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Problem-solving is the ability to understand issues and steps that will affect students’ mathematics learning results. The research goals are: describing students’ problem-solving understanding and mathematics learning results; testing the influence of gender and grade level on students’ problem-solving understanding and mathematics learning results; and testing the influence of students’ problem-solving understanding on mathematics learning results. The population is all students in the fourth through sixth grades at two primary schools (263 respondents). The sample consists of 244 respondents, with female and male respondents of 123 and 121, and low- and high-grade students of 74 and 170, respectively. The researchers calculated and converted scores into values. Statistical tests were carried out by means of analysis of linear regression and the t-test. The Me of students’ mathematics learning results and problem-solving understanding are 69.679 and 66.889. The female students’ problem-solving understanding Me is greater than male ones’, but male students’ mathematics learning results Me is greater than female ones. The low-grade students’ problem-solving understanding Me is greater than high-grade students, but high-grade students’ mathematics learning results Me is greater than low-grade students. Gender has no influence on students’ mathematics problem-solving understanding or learning results. The grade level has a significant influence on students’ problem-solving understanding but no significant influence on mathematics learning results. The students’ problem-solving understanding has a significant influence on mathematics learning results, with a p value of 0.000. The research findings and results have implications for and contribute to assisting students in processing information and building mathematical knowledge.

KEYWORDS
 influences, problem-solving understanding, students’ mathematics learning, results, gender, grade level


1. Introduction

Problem-solving is a high-level thinking skill that requires the ability to identify the nature of a problem, deconstruct it, and develop an effective set of actions to address the challenges related to it (Abazov, 2016; Oliveri et al., 2017), which should be provided to students in the increasingly complex world (Sutarno et al., 2017). Problem-solving is the cognitive process of finding a means to achieve goals (Mefoh et al., 2017). Problem-solving helps students develop skills to solve problems in the real world (Sukariasih et al., 2020), and it influences how they construct their thoughts and knowledge (Fitriani et al., 2020). Problem-solving gives students the opportunity to work with their peers, interact socially, share new ideas (Sutarmi and Suarjana, 2017), think critically, and organize creative ideas in order to solve the problem.

The students’ problem-solving skills are not merely valued by their learning results but also by their understanding and learning activities for each of the problem-solving steps (Melawati et al., 2022). Problem-solving is the ability to understand issues as well as the steps involved (Mandina and Ochonogor, 2018). Understanding problem-solving is the basis for determining actions and the next problem-solving steps (Laurens et al., 2018). Understanding learning material and constructing students’ own meaning are vital to statistical learning or the learning of any other discipline (Wang et al., 2022). The students’ understanding will affect their learning achievement and enthusiasm (Damopolii et al., 2018). The students need to understand the problem well before making the right decision to solve it (Toll, 2017). They will use their prior knowledge to understand the problem (Simamora et al., 2017).

There are numerous relevant researches on the implementation of problem-solving approaches/models by mathematics teachers, which are then linked to students’ mathematics learning outcomes. They just researched the influence of what the mathematics teachers do on the students’ mathematics learning results, but in this research, researchers researched the influence of what the students understand regarding the problem-solving process on their mathematics learning results. Then, this research is not only about the influence of students’ problem-solving understanding on their mathematics learning results, but also about the influence of internal factors on students’ problem-solving understanding and their mathematics learning results, such as factors of grade level and gender. Here is a research novelty.

The major research contributions are the improvements in: students’ problem-solving understanding and their mathematics learning results; teachers’ teaching technique with a problem-solving approach to increase students’ mathematics learning results; and the achievement of the goals of the mathematics instruction curriculum both at the school and national levels for local government.



2. Literature review


2.1. Student’s problem-solving understanding

Polya states that problem-solving is an attempt to find a way out of a difficulty in order to achieve a goal that cannot be achieved immediately. There are four problem-solving steps, as follows: understanding the problem, planning the problem-solving solution, implementing the plan, and rechecking the completeness of the problem-solving process (Polya, 1973). In this research, researchers proposed two viewpoints on problem-solving step frameworks, namely Docktor et al.’s and Punhagui’s, because they have developed what Polya stated about and are hypothesized to be done by students when solving the problem.

Docktor et al. (2016) have developed the problem-solving steps into five steps, as follows: focusing on the problems, describing them as concepts, planning the solutions, implementing the plans, and evaluating the solutions. The process involves understanding the problem (Meyer et al., 2014), choosing the proper concept, and checking the problem’s suitability with the proposed solution (Gunawan et al., 2020). It requires a good understanding of concepts and high-level thinking skills (Hermansyah et al., 2019). The problem-solving steps that the students should understand are as follows: visualizing the problem using the sketch; writing what is known and asked from the questions; simplifying the situation with the use of specific mathematical variables or a required concept; finding the relationship between the equations (formula) and available data and information; solving the questions by using the formula; and rechecking all steps of problem-solving to see the accuracy and suitability of the answers to the questions (Melawati et al., 2022).

Punhagui has also developed the problem-solving steps and stated that the problem-solving cycles are as follows: identifying a problem by recognizing the goal to be reached; defining and representing it to understand how to solve it; elaborating a strategy for solving the problem by planning ways to solve it; organizing information on a problem by integrating the necessary information for meeting the challenge; allocating resources by using time, space, materials, and knowledge; monitoring by measuring and evaluating the taken steps during the course; and evaluating the solution after being concluded (Punhagui, 2019). The problem-solving process requires students to evaluate their understanding of the problem by sharing ideas with others (Raehanah et al., 2016).



2.2. The correlation between students’ problem-solving understanding and their mathematics learning results

Problem-solving can be considered an important aspect of mathematics learning (Klang et al., 2021) Understanding the problem-solving process can improve students’ learning performance (Hsiao et al., 2018). Understanding the problem as a part of problem-solving steps involves students’ cognitive processes to solve the problem and communicate the solution (OECD, 2003). The success of good students’ mathematics performance is dependent on their ability to solve problems and understand when and how to apply knowledge and ability (Chytrý et al., 2020).

There is a positive and significant influence between students’ problem-solving skills and their learning results (Hardini and Widayati, 2016; Fajria et al., 2017; Sappaile and Djam’an, 2017; Damopolii et al., 2018; Toraman et al., 2020; Melawati et al., 2022). Learning with a problem-solving approach has higher student achievement than learning with a conventional learning model (Damopolii et al., 2018). A problem-solving approach has a significant effect on mathematics learning results (Jusmawati et al., 2021).

The problem-solving skills learned in learning math influence students’ learning results with a contribution of 72.83%, with the percentages of students who understand as follows: 27% of respondents understand the problem; 26% of respondents understand how to plan the problem-solving; 25% of respondents understand how to carry out the problem-solving plan; and 22% of respondents understand how to review the problem-solving completion (Cahyadi et al., n.d.).

The students in the experimental class who use a problem-solving approach have good learning results, with five problem-solving steps and each category: focusing on the problem (high category); describing the problem into concepts (medium category); planning the solution (high category); implementing the plan (high category); and evaluating the solutions (medium category; Gunawan et al., 2020).



2.3. Research questions


Q1: What are the students’ problem-solving understandings and their mathematics learning results?

Q2: Does gender have an influence on the students’ problem-solving understanding and their mathematics learning results?

Q3: Does grade level have an influence on the students’ problem-solving understanding and their mathematics learning results?

Q4: Does the students’ problem-solving understanding have an influence on their mathematics learning results?
 

The research goals are as follows: (1) describing the students’ problem-solving understanding and their mathematics learning results; and (2) testing the influence of gender on the students’ problem-solving understanding and their mathematics learning results; grade level on the students’ problem-solving understanding and their mathematics learning results; and the students’ problem-solving understanding on their mathematics learning results.



2.4. Hypothesis

1. Gender has an influence on the students’ problem-solving understanding and their mathematics learning results.

2. Grade level has an influence on the students’ problem-solving understanding and their mathematics learning results.

3. The students’ problem-solving understanding has an influence on their mathematics learning results.




3. Method


3.1. Instruments

Researchers created three instrument sets, namely: (1) a mathematics test, which consists of seven questions. They are about mathematical stories that have been taught at the fourth-grade level of primary school, as the educational curriculum of primary school in Indonesia requires, so they can be used concurrently for students from the fourth to sixth grade levels of primary school; (2) a questionnaire regarding mathematics problem-solving understanding, which consists of four questions. The answer choices are based on a scale of 5, namely: 1 (does not understand), 2 (less understand), 3 (quite understand), 4 (understand), and 5 (completely understand); and (3) a questionnaire regarding activities or cognitive aspects of problem-solving, which consists of 14 statements to clarify. The answer choices are on a scale of 2, namely, 0 (no) and 1 (yes).

Normality, validation, and reliability tests were also carried out for the questionnaires and tests. For the normality test, the Chi-Square (ꭓ2) method with α = 5% and N = 244 was used. The Pearson product–moment correlation of 5% with N = 244 was used for validation. The reliability test used Cronbach’s Alpha with N = 244 (the number of respondents), n1 (the number of mathematics test questions) = 7, n2 (the number of questions of mathematics problem-solving understanding) = 4, and n3 (the number of statements of activities or cognitive aspects of problem-solving to clarify) = 14.

The three ꭓ2 values of the normality test and reliability test results are 162.69 and 0.6385 (high category), 107.83 and 0.6685 (high category), and 118.13 and 0.5340 (moderate category), respectively, for mathematics test questions, mathematics problem-solving understanding questions, and statements of activities or cognitive aspects of problem-solving to clarify. They are <ꭓ2table (280.36). Based on Table 1, all the rxy values of the validation test are greater than the r-table (0.123). This means that the questionnaires and the test have a normal distribution and are reliable and acceptable.



TABLE 1 Validation test results for questionnaires and tests.
[image: Table1]



3.2. Sample and population

The population is all students who are in the fourth to sixth grades of primary schools in two state primary schools that were chosen randomly, with 82 students in grade IV, 84 students in grade V, and 97 students in grade VI. There are 263 students in total. The primary school level is the first level at which students must be taught to understand the mathematics problem-solving process in order to progress to higher levels of education.

The type of sample is a total sample. All of the population was taken as a sample, with a total of 244 (92.78%) out of 263 respondents, and around 7.22% of students did not take the test for any other reason (e.g., being absent when the research was conducted, giving incorrect answers, etc.). The female respondents are 123 students (50.41%), and the male respondents are 121 students (49.59%). The students’ number in the low grade level (grade IV) is 74 respondents (30.33%), and 170 respondents (69.67%) in the high grade level (grades V and VI).



3.3. Data collection and data analysis

Data was collected in two ways: through a mathematics test and a questionnaire regarding mathematics problem-solving understanding and activities or cognitive aspects of problem-solving. The researchers asked the students to answer the test and questionnaire.

The researchers calculated the score of mathematics problem-solving understanding and the students’ mathematics learning results and then converted them into a value. For the understanding score in each of the four problem-solving steps, the score is divided by 5 (the maximum score or question) and then multiplied by 100, with the maximum value of 100 and the minimum value of 0. For the overall understanding score of problem-solving steps, the total score is divided by 20 (the maximum score from four questions) and then multiplied by 100, with a maximum value of 100 and a minimum value of 0. For the students’ mathematics learning results, the total score is divided by 70 (the maximum score from seven questions) and then multiplied by 100, with the maximum value of 100 and the minimum value of 0.

The categories of the value of mathematics problem-solving understanding and the students’ mathematics learning results are as follows: very low (0–54), low (>54–64), moderate (>64–79), high (>79–89) and very high (>89–100; Sitorus et al., 2019).

A statistical test was carried out by a linear regression analysis to see the influence between students’ problem-solving understanding and their mathematics learning results, and a t-test was conducted to test the influences of gender and grade level on the students’ mathematics learning results and their problem-solving understanding. The confidence level was 95%, with a significance level of 5% (=0.05). If the t-test significance value is greater than 0.05, then there is no significant influence between each of the independent and dependent variables. If the t-test significance value is less than 0.05, then there is a positive and significant influence between each of the independent and dependent variables.




4. Results


4.1. The students’ problem-solving understanding and the results of their mathematics learning

Based on Table 2, generally, the students’ mathematics learning result Me (69.679) is greater than their mathematics problem-solving understanding Me (66.889), with a range difference of 2.790. The female students’ mathematics problem-solving understanding Me (67.139) is greater than the male ones’ Me (66.917), with a range difference of 0.222, but the male students’ mathematics learning results Me (70.187) is greater than the female ones’ Me (69.419), with a range difference of 0.768. The percentage of male students with a mathematics problem-solving understanding of “high” or higher (38.016%) is higher than the percentage of female students (25.203%). The percentage of male students with mathematics learning results of “high” or higher (33.884%) is higher than the percentage of female students (30.081%).



TABLE 2 Students’ mathematics problem-solving understanding and their mathematics learning results.
[image: Table2]

Based on Table 2, the low-grade students’ mathematics problem-solving understanding Me (72.466) is greater than the high-grade ones’ Me (64.503), with a range difference of 7.963, but the high-grade students’ mathematics learning results Me (70.103) is greater than the low-grade ones’ Me (69.235), with a range difference of 0.868. The percentage of low-grade students who have a mathematics problem-solving understanding in the category of high and above (52.702%) is greater than the high-grade ones (22.353%). The low-grade students’ percentage who have a mathematics learning results in the category of high and above (37.838%) is greater than the high-grade ones’ (29.412%).

The students’ activities and cognition when solving the problems or answering the mathematics questions, as determined by the students’ choice percentage, are as follows: understanding what is known in the questions (88.934%); understanding what is asked in the questions (87.705%); understanding what mathematical notation is appropriate for use (71.311%); understanding the requirements that are required to solve the questions (77.459%); asking friends and/or teacher regarding the questions (67.623%); understanding the formula/pattern that is used to solve problem (75.000%); matching what is known and asked in the questions with the formula used (74.180%); preparing some relevant references (e.g., books, worksheets, notebooks, and so on) in order to obtain additional sources of information (62.705%); recalling prior knowledge when answering questions with similar form and solution to the problems to be solved (79.918); discussing problem-solving strategies with friends or teachers (65.574%); using formulas to solve problems by multiplying, dividing, subtracting, and/or adding (79.918%); rechecking the answers that have been made (87.705%); rechecking the problem-solving steps that have been made (80.066%); and correcting any incorrect answers (84.836%).



4.2. The influence of gender and grade level on the students’ mathematics problem-solving understanding and their mathematics learning results

Based on Table 3, gender has no significant influence on the students’ mathematics problem-solving understanding, with an exact significance value (2-tail) (p) of 0.918, which is greater than 0.05, or the t-table (1.970) is greater than the t-test (0.103). Gender has also no significant influence on the students’ mathematics learning results, with an exact significance value (2-tail) (p) of 0.762, which is greater than 0.05, or the t-table (1.970) is greater than the t-test (0.303). The grade level has a significant influence on the students’ mathematics problem-solving understanding, with an exact significance value (2-tail) (p) of 0.001, which is less than 0.05, or the t-table (1.970) is less than the t-test (3.471). The grade level has no significant influence on the students’ mathematics learning results, with an exact significance value (2-tail) (p) of 0.753, which is greater than 0.05, or the t-table (1.970) is greater than the t-test (0.315).



TABLE 3 The influence of gender and grade level on the students’ mathematics problem-solving understanding and their mathematics learning results.
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4.3. The influence of the students’ mathematics problem-solving understanding on their mathematics learning results

Based on Table 4, the students’ mathematics problem-solving understanding has a positive and significant influence on their mathematics learning results, with an exact significance value (2-tail) (p) of 0.000, which is less than 0.05, or the t-table (1.970) is less than the t-test (25.234). Its linear regression has a constant value of 3.098 and a regression coefficient value of 0.995, so the equation is Y = a + bX + e, and Y′ = 3.098 + 0.995X. The constant value has a positive value, which means that there is a unidirectional influence between the independent and dependent variables. The equation shows that, without considering other variables, the students get only mathematics learning results of 3.098 if they do not understand the mathematics problem-solving (if the value of the mathematics problem-solving understanding is 0). The value of R square is 0.72466, which means that the students’ mathematics problem-solving understanding contributes 72.466% to their mathematics learning results, and the rest of the 27.534% comes from the contribution of other variables, which are not included in this research.



TABLE 4 The influence of the students’ mathematics problem-solving understanding on their mathematics learning results (linear regression).
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5. Discussion

First, the female students’ mathematics problem-solving understanding Me is greater than the male ones, but the male students’ mathematics learning results Me is greater than the female ones. Gender can affect the ability to understand concepts and solve problems (Winata and Friantini, 2020). The female students have enough conceptual understanding to interpret the problems and mathematical questions into more operational forms, although they have difficulty determining the suitable concepts to solve the problems and implementing the concepts into mathematical calculations, whereas the male students have better abstraction power to solve problems than the female ones (Azizah et al., 2021). The female ones generally pay attention to concrete, practical, emotional, and personal things, while the male ones focus on things that are oriented intellectually, abstractly, and objectively (Kusumawati and Nayazik, 2017).

The female ones have a higher mathematical understanding Me than the male ones, but the male ones have a higher mathematical idea Me than the female ones (Barkatsas et al., 2019).

Second, gender has no significant influence on the students’ mathematics problem-solving understanding and their mathematics learning results. Gender does not make a significant difference in students’ mathematics learning results (Avianty et al., 2018). There are no essential differences between male and female academic abilities, but the difference lies in attitudes, which also occur in the learning strategies implementation (Zubaidah, 2013). For 11–15-year-old primary and secondary school students, there are no statistically significant gender differences in both mathematics problem-solving understanding and mathematics learning results (Barkatsas et al., 2019).

Third, the students’ mathematics problem-solving understanding Me at a low grade level is greater than the students at a high grade level, but the students’ mathematics learning results Me at a high grade level is greater than the students at a low grade level. The difference in students’ mathematics problem-solving understanding Me may be due to the fact that the test material was just recently taught in class IV, and most fourth-grade students still remember and understand it, whereas students in classes 5 or 6 learned the material a long time ago, and they have forgotten much of it. The ability to remember has a 62.1% effect on the ability to work on mathematical problems, and feeble-minded students’ ability to work on mathematical problems is greatly influenced by their ability in the mathematical remembering process (Kamid et al., 2021). In this research, the difference in students’ mathematics problem-solving understanding Me at each grade level is statistically significant.

The higher students’ mathematics learning results Me at a high grade level than the students at a low grade level may be due to the fact that the high-grade level students have more mathematical knowledge and learning experiences than the low-grade level ones, which they have accumulated from the fourth-grade level until the next grade level they are in now. The mathematics learning achievement of low-grade level students grows at a slower rate than for higher-grade level ones because of better math proficiency, but the low-grade level students have more academic growth than the next grade level ones (Scammacca et al., 2020). Although the students’ mathematics learning results Me is different at each grade level, the difference is not statistically significant in this research.

Fourth, the students’ mathematics problem-solving understanding has a positive and significant influence on their mathematics learning results. The students’ mathematical problem-solving understanding affects their mathematics learning results (Sari et al., 2019; Sari and Pujiastuti, 2020). The problem-solving approach, when applied to classroom instruction, can significantly improve understanding and performance in mathematics (Albay, 2019). For those who have skills at solving problems, they are able to understand complex issues (Pratama and Retnawati, 2018; Nurlaily et al., 2019; Sulistyani et al., 2021). Problem-solving methods affect the students’ mathematics learning results (Sappaile and Djam’an, 2017; Purwanto et al., 2022). Problem-solving is a HOT skill (Tambunan, 2018), and it is related to students’ learning results (Jailani et al., 2017).

A successful problem-solving process depends on how well someone understands and defines the problem, how well someone understands how to design a proper algorithm (solution) for it, how well someone understands how to implement the algorithm successfully, and how well someone understands how to evaluate the solution. It means that the students’ mathematics learning results depend on how well they can understand and solve the problem. When students truly understand the problem-solving process, their mathematics learning improves.

Students’ difficulties in solving problems, which have an effect on their low results in mathematics learning, indicate that they do not understand the concepts and operations of mathematical calculations (Setiawan and Oka, 2020).



6. Conclusion

The students’ mathematics learning results Me (69.679) is greater than their mathematics problem-solving understanding Me (66.889). The female students’ mathematics problem-solving understanding Me (67.139) is greater than the male ones’ Me (66.917), but the male students’ mathematics learning results Me (70.187) is greater than the female ones’ Me (69.419). The male students’ percentage who have a mathematics problem-solving understanding in the category of “high” (30.016%) is greater than the female ones’ (25.203%). The male students’ percentage who have a mathematics learning results in the category of “high” (33.884%) is greater than the female ones’ (30.081%).

The low-grade students’ mathematics problem-solving understanding Me (72.466) is greater than that of the high-grade students’ Me (64.503), but the high-grade students’ mathematics learning results Me (70.103) is greater than that of the low-grade students’ Me (69.235). The low-grade students’ percentage who have mathematics problem-solving understanding in the high category (52.702%) is greater than that of the high-grade ones’ (22.353%). The low-grade students’ percentage who have mathematics learning results in the category of high (37.838%) is greater than that of high-grade ones (29.412%).

Gender has no significant influence on students’ mathematics problem-solving understanding, with a p value (2-tail) of 0.918, nor on the students’ mathematics learning results, with a p value (2-tail) of 0.762. The grade level has a significant influence on students’ mathematics problem-solving understanding, with a p value (2-tail) of 0.001, but no significant influence on students’ mathematics learning results, with a p value (2-tail) of 0.753. The students’ mathematics problem-solving understanding has a significant influence on their mathematics learning results, with a p value (2-tail) of 0.000. The linear regression equation is Y′ = 3.098 + 0.995X, with a contribution percentage of 72.466%.



7. Implication and contribution of research to the fields

The research results have implications for and contribute to primary school mathematics education. Understanding the problem-solving process can assist students in processing information and building knowledge about the social and physical worlds around them (Nur and Kardi, 2000). When students understand the problem-solving process, they are able to: design a discovery; think and act creatively; solve the problem realistically they have faced; interpret and evaluate the observation results; stimulate the development of thinking progress to solve the problems appropriately they have faced; and make school education more relevant to life. This means that understanding the problem-solving process has an impact not only on good mathematics learning results but also on education in general.

The objectives of learning mathematics in primary school in Indonesia are to understand: the mathematics concepts; how to connect mathematics inter-concepts; how to apply the concept and algorithm to solve the problem; how to design a mathematics model; and how to interpret the achieved mathematics solutions (Peraturan Menteri Pendidikan dan Kebudayaan Republik Indonesia Nomor 37 tahun 2018 tentang, 2018). These research findings strengthen these objectives, which, if they can be achieved, will have a beneficial or significant impact on mathematics education itself.



8. Limitations

This research did not investigate the influence of understanding on each of the mathematics problem-solving indicators on their mathematics learning results, but only the influence of mathematics problem-solving understanding as a whole on their mathematics learning results. The research just involved fourth-grade primary school students as a representative of the four low-grade groups (e.g., classes 1, 2, 3, and 4). The first- to third-grade primary school students have different thinking styles than the fourth-grade ones, although they have the same grade group.



9. Recommendations

The mathematics teachers need to integrate the problem-solving approach into all mathematics learning materials, implement it, and ensure the students’ understanding of its process before asking them to do the mathematics task to increase their mathematics learning results. To support the problem-solving approach or model in mathematics learning, mathematics teachers must consider the appropriate learning tools and media. Students who receive lower mathematics problem-solving understanding and learning results must collaborate in mathematics learning with those who receive higher results in order to increase their mathematics knowledge and cognitions. The local government, through the education office agency, must develop and implement a primary school mathematics education curriculum based on a problem-solving learning model.
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