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ABSTRACT

	The George Pólya method strengthens mathematical problem-solving by guiding students through structured thinking, encouraging independence, and improving overall learning outcomes. This study evaluated the extent to which the Polya method improved students’ mathematical problem-solving skills. It specifically assessed the respondents’ competency, performance, and challenges encountered in the four phases of Polya’s approach: understanding the problem, devising a plan, carrying out the plan, and looking back. It determines whether the Polya method is an effective teaching and learning approach that enhances students' problem-solving skills. The research employed a one-group pre-posttest mixed-methods design. The research uses a one-block comprising 34 students. This study administered a pre-test and post-test questionnaire for the quantitative part and later identified the challenges respondents encountered using Polya's stages through qualitative interviews via audio call. This study was conducted at Western Philippines University over three months (September 2025 to November 2025) during the first semester of the 2025-2026 academic year. The research instrument used in this study comprised two components: the first assessed respondents’ problem-solving ability across the Polya stages; it consisted of 10 arithmetic problem-solving questions, 10 for each pre-test and post-test, and underwent face and content validity testing. Using SPSS software, the acquired data were examined utilizing the Wilcoxon Signed Rank test, mean, standard deviation, and percentage. For the qualitative part, the research interviewed ten (10) students who scored below the third quartile regarding the challenges they encountered at each stage of the Polya method, and the data were interpreted using thematic coding. The majority of respondents were categorized as Level 1 (Needs Improvement) in the pre-test findings, indicating low skill across all stages of Polya's problem-solving process. The respondents' performance improved significantly across the following stages of the Polya method: understanding the problem, devising a plan, and carrying out the plan after the intervention (i.e., the Polya method). Even though there was progress, many respondents still struggled with looking backstage. The mean score percentage increased from 33.62% in the pre-test to 75.41% in the post-test, indicating a significant improvement in the respondents’ mathematical problem-solving skills. The results indicated a significant difference between pre-test and post-test scores across all four stages of Polya’s technique, yielding a p-value = 0.00, which is less than the 0.05 level of significance (p < 0.05). Polya’s approach to problem-solving is a useful way to teach and raise students’ proficiency in solving real-world mathematics problems. Nonetheless, ongoing practice and instructional support are advised, especially to enhance students' reflective thinking and assessment skills during the looking-back stage of Polya’s problem-solving process. Strengthening students' creative problem-solving skills develops more competent and independent problem-solvers and, on a larger scale, potentially improves students’ performance in mathematics on regional, national, and international mathematics proficiency assessments.  
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1. INTRODUCTION 

In the early 21st century, every country wants to build a society skilled at solving problems through critical, creative, and higher-order thinking. As a result, many nations emphasize higher-order thinking skills (HOTS) in the education system to compete in the global digital economy (Khadka et al., 2025). Knowledge alone is no longer enough for students to succeed in this fast-changing world; students must acquire 21st-century skills, including problem-solving, creativity, innovation, metacognition, and communication (Rahman, 2019). Among the 21st-century skills that society needs most are problem-solving skills and creativity. These enable learners to adapt to new experiences and knowledge in this era of advanced technology and complex environments (Muhali, 2019). To cultivate these important skills, the learners’ problem-solving abilities must be prioritized (Adeoye & Jimoh, 2023).

According to the Philippine Statistics Authority (2025), 5.58 million Junior High School graduates lack comprehension skills. PSA statistician Adrian Cerezo clarifies in the House Committee briefing that junior high school graduates are being evaluated as “functionally illiterate,” or as having problems with comprehension and understanding (Ombay, 2025). Based on the 2022 Program for International Student Assessment (PISA), the Philippines’ learning competencies were five to six years behind (Servallos, 2023). In math and science, the Philippines ranks 10th among the lowest-performing nations in PISA 2022. Servallos (2023) emphasized that Filipino students showed minimal improvement from 2018 to 2022. The Philippines scored 353 in the 2018 PISA and 355 in 2022, which is still below the average of 489 points (Vasquez, 2021), indicating a below-proficiency level (OECD, 2019). Similar to the results of the 2019 Trends in International Mathematics and Science Study (TIMSS), the Philippines scored 297 in mathematics (Mullis et al., 2019), with 19% of Filipino students meeting the low benchmark in mathematics knowledge. This shows that most Filipino students have “some basic mathematical knowledge.” In contrast, 81% of the students who joined the TIMSS did not reach this level (Ramiro, 2024).

On the other hand, the MIMAROPA area scored higher than the national average of 45.16 on the National Achievement Test (NAT) for the academic year 2021–2022, with a total score of 50.42. Marinduque ranked first with an average score of 66.0. Followed by Romblon (59.17); Occidental Mindoro (52.43); Oriental Mindoro (51.03); Palawan (46.32); Puerto Princesa City (47.89); and Calapan (33.56) (Pacia, 2024).

According to Daulay et al. (2019), applying Polya’s problem-solving strategy significantly enhances students’ mathematical problem-solving skills. This approach improves the student’s problem-solving skills by providing tools to address mathematical and real-life challenges when using this heuristic strategy (Yapatang et al., 2022). Polya’s problem-solving method framework (1945) included techniques such as trial-and-error, devising a plan, analogy, generalization, checking the solution, and drawing diagrams to conceptualize word problems. 

The Polya method has been recognized for its broader impact on teaching and learning; it provides adequate instructions for problem-solving across all educational levels (Alhassan et al, 2025). Lee (2015) emphasized that using the Polya method as a teaching strategy gives students a strong foundation for problem-solving. Moreover, this approach provides feedback on students' performance, promotes independent problem-solving among learners, and enhances students' overall learning experiences in mathematics.
Based on the study by Khadka et al. (2025), in their action research, 10.34% of their students had a passing grade on the pre-test and achieved 75.85% of the total passes on the post-test after applying Polya’s problem-solving technique. Similar to the study by Gaulam et al. (2024), which used a one-group pre-test and post-test design, they found that students’ problem-solving performance improved significantly after using Polya's stages of problem-solving. Their research examines which stages of Polya’s method strengthen students' critical thinking. Although many studies have concluded that the Polya method is an effective teaching strategy for enhancing problem-solving, there is still insufficient information about the challenges students encounter when using it in both international and Philippine settings. No studies identified the specific problems students encountered at each stage of the Polya method. 
The four steps of the Polya problem-solving process are as follows: (1) understanding the problem; (2) devising a plan; (3) carrying out the plan; and (4) looking back. These systematic, structured stages encourage students to improve their creative and logical thinking, enabling them to approach mathematical problems more effectively (Suwarno, 2023).
This study enhanced the problem-solving skills of college students at Western Philippines University enrolled in the General Education: Mathematics in the Modern World course by applying Polya’s stages to real-world problems.

This study focused on utilizing four stages of Polya’s problem-solving method, it deliberately excluding other methods or teaching strategies. The goal of this study was to assess students' problem-solving abilities at each stage of the Polya method. It highlighted the difficulties students have when applying the steps of the Polya approach. The targeted respondents for this study were the college students of Western Philippines University taking the course General Education: Mathematics in the Modern World, comprising all students in one block. The students are enrolled in the 1st semester of the 2025-2026 academic year. This study was conducted over three months (September 2025 to November 2025).

1.1 REVIEW OF RELATED LITERATURE AND STUDIES

Mathematics is the science that focuses on the logic of shapes, quantities, measurements, and patterns (Hom et al., 2021). Despite having many branches, this field helps everyone understand and describe the universe by thinking logically and abstractly (Jones, 2024). Mathematics is primarily concerned with human imagination and intuition (Peña-Paez, 2024). In another similar study conducted by Batiibwe (2024), it is said that human development and culture depend on mathematical development. 

Problem-solving in mathematics involves applying knowledge to unfamiliar situations and developing real-world skills (Almond, 2024; Stramel, 2021). It requires flexibility, intuition, and creativity (Ortiz, 2016) and is a key cognitive process (Fisher et al., 2024). However, many students view mathematics as boring and irrelevant, limiting their ability to solve real-world problems (Gupta, 2020; Price et al., 2021). It also requires exploring multiple strategies and representations (Kaitera et al., 2022). Studies show that students find problem-solving very challenging (Ayco, 2019), highlighting the importance of addressing these issues for future success (Aguhayon et al., 2023). Similarly, Strohmaier et al. (2022) and Hickendorff (2021) found that difficulties stem from poor comprehension and weak translation of real-world problems into mathematical forms.

The current education system in the Philippines faces numerous challenges, including declining student performance, particularly in mathematics and English. According to the study by Larenio et al. (2025), students' understanding of the problem stage was only satisfactory. Students were all poor at devising a plan, executing it, and reflecting on their solution using the Polya method. In contrast, their performance in English showed a weakly significant relationship with the “carrying out the plan” stage. The study also showed that female students perform better in academic subjects than male students. Although there was no significant difference between males and females in problem-solving ability. 

On the other hand, the MIMAROPA area scored higher than the national average of 45.16 on the National Achievement Test (NAT) for the academic year 2021–2022, with a total score of 50.42. Marinduque ranked first with an average score of 66.0. Followed by Romblon (59.17); Occidental Mindoro (52.43); Oriental Mindoro (51.03); Palawan (46.32); Puerto Princesa City (47.89); and Calapan (33.56) (Pacia, 2024).

According to the Philippine Statistics Authority (2025), 5.58 million Junior High School graduates have comprehension difficulties, with many considered functionally illiterate (Ombay, 2025). International assessments also show poor performance, as PISA 2022 places the Philippines among the lowest-performing countries in mathematics and science, with only minimal improvement from 2018 to 2022 (Servallos, 2023; Vasquez, 2021; OECD, 2019). Similarly, TIMSS 2019 reported low achievement in mathematics, where most students failed to meet the benchmark (Mullis et al., 2019; Ramiro, 2024). These issues were further worsened by the COVID-19 pandemic, which widened learning gaps and reduced mathematics proficiency among learners (Sooknanan & Seemugal, 2023; Torres, 2021).

Strohmaier et al. (2022) and Hickendorff (2021) found that students struggle to understand math problems due to weak reading comprehension, limited conceptual knowledge, and difficulty translating situations into mathematical form. Likewise, Lee and Chen (2016) and Hung et al. (2016) emphasized that understanding the problem is essential for identifying known and unknown values. Simatupang et al. (2020) further noted that students who cannot connect information fail to select appropriate concepts, often leading to errors in planning, especially with long or non-routine problems. Similarly, Mokhtar et al. (2019) and Vidad and Quimbo (2021) found that students struggle to choose correct strategies due to difficulties in identifying and translating key information.

George Polya was a 20th-century mathematician who became renowned for his fundamental contributions to the theory of problem-solving. George Polya contributed to the broad context of mathematics, including analysis, geometry, probability, number theory, combinatorics, and graph theory (Schoenfeld, 2023). George Polya released "How to Solve it?" in 1945. This book was created to help students quickly solve arithmetic word problems and for math teachers to successfully instruct their students. This book describes his four stages of problem-solving, and those are (1) understanding the problem, (2) devising a plan, (3) creating a plan, and (4) looking back on the solution (Forrest, 2023). This method is simple and easy to remember; it has become a classic method for solving mathematics word problems (University of Cincinnati, 2025). Polya’s four-stage problem-solving method became widespread because it was found to be prevalent not only in mathematics education but also in medicine, business, and engineering (Nguyen et al., 2023).

Gopinath and Lerlitt (2022) state that after understanding a problem, students should develop a plan by identifying key concepts and applying appropriate formulas. However, Simatupang et al. (2019) found that students often struggle to implement solutions because they fail to develop a clear plan, leading to misunderstandings and calculation errors. Namgyal and Kongmanus (2018) emphasize that reflection strengthens metacognitive skills and supports independent problem-solving. Similarly, Sari (2019) found that students rarely verify their answers, leading to uncorrected errors and weak problem-solving strategies.

Effective problem-solving involves understanding the problem, planning, executing procedures, and reflecting on the solution. Bransford et al. (2023) note that planning requires recalling similar problems and applying prior strategies, a skill known as adaptive expertise (Simpol et al., 2017). Chacon-Castro et al. (2023) add that the correct execution of planned strategies increases the likelihood of obtaining accurate solutions. However, Simatupang et al. (2019) found that students often struggle to form and apply plans due to weak connections between information, leading to difficulties and calculation errors.

According to Simatupang et al. (2019), students are unable to create a plan because they cannot associate information with one another. Students are unable to carry out the plan because they cannot make plans; as a result, they don't know how to solve problems, and when they do, they make calculation mistakes. Studies have emphasized that carrying out the plan stage of the Polya method requires students to implement the procedures and strategies they previously designed to arrive at the right solution. When learners carefully follow the planned strategy and apply the appropriate mathematical operations, they are more likely to solve the problem successfully and obtain the correct answer (Chacon-Castro et al., 2023).

Gulam et al. (2024) found that using Polya’s method in a pretest-posttest design significantly improved students’ problem-solving performance by promoting structured and procedural thinking. Similarly, Lerlitt and Gopinath (2022) and Obiano and Parangat (2023) reported significant improvements in mathematics performance after applying Polya’s four-step model. Recent studies also confirm that Polya’s strategy enhances students’ ability to understand and solve problems by guiding them through systematic steps of problem-solving (Fitriani, 2025; Chacón-Castro et al., 2023; Paul et al., 2026).

The current study assessed the problem-solving abilities of college students enrolled in Western Philippines University-Main Campus' General Education: Mathematics in the Modern World course using the Polya technique stages.

1. What is the level of problem-solving skills of the respondents before and after the use of the Polya method across the following stages:
(a) Understanding the problem;
(b) Devising a plan;
(c) Carrying out the plan; and
(d) Looking back.

2. Is there a significant difference between the pre-test and post-test in the problem-solving test of the respondents across the following stages:
(a)	Understanding the problem;
(b)	Devising a plan;
(c)	Carrying out the plan; and
(d)	Looking back.

3.	What challenges do respondents encounter across the following Polya stages when applying the Polya method?

The targeted respondents for this study are the college students of Western Philippines University taking the course General Education: Mathematics in the Modern World, comprising all students in one block. The students are enrolled in the 1st semester of the 2025-2026 academic year. 

Specifically, the research focused on utilizing four stages of Polya’s problem-solving method: (1) understanding the problem, (2) devising a plan, (3) carrying out the plan, and (4) looking back to improve students' problem-solving abilities, deliberately excluding other methods or teaching strategies. The goal of this study was to assess students' problem-solving abilities at each stage of the Polya method. It highlighted the difficulties students have when applying the steps of the Polya approach.

In compliance with ethical research norms, respondents could withdraw from the study if they no longer wished to participate. Participants may withdraw from the survey at any time without incurring penalties or negative repercussions, as participation is completely optional. Respondents could express their decision to stop either orally or in writing, and their requests were honored immediately. Any information obtained from respondents who withdrew was handled in line with the terms specified in the informed consent form, either kept in anonymized form if they had already been incorporated into the dataset or omitted from analysis. This procedure ensures respondents' welfare, autonomy, and confidentiality throughout the study. Respondents' participation in the survey is optional, and the data gathered from withdrawn respondents were not used in the final analysis. 
This study is significant to CHED as it provides evidence that integrating the stages of the Polya method in problem-solving improves the students’ mathematical problem-solving skills. The findings may guide CHED in strengthening curriculum standards and promoting effective teaching strategies in Mathematics in the Modern World.

2. methodology

This study employed a mixed-method one-group pre-posttest design. This method combines quantitative and qualitative methods in a single study to provide a more complete understanding of the research problem. 

The researcher administered a pre-test and post-test questionnaire and later identified the challenges respondents encountered using the Polya stages through interviews via audio call, adopting a qualitative approach and focusing on those with a score of 75% or below or in the third quartile. The quantitative data, the scores they got on the pre-test and post-test, were clarified by determining how significant the difference between the two tests was. This determined the impact of the researcher's intervention. The respondents were not randomly selected; the researcher chose this block for this study. This block comprises 34 students who were all regular students enrolled in the Mathematics in the Modern World course in the first semester of the academic year 2025 – 2026.

The respondents spent a total of 215 minutes on this study: 100 minutes each for the pre-test and post-test, and 15 minutes per respondent for interviewing those who received a score below the third quartile on the difficulties encountered when applying the phases of the Polya technique.

Two components comprised the research instrument used in this study: the first assessed respondents' problem-solving ability. The second part is to determine the challenges respondents encountered when using Polya's stages to solve real-world problems. The researcher created a set of 10 arithmetic problem-solving questions (pre-test and post-test) to gauge respondents' proficiency. This ten (10) problem-solving test in mathematics is in a real-world context and related to the learner's day-to-day experiences. This is to ensure they were suitable and pertinent to the study's goals; these items underwent validation. Specifically, the instrument underwent face and content validity evaluations by mathematics teachers and experts in the field.

An inter-rater reliability test was conducted to ensure the accuracy of the problem-solving test scoring. Three mathematics teachers independently checked the same set of students’ responses. The intra-class correlation coefficient (ICC), used to examine the data, yielded a value of 0.739. The verbal interpretation of this result is satisfactory, indicating a high degree of agreement among the raters and proving the validity of the problem-solving test's scoring. 

The researcher interviewed ten (10) students via audio call; they were interviewed about the challenges they encountered at each stage of the Polya method. The research instruments used in this study are both valid and reliable for evaluating respondents' mathematical problem-solving abilities and the difficulties they encounter when applying the stages of mathematical problem-solving, as indicated by the overall validity and reliability testing results. The researcher used the mean percentage for each of the following stages of Polya to assess respondents' problem-solving abilities in the pre-test and post-test: comprehending the problem, creating a plan, executing the plan, and looking back.
Because the data were not normally distributed, the researcher used SPSS to compute the Wilcoxon Signed-Rank test to determine whether there was a significant difference between the respondents' pre-test and post-test scores at each stage of the Polya technique. The significant difference between the pre-test and post-test scores of the respondents was determined using this nonparametric test.            
The researcher employed a thematic qualitative analysis (thematic coding) aligned with the stages of the Polya method to examine the challenges respondents encountered in using it. 

The following tables present the classification of respondents' performance based on percentage scores, corresponding levels, and verbal interpretations. 
Table 1 The Level of Problem-Solving Skills 
	Percentage
	Level
	Verbal Interpretation

	90% - 100%
	4
	Excellent

	75% – 89%
	3
	Proficient

	50% – 74%
	2
	Developing

	Below 50%
	1
	Needs Improvement


Resource:
https://avesis.istanbul.edu.tr/activitycitation/index/1/6c9ee6c2-e8e7-4571-aaca-2ea5ad0365f8
The scores ranging from 90% - 100% are classified as Level 4, interpreted as Excellent; scores from 75% - 89% fall under Level 3, described as Proficient. Meanwhile, 50% - 74% are categorized as Level 2, interpreted as Developing. Lastly, scores below 50% are placed at Level 1 or the needs of improvement level. 
Table 2 Rubric Tool: Description of Each Level of Problem-Solving Skills

	Stages
	LEVEL

	
	4
	3
	2
	1

	Define and understand the Problem.
	At Level 4, students should be proficient in all previous levels and be able to reformulate the problem when called upon.
	At level 3, a student can identify all the required variables and separate them from extraneous information.
	At level 2, a student should understand the variables and/or information required and use suitable notation.
	At level 1, a student should know what the problem asks them to find, i.e., the goal.

	Devising a plan
	At level 4, a student can recognize or classify the problem's structure. They can consider one or more strategies and coordinate several processes into a strategy.

	At level 3, a student can begin to think about more than one solution method. They can identify a plan based on structural
	At level 2, a student can identify a viable strategy, especially when keywords are provided, and the plan is straightforward.
	At level 1, a student will select a strategy regardless of fit. Typically based upon superficial phrases or Keywords in the problem.

	Carrying out the plan
	At level 4, a student can recognize the need for multiple paths to carry out the plan.
Reasoning or thought is fully developed. They can implement plans with several processes or steps.
(including inverse processes) Moreover, accurately identify at least one correct or workable (frequently creative) solution(s).
	At level 3, a student frequently recognizes the need for multiple paths to carry out the plan. The reasoning or thought in carrying out the plan is well developed.
They can implement plans with limited processes or steps and state one or more accurate potential solutions (s).
	At level 2, a student does not demonstrate well-developed thought or reasoning when carrying out the plan.
Sometimes they recognize the need for multiple paths to carry out the plan, especially if the first attempt fails, but they do so with limited proficiency.
	At level 1, a student demonstrates minimal thought or reasoning when carrying out the plan. States at most one, frequently incorrect solution.
The student does not recognize multiple paths to carry out the plan, even when the solution appears incorrect.

	Looking back
	At level 4, a student continually analyzes or synthesizes results from various perspectives.
They can always apply background or context knowledge of the problem when considering the appropriateness of the solution(s).
They include reasoning behind the evaluation of each option. They can reflect upon solutions to make adjustments in and provide
	At level 3, a student frequently analyzes or synthesizes results from multiple perspectives. They frequently apply background or context knowledge of the problem when considering solutions.
They include reasoning behind evaluating most options and identifying one
correct/workable
	At level 2, a student sometimes analyzes or synthesizes results. They sometimes apply background or context knowledge of the problem when considering solutions. At level 2, a student sometimes analyzes or synthesizes results. They sometimes apply background or context knowledge of the problem when considering solutions. 
	At level 1, a student does not analyze or synthesize results. They rarely apply background or context knowledge of the problem when considering
solutions.



3. RESULTS AND DISCUSSION

Table 3: The Respondents' Degree of Problem-Solving Proficiency in Understanding the Problem Stage Before and After the Use of the Polya Method
	
	Pre-Test
	Post-Test

	Level
	F
	Percentage
	F
	Percentage

	(4) Excellent
	0
	0%
	19
	55.88%

	(3) Proficient
	0
	0%
	7
	20.59%

	(2) Developing
	5
	14.71%
	6
	17.65%

	(1) Needs Improvement
	29
	85.29%
	2
	5.88%

	Total
	34
	100%
	34
	100%

	Overall
	Mean Percentage
	Interpretation
	Mean Percentage
	Interpretation

	
	36.75%
	Needs Improvement
	84.34%
	Proficient







Legend: (4) Excellent: 90% - 100%; (3) Proficient: 75% - 89%; (2) Developing: 50% - 74%; (1) Needs Improvement: Below 50%         

The degree of problem-solving abilities of thirty-four (34) respondents in the first stage of Polya's method before and after the intervention is displayed in Table 3. According to the data, none of the respondents demonstrated a high degree of problem mastery, as none attained the "Proficient" or "Excellent" categories. Only five (5) respondents were classified as “Developing”, with a mean score of 10.10 or 14.71%. This implies that a small portion of the group has begun to show partial understanding of the problems but still requires guidance. 
The majority of respondents (29, or 85.29%) fell into the “Needs Improvement” category, indicating that most experienced difficulty comprehending the given mathematical situations, emphasized crucial details on the issue, and reiterating the question. The overall mean percentage before the use of the Polya method is 36.75%, having a verbal interpretation of “Needs Improvement”. The results indicated that most respondents demonstrated low proficiency in the first stage of the problem; the majority had difficulty comprehending it. Strohmaier et al. (2022) and Hickendorff (2021) found that students often struggle with mathematical problem-solving due to poor reading comprehension, limited conceptual knowledge, and difficulty translating real-life situations into mathematical representations, suggesting the need for instructional strategies that enhance students’ understanding before solving problems.
After using the Polya method, the results showed that most respondents (55.88%) fell into the Excellent level, indicating a high level of comprehension of mathematical problems.  Based on the rubric, the respondent appropriately restates the issue and identifies the pertinent details, circumstances, and questions. Meanwhile, 7 or 20.59% of respondents are at the Proficient level, indicating that most respondents identify the key elements of the problem and show a good grasp of what is being asked. 6 or 17.65% of the respondents were at the “Developing” level, indicating that they only displayed partial comprehension; some vital information was overlooked or misunderstood. 2 or 5.88% of the respondents were at the “Needs Improvement” level, indicating that they lacked comprehension and were unable to recognize the questions. 
The overall mean percentage is 84.34% this corresponded to a “Proficient level” of performance. It implies that most respondents have a solid grasp of mathematical problems and shows that the Polya method positively affects their understanding of the problem. Lee and Chen (2016) emphasize that students should first build a clear understanding of a problem before solving it. When students comprehend the problem, they can easily identify known and unknown values (Hung et al., 2016). These findings show that Polya’s method effectively improves problem comprehension.

Table 4: The Respondents' Degree of Problem-Solving Proficiency in Devising a Plan Stage Before and After the Use of the Polya Method
	
	Pre-Test
	Post-Test

	Level
	F
	Percentage
	F
	Percentage

	(5) Excellent
	0
	0%
	15
	44.12%

	(4) Proficient
	0
	0%
	7
	20.59%

	(3) Developing
	3
	8.82%
	11
	32.35%

	(2) Needs Improvement
	31
	91.18%
	1
	2.94%

	Total
	34
	100%
	34
	100%

	
	Mean Percentage
	Interpretation
	Mean Percentage
	Interpretation

	
	35.15%
	Needs Improvement
	80.22%
	Proficient







Legend: (4) Excellent: 90% - 100%; (3) Proficient: 75% - 89%; (2) Developing: 50% - 74%; (1) Needs Improvement: Below 50%         

Table 4 shows the degree of problem-solving skills of the respondents in the second stage of Polya’s method – devising a plan before and after the use of the Polya method. The results showed that none of the thirty-four (34) respondents had reached “Excellent” or “Proficient”, which indicated that none of the respondents demonstrated a high level of ability in selecting an appropriate mathematical strategy to solve the problem. Only three (3) respondents (8.82%) were categorized as “Developing”. These results implied that a small number of respondents were beginning to identify effective strategies for solving a particular problem but still lacked consistency in applying them. 
Meanwhile, the majority of respondents (31, 91.18%) fell into the “Needs Improvement” category. The overall mean percentage is 35.15%, which falls in level 1, the “Needs of Improvement” level. These results indicated that most respondents experienced difficulty with the following: (1) determining the appropriate strategy to solve a math problem, (2) identifying relevant information in the problem, and (3) selecting suitable mathematical approaches. The results showed that respondents have a low proficiency in devising the plan stage of Polya’s method. Simatupang et al. (2020) found that students who cannot connect information to a problem struggle to choose appropriate concepts, often leading to errors in planning, especially with long or non-routine problems. Likewise, Mokhtar et al. (2019) and Vidad and Quimbo (2021) noted difficulties in selecting strategies due to poor identification and translation of key information. This shows the need for instructional support and scaffolding to improve students’ planning skills. 
After using the Polya method, the results show that most respondents (15, 44.12%) have a high level of competence at this stage. These results showed that nearly half of the respondents were able to effectively create strategies or plans before attacking the problem or before solving mathematical problems. Meanwhile, 7 or 10.59% were categorized as proficient, indicating that the respondents demonstrated a strong ability to devise an appropriate plan to solve a problem. In addition, 11 or 32.35% of the respondents were at the Developing level, suggesting that respondents still attempted to develop strategies to solve the problem; these planning skills can still be improved and mastered. Only 1 or 2.94% of the respondents fell into the “Need Improvement” level, indicating that only 1 respondent had experienced difficulty during the planning stage of Polya’s method. 
The overall mean score percentage is 80.22%, which falls in level (3), the “Proficient” level. This implies that, on average, respondents were able to devise a suitable plan for the problem. These findings indicated that most of the respondents possessed a high level of ability in devising the plan stage of Polya’s method. Based on the rubric, at level 3, a student can begin to consider more than one solution method. They can identify a plan based on the problem's structure. Based on the study by Gopinath and Lerlitt (2022), after respondents understand the problem, they devise a plan, break it down to easily identify relevant concepts and ideas, and apply appropriate mathematical techniques or formulas.


Table 5. Respondents' Degree of Problem-Solving Proficiency in Carrying Out the Plan Stage Before and After the Use of the Polya Method

	
	Pre-Test
	Post-Test

	Level
	F
	Percentage
	F
	Percentage

	(6) Excellent
	0
	0%
	13
	38.24%

	(5) Proficient
	0
	0%
	5
	14.71%

	(4) Developing
	2
	5.88%
	15
	44.12%

	(3) Needs Improvement
	32
	94.12%
	1
	2.94%

	Total
	34
	100%
	34
	100%

	
	Mean Percentage
	Interpretation
	Mean Percentage
	Interpretation

	
	34.28%
	Needs Improvement
	78.53%
	Proficient












Legend: (4) Excellent: 90% - 100%; (3) Proficient: 75% - 89%; (2) Developing: 50% - 74%; (1) Needs Improvement: Below 50%         

Table 5 presents the respondents' problem-solving skills in the third stage of Polya’s method – carrying out the plan before and after the intervention. The results showed that none of the thirty-four (34) respondents had reached “Excellent” or “Proficient”; it showed that none of the respondents showed a high degree of proficiency in correctly following the steps involved in solving a particular mathematical issue. Only two (2) respondents (5.88%) were classified in the “Developing” level, having a mean score of 22. This result showed that a very small number of students partially followed the solution procedures but still lacked accuracy in computation and consistency in performing the necessary mathematical operations. 
However, the vast majority of responders (32, 94.12%) were categorized as “Needs Improvement”. The overall mean percentage is 34.28%, which falls in level 1, the “Needs of Improvement” level. These results indicated that most respondents encountered difficulties applying the correct formulas to the problem, performing calculations, and following the appropriate process to obtain a correct answer. Similar to the study by Ario et al. (2025), which examined the problem-solving performance of 138 Indonesian students, their findings revealed five main errors students made when solving real-world math problems. Those are the following: (1) misinterpreting the nature of the issue, (2) creating mathematical equations from the problem in an inappropriate way, (3) failing to find a constructive solution to the mathematical model, (4) students often provide incomplete or contextually inappropriate final answers, and (5) neglecting to use the approach of trial and error.  The most common student error was failing to follow procedural steps. Simatupang et al. (2019) similarly found that students struggle to implement solutions because they cannot properly plan, leading to misunderstandings and calculation errors. These findings suggest low proficiency in carrying out solutions and the need for guided practice and instructional support.
After the intervention, the results showed that of 34 respondents, 13 (38.24%) are at level 4, with a verbal interpretation of “Excellent,” and a mean score of 38.08, indicating that close to half of the respondents were able to effectively implement problem-solving strategies and apply suitable mathematical procedures to solve a problem.  5 or 14.71% of the respondents fall into level 3, the “Proficient” level, with a mean score of 33.6. It shows that students demonstrated a satisfactory level of skills in executing the devised plan in solving problems. 15 or 44.12% falls under the “Developing” stage, with a mean score of 25.73%, indicating that many respondents are still developing their ability to implement appropriate problem-solving strategies. Moreover, only 1 or 2.94% fell under the level 1, “Needs Improvement” level, which shows that only one respondent has difficulty in applying the supposed strategies to solve the problem.
In general, the respondents obtained a mean percentage score of 78.53%, with a verbal interpretation of “Proficient”. Therefore, the respondent’s level is at level 3. This indicated that the respondents' performance improved significantly after using the Polya method.  Sian et al. (2016) state that after planning, students must carefully follow procedures to reach the correct solution. Similarly, Chacon-Castro et al. (2023) note that applying planned strategies and correct operations increases the likelihood of solving problems successfully.

Table 6: The Respondents' Degree of Problem-Solving Proficiency in Looking Back Stage Before and After the Use of the Polya Method
	
	Pre-Test
	Post-Test

	Level
	F
	Percentage
	F
	Percentage

	(7) Excellent
	0
	0%
	5
	14.71%

	(6) Proficient
	0
	0%
	4
	11.76%

	(5) Developing
	0
	0%
	11
	32.35%

	(4) Needs Improvement
	34
	100%
	14
	41.18%

	Total
	34
	100%
	34
	100%

	
	Mean Percentage
	Interpretation
	Mean Percentage
	Interpretation

	
	28.30%
	Needs Improvement
	58.53%
	Developing













Legend: (4) Excellent: 90% - 100%; (3) Proficient: 75% - 89%; (2) Developing: 50% - 74%; (1) Needs Improvement: Below 50%         

Table 6 presents the respondents' problem-solving skills at the fourth stage of Polya’s method – looking back before and after using the method. The results showed that none of the thirty-four (34) respondents had reached “Excellent” or “Proficient”, which indicated that none of the respondents demonstrated a high level of ability in verifying, reviewing, and reflecting on their solutions after solving the problem. The overall mean percentage is 28.30%, which falls within level 1, the “Needs of Improvement” level. These results imply that respondents lack the habit of checking their answers, analyzing alternative strategies, and ensuring their answers and solutions are correct. According to Namgyal and Kongmanus (2018), reflecting on the solution is important since it can enhance the student’s metacognitive skills; they can have self-evaluation and self-regulation, which are essential for becoming independent problem-solvers. This implies the need for an instructional intervention that strengthens respondents' reflective problem-solving abilities to retain knowledge. 
After the use of the Polya method, the results revealed that 5 respondents, or 14.71%, are at level 4, with a verbal interpretation of “Excellent”, indicating that a few respondents thoroughly examined their solutions and verified the correctness of their answers. Meanwhile, 4 or 11.76% of the respondents are in level 3, “Proficient” level, this implies that the respondents demonstrated a satisfactory ability in reviewing and validating their process in problem-solving. 11 or 32.35% of the respondents are in level 2, “Developing” level, it suggested that some of the respondents were able to check their solutions and reflect on their solutions, but their ability to look back to their answers were not fully developed, they have not yet mastered this stage of Polya’s method. 14 or 41.18% of the respondents fall under level 1or “Needs Improvement”. The results showed that many respondents had difficulty reviewing and evaluating their solutions after solving the problem; most did not look back.
The respondents obtained a mean score of 58.53%, indicating a “Developing” level. While some can review their answers, many still struggle with evaluation and reflection. This suggests the need for more guidance in checking accuracy and reflecting on strategies. Sari (2019) similarly found that students rarely verify solutions, leading to uncorrected errors and limited improvement in problem-solving skills.

Table 7 : Summary of the Degree of Problem-Solving Proficiency of the Respondents Before and After the Use of Polya's Method

	
	Pre-Test
	Post-Test

	Indicators of Problem-Solving Skills
	Mean Score Percentage
	Verbal Interpretation
	Mean Score Percentage
	Verbal Interpretation

	Understanding the Problem
	36.75%
	Needs Improvement
	84.34%
	Proficient

	Devising a Plan
	35.15%
	Needs Improvement
	80.22%
	Proficient

	Carrying out the Plan
	34.28%
	Needs Improvement
	78.53%
	Proficient

	Looking Back
	28.30%
	Needs Improvement
	58.53%
	Developing

	Average
	33.62%
	Needs Improvement
	75.41%
	Proficient







The respondents' problem-solving abilities before and after applying Polya's approach are summarized in Table 7. There are four indicators: (1) understanding the problem, (2) devising a plan, (3) carrying out the plan, and (4) looking back. Prior to the use of the intervention, “Understanding the problem” obtained the highest mean score percentage of 36.75%, followed by “devising a plan 35.15%; carrying out the plan 34.28%; and looking back 28.30%. These four indicators are at level 1 or the “needs of improvement” as its corresponding verbal interpretation. “Looking back” has the lowest men's score of 28.30%. Overall, the average mean score percentage was 33.62%, placing the respondents at Level 1, which is interpreted as “Needs Improvement.” The results imply that, before implementing the Polya method, the respondents demonstrated low proficiency across all stages, particularly in the reflective process. The results indicate the need for instructional intervention to improve structured problem-solving skills. Wahab et al. (2024) similarly found that students struggle across all stages of Polya’s process due to misconceptions, weak conceptual understanding, and limited reflective thinking.
After the intervention, in understanding the problem, respondents obtained a mean score percentage of 84.34%, and a verbal interpretation of “Proficient,” which falls under Level 3. These results suggested that the respondents clearly understood the problems before attempting to solve them. In the planning stage, the respondents recorded a mean score of 80.22%, indicating “Proficient” and still at level 3. This means respondents were able to select an appropriate strategy to solve the given problems. Furthermore, upon carrying out the plan, it yielded a mean score percentage of 78.53%, which is likewise interpreted as “Proficient”, level 3. This implies that the respondents correctly implemented their chosen strategies during the problem-solving process. However, in looking back stage, respondents obtained a mean score of 58.53%, indicating a “Developing” level 2. The results imply that although students were able to solve problems, they were not used to consistently reviewing their solution process; they did not check their answers again or evaluate their solutions after completing the problem. 
Recent studies show that the use of Polya’s problem-solving strategy significantly improves students’ ability to understand and solve mathematical problems by guiding learners through structured steps such as understanding the problem, planning a strategy, executing the solution, and evaluating the result (Fitriani, 2025; Chacón-Castro et al., 2023; Paul et al., 2026).

4.1 SIGNIFICANT DIFFERENCE BETWEEN PRE-TEST AND POST-TEST SCORES

Table 8: Significant Difference Between the Scores in Pre-Test and Post-Test

	
	Mean
	P-Value
	Interpretation

	Pre-Test
	33.75
	
0.000**
	
Significant

	Post-Test
	76.13
	
	


Wilcoxon Signed Rank Test







Table 8 presents the results of the Wilcoxon Signed Rank Test using SPSS software, which is used to determine whether the respondents’ pre-test and post-test scores differ significantly. The results showed that the mean increased from 33.75 to 76.13, indicating a significant increase in the respondents’ scores. The P-value is (P = 0.00), which is less than the alpha level of significance of 0.05, indicating that the difference between the pre-test and post-test scores is statistically significant and leading to the rejection of the null hypothesis. Therefore, there is a significant difference between the pre-test and post-test scores of the respondents. There is strong evidence that the intervention, the Polya method, was effective in enhancing students' scores on a problem-solving test. Similar to the study by Lerlitt and Gopinath (2022), based on pre- and post-test scores, students' mathematics performance is enhanced through George Polya’s four-step model. As in the study by Obiano and Parangat (2023), there is a significant difference in students’ performance in mathematics before and after using Polya’s problem-solving stages.


Challenges Encountered by the Respondents in Using Polya Stages
	
There were ten (10) who agreed to be interviewed by the researcher through an audio call regarding the challenges they have encountered in using the Polya method in problem-solving. The responses were analyzed and grouped into four stages: understanding the problem, devising a plan, carrying out the plan, and looking back. The analysis of the gathered data revealed current difficulties the respondents experienced across all stages. 
In the first stage, the understanding-the-problem stage, many respondents expressed difficulty comprehending the math problems, especially those with complex or unfamiliar words. Most participants noted that long word problems made it difficult for them to identify the necessary information and the required solution. One respondent shared that it is, “mahirap intindihin ang problem, lalo na ang mga words na may deep meaning”/ “It is difficult to understand the problem, especially the words that have deep meaning.”, while another said that they have difficulties in identifying important information to the problem, “nahirapan ako mag-identify ng mahahalagang information, lalo na kung mahahaba ang paragraph ng problem”/ “I had difficulty identifying the important information, especially when the problem consists of long paragraphs.”
As in the study by Ario et al. (2025), many students struggle with problem comprehension, mostly due to reading comprehension issues, and they also find it difficult to identify relationships among complex words in the problem.  
In the second stage, the devising a plan stage, most respondents have difficulty selecting the correct strategies and recalling relevant formulas that suit the problem. Most of them said they were unsure about the formula they had used, even though they were familiar with the lesson, because they were unsure how to begin or apply their prior knowledge to solve the problem. One respondent stated, “Minsan nakakalimutan ko kung ano yung formula”/ “Sometimes I forget what the formula is.”, while another respondent shared, “Di ako sure kung tam aba ung ginamit kong formula or strategy”/ “I’m not sure if I used the correct formula or strategy.” Some participants also reported frequently experiencing mental blocks when choosing the best strategy to solve the problem, highlighting confusion about selecting among strategies such as the trial-and-error method, using a formula, or a table.
As in the study by Simatupang et al. (2019), students are unable to create a plan because they cannot associate information with one another. Students are unable to carry out the plan because they cannot make plans; as a result, they don't know how to solve problems, and when they do, they make calculation mistakes.
In the third stage, the plan execution stage, the main challenges for the respondents were procedural errors; they found it hard to follow the step-by-step calculation process. Although some respondents indicated that this stage was manageable once the correct strategy was identified, many still encountered problems such as computational errors, inappropriate substitutions in the formula, and difficulties following the many-step calculation processes. As one respondent explained, “…nagkakamali ako sa multiplication at division”/ “I make mistakes in multiplication and division.”, while another respondent admitted frustration due to “careless mistakes… minsan mali yung sign ko sa mga numbers, at pag may isang mali, mali na lahat ng solution ko”/ “I make careless mistakes… sometimes I get the signs of the numbers wrong, and when one mistake happens, the whole solution becomes wrong.” These findings suggest that even if the strategy is appropriate and correct for solving the problem, its execution remains a critical concern.
According to Simatupang et al. (2019), students are unable to create a plan because they cannot associate information with one another. Students are unable to carry out the plan because they cannot make plans; as a result, they don't know how to solve problems, and when they do, they make calculation mistakes. Studies have emphasized that carrying out the plan stage of the Polya method requires students to implement the procedures and strategies they previously designed to arrive at the right solution. When learners carefully follow the planned strategy and apply the appropriate mathematical operations, they are more likely to solve the problem successfully and obtain the correct answer (Chacon-Castro et al., 2023).
In the fourth stage, the looking-back stage, most respondents admitted they rarely review their answers because of the time limit during the test and because they lack the motivation to do so. Many of them described this stage as time-consuming and often neglected, particularly when they believed that their answers were correct. One respondent expressed that, “nakakatamad na balikan yung problem ulit”/ “It feels tiring to go back to the problem again”, while another mentioned that, “limited lang ang time kaya parang saying na ang oras kung ichecheck pa ito”/ “Since the time is limited, it feels like a waste of time to check it again.” Additionally, some respondents found it difficult to verify their answers or to find an alternative strategy to check if the answer is correct, which further limits the effectiveness of this final stage of the Polya method. 
As in Sari's (2019) study, many students demonstrated low performance in the looking-back stage of Polya’s method because they were not accustomed to verifying their solutions or evaluating their solution process. As a result, students failed to identify errors or improve their problem-solving strategies. 

3.4 SUMMARY OF FINDINGS

The findings revealed that before the intervention, the respondents demonstrated a low level of problem-solving skills across the four stages of the Polya method: (1) understanding the problem having a mean score percentage of (36.75%), (2) devising a plan (35.15%), (3) carrying out the plan (34.28%), and (4) looking back (28.30%). The overall mean score percentage of 33.62% placed the respondents in Level 1, or “Needs Improvement”. This indicates a low level of proficiency in comprehending the problem, selecting appropriate strategies, carrying out the plan, and reviewing their answers. The majority of respondents struggled particularly in the planning, execution, and reflection stages, with nearly all categorized as “Needs Improvement”.
After applying Polya’s method, respondents’ performance improved significantly. The post-test results showed that respondents have reached the Proficient level in three stages of the Polya method: (1) understanding the problem, (2) devising a plan, and (3) carrying out the plan. In understanding the problem, the mean score percentage is 84.34%, in devising a plan (80.22%), and carrying out the plan (78.53%). The respondents are in the developing stage, with a mean score percentage of (58.53%). This suggests that reflective practices still require further improvement. Overall, the results confirmed that the Polya method is effective in improving students' problem-solving performance. 
The statistical analysis using the Wilcoxon Signed Rank test using SPSS software revealed a significant difference between the pre-test and post-test scores of the respondents. The computed p-values of (P = .00) for all four stages of the Polya method are all below the 0.05 significance level. It indicates a significant improvement in respondents' problem-solving performance. 
These findings confirmed that implementing the Polya method had a significant positive effect on respondents’ problem-solving skills. The increase in performance across all stages showed that the structured approach effectively enhanced the students’ ability to understand the problem, formulate strategies, execute solutions accurately, and reflect on their solutions. 

The qualitative findings from the interviews showed that respondents encountered various challenges in each stage of the Polya method. In the problem-solving stage, many respondents struggled to interpret word problems, particularly those with complex or unfamiliar words. Respondents have difficulty identifying important information and restating the problem in their own words.
During the planning stage, respondents reported uncertainty about selecting appropriate strategies and recalling formulas. Even when they understood the lesson, they often felt unsure about how to begin solving the problem. Some also experienced mental blocks when choosing between different solution strategies.
During the carrying out the plan stage, respondents commonly encountered procedural and computational errors. These included mistakes in basic operations, incorrect value substitutions, and difficulty following multi-step processes. These errors often led to incorrect final answers despite having an appropriate strategy.
Finally, in the looking-back stage, most respondents admitted they rarely reviewed their answers due to time constraints and a lack of motivation. Many perceived this stage as unnecessary or time-consuming, especially when they believed their answers were already correct. Additionally, some respondents reported difficulty verifying their answers or using alternative methods, limiting their ability to assess the correctness of their solutions.
Overall, the findings indicate that while respondents improved significantly after the intervention, challenges remain, particularly in strategic decision-making, execution accuracy, and reflective thinking.

4. Conclusion

Most respondents demonstrated low proficiency in problem-solving across the four stages of the Polya method. These indicated a weak foundation in students' mathematical problem-solving skills, evident not only in the classroom but also on regional and international assessments. Prior to the intervention, the respondents had inadequate exposure to structured problem-solving approaches. The significant improvement in the post-test, particularly in the first three stages of George Pólya's method, suggests that systematic, guided instruction can effectively enhance learners’ competencies. However, the relatively lower performance in the looking-back stage further suggests that reflective and metacognitive skills remain underdeveloped, which may continue to affect learners’ overall mathematical proficiency if left unaddressed.

The statistically significant difference between the pre-test and post-test results confirms that the observed improvement in respondents’ problem-solving skills is attributable to the intervention rather than chance. This finding implies that integrating structured problem-solving frameworks, such as Pólya’s method, is critical for addressing gaps in students’ mathematical understanding and performance. Moreover, this improvement suggests that similar instructional strategies, if implemented consistently, may enhance learners’ performance not only at the classroom level but also on larger-scale assessments, thereby potentially improving outcomes in regional, national, and international assessments.

The challenges encountered by the respondents across the four stages reveal underlying gaps in comprehension, strategic thinking, procedural accuracy, and reflective practices. Difficulties in understanding problem statements and selecting appropriate strategies indicate limitations in analytical and critical thinking skills, while execution errors highlight weaknesses in foundational mathematical competencies. Furthermore, the consistent neglect of the looking-back stage suggests a lack of emphasis on metacognitive processes, such as self-evaluation and verification. These persistent challenges suggest that, without targeted instructional support, students may continue to struggle with problem-solving tasks, which could contribute to the low performance trends observed in broader educational contexts. Therefore, strengthening these specific areas is essential in developing more competent and independent problem solvers. Future studies may focus on designing and implementing intervention programs, innovative teaching strategies, and technology-assisted learning approaches to further enhance students’ problem-solving skills and mathematical understanding.
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