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For a period of over three decades, empirical results from studies in mathematics education have demonstrated the positive impact of problem solving on secondary school students' mathematics development. Following the introduction of a reformed mathematics curriculum in all Zambian schools, problem solving has received attention as a key teaching and learning method among mathematics teachers. The purpose of this study was to examine upper secondary students' mathematical problem solving (MPS) beliefs and to find out if the type of school attended had any significant effect on their beliefs. An existing mathematical problem-solving questionnaire consisting of 30 items across 5 scales was used to collect data from 490 Grade 12 students. Results showed that students generally had positive beliefs about MPS. In addition, type of school attended influenced students beliefs about MPS. The study has implications for classroom practice.

Introduction

In 2013, the Zambian Ministry of Education (MoE) through the Curriculum Development Centre (CDC) launched a new mathematics curriculum whose main objective was to develop a carder of students who are critical, creative, and analytical problem solvers (CDC, 2013). The vision of MoE was to develop responsible citizens who would apply mathematics to solve real life problems in their society. The new curriculum suggested six teaching and learning methods for instructional purposes namely problem solving approach (PSA), project method, discovery method, cooperative learning, discussion method and heuristic method.

Problem solving and its importance in classroom teaching and learning has been a topical issue in mathematics education research for over five decades (Liljedah & Cai, 2021;Olivares et al., 2019). The focus of this study is PSA and specifically Zambian upper secondary students' MPS beliefs. MPS beliefs are usually attributed to students' opinions, dispositions, perceptions, or attitudes [START_REF] Leder | Measuring mathematical beliefs and their impact on the learning of mathematics: A new approach[END_REF][START_REF] Rott | Teachers' behaviors, epistemological beliefs, and their interplay in lessons on the topic of problem solving[END_REF] towards problem solving in mathematics. They are formed from previous experience with mathematics in and outside the classroom and are known to shape students' actions, behavior, choices and thought which may affect their academic achievement [START_REF] Geisler | That wasn't the math I wanted to do!"-Students' beliefs during the transition from school to university mathematics[END_REF][START_REF] Sintema | Gender differences in high school students' beliefs about mathematical problem solving[END_REF]. Students' MPS beliefs have extensively been studied (Hamukwaya & Ruttenberg-Rozen, 2023;[START_REF] Rott | Inductive and deductive justification of knowledge: epistemological beliefs and critical thinking at the beginning of studying mathematics[END_REF][START_REF] Sintema | Gender differences in high school students' beliefs about mathematical problem solving[END_REF]. However, little research has been conducted about secondary school students' MPS beliefs in Zambia. Thus, this study contributes to the literature by reporting students' beliefs in the context of Zambia.

Overview of secondary students' beliefs about problem solving in mathematics

Research has shown that students' beliefs tend to affect their MPS skill development and academic performance in mathematics (Castro Martinez, 2008;[START_REF] Geisler | That wasn't the math I wanted to do!"-Students' beliefs during the transition from school to university mathematics[END_REF]. Beliefs greatly influence students' actions when faced with mathematical problems and form underlying motivation for solving problems that they encounter in class as tasks [START_REF] Rott | Inductive and deductive justification of knowledge: epistemological beliefs and critical thinking at the beginning of studying mathematics[END_REF]. Some students believe that working collaboratively with peers on mathematical tasks in the classroom gives them good chances of succeeding and opportunities to "test [their] ideas, hear and incorporate ideas of others, consolidate their [own] thinking by putting ideas into words, and hence gain a deeper understanding of key [mathematical] concepts" (Soucy McCrone, 2005, p. 111).

There is consensus among teachers and researchers that MPS beliefs tend to influence students' achievement in mathematics [START_REF] Abedalaziz | Epistemology beliefs about mathematical problem solving among Malaysian students[END_REF][START_REF] Bakar | The influence of students' beliefs on mathematical problem solving towards mathematics achievement among Malaysian matriculation students[END_REF][START_REF] Kamalimoghaddam | The influences of mathematics beliefs on mathematics achievement through mathematics self-efficacy: A structural equation model[END_REF]. For example, a Malaysian study [START_REF] Bakar | The influence of students' beliefs on mathematical problem solving towards mathematics achievement among Malaysian matriculation students[END_REF] that examined secondary school students' MPS beliefs found that they generally held positive beliefs about MPS. Such students are highly likely to be self-motivated and to perform well in mathematics [START_REF] Bakar | The influence of students' beliefs on mathematical problem solving towards mathematics achievement among Malaysian matriculation students[END_REF].

Studies have also been conducted about MPS following curriculum reform in Zambia [START_REF] Sintema | Gender differences in high school students' beliefs about mathematical problem solving[END_REF], Namibia (Hamukwaya & Ruttenberg-Rozen, 2023), Republic of Ireland [START_REF] Prendergast | Investigating secondary students' beliefs about mathematical problem-solving[END_REF] and many other places. In a study about secondary school students' MPS beliefs following a reformed secondary school mathematics curriculum, [START_REF] Prendergast | Investigating secondary students' beliefs about mathematical problem-solving[END_REF] found that grade level had an effect on students' problem solving beliefs. Students in advanced grades exhibited stronger beliefs that not all mathematical problems could be solved using routine step-by-step procedures than their peers in lower grades. However, students in advanced grades held lesser positive beliefs about solving time-consuming problems and believed less than their counterparts believe in lower grades that conceptual understanding was important in mathematics.

In a study conducted in Namibia on secondary school students' experiences and beliefs about their mathematical abilities, Hamukwaya and Ruttenberg-Rozen (2023) reported that a good understanding of students' beliefs provides insight on student difficulties and can serve as a basis for teachers to offer help and support to struggling students. In Zambia, a study aimed at examining gender differences in high school students' MPS beliefs [START_REF] Sintema | Gender differences in high school students' beliefs about mathematical problem solving[END_REF] found that, gender did not significantly affect students' MPS beliefs. These studies show that MPS beliefs in mathematics education studies are still attracting interest among researchers. The purpose of this study is to examine Zambian upper secondary school students' beliefs about MPS and effect of school type. Previous studies have found that student performance and mathematical literacy vary based on school type (Alacaci & Erbas, 2010;[START_REF] Genc | Secondary mathematics teachers' conceptions of mathematical literacy[END_REF]. Data from students were used to provide answers to the following questions:

1. What kind of beliefs on MPS do Zambian upper secondary have? 2. How does type of school attended by students influence their beliefs about MPS?

In the context of this study, school type refers to either boys' school, girls' school or mixed-sex school. A boys' school is one which enrolls boys only, a girls' school enrolls girls only and a mixedsex school enrolls both boys and girls. It was important for me to understand if the type of school attended by participants had an effect on their problem solving beliefs because students in these settings are likely to influence each other differently.

Methods

This study followed a quantitative research design [START_REF] Creswell | Research design: Qualitative, quantitative, and mixed methods approaches[END_REF]. Descriptive and inferential statistics were used to analyze upper secondary school students' beliefs about MPS. The rationale for examining students' MPS beliefs is based on the Zambian reformed curriculum, which placed problem solving as one of the key teaching methods in all schools across the country. Data for this study were collected from Grade 12 boys and girls at three secondary schools in Eastern Province of Zambia.

Participants and context

Participants of this study comprised of 490 Grade 12 students selected conveniently from three public secondary schools in Eastern Province of Zambia. The three schools were such that one was a girls' school comprising 99 participants, a boys' school with 182 participants and a co-education school comprising 209 participants. It is important to state that at the time of data collection, participants were studying the newly reformed curriculum in Zambia labelled STEM curriculum.

Data collection

The data collection instrument used in this study was a survey adopted from Kloosterman and Stage (1992, p. 115) which was developed to measure students' MPS beliefs. The survey consisted of 36 items across six beliefs on a 5-point Likert scale from 1 = strongly disagree to 5 = strongly agree. The six beliefs, which will also be used in the presentation of results, are: (i) I can solve time-consuming mathematics problems, (ii) There are word problems that cannot be solved with simple, step-by-step procedures, and (iii) Understanding concepts is important in mathematics. Others are: (iv) Word problems are important in mathematics (v) Effort can increase mathematical ability and (vi) Mathematics is useful in daily life. Six items defined each belief. Cronbach's Alpha reliability coefficient was calculated for each scale and ranged from 0.71 to 0.78. Thus, Cronbach's Alpha was at acceptable level for the instrument to be used for data collection. Participants were asked to rate their level of agreement with each statement.

Data analysis

Data for this study were analysed using the Statistical Package for Social Sciences (SPSS) version 23. The analyses were done at two levels: first descriptive statistics were obtained to understand participants' problem solving beliefs. Thereafter, the one-way analysis of variance (ANOVA) was performed to examine the differences in participants' problem solving beliefs based on the type of school they attended. As stated earlier, participants for this study were selected from a mixed/coeducational school that enrolled both girls and boys as well as a purely boys' school and purely girls' school.

Results

Results of this study are reported based on the six belief categories in the original MPS beliefs survey (Kloosterman & Stage, 1992, p. 115). It is worth noting that in reporting the data, I linked numerical figures that represent categories "strongly agree" and "agree" for all beliefs to constitute a single quantity. This is extended to categories "disagree" and "strongly disagree". This was to ensure that results were summarised and reported in the best possible way.

Belief category 1: I can solve time-consuming mathematics Problems

Examining our data, majority students (59.7%) believe that they can work out mathematical problems that demand a lot of time to solve and that they can persevere to solve hard mathematical problems. In addition, a moderate percentage (48.8%) believe that they are good at solving mathematical problems that take some time to be figured out. However, 62.9% believe that if they fail to solve a mathematical in few minutes then they probably cannot do it at all thereby quitting any further attempts to solve it.

Belief category 2: There are word problems that cannot be solved with simple, step-by-step procedures

In general, analysed data shows that majority students are of the view that while some step-by-step procedures are helpful when solving mathematical problems, they do not believe that most word problems can be solved step-by-step procedure (87.6%). This implies that students may not entirely rely on step-by-step procedures when solving word problems in mathematics.

Belief category 3: Understanding concepts is important in mathematics

Analysed data shows that more than half of the participating students (61.2%) believe that it is worth spending time to find out why a solution to a mathematics problem works. This is because while getting the correct answer to a mathematics problem is good, understanding why a particular answer is correct is important for conceptual understanding (90%). Otherwise, students believe that anybody who does not demonstrate understanding of why an answer to a mathematics problem is correct has not really solved the problem (67.1%).

Belief category 4: Word problems are important in mathematics

From data, about half of the students do not believe that a person's ability to do math depends on their ability to solve word problems (51.6%). They do not see word problems as an important part of mathematics and believe that mathematics classes should not emphasise word problems. Meanwhile, 35.9% are not sure whether word problems should be emphasized in mathematics classrooms. Some students believe that it is more important to learn computational skills than word problems (37.7%). Despite their preference to learning more about computational skills than word problems, 34.9% of students believe that computational skills become valuable once one is able to apply them to solve word problems and to solve problems that arise in real life situations.

Belief category 5: Effort can increase mathematical ability

According to the examined data, students believe that effort can increase mathematical ability. Students believe that one's mathematical ability can increase by hard work (88.4%) and that by trying hard one can get smart at mathematics (83%). Thus, 'trying hard' is believed to be the condition for one to be smart at mathematics. However, there are few students who disagree that studying hard can increase one's mathematics ability (3%). These are likely to devote little effort towards learning mathematics.

Belief category 6: Mathematics is useful in daily life

When data were analysed, 82.7% of students affirmed that they study mathematics because they believe that knowledge of the subject is useful and as a worthwhile subject, mathematics would potentially help them earn a decent living (75.1%). The students do not believe that studying mathematics is a waste of time contrary to the views of few (12.6%) students who believed that the subject is not relevant to them and will not be useful to their future working life. Student participants on this study who believed that mathematics was not relevant and useful to them and their future working life are likely to have low motivation to study mathematics and to engage in MPS.

Differences of students' MPS beliefs based on type of school

The ANOVA results in Table 1 showed significant differences in students' problem solving beliefs by school type. Significant differences were observed in three of the six beliefs: Belief 1: I can solve time-consuming mathematics problems [F(7.240), p = .001, 𝜂 2 𝑝𝑎𝑟𝑡𝑖𝑎𝑙 = .011], belief 2: There are word problems that cannot be solved with simple, step-by-step procedures [F(4.624), p = .010, 𝜂 2 𝑝𝑎𝑟𝑡𝑖𝑎𝑙 = .012] and belief 3: Understanding concepts is important in mathematics [F(7.531), p = .001, 𝜂 2 𝑝𝑎𝑟𝑡𝑖𝑎𝑙 = .001]. I checked the effect size of these differences using partial eta squared (𝜂 2 𝑝𝑎𝑟𝑡𝑖𝑎𝑙 ) and found that they were very small and negligible. While statistically there were significant differences by school, the differences did not have practical significance owing to the small effect sizes. In Table 1, I have left out ANOVA results of beliefs that were not statistically significant and focused only on significant results because these results allow me to present a detailed discussion about where actual difference are and where teachers can intervene. Considering that ANOVA does not show where actual differences are, I employed the Bonferroni post hoc test to identify actual differences based on school type. Results show that there was a significant difference in students' belief that they can solve time-consuming mathematics problems between students at the mixed-sex school and those at the boys' school 𝑋 ̅ 𝐵𝑜𝑦𝑠 ′ 𝑠𝑐ℎ𝑜𝑜𝑙 = 3.47 > 𝑋 ̅ 𝑀𝑖𝑥𝑒𝑑-𝑠𝑒𝑥 𝑠𝑐ℎ𝑜𝑜𝑙 = 3.21. A significant difference also existed between students at the mixed-sex school and those at the boys' school 𝑋 ̅ 𝑀𝑖𝑥𝑒𝑑-𝑠𝑒𝑥 𝑠𝑐ℎ𝑜𝑜𝑙 = 2.59 > 𝑋 ̅ 𝐵𝑜𝑦𝑠 ′ 𝑠𝑐ℎ𝑜𝑜𝑙 = 2.46, as well as between students at the boys' school and those at the girls' school 𝑋 ̅ 𝐺𝑖𝑟𝑙𝑠 ′ 𝑠𝑐ℎ𝑜𝑜𝑙 = 2.63 > 𝑋 ̅ 𝐵𝑜𝑦𝑠 ′ 𝑠𝑐ℎ𝑜𝑜𝑙 = 2.46 in their belief that there are word problems that cannot be solved with simple, step-by-step procedures. In addition, students at the mixed-sex school differed significantly from those at the girls' school 𝑋 ̅ 𝐺𝑖𝑟𝑙𝑠 ′ 𝑠𝑐ℎ𝑜𝑜𝑙 = 3.96 > 𝑋 ̅ 𝐵𝑜𝑦𝑠 ′ 𝑠𝑐ℎ𝑜𝑜𝑙 = 3.80 in their belief that understanding concepts is important in mathematics.

Discussion and conclusion

The purpose of this study was to examine upper secondary students' MPS beliefs and the effect of school type on their beliefs. In general, students who participated in this study showed high confidence of their MPS abilities. Students with high confidence are likely to perform well when dealing with mathematical tasks (see [START_REF] Rott | Inductive and deductive justification of knowledge: epistemological beliefs and critical thinking at the beginning of studying mathematics[END_REF]. They strongly believed that it is important for them to put in more effort to succeed with problem solving. This may have a positive effect on their studies in mathematics and would motivate them to work extra hard when given mathematical tasks to solve [START_REF] Bakar | The influence of students' beliefs on mathematical problem solving towards mathematics achievement among Malaysian matriculation students[END_REF][START_REF] Rott | Inductive and deductive justification of knowledge: epistemological beliefs and critical thinking at the beginning of studying mathematics[END_REF]. This would also enable them use mathematical concepts outside the classroom, as they believe that mathematics has many applications in real life.

Thus, they may employ concepts they learn in class to overcome social, economic and environmental problems that they encounter in their daily lives [START_REF] Ng | Examining primary students' mathematical problem-solving in a programming context: towards computationally enhanced mathematics education[END_REF]. In the Zambian context, students are involved in building huts where they could make use of symmetry and locus. In addition, students come from communities that do a lot of farming and mathematics may be employed in spacing their crops and measuring the amount of chemicals for spraying their crops. To this effect, teachers are expected to exemplify mathematical concepts using situations that depict students' day-to-day life experiences [START_REF] Prendergast | Investigating secondary students' beliefs about mathematical problem-solving[END_REF]. This might motivate students to appreciate mathematical concepts and how they can be applied to their lives especially that most of them believe that conceptual understanding is important in mathematics. This is consistent with the findings of [START_REF] Bakar | The influence of students' beliefs on mathematical problem solving towards mathematics achievement among Malaysian matriculation students[END_REF] in their study conducted in Malaysia.

Students, however, seem to be split on their belief about the importance of word problems in mathematics. Almost half of the students did not believe that word problems are important in mathematics. This could be that they have no exposure to word problems prior to grade 12. This is an important indicator that teachers are supposed to introduce word problems very early in the mathematical lives of students. While only about half realise the importance of word problems, majority are confident that not all word problems require simple steps to solve (cf. [START_REF] Bakar | The influence of students' beliefs on mathematical problem solving towards mathematics achievement among Malaysian matriculation students[END_REF]. This would help them to persevere when given time-consuming problems because most of them already believe that they can solve problems that take long to figure out solutions.

It is also evident from results of this study that school type attended by students who participated influenced their MPS beliefs. With students at a boys' school believing more than those at a mixed school that they can solve time-consuming problems, it is important for teachers at all schools to motivate students to withstand mathematical problems that demand a lot of time to be solved. Girls agreed more than boys that word problems cannot simply be overcome using simple steps. Findings of this study are consistent with previous research on the effect of school type on students' performance, motivation and beliefs [START_REF] Alacacı | Unpacking the inequality among Turkish schools: Findings from PISA 2006[END_REF][START_REF] Genc | Secondary mathematics teachers' conceptions of mathematical literacy[END_REF][START_REF] Ozgen | Determination of self-efficacy beliefs of high school students towards math literacy[END_REF][START_REF] Zander | When grades are high but selfefficacy is low: Unpacking the confidence gap between girls and boys in mathematics[END_REF]. [START_REF] Ozgen | Determination of self-efficacy beliefs of high school students towards math literacy[END_REF] found significant differences in students' self-efficacy related to mathematics by school type. This is supported by the call to always consider school type when studying students' mathematical literacy and motivation [START_REF] Genc | Secondary mathematics teachers' conceptions of mathematical literacy[END_REF].

Table 1 : Differences of students' MPS beliefs based on type of school attended

 1 

	Belief		Sum of	Mean	𝜂 2	𝑝𝑎𝑟𝑡𝑖𝑎𝑙
			Squares df	Square F Sig	
	Belief 1: I can solve time-consuming mathematics problems	Between Groups	6.584 2 3.292 7.240 .001 .011
	Belief 2: There are word problems that cannot be solved with simple, step-by-step procedures	Between Groups	2.653 2 1.327 4.624 .010 .012
	Belief 3: Understanding concepts is important in mathematics	Between Groups	4.955 2 2.478 7.531 .001 .001
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