

for qualitative analysis. The analysis focused on the evidence of students’ 

problem interpretation, planning, procedural execution, and post-solution 

evaluation in their written work. The findings showed that students’ 

performance was uneven across the four stages. Students differed in how 

explicitly they identified relevant information and documented their solution 

plans, while procedural execution varied in accuracy and consistency. The 

clearest difficulty occurred in the looking-back stage, as the responses examined 

did not provide explicit written evidence of verification or evaluation of the 

obtained results. Stage-specific performance also did not consistently 

correspond to overall achievement classification: students with lower overall 

scores demonstrated competence in particular stages, while a student with the 

highest overall score did not explicitly demonstrate verification in the response 

examined. These findings indicate that overall achievement scores do not fully 

represent the characteristics of students’ problem-solving processes. 

Examining written work across Pólya’s stages can therefore provide a more 

differentiated account of students’ statistical problem solving, particularly by 

making stage-specific strengths and difficulties visible. 
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INTRODUCTION 

Mathematical problem solving is a central component of mathematics education because it 

requires students to coordinate mathematical knowledge, representations, strategies, and reasoning 

rather than merely produce correct answers. Contemporary research has increasingly examined 

problem solving as a process, focusing on how students interpret problems, construct solutions, 

and evaluate their reasoning rather than on final answers (Liljedahl & Cai, 2021). In this process, 

students may coordinate different forms of representation, including symbolic and verbal 

representations, as they interpret information and develop mathematical solutions (Anwar & 

Rahmawati, 2017). Mathematical problem-solving performance is therefore multidimensional, 

involving not only procedural knowledge but also cognitive and metacognitive processes that 

influence how students approach and regulate their solutions (Özcan & Eren Gümüş, 2019; Güner 
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& Erbay, 2021). This process-oriented perspective matters for didactical analysis because an overall 

measure of achievement may not fully capture how students engage with specific components of 

mathematical problem solving. 

Pólya's four-stage framework provides an established way to examine these processes by 

understanding the problem, devising a plan, carrying out the plan, and looking back. Rather than 

treating problem solving as a single outcome, the framework enables the analysis of how students 

move through interconnected stages of mathematical activity (Kania & Ratnawulan, 2022). 

Previous studies have shown that students' performance can differ across these stages, with 

difficulties emerging in interpreting problem information, selecting appropriate strategies, and 

carrying out or completing solutions (Luthfiyah et al., 2022). Research has also shown that 

students' representations may develop across the stages of Pólya's framework, further indicating 

that problem solving involves a sequence of related reasoning and representational processes 

(Anwar & Rahmawati, 2017). Thus, Pólya's framework is useful not only for classifying students 

according to overall problem-solving ability but also for examining where particular difficulties 

occur within the solving process. This perspective aligns with evidence that mathematical problem-

solving performance cannot be adequately understood through a single dimension of achievement 

because different cognitive and metacognitive processes may operate during problem solving 

(Özcan & Eren Gümüş, 2019; Güner & Erbay, 2021). 

This process-oriented view is particularly relevant to statistical problem solving, where 

students must interpret information and representations, organize and analyze data, apply 

appropriate procedures, and make sense of the resulting information. Statistical problem solving 

therefore involves more than procedural calculation and requires students to coordinate statistical 

information with mathematical reasoning (Rosidah et al., 2018; Hidayanto & Rahmatina, 2020). 

Recent research has examined statistical problem solving through stage-based approaches, 

including using Pólya's framework to investigate students' statistical problem-solving skills 

(Makwakwa et al., 2024). Research involving middle school students has also indicated that 

components of the statistical problem-solving process may receive insufficient attention when 

emphasis is placed primarily on the final solution (Hedges et al., 2022). Within the Indonesian 

context, students' problem solving in statistical settings has been examined through Pólya's stages, 

including research on statistical problems in problem-based learning (Aini et al., 2023) and problem 

solving involving data presentation (Meisy et al., 2022). These studies establish statistical problem 

solving as a context in which students' processes of interpretation, planning, execution, and 

evaluation can be examined systematically. 

Although this literature provides substantial evidence concerning students' performance and 

difficulties across Pólya's stages, an important process-level issue remains. Existing studies have 

often described students' problem-solving abilities according to the four stages or examined 

differences by mathematical topic and achievement level (Aini et al., 2023; Luthfiyah et al., 2022). 

Such approaches provide useful information about students' strengths and difficulties, but they do 

not necessarily establish whether an overall achievement classification consistently represents 

performance across each individual stage. This distinction matters because problem-solving 

processes may develop unevenly: a student may successfully execute a mathematical procedure 

while showing limited evidence of evaluating the solution, or may demonstrate adequate 

understanding without developing a coherent plan. Consequently, examining students only 

through an overall classification of high, moderate, or low achievement may obscure meaningful 

differences in how particular problem-solving processes are enacted. A process-level examination 
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is therefore needed to determine how performance at individual stages corresponds to students' 

overall achievement in statistical problem solving. 

The looking-back stage is especially important in examining this issue because it involves 

checking the solution, reconsidering the reasoning, and evaluating whether the result is appropriate 

for the problem. Research on students' use of look-back strategies shows that looking back can 

support reconsidering solutions and exploring alternative solution methods (Lee, 2016). Similarly, 

Koichu et al. (2021) examined looking back as a mathematical practice and highlighted the 

importance of supporting students in engaging in this form of reflection. The relevance of looking 

back is also connected with metacognitive processes in mathematical problem solving, particularly 

monitoring and evaluating performance after a solution has been produced (García et al., 2016; 

Güner & Erbay, 2021). These perspectives indicate that completing a procedure successfully does 

not necessarily mean that students have explicitly examined or verified the resulting solution. 

However, less is known about how students' engagement in looking back relates to their 

performance in the preceding Pólya stages and to their overall achievement when solving statistical 

problems. Examining this relationship can therefore provide a more differentiated account of 

students' problem-solving processes than an overall achievement score alone. 

Against this background, the present study examines eighth-grade students' mathematical 

problem-solving performance in statistical tasks through Pólya's four stages: understanding the 

problem, devising a plan, carrying out the plan, and looking back. The analysis focuses on how 

students' performance varies across these stages in relation to their overall achievement levels. 

Rather than using the Pólya stages only to assign an overall problem-solving category, the study 

examines students' responses at each stage to identify patterns in the processes underlying their 

statistical problem solving. Particular attention is given to the looking-back stage and its relationship 

with performance in the preceding stages, providing a more detailed examination of how students' 

problem-solving performance manifests across different levels of overall achievement. 

 

METHODS 

Research Design 

This study employed a qualitative descriptive design to examine eighth-grade students' 

mathematical problem-solving performance when solving statistical tasks through Pólya's four 

stages: understanding the problem, devising a plan, carrying out the plan, and looking back. A 

qualitative descriptive design was selected because the study aimed to provide a systematic and 

empirically grounded description of students' problem-solving processes without testing causal 

relationships or evaluating the effectiveness of an instructional intervention. Qualitative descriptive 

research is particularly appropriate when researchers seek to present a phenomenon in a relatively 

direct and accessible form while maintaining a close connection to the empirical data (Villamin et 

al., 2025). The design therefore allowed the analysis to remain closely grounded in students' written 

solutions and the observable characteristics of their responses at each problem-solving stage. This 

orientation is consistent with mathematics education research that treats mathematical activity as 

situated in students' engagement with tasks and the ways in which they coordinate mathematical 

resources during problem solving (Abrahamson & Sánchez-García, 2016). Accordingly, the study 

focused on describing stage-specific patterns of problem-solving performance rather than inferring 

unobserved cognitive processes. 
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Research Participants 

The study was conducted at MTsN 4 Bogor, Indonesia, and involved 30 eighth-grade 

students from one intact classroom. The class was purposively selected because it represented the 

target population and was accessible for study implementation. After administering the 

mathematical problem-solving test, students were classified into three achievement categories—

high, moderate, and low—based on their overall problem-solving scores. Two students from each 

category were then purposively selected as focal participants, resulting in six students for the 

qualitative analysis. The selection was intended to enable comparison of students' problem-solving 

processes across different overall achievement levels rather than to produce statistical 

generalization to the wider student population. 

Research Instrument 

The primary research instrument was an open-ended mathematical problem-solving test 

focusing on statistical concepts. The tasks were designed to elicit written evidence of students’ 

problem-solving processes based on Pólya’s four stages: (1) understanding the problem, (2) devising 

a plan, (3) carrying out the plan, and (4) looking back. Students were instructed to identify the 

information provided in the problem, formulate an appropriate strategy, present the procedures 

used to obtain a solution, and evaluate the reasonableness of their final answers. The use of open-

ended tasks was intended to make students’ mathematical problem-solving processes visible 

through their written responses rather than relying solely on the correctness of the final answer. 

This approach is consistent with the view that mathematical task design can provide opportunities 

for students to demonstrate and communicate their mathematical reasoning and problem-solving 

activity (Chan & Clarke, 2017). Pólya’s framework was subsequently used as the analytical basis 

for examining the extent to which students demonstrated each stage of the problem-solving process 

in their written work. Before data collection, experts reviewed the instrument to assess the relevance 

and clarity of the tasks and their alignment with the four Pólya problem-solving indicators. The 

expert review ensured that the tasks were appropriate for eliciting evidence of the intended 

problem-solving processes. The students’ written responses were then collected and retained as the 

primary empirical data for analysis according to the four stages of Pólya’s problem-solving 

framework. 

Data Collection Procedures 

Data collection was conducted sequentially. First, permission to conduct the study was 

obtained from the school administration, followed by coordination with the mathematics teacher 

concerning the research schedule and classroom implementation. The mathematical problem-

solving test was subsequently administered to the 30 students during regular classroom instruction. 

The test consisted of open-ended statistical tasks structured to elicit evidence corresponding to the 

four Pólya stages. Students were instructed to write their solution procedures explicitly, including 

their interpretation of the problem, planned strategy, mathematical procedures, and evaluation of 

the obtained solution. The written responses were collected after completion of the test and 

subsequently used for scoring and qualitative analysis. 

Scoring and Classification of Mathematical Problem-Solving Performance 

Students’ mathematical problem-solving performance was evaluated using an analytical 

scoring rubric based on Pólya’s four stages: (1) understanding the problem, (2) devising a plan, (3) 

carrying out the plan, and (4) looking back. Each indicator was scored on a three-point scale 

ranging from 0 to 2. A score of 0 indicated that no appropriate response or relevant evidence was 

provided, a score of 1 indicated a partially correct, incomplete, or inaccurate response, and a score 

https://doi.org/10.1007/s11858-017-0876-2
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of 2 indicated an appropriate and complete response. The scoring focused on the evidence of 

students’ problem-solving processes demonstrated in their written responses rather than solely on 

the correctness of the final answer. The scores across the four indicators were summed to obtain 

each student’s overall problem-solving score and then converted to a 0–100 scale. Based on the 

predetermined classification criteria, students were categorized as high (75–100), moderate (50–

74), or low (0–49). These categories were used to identify focal participants for the subsequent 

qualitative analysis. Accordingly, the overall score functioned as a basis for participant selection, 

while the students’ responses at each stage of Pólya’s problem-solving framework served as the 

primary evidence for examining differences in their mathematical problem-solving processes. 

 

Table 1. Classification of Students' Mathematical Problem-Solving Performance 

Score Category 

75–100 High 

50–74 Moderate 

0–49 Low 

 

Table 2. Scoring Rubric Based on Pólya's Problem-Solving Stages 

No. Indicator Performance Description Score 

1 Understanding the 

Problem 

Does not identify the known or required information or 

provides an irrelevant response. 

0 

  Identifies some of the known and required information, 

but incompletely or inaccurately. 

1 

  Correctly and completely identifies the known and 

required information. 

2 

2 Devising a Plan Does not formulate an appropriate solution strategy. 0 

  Formulates a strategy, but it is incomplete or 

inappropriate. 

1 

  Formulates an appropriate and complete solution 

strategy. 

2 

3 Carrying Out the 

Plan 

Does not attempt the solution or applies an 

inappropriate procedure. 

0 

  Applies an appropriate procedure but commits 

computational or procedural errors. 

1 

  Correctly implements the procedure and obtains an 

accurate solution. 

2 

4 Looking Back Does not review or evaluate the obtained solution. 0 

  Reviews the solution, but the verification is incomplete 

or inaccurate. 

1 

  Thoroughly verifies the solution and provides an 

appropriate conclusion. 

2 

 

Qualitative Analysis of Stage-Specific Problem-Solving Performance 

Data analysis was conducted in two related phases. First, the responses of all 30 students 

were scored using the Pólya-based rubric and converted to the overall achievement scale described 

above. Second, the written responses of the six focal participants were examined qualitatively 
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across the four Pólya stages. For each participant, the analysis identified evidence of understanding 

the problem, devising a plan, carrying out the plan, and looking back. Attention was given to the 

completeness, appropriateness, and accuracy of the evidence demonstrated at each stage. The 

analysis then compared patterns within and across the high-, moderate-, and low-achievement 

groups. Particular attention was given to whether students' performance at individual stages was 

consistent with their overall achievement classification. This comparison helped identify 

similarities, differences, and instances of uneven performance across the problem-solving process. 

The analysis remained grounded in observable features of students' written responses; therefore, 

interpretations concerning reflection, monitoring, or verification were based on explicit evidence 

in the responses rather than on assumptions about students' internal cognitive states. This approach 

is consistent with qualitative descriptive analysis, which emphasizes a close connection between 

empirical data and the resulting description of the phenomenon (Villamin et al., 2025). 

Ethical Considerations 

The researchers followed ethical procedures throughout the study. The researchers obtained 

permission to conduct the research from the administration of MTsN 4 Bogor, and participation 

was voluntary. Students were informed about the purpose and procedures of the study and that 

their responses would be used solely for research purposes. Participants' identities were protected 

through anonymized identification codes, and no personally identifiable information was disclosed 

in reporting the findings. 

 

RESULT 

Overall Achievement Profile and Selection of Focal Participants 

The mathematical problem-solving test was administered to 30 eighth-grade students. 

Students' overall performance was first evaluated using the Pólya-based scoring rubric described in 

the Methods. The resulting scores were converted to a 0–100 scale and used to classify students 

into high, moderate, and low achievement categories. Six students were subsequently selected as 

focal participants for detailed qualitative analysis of their written responses across the four Pólya 

stages. 

 

Table 3. Overall Mathematical Problem-Solving Scores of Focal Participants 

No. Subject Code Total Score Category 

1 S22 100 High 

2 S26 87.5 High 

3 S17 62.5 Moderate 

4 S32 75 High 

5 S10 50 Moderate 

6 S20 37.5 Low 

 

The six focal participants provided variation in overall mathematical problem-solving 

performance, with scores ranging from 37.5 to 100. Their written responses were subsequently 

examined across the four Pólya stages: understanding the problem, devising a plan, carrying out 

the plan, and looking back. The stage-level analysis focused on the evidence explicitly 

demonstrated in the students' written work rather than on their final answers alone. 
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Understanding the Problem 

The understanding the problem stage concerns students' identification of relevant information 

presented in a task and determination of the information required before proceeding to a solution. 

Analysis of the three written responses revealed differences in how these elements were explicitly 

represented, particularly in the organization of the given information, identification of the required 

quantities, and transition from problem information to the resulting statistical answer. 

 

 
Figure 1. Response of S26 to Problem 1 

 

 
 

Figure 2. Response of S17 to Problem 1 
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Figure 3. Response of S10 to Problem 1 

 

S26 provided the most explicit written representation of the initial problem information. The 

response documented the relevant numerical information, determined the total number of 

observations (36 students), and identified the value with the highest frequency (70, occurring 15 

times). The response therefore showed a clear written connection between the information 

extracted from the task and the statistical quantities subsequently reported. S17 also used relevant 

information from the task to determine the required statistical quantities. The response indicated 

the number of observations and identified the value associated with the highest frequency. 

However, these elements were documented more concisely than in S26, with less explicit 

separation between the information provided by the task and the information being sought. 

S10 presented the required numerical information more directly. The response stated that 

there were 36 students and identified 70 as the most frequent value, with a frequency of 15 students. 

Although the required statistical result was obtained, the response did not explicitly document the 

known information and the quantities being sought as separate elements before presenting the 

result. 

 

Table 4. Evidence of Students' Performance at the Understanding-the-Problem Stage 

Participant Relevant 

information 

Required 

information 

Statistical evidence 

in response 

Characteristic of 

written evidence 

S26 Explicitly 

documented 

Explicitly 

represented 

36 observations; 

mode = 70; 

frequency = 15 

Explicit and 

structured 

S17 Evident from 

the response 

Evident but 

concise 

Number of 

observations and 

highest-frequency 

value identified 

Present but 

concise 

S10 Reflected 

through the 

reported result 

Not explicitly 

documented as a 

separate element 

36 students; mode = 

70; frequency = 15 

Limited explicit 

documentation 
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As shown in Table 4, all three responses contained evidence that relevant statistical 

information was used, but the explicitness and organization of the problem-understanding process 

differed. S26 documented the initial information and its relation to the required quantities most 

explicitly, whereas S17 represented the relevant information more concisely. S10 produced the 

required numerical result but provided less explicit written evidence of the initial identification of 

what was given and what was being sought. The comparison therefore indicates a distinction 

between obtaining the required result and explicitly documenting the problem-understanding 

process. In the responses examined, correct statistical results were not consistently accompanied 

by the same level of explicit evidence showing how the problem was initially interpreted. 

Devising a Plan 

The devising a plan stage concerns how students establish a mathematical strategy for 

addressing the task before carrying out the required procedures. In the responses examined, both 

students used an appropriate approach for determining the lower and upper quartiles, but the 

strategy was represented with different degrees of explicitness in their written work. 

 

 
Figure 4. Response of S26 to Problem 2 
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Figure 5. Response of S32 to Problem 2 

 

In S26's response, the student first represented the data and then proceeded to calculate the 

quartiles. The response identifies the data set, then uses the quartile procedure to determine the 

lower and upper quartiles. For the lower quartile, the student used the relevant middle values and 

calculated (16 + 17)/2 = 16.5, while the upper quartile was obtained from the corresponding 

upper-half values as (21 + 22)/2 = 21.5. Thus, the response contains evidence of an appropriate 

mathematical procedure for determining the two quartiles. However, the strategy itself was not 

explicitly stated as a separate planning step; it was primarily embedded in the subsequent 

organisation of the data and calculations. S32 demonstrated a more explicitly documented 

sequence before completing the quartile calculations. The response first stated the information 

provided and what was required, then organized the observations and separated the data into the 

lower and upper portions before determining the corresponding quartile values. The student 

subsequently used the middle values of each portion to obtain 𝑄1 = 16.5and 𝑄3 = 21.5. Compared 

with S26, therefore, S32 made more of the intermediate organisation underlying the selected 

procedure visible in the written response. 

 

Table 5. Evidence of Students’ Performance in Devising a Plan 

Participant Strategy Evidence Data Organization Procedure 

Selected 

Explicitness of 

Planning 

S26 Evident through the 

sequence of data 

representation and 

quartile calculation 

Data represented 

before calculation 

Appropriate 

quartile 

procedure 

Implicit / 

embedded in 

procedure 
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S32 Explicit sequence from 

given information to 

data organization and 

quartile calculation 

Data organized and 

divided into lower 

and upper portions 

Appropriate 

quartile 

procedure 

More explicitly 

documented 

 

As shown in Table 5, both responses contained evidence of an appropriate strategy for 

solving the quartile task, but the planning process was represented differently. S26 demonstrated 

the selected strategy primarily through the mathematical procedure itself, whereas S32 made more 

of the organisational steps preceding the calculation explicit. The distinction therefore concerns not 

the appropriateness of the strategy, but the extent to which the planning process was externalised 

in the written solution. This comparison indicates that evidence of devising a plan may appear 

through different forms of written activity. A student may demonstrate an appropriate plan 

implicitly through an ordered mathematical procedure, while another may make the intermediate 

organisational decisions more explicit before carrying out the calculation. 

Carrying Out the Plan 

The carrying out the plan stage concerns students' implementation of the selected strategy 

through mathematically appropriate and consistent procedures. The responses examined in Figures 

6 and 7 showed different difficulties in translating the intended statistical procedure into a valid 

calculation. 

 
Figure 6. Response of S17 to Problem 3 
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S17 attempted to determine the median from the given data by first identifying the number 

of observations and locating the positions around the centre of the distribution. The response 

calculated (14 + 1)/2 = 7.5 and subsequently identified the 7.5th and 8.5th positions as 82 and 86, 

respectively. The student then calculated their average as 84. Although this sequence shows an 

attempt to apply a positional procedure for determining the median, the written work does not 

show a consistent ordering of the data before identifying the positions. In addition, the subsequent 

calculation comparing 168/14 = 84 𝑤𝑖𝑡ℎ 81 𝑑𝑜𝑒𝑠 𝑛𝑜𝑡 𝑝𝑟𝑜𝑣𝑖𝑑𝑒 a mathematically meaningful 

verification of the median. Thus, the difficulty in S17's response was not limited to arithmetic 

accuracy; it involved inconsistency between the organization of the data, identification of 

positional values, and subsequent calculation. 

 

 
Figure 7. Response of S10 to Problem 3 
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S10 attempted to determine the mean, median, and mode from a frequency distribution of 

shoe sizes. For the mean, the response multiplied each shoe size by its corresponding frequency 

and obtained a sum of 5030. However, the subsequent denominator and arithmetic are inconsistent 

with the frequency distribution presented. The listed frequencies total 120, whereas the response 

uses a different denominator in the calculation. The response also reports a rounded mean of 42 

without a consistent preceding calculation. A similar issue appears in the determination of the 

median. S10 constructed cumulative frequency intervals for the shoe sizes, but the identified central 

positions do not correspond consistently to the total frequency of the distribution. The response 

ultimately identifies values around 42 and 43 as the middle, but the positional reasoning shown 

does not support this conclusion. For the mode, the response identifies 43, although the frequency 

distribution shown assigns the highest frequency to shoe size 44. Consequently, S10's response 

shows an attempted use of appropriate statistical procedures, but the execution is not consistently 

aligned with the data and the definitions of the measures being calculated. 

 

Table 6. Evidence of Students' Performance in Carrying Out the Plan 

Participant Procedure 

Attempted 

Evidence in 

Written Response 

Main Issue Stage-Level 

Pattern 

S17 Median based 

on positional 

values 

Calculates (𝑛 +

1)/2 = 7.5, 

identifies two 

central positions, 

and averages the 

corresponding 

values 

Data ordering and 

positional 

identification are not 

consistently 

established; 

subsequent 

calculation is not 

mathematically 

coherent 

Procedure 

attempted but not 

consistently 

executed 

S10 Mean, 

median, and 

mode from a 

frequency 

distribution 

Uses score × 

frequency for the 

mean and 

cumulative 

frequencies for the 

median 

Frequency total, 

denominator, central 

positions, and mode 

identification are 

inconsistent with the 

displayed distribution 

Multiple 

procedural 

inconsistencies 

despite use of 

relevant 

procedures 

 

The comparison indicates that both responses contained evidence of students attempting to 

implement recognisable statistical procedures, but neither response demonstrated fully consistent 

execution across the calculations examined. S17's difficulty was concentrated in the connection 

between data ordering, positional reasoning, and the resulting median calculation, whereas S10 

showed inconsistencies across several components of the statistical calculation, including the 

mean, median, and mode. The findings therefore show that identifying an appropriate procedure 

and carrying it out consistently are distinguishable aspects of problem-solving performance. 

Looking Back 

The looking back stage concerns students' examination and evaluation of a solution after 

completing the mathematical procedures. The analysis therefore examined whether students' 
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written responses contained explicit evidence of checking the obtained result, reconsidering the 

procedure, or relating the result back to the original problem. 

 
Figure 8. Response of S17 to Problem 4 
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Figure 9. Response of S22 to Problem 4 

 

In the response shown in Figure 8, S17 completed the mathematical calculation and arrived 

at a numerical result. However, the written response did not document a subsequent step in which 

the result was checked against the original problem or the preceding calculation. Similarly, S22 

completed the calculation shown in Figure 9 but did not explicitly verify the result or provide a 

written evaluation connecting it to the problem context. The two responses therefore showed 

procedural completion without explicit documentation of a subsequent checking or evaluation 

process. This pattern was observed in both S17, with an overall score of 62.5, and S22, with an 

overall score of 100. The same pattern across these two achievement levels indicates that the overall 

test score did not, by itself, determine whether explicit looking-back evidence appeared in the 

written response. 

Cross-Stage Pattern of Mathematical Problem-Solving Performance 

The responses examined across the four Pólya stages did not show the same pattern of 

performance. Differences were apparent in both the way students documented their work and the 

consistency with which they carried out the procedures. In the understanding the problem stage, S26 

explicitly identified the relevant information, while S17 presented the same type of information 
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more briefly and S10 moved directly to the numerical result without separately stating what was 

given and what was required. In devising a plan, S26 and S32 used an appropriate procedure for 

determining the quartiles, although S32 made the intermediate organization of the data more 

visible in the written response. The carrying out the plan responses showed another form of variation. 

S17 attempted a positional procedure for determining the median but did not maintain a consistent 

connection between the ordering of the data and the identified positions. S10 also used recognizable 

procedures for the mean, median, and mode, but several parts of the calculation were inconsistent 

with the frequency distribution presented. In the looking back responses, both S17 and S22 

completed the calculations without documenting a subsequent check or evaluation of the results. 

These responses point to a distinction between the presence of a problem-solving procedure 

and the extent to which the process was made visible and maintained consistently in the written 

work. Students could identify relevant information and use familiar statistical procedures, but these 

aspects were not necessarily accompanied by equally explicit planning, consistent execution, or 

verification. The differences were therefore observable not only in the final answers but also in the 

intermediate work through which students approached the statistical tasks. The stage-level 

evidence also did not correspond consistently with the students' overall achievement classifications. 

S10, for example, received an overall score of 50, yet his response to the task examined contained 

several identifiable statistical procedures, even though their execution was not fully consistent with 

the displayed data. S22 received an overall score of 100, but the response examined did not contain 

explicit evidence of checking or evaluating the solution. S17, with an overall score of 62.5, likewise 

showed different characteristics across the tasks examined: one response identified relevant 

problem information, while another showed difficulties in executing the procedure and 

documented no subsequent verification. Thus, the overall score provides information about 

students' aggregate performance, but it does not necessarily describe the particular characteristics 

of their work at each Pólya stage. 

Overall, the cross-stage evidence shows that students' problem-solving processes varied 

within and across the four stages of Pólya's framework. The variation was evident in the explicit 

representation of problem information, the visibility of planning, the consistency of procedural 

execution, and the presence of verification. Among the responses examined, the looking back stage 

was notable for the absence of explicit checking or evaluation, while the earlier stages showed more 

visible evidence of information use and procedure application. 

 

DISCUSSION 

The students’ responses show that solving a statistical problem involved more than selecting 

a correct operation. Across the four Pólya stages, the written work differed in how students 

represented the problem, organised a solution, carried out the calculation, and dealt with the result. 

This pattern is visible even among students who occupied different overall achievement categories. 

Previous studies using Pólya’s framework have generally reported differences in students’ abilities 

across the stages, particularly in understanding the problem, planning a solution, and carrying out 

procedures (Amalia & Salafudin, 2022; Kusumaningrum et al., 2023; Novitasari et al., 2022; 

Yunarti & Roesdiana, 2021). Similar variation has been reported in studies of junior secondary 

students working on different mathematical topics (Sakinah et al., 2024) and in studies examining 

problem solving in relation to students’ mathematical characteristics (Pangaribuan et al., 2025). 

The present responses add a more specific observation: the differences were not confined to the 

final answer. They were also visible in the form and consistency of the work produced while 

students moved through the stages of solving a statistical task. This distinction matters because a 

https://doi.org/10.28918/circle.v2i01.5094
https://doi.org/10.55606/jurrimipa.v2i2.1539
https://doi.org/10.56704/jirpm.v3i3.13402
https://doi.org/10.25139/smj.v9i2.3405
https://doi.org/10.47637/eksponen.v14i1.975
https://doi.org/10.24042/ajpm.v16i1.24361
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student's written solution can show evidence of understanding or procedure use without showing 

the same level of explicitness at every subsequent stage. 

The responses to the planning tasks illustrate this distinction clearly. S26 and S32 both 

selected an appropriate procedure for determining the quartiles, but they did not present the 

planning process in the same manner. S32 made the organization of the data before calculation 

more visible, whereas S26 moved more directly from the data to the quartile procedure. In 

statistical reasoning, planning is not simply a preliminary statement of intention; it involves 

deciding how to organize the information in the problem and which procedure is appropriate for 

answering the question (Chervany et al., 1980). Research on statistical problem solving likewise 

shows the value of examining students’ actions during the solution process rather than restricting 

assessment to the final output (Woodard & Lee, 2021). The finding here is therefore not that S26 

lacked a plan. His response provides evidence that the plan was embedded in the mathematical 

work rather than separately articulated. This distinction is also relevant to the broader use of 

Pólya’s stages in mathematics education, where the stages provide an analytical structure for 

examining how students approach a problem rather than merely assigning a label to the completed 

answer (Amalia & Salafudin, 2022; Ully & Hakim, 2022). In the present data, planning was 

consequently observable in the organization of the solution, but its explicitness varied between 

students. 

A different pattern appeared when students implemented their selected procedures. S17 

attempted to determine the median through positional reasoning, but the relationship between the 

ordering of the data, the identified positions, and the subsequent calculation was not maintained 

consistently. S10 also used recognisable procedures for calculating the mean, median, and mode, 

yet several parts of the calculation did not consistently correspond to the frequency distribution 

presented in the response. The issue in these cases is therefore broader than a simple computational 

mistake. The students showed evidence of knowing which statistical procedures were relevant, but 

they did not always translate those procedures into a mathematically coherent sequence of 

operations. This distinction has also appeared in research examining students’ answer processes, 

where errors can occur within the procedure even when a student has engaged with an appropriate 

solution approach (Sari et al., 2022). It is particularly relevant in statistical problem solving because 

students must coordinate data representation, procedural decisions, and numerical operations 

rather than perform an isolated calculation (Fauzi et al., 2025; Woodard & Lee, 2021). Process-

oriented research offers a useful way to view this distinction because it attends to the sequence of 

actions through which a solution is produced (Ogut et al., 2024). Thus, the responses of S17 and 

S10 illustrate a gap between recognising or initiating an appropriate procedure and sustaining that 

procedure accurately throughout the solution. 

The same distinction helps explain why the overall achievement scores did not always 

correspond to what was visible at an individual Pólya stage. S10 received an overall score of 50, 

but the response examined contained identifiable attempts to use procedures for the mean, median, 

and mode. However, the calculations themselves were not consistently aligned with the data. S22 

obtained an overall score of 100, yet the response examined for the fourth problem contained no 

explicit checking or evaluation after the calculation had been completed. These cases do not 

invalidate the overall classification; rather, they show that the aggregate score and the evidence 

contained in a particular problem-solving stage provide different information. Process-oriented 

assessment has been developed because information about how students work through a task can 

be obscured when assessment focuses mainly on the outcome (Hao et al., 2025; Jeltova et al., 2007). 

Evidence from mathematical problem-solving research also indicates that different components of 

https://doi.org/10.1080/00031305.1980.10483032
https://doi.org/10.1080/10691898.2020.1847007
https://doi.org/10.28918/circle.v2i01.5094
https://doi.org/10.31949/dm.v4i1.2014
https://doi.org/10.31943/mathline.v7i2.287
https://doi.org/10.12928/joves.v8i1.11995
https://doi.org/10.1007/s10763-014-9599-9
https://doi.org/10.1080/07380569.2024.2416422
https://doi.org/10.3390/educsci15060761
https://doi.org/10.1080/14417040701460390
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solving can be associated with different cognitive demands (Pyke et al., 2017), while metacognitive 

monitoring has been linked to differences in mathematics achievement (Cohors-Fresenborg et al., 

2010). The present data provide a concrete classroom-level illustration of this issue: a high overall 

score does not ensure that every component of the written problem-solving process is explicitly 

demonstrated, just as a lower overall score does not mean that every stage is performed poorly. 

The clearest limitation in the written responses concerned looking back. S17 and S22 

completed the calculations but did not record a subsequent action that checked the result, 

reconsidered the procedure, or evaluated whether the answer was reasonable in relation to the 

problem. This absence matters because verification requires students to return to the solution after 

it appears complete and examine the relationship between the result, the procedure, and the 

original problem. Research on verification strategies has shown that students do not necessarily 

engage in such checking spontaneously and that verification itself involves distinguishable forms 

of mathematical activity (Mashiach-Eizenberg & Zaslavsky, 2004). Work on metacognition 

similarly places monitoring and regulation within mathematical problem solving rather than 

treating them as activities separate from solving (Jacobse & Harskamp, 2012; Tachie, 2019). This 

finding is also consistent with evidence linking metacognitive monitoring to mathematics 

achievement, although achievement level alone does not determine whether monitoring will be 

visible in a particular response (Cohors-Fresenborg et al., 2010). In the present study, the key 

finding is more limited and more directly supported by the data: students who completed the 

required calculations did not make a verification process visible in their written responses. The 

absence of such documentation should not be interpreted as proof that no internal checking 

occurred, but it does show that verification was not part of the observable written solution. 

Taken together, the evidence provides a more differentiated picture of students’ statistical 

problem solving than the overall achievement categories alone. The responses contained evidence 

of problem interpretation, planning, and procedure use, but these processes varied in explicitness 

and were not always carried through consistently to verification. This pattern aligns with work that 

treats mathematical problem solving as an activity composed of interconnected processes rather 

than a single performance outcome (Liljedahl & Cai, 2021; Kilpatrick, 2016). It also accords with 

research examining students’ actions during statistical problem solving, where the organisation and 

sequence of activity provide information about how a solution is constructed (Fauzi et al., 2025; 

Woodard & Lee, 2021; Ogut et al., 2024). The Pólya framework is useful here not because it simply 

divides students into four stages, but because it makes differences in students’ written activity 

visible: one student may make the problem information explicit, another may embed planning 

within the procedure, another may begin an appropriate calculation but lose consistency during 

execution, and another may complete the calculation without documenting verification. The 

resulting picture is therefore not a simple hierarchy from high to low ability. It is a pattern of 

variation across the processes through which students construct and evaluate statistical solutions. 

This process-level view is particularly relevant to didactical mathematics because it keeps attention 

on the mathematical activity that becomes visible in students’ work, while avoiding the stronger 

claim that a written response fully captures students’ internal reasoning. 

 

CONCLUSIONS 

This study examined Grade VIII students’ statistical problem solving through Pólya’s four 

stages: understanding the problem, devising a plan, carrying out the plan, and looking back. 

Analysis of the students’ written responses showed that performance varied across these stages and 

was not consistently represented by overall achievement scores. The responses provided evidence 
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of students identifying relevant information and applying statistical procedures, but the explicitness 

of problem interpretation and planning varied, while procedural execution was not always 

consistent. The most apparent difficulty was found in the looking-back stage. The responses 

examined did not contain explicit evidence of verifying the obtained results or evaluating their 

reasonableness after completing the calculations, including the response of a student classified in 

the highest achievement category. The findings indicate that completing a statistical procedure and 

obtaining a result do not necessarily demonstrate that the student has documented the full problem-

solving process. Accordingly, examining students’ performance at the level of individual Pólya 

stages provides a more differentiated account of their statistical problem solving than an overall 

achievement score alone. For didactical practice, assessment of statistical problem solving should 

therefore attend to students’ evidence of understanding, planning, execution, and verification, with 

particular attention to making post-solution checking an explicit component of students’ 

mathematical work. 
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