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Previous studies indicated that students tended to hold less satisfactory beliefs about the 

discipline of mathematics, beliefs about themselves as learners of mathematics, and be-

liefs about mathematics teaching and learning. However, only a few studies had devel-

oped curricular interventions to change students’ beliefs. This study aimed to examine 

the effect of a problem-solving curriculum (i.e., Mathematical Problem Solving for Eve-

ryone, MProSE) on Singaporean Grade 7 students’ beliefs about mathematical problem 

solving (MPS). Four classes (n =142) were engaged in ten lessons with each comprising 

four stages: understand the problem, devise a plan, carry out the plan, and look back. 

Heuristics and metacognitive control were emphasized during students’ problem solving 

activities. Results indicated that the MProSE curriculum enabled some students to devel-

op more satisfactory beliefs about MPS. Further path analysis showed that students’ atti-

tudes towards the MProSE curriculum are important predictors for their beliefs. 
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INTRODUCTION  

 

Students’ mathematics-related beliefs have received considerable attention from math-

ematics educators. Generally, these beliefs include beliefs about the discipline of mathe-

matics, beliefs about themselves as learners of mathematics, beliefs about mathematics 

learning, beliefs about the nature of mathematics, and beliefs about mathematical problem 

solving (Kloosterman & Stage, 1992; McLeod, 1992; Muis, 2004; Roesken, Hannula & 

Pehkonen, 2011). According to the Curriculum and Evaluation Standards for School 

Mathematics (National Council of Teachers of Mathematics, 1989), “these beliefs exert a 

powerful influence on students’ evaluation of their own ability, on their willingness to 

engage in mathematical tasks, and on their ultimate mathematical disposition” (NCTM, 

1989, p. 233). Some researchers emphasize the role of these beliefs in the learning and 

teaching of mathematics, such as mathematics achievement, mathematical problem solv-

ing (MPS) ability, and MPS behaviors/engagement (Callejo & Vila, 2009; Kloosterman, 

1996; Lester, Garofalo & Kroll, 1989; Op’t Eynde & De Corte, 2003; Schoenfeld, 1985; 

Schommer-Aikins, Duell & Hutter, 2005).  

At least two issues can be identified among the existing studies related to student be-

liefs about MPS. First, there is a dearth of research on how students perceive the process 

of MPS. For example, two important components of MPS pointed by Schoenfeld (1985), 

namely heuristics and control were seldom observed among the existing belief studies. 

Second, the studies tended to examine how students’ beliefs may affect their mathemat-

ics-related performance; while relatively few of them involved curricular interventions to 
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enhance student beliefs. To tackle these two issues, the present study aimed to investigate 

the effects of a problem-solving based intervention on student beliefs about the process of 

MPS. 

 

 

REVIEW OF THE LITERATURE 

Student MPS-related beliefs 

A small number of studies investigated student mathematics-related beliefs within the 

context of problem solving. Schoenfeld proposed the construct “belief system” 

(Schoenfeld, 1983) or “mathematical world view” (Schoenfeld, 1985), which involves 

individuals’ MPS-related beliefs about self, about the environment, about the topic, and 

about mathematics. Based on qualitative investigations (e.g., Schoenfeld, 1989; 1992), he 

managed to identify various MPS-related beliefs held by students. Typical beliefs includ-

ed: formal mathematics has little or nothing to do with real thinking or problem solving, 

only geniuses are capable of discovering or creating mathematics, and without knowing 

certain rules, you cannot successfully solve a problem. Schoenfeld (1985) also underlined 

that students’ belief system “can determine how one chooses to approach a problem, 

which techniques will be used or avoided, how long and how hard one will work on it” (p. 

45). For example, if students believe that mathematics problems are always solved in less 

than ten minutes, they “will give up a problem when after a few minutes of unsuccessful 

attempts even though they might have solved it had they persevered” (Schoenfeld, 1992, 

p. 359).  

Inspired by Schoenfeld’s (1985) work, a few researchers employed quantitative meth-

ods to examine student MPS-related beliefs. For example, Kloosterman & Stage (1992) 

developed a five-point Likert-type instrument, namely Indiana Mathematics Belief Scales 

(IMBS), which covered five types of MPS-related beliefs (subscales):  
 

(a) I can solve time-consuming mathematics problems,  

(b)  There are word problems that cannot be solved with simple, step-by-step procedures,  

(c)  Understanding concepts is important in mathematics,  

(d)  Word problems are important in mathematics, and  

(e)  Effort can increase mathematical ability.  
 

Results indicated that students generally express less satisfactory beliefs, with mean 

scores (out of 30) ranging from 16.5 (SD = 3.4) to 22.4 (SD = 3.8). Besides, significant 

correlations (r = .14 to .29) were only observed between certain subscales. Apart from the 

IMBS, Kloosterman & Stage (1992) also suggested the inclusion of the Fennema-

Sherman Usefulness Scale (Fennema & Sherman, 1976) to measure student beliefs about 
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the usefulness of mathematics in daily life. The Usefulness Scale was found to be corre-

lated with most of the subscales. This was “because perceived usefulness of mathematics 

is an important component of motivation” (p. 111). It was reported that all six subscales 

(six items per each) expressed acceptable internal consistency (Cronbach’s α = .54 to .86).  

The IMBS and Usefulness Scale were later adapted and validated by other studies on 

student MPS-related beliefs. In Mason’s (2003) study that investigated 599 Italian high 

school students’ beliefs about MPS, one out of the six subscales (i.e., “word problem are 

important in mathematics”) was found to show very low internal consistency (Cronbach’s 

α = .27). For the other five subscales with satisfactory reliability, their mean scores were 

relatively low. Most correlations between the subscales were less than .30, which indi-

cates a low overlap among the subscales as reported in Kloosterman & Stage’s (1992) 

study. SchommerSchommer-Aikins, Duell & Hutter (2005) used a larger sample (n = 

1269) to establish the validity of the six subscales and reported different findings. They 

conducted an exploratory factor analysis (EFA) to examine the factor structure of the in-

strument, which was not tested in the previous two studies of Kloosterman & Stage (1992) 

and Mason (2003). Results indicated that only 24 out of the 36 items were retained, and 

they loaded onto seven factors accounting for 48.5% of the total variance. Specifically, 

five items of “I can solve time-consuming mathematics problems” loaded on two separate 

factors, namely “math persistence” (e.g., If I can’t solve a problem quickly, I quit trying) 

and “math confidence” (e.g., Math problem that take a long time don’t bother me). An-

other study by Abedalaziz and Akmar (2012) seemed to corroborate Kloosterman & 

Stage’s (1992) five types of beliefs (IMBS) with a sample of secondary students. 

Abedalazia & Akmar (2012) also conducted confirmatory factor analysis on the data (n = 

592) to verify the five-factor structure yielded from EFA. Acceptable model-fit was ob-

served, which indicated good reliability and validity of the instrument IMBS. Consistent-

ly, the correlations between two subscales were generally less than .30. They also report-

ed that students generally expressed adequate beliefs on the five aspects. 

Unlike the above studies, Callejo & Vila (2009) explicitly examined student beliefs 

about the nature of mathematics problem and MPS activity rather than other mathemat-

ics-related beliefs embedded in the context of MPS. An in-depth exploration of two stu-

dents’ beliefs yielded a group of subcategories of beliefs such as “closed/open nature of 

purpose” (e.g., a problem has only one solution), “emphasis on the product or the process” 

(e.g., once you find the solution you can look for other ways of solving a problem), and 

“linear nature of MPS activity”. Besides, both students were found to express a dualistic 

belief about MPS activity. They perceived MPS “both as recognition/application to ac-

credit the knowledge learned based on the data given and as reasoning, taking the overall 

analysis of the situation as a starting point” (p. 121, emphasis in the original). 

In brief, at least three patterns can be drawn from the above MPS-related studies. First, 
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the above studies focused more on student beliefs about mathematics as a discipline and 

beliefs about mathematics teaching/learning. They hardly addressed how students per-

ceive the process of MPS, for example, the heuristics and control components highlighted 

by many problem-solving frameworks or models (Polya, 1957; Teong, 2003; Verschaffel 

et al., 1999). As Schoenfeld (1985) defined, heuristics refers to “strategies and techniques 

for making progress on unfamiliar or nonstandard problems; rules of thumb for effective 

problem solving”, while control refers to “global decisions regarding the selection and 

implementation of resources and strategies” (p. 15). Second, the above quantitative stud-

ies consistently reported the low correlations between the IMBS subscales. It may be 

concluded that the beliefs within the “belief system” (Schoenfeld, 1983) are more or less 

independent of one another. Third, most aforementioned studies indicated that students 

tended to show less satisfactory MPS-beliefs. This may indicate the necessity for design-

ing effective curriculum intervention to facilitate the growth of productive beliefs. Thus, 

there is a need to review intervention studies on students’ MPS-related beliefs and the use 

of relevant measures. 

Interventions for enhancing student MPS-related beliefs 

There were a few intervention studies on student MPS-related beliefs were located. 

For example, Higgins (1997) investigated the effects of one-year’s problem-solving in-

struction on Grades 6 and 7 students’ beliefs about (school) mathematics and problem 

solving. Unlike the comparison group (three classes) taught in a traditional manner, the 

experimental group (three classes) were engaged in series of MPS activities including 

heuristic strategies, laboratory work, small-group discussions, nondirective instruction, 

and guided discovery. Both Likert-type questionnaire and interviews were used to exam-

ine student beliefs. Results indicated that the experimental group expressed more sophis-

ticated beliefs about the usefulness of mathematics and more advanced definitions of 

mathematical understanding. Specifically, the experimental group tended to equate “un-

derstanding with the ability to solve problems in different ways and to explain answers to 

someone else” (p. 26) rather than with speed or memorization of facts. Besides, the exper-

imental students were more inclined to equate MPS with MPS skills. They believed that 

the heuristics learned could solve all problems.  

Similarly, Verschaffel et al. (1999) developed a learning environment for teaching and 

learning how to model and solve mathematical application problems, and examined its 

effect on 5th grade students’ beliefs about mathematical word-problem solving. Four 

classes were introduced to a set of heuristics (e.g., draw a picture, guess and check, look 

for a pattern, etc.) embedded in a metacognitive strategy for solving non-routine applica-

tion problems. Such strategy comprised five stages:  
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(a)  Build a mental representation of the problem,  

(b)  Decide how to solve the problem,  

(c)  Execute the necessary calculations,  

(d)  Interpret the outcome and formulate an answer, and  

(e)  Evaluate the solution. As a comparison group, seven classes were taught through a 

traditional approach (e.g., textbook and practice).  
 

A self-developed Likert-type questionnaire was administered to all students to examine 

their beliefs about MPS. Factor analysis yielded two factors/subscales, which explained 

only 22% of the total variance. The first factor focused on student pleasure and persis-

tence in MPS (e.g., difficult problems are my favourites), while the other was on student 

problem-/process-oriented view on MPS (e.g., there is always only one solution to a word 

problem). Results indicated that the experimental students scored higher than the control 

students in these two belief factors. The authors, however, stated that the effects of the 

significance were rather small (reported Effect size = .04). 

The effects of Verschaffel et al.’s (1999) learning environment was also examined in 

Mason and Scrivani’s (2004) study that aimed at enhancing 5th grade students’ beliefs 

about MPS. Similarly, a quasi-experimental design with pre-and-post-test was employed. 

Specifically, one experimental group (n = 46) was engaged in solving various non-routine 

problems through small-group assignments and discussions. By contrast, one comparison 

group (n = 40) followed a regular mathematics program. Results showed that the inter-

vention contributed more than traditional teaching to developing student beliefs about 

mathematics and about themselves as mathematics learners. Compared to Verschaffel et 

al.’s study, much larger effect sizes were observed. These findings generally suggest the 

potential effectiveness of Verschaffel et al.’s five-stage problem-solving model in en-

hancing student beliefs about MPS. In other words, the metacognitive strategy with heu-

ristics can also be considered when designing interventions for developing student MPS-

related beliefs (see Depaepe, De Corte & Verschaffel, 2010).  

Another study by Perrenet and Taconis (2009) also investigated the changes in student 

beliefs about MPS during the bachelor program in a university. It was assumed that the 

bachelor program may facilitate the “enculturation” (Wenger, 1999) of students into the 

culture of MPS, which may enhance student beliefs about MPS. Mathematical subjects in 

the program included Analysis, Scientific Computing, Operations Research, Statistics and 

Discrete Mathematics. Also included were “a series of mathematical modelling projects 

in which pairs of students solve open mathematical problems posed in non-mathematical 

language” (p. 184). Students were expected to independently find out which mathematical 

methods are applicable and sometimes which approach was the best. Similar to the above 

studies, students were encouraged to reflect on their previous modelling activities from 
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various lenses. A 17-item five-point Likert-type questionnaire was used to examine stu-

dents’ beliefs about the technical (e.g., “With a mathematical assignment I always start 

by very precisely reading through the givens and what is asked for”), metacognitive (e.g., 

“Whilst solving a mathematics problem I regularly ask myself whether I am on the right 

track”) and productive (e.g., “One can invent new mathematics oneself”) aspects of MPS. 

At the end of the program, the students generally showed improvement in these three as-

pects. It was also reported that the changes in student beliefs were mostly influenced by 

their teacher’s MPS-related beliefs. Similar findings can also be seen in Depaepe et al.’s 

(2010) study. 

We make two inferences from the above studies. First, the successful interventions 

seem to involve metacognition and the use of heuristics, as well as small-group interac-

tions (e.g., discussion). This provides a useful insight for the current study in curriculum 

development. Second, student beliefs examined in these studies were mostly beliefs about 

mathematics as a discipline, beliefs about self as mathematics learners, and beliefs about 

mathematics learning. One study (Perrenet & Taconis, 2009) has partly covered heuris-

tics and control (Polya, 1957; Schoenfeld, 1985) during the process of MPS (i.e., the 

technical and metacognitive aspects). To supplement the literature, we examine students’ 

beliefs about the process of MPS and their beliefs about self and mathematics during 

MPS. 

All the data were analysed through a multiple-pass approach, utilizing the three-staged 

open, axial, and selective coding that typifies the grounded theory research approach 

(Strauss & Corbin, 1990). This approach has been found to be relevant for use in the ab-

sence of a theoretical framework related to values research (Seah & Peng, 2012). In this 

study, we focus on the analysis of the responses to the open-ended questionnaire. Other 

sections are still being analysed.  

Research Purpose 

Based on the above review of the literature, the present study involved a design of 

problem solving intervention and examined its effects on student beliefs about (the pro-

cess of) MPS. Specifically, the study was guided by two main questions:  
 

(a)  What were student beliefs about MPS at the end of the intervention; and  

(b)  Did student beliefs about MPS change after the intervention? Given the intimate re-

lationship between beliefs and attitudes (e.g., Di Martino & Zan, 2011; McLeod, 

1992), a secondary but related question was also addressed:  

(c)  What was the relationship between students’ beliefs about MPS and their attitudes 

towards the intervention? 
 

The answer to this question would allow for a better understanding about how the inter-
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vention may help to enhance student beliefs about MPS. It was hypothesized that students’ 

positive attitudes would predict more satisfactory beliefs about MPS. 

 

 

METHODS 

Participants  

The participants were 142 Grade 7 students (about 56% girls and 44% boys) ranging 

in age from 12 to 14 years old. All the students were from four classes of a mainstream 

secondary school in Singapore. Specifically, one class (i.e., Class 3) was more competent 

for mathematics competition. These students generally gained relatively high scores (e.g., 

75% - 90%) in a national examination (e.g., English, Mathematics, and Science subjects) 

at the primary school level. All four classes participated in this study, part of a longitudi-

nal project. The size of each class ranged from 31 to 42 students. There were four differ-

ent teachers, each to a class and they had 5-10 years’ teaching experience. 

Research Design  

Post-test only design with multiple data sources was employed in this study. Unlike 

many studies (Mason & Scrivani, 2004) reviewed above, neither pre-test nor comparison 

group was available. Specifically, we did not have a pre-test because students, learning no 

prior familiarity with terms like “heuristics” and language of the Polya’s (1957) stages 

(e.g., extension, adaption, and generalization, see relevant items presented in Table 2), 

would not have responded to these items meaningfully. As such, administering the pre-

test would serve no purpose for comparison. Besides, due to practical issues, we have 

only four classes from a participating school. The principal of the school would like to 

implement the curriculum (i.e., Mathematical Problem Solving for Everyone, MProSE) in 

all four classes. We therefore have no comparison group for the current study. Instead, 

survey and semi-structured interviews were conducted at the end of the intervention. 

More details are provided later. 

Intervention  

Rationale of intervention design  

Both Polya’s (1957) model and Schoenfeld’s (1985) framework of problem solving 

were used to guide the design of the intervention. This was based on two reasons. First, 

they both emphasize the process of MPS, which allows us to examine how students’ be-

liefs about MPS may change through the intervention. Second, they seem to be at least 

implicitly reflected in those successful interventions (e.g., Higgins, 1997; Mason & 
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Scrivani, 2004; Perrenet & Taconis, 2009) reviewed above. Polya’s model was explicitly 

taught in the intervention. It was expected that the model would help students in their 

problem solving attempts (Quek, Dindyal, Toh, Leong, & Tay, 2011; Toh, Quek, Leong, 

Jaguthsing & Tay, 2011). Specifically, students were engaged in the four stages of prob-

lem solving: understand the problem, devise a plan, carry out the plan, and check and ex-

pand (i.e., look back). Students were not perceived to have accomplished the task until 

they completed the last stage, thus signalling to them the indispensable role of “look back” 

in the process of MPS. These four stages are sequential but allow back-flow among them. 

That is, students were allowed to move forward and backward during their problem solv-

ing. As a useful refinement of Polya’s model, the four aspects of Schoenfeld’s framework 

were also integrated in the intervention design. These four aspects were cognitive re-

sources (e.g., propositional and procedural knowledge regarding the domain), heuristics 

(e.g., strategies and techniques for making progress on unfamiliar problems), control (e.g., 

planning, decision-making, and monitoring), and belief systems (e.g., one’s “mathemati-

cal world view” about self and mathematics). That is, students were supposed “to address 

the availability of resources and exercise cognitive and affective control over the problem 

process” (Toh et al., 2011, p. 13). 

 

Learning module and materials.  

All four classes were engaged in a 10-lesson problem solving, namely the MProSE 

module. The module was conducted as a regular part of the school mathematics curricu-

lum. During the module, students were generally engaged in a series of problem solving 

activities that required frequent uses of heuristics and metacognitive control. Each lesson 

lasted about 55–60 minutes and was conducted once per week (see Toh et al., 2011 for 

detailed lesson plans). Teachers were allowed to adjust the lesson plans (e.g., lesson peri-

od and teaching approach) if necessary. Among the four classes, the intervention lasted 

for about three months. Generally, these problems were selected according to four main 

principles (Toh et al., 2011):  
 

(a)  The problem needs to be interesting; 

(b)  The students have been equipped with sufficient “resources” to solve the problem;  

(c)  The content domain was important but subordinate to processes involved in solving 

the problem; and  

(d)  The problem leads itself to being easily extendable and generalizable. 
 

In MProSE, the Practical Worksheet was used to assist/guide students’ problem solv-

ing (Tay, Quek, Dindyal, Leong & Toh, 2011). Specifically, the worksheet consisted of 

four pages, each page allocated to each of Polya’s (1957) stages. The use of the practical 

worksheet to some extent indicated a paradigm shift in mathematics teaching/learning. 
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Based on our previous experiences, we recognized that students were mostly resistant to 

undergoing all the four stages (especially the Look Back stage) of Polya’s model. To ad-

dress this issue, we developed a worksheet akin to that commonly used in students’ sci-

ence practical lessons. Students were encouraged to treat the problem solving activities as 

a mathematics “practical” inquiry. The worksheet and a scoring rubric were also used to 

evaluate student problem solving ability at the end of the intervention. Four crucial as-

pects involved in MPS were assessed:  
 

(a)  Application of Polya’s four stages,  

(b)  Use of heuristics,  

(c)  Demonstration of control, and  

(d)  Expansion of the problem solved (i.e., checking, alternative solutions, posing of new 

problems).  

 

Teacher and students.  

Prior to the intervention, all the four teachers were invited to participate in five profes-

sional development sessions on teaching about MPS. These five sessions aimed to help 

the teachers to personally experience the MPS process and to develop MPS habits (Leong, 

Tay, Toh, Quek & Dindyal, 2011). During the sessions, one of the researchers modelled 

the teaching of MPS, while the teachers used the aforementioned practical worksheets 

and reflected on the MPS processes. It was expected that the teachers’ first-hand experi-

ence would provide their resources to guide students’ MPS along the lines of Polya’s 

(1957) four stages. During the intervention, the teachers mainly acted as facilitators to 

provide necessary assistance (e.g., handing out scaffolding cards) rather than lecturers in 

the classroom. Rather than passively receiving knowledge from the teacher, students 

worked in groups (3 to 4 students in one group) to solve one or two non-routine problems 

during each lesson. Similar to previous studies (Higgins, 1997; Mason & Scrivani, 2004), 

they were encouraged to discuss and collaborate with one another during the problem 

solving activities. The students worked on the practical worksheet when solving the prob-

lem(s). They were advised to share and discuss heuristics especially when they were 

stuck in the MPS process. More importantly, students were challenged to find alternative 

solutions and/or generalize the problem solved when sufficient time was available. 

Instrument  

Two self-developed questionnaires were administered to the participants at the end of 

the intervention (i.e., the 12th week) to examine their beliefs about MPS and attitudes 

towards the MProSE curriculum. A nine-item questionnaire (i.e., Beliefs about Mathe-

matical Problem Solving, BMPS) was developed to assess the effect of the intervention 
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on student beliefs about MPS. Specifically, five items (i.e., BMPS-Process Scale) were 

designed to target beliefs about the process of MPS, which involves Schoenfeld’s (1985) 

heuristics and control components. The other four items (i.e., BMPS-General Scale) were 

developed to address Schoenfeld’s (1983) “belief systems” that involved general beliefs 

about self and mathematics during MPS. For each item of BMPS, students were also re-

quired to choose one of three options, i.e., less, same, and more, to indicate progression, 

no change, and regression, respectively, for the question of “what you would have rated 

the same statement BEFORE you attended this module”. This question was designed to 

address the issue that no pre-test was involved in this study. The other nine-item ques-

tionnaire (i.e., Attitudes towards the MProSE Curriculum, AMPC) was used to examine 

how students perceived the MProSE curriculum. Three items (i.e., AMPC-Model Scale) 

focused on how students perceive the role of the Polya’s model in their MPS (e.g., “the 

practical worksheet guides me in applying Polya’s model of problem solving”). The other 

six items (i.e., AMPC-Module Scale) was used to measure student attitudes towards the 

learning module. All items of both questionnaires were scored on a six-point Likert-type 

scale from 1 (strongly disagree) to 6 (strongly agree). Sample items of the two question-

naires can be seen in Table 2. 

Considering the relatively small sample size and small number of items, a set of rigor-

ous approaches were used to validate the questionnaire items. To establish the expert va-

lidity, three professors and one lecturer with the background of mathematics and/or math-

ematics education were invited to examine whether the items designed can well represent 

relevant scales as expected. No items were removed at this stage. Following Kloosterman 

and Stage’s (1992) practice, a pilot testing was then conducted to tease out certain “bad” 

items, if any. The two questionnaires were administrated to three grade 7 classes (n = 65) 

who had experienced a similar MProSE learning module. The internal consistency relia-

bility (Cronbach’s α) was calculated for each scale and instrument. At this stage, items 

would be deleted if their removal resulted in larger α value. Besides, those with ambigu-

ous meanings were also removed. The remaining items were subsequently used and vali-

dated by a new sample (n = 142), which included the four classes in this study. More de-

tails about the validation of the instrument are presented in the Results section. 

Interviews  

Considering no pre-test or comparison group was involved in this study, semi-

structured interviews were also conducted to triangulate the survey data. Specifically, 

three students from each class were purposefully selected for interviews. The selection 

was based on students’ mathematics performance in class and their scores on the two sur-

vey questionnaires (i.e., BMPS and AMPC). Considering that individuals may be una-
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ware of their beliefs (Muis, 2004), students were not explicitly asked about their beliefs 

about MPS and how their beliefs may change over the intervention. Instead, several gen-

eral but related questions were asked: How do you feel about the MProSE module, how 

do you think about the role of the worksheet used during your MPS activities, and how do 

you perceive the role of Polya’s model in your MPS. We believed that students’ respons-

es to these questions may help to interpret the data of the questionnaires. 
 

 

RESULTS AND DISCUSSION 

Validation of the instrument  

Generally, satisfactory reliability and validity of the instrument were established. After 

the pilot testing, two items of BMPS and three items of AMPC were found to show very 

low consistency with other items and/or ambiguous meaning to the students. A follow-up 

discussion among the researchers resulted in the deletion of these five items. Satisfactory 

internal consistency was obtained for both refined questionnaires. Means, standard devia-

tions, and Cronbach’s α of the four scales are shown in Table 1. According to Hatcher 

and Stepanski (1994), a threshold of .55 level of Cronbach’s α can be used in exploratory 

research. As shown in Table 1, all four subscales demonstrated satisfactory internal con-

sistency reliability. Besides, correlations between the two scales in each questionnaire (r 

= .71 for BMPS and .64 for AMPC) were both significant (p < .001). Similarly, signifi-

cant correlations (r ranging from .48 to .55) were also observed between scales from dif-

ferent questionnaires. 

Table 1.  Means, standard deviations, and Cronbach’s α after pilot testing  

Scale Mean SD Cronbach’s α 

BMPS-Process (4 items) 4.57 .86 .72 

BMPS-General (3 items) 4.77 .81 .62 

AMPC-Model (3 items) 3.77 1.12 .75 

AMPC-Module (3 items) 3.93 1.24 .85 

BMPS-Process = beliefs about the process of MPS; BMPS-General = beliefs about self and 

mathematics during MPS; AMPC-Model = attitudes towards the Polya’s model based materi-

als; AMPC-Module = attitudes towards the learning module 
 

The two refined questionnaires were further validated through both exploratory and 

confirmatory analyses. A Principal Component Analysis with Varimax rotation method 

was performed to identify the factor structure of the two questionnaires (see Table 2). For 

BMPS, two factors were returned and they accounted for about 53% of total variance. No 

items were removed because they satisfied various criteria suggested by other scholars 

(Hair, Black, Babin, & Anderson, 2010; Kline, 2011). For example, all seven items had 
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factor loadings greater than .50 and no items showed significant factor loadings on differ-

ent factors (i.e., cross-loading). For AMPC, the two hypothesized factors were also rec-

ognized and they explained about 73% of the total variance. According to similar criteria, 

all six items were retained. The factor structures of both BMPS and AMPC were further 

tested through the confirmatory factor analysis using AMOS 7.0. Satisfactory model-fits 

were observed for both BMPS (χ
2
= 13.22, df = 13, χ

2
/df = 1.02, AGFI = .95, TLI = 1.00, 

CFI = 1.00, RMSEA = .01, SRMR = .04) and AMPC (χ
2
= 2.65, df = 8, χ

2
/df = .33, AGFI 

= .98, TLI = 1.03, CFI = 1.00, RMSEA = .00, SRMR = .01). All these indicated that both 

questionnaires expressed satisfactory reliability and validity. This argument was also 

supported by the acceptable internal consistency (Cronbach’s α > .55) and construct reli-

ability (> .70) shown in Table 2. 

Table 2. Factor loadings*, Cronbach’s α values, and construct reliability of the in-

strument 
Instrument/Items Factor 1 Factor 2 

I) Beliefs about Mathematical Problem Solving(BMPS) 

Factor 1: Beliefs about the process of MPS (BMPS-Process) α=.65, C.R.=.78 

I1. Solving maths problems requires the use of heuristics. .72/.55  

I2. The maths teacher must discuss different solutions to a problem 

with the students. 
.72/.50 

 

I3. It is important for me to check my solution to a problem. .71/.69  

I4. To be successful solving a problem, I have to monitor my thinking 

while trying to solve it. 
.59/.57 

 

Factor 2: Beliefs about self and mathematics during MPS (BMPS-General) α=.59, 

C.R.=.75 

I5. There is more than one method to solve a math problem if I think 

hard enough. 
 .80/.47 

I6. Discussion with my friends helps me to solve math problems.  .68/.50 

I7. Posing related problems (by extending, adapting or generalizing) 

is a part of learning maths. 
 .65/.71 

% of variance explained 29% 24% 

II) Attitudes towards MProSE Curriculum (AMPC)   

Factor 1: Attitude towards the Polya’s model based materials (AMPC-Model) α=.80, 

C.R.=.84 

II1. Polya’s model of problem solving is useful to me. .80/.75  

II2. The practical worksheet guides me in applying Polya’s model of 

problem solving. 
.80/.83  

II3. The assessment sheets evaluate fairly my problem solving ability. .78/.71  

Factor 2: Attitude towards the learning module (AMPC-Module) α=.82, C.R.=.84 

II4. This module has taught me how to solve mathematics problems.  .82/.79 

II5. This module was interesting to me.  .76/.79 

II6. The way of thinking taught in this module will help me in other 

mathematics modules. 
 .81/.75 

% of variance explained 36% 37% 

* Factor loading from Principal Component Analysis/confirmatory factor analysis; C.R. = 

construct reliability 
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Student Beliefs about MPS at the End of the Intervention 

Students generally expressed acceptable beliefs about MPS at the end of the interven-

tion. As seen in Table 3, all four classes’ mean scores on both BMPS-Process and BMPS-

General were larger than the midpoint (3.50) on the six-point Likert scale. Compared to 

the other classes in average, class 3 seemed to show less satisfactory beliefs about the 

process of MPS and beliefs about self and mathematics during MPS. Further independent 

t-tests indicated that the differences were both significant at the .01 level. Using four clas-

ses as a whole, significant correlation (r = .41) was also recognized between BMPS-

Process and BMPS-General (see Table 4). This seems to supplement the literature that 

reported more-or-less correlations among various MPS-related beliefs (e.g., Abedalaziz & 

Akmar, 2012; Kloosterman & Stage, 1992; Mason, 2003). 

Table 3. Student Beliefs about MPS and Attitudes towards the MProSE Curriculum  

Class 
BMPS-Process BMPS-General AMPC-Model AMPC-Module 

M SD M SD M SD M SD 

1 (n = 36) 5.12 .63 5.06 .87 4.35 1.04 4.45 1.04 

2 (n = 31) 4.94 .82 4.86 .84 3.91 1.21 3.76 1.04 

3 (n = 33) 4.48 1.01 4.24 1.12 3.40 1.39 3.44 1.43 

4 (n = 42) 5.12 .53 4.93 .74 3.90 1.29 4.40 1.19 

Total (n =142) 4.93 .79 4.79 .94 3.90 1.27 4.05 1.25 

BMPS-Process = beliefs about the process of MPS; BMPS-General = beliefs about self and 

mathematics during MPS; AMPC-Model = attitude towards the Polya’s model based materials; 

AMPC-Module = attitude towards the learning module 

Table 4. Correlations among the Four Scales 
 BMPS-Process BMPS-General AMPC-Model AMPC-Module 

BMPS-Process --    

BMPS-General .41*** --   

AMPC-Model .46*** .42*** --  

AMPC-Module .42*** .51*** .69*** -- 

BMPS-Process = beliefs about the process of MPS; BMPS-General = beliefs about self and 

mathematics during MPS; AMPC-Model = attitude towards the Polya’s model based materials; 

AMPC-Module = attitude towards the learning module; *** p < .001 

Changes in Student Beliefs about MPS 

Recognizable changes in student beliefs about MPS were observed. As shown in Ta-

ble 5, over half of the participants rated that their beliefs about MPS as the “same” prior 

to the intervention. Besides, about 11.5% of the students even showed recession. Howev-

er, it was encouraging to identify that about 28% showed progression in their beliefs 

about the process of MPS and beliefs about self and mathematics during MPS. For the 

“less” category, the highest percentage (45.1) was observed on item I7 (i.e., posing relat-

ed problems (by extending, adapting or generalizing) is a part of learning mathematics). 
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This suggested that the MProSE module helped in enhancing student beliefs about Stage 

4 of MPS. The two lowest percentages were noted on items I2 (i.e., the maths teacher 

must discuss different solutions to a problem with the students) and I6 (i.e., discussion 

with my friends helps me to solve math problems). Generally, these two items seemed to 

address student beliefs about the role of “discussion” (between teacher and students and 

among students) in MPS. These thus indicated that the intervention may exert relatively 

less influence on students’ appreciation of discussion in MPS. Interestingly, these two 

items also showed the highest percentage (14.8 and 21.1) in the “more” category. That is, 

some students seemed to even show decrease in their beliefs about the role of discussion 

in MPS. In brief, the data presented in Table 5 may provide some evidence to show the 

positive effect of the intervention in enhancing student beliefs about MPS. These data 

depended mostly on students’ awareness of the change in their beliefs. However, some 

scholars argued that belief can be implicit for an individual who is “holding” them (Muis, 

2004). That is, it was likely that students were not explicitly aware of their beliefs about 

MPS prior to the intervention. An exploration of how student attitudes towards the 

MProSE curriculum may affect student beliefs about MPS would help to provide further 

evidence. 

Table 5. Descriptive Statistics of Changes in Student Beliefs about MPS 
Items Less (%) Same (%) More (%) 

BMPS-Process I1 34.5 56.3 9.2 

BMPS-Process I2 16.9 68.3 14.8 

BMPS-Process I3 28.9 59.2 12.0 

BMPS-Process I4 28.9 64.1 7.0 

BMPS-General I5 28.9 61.3 9.9 

BMPS-General I6 13.4 65.5 21.1 

BMPS-General I7 45.1 48.6 6.3 

Average 28.1 60.5 11.5 

BMPS-Process = beliefs about the process of MPS; BMPS-General = beliefs about self and 

mathematics during MPS 

Relationship between beliefs about MPS and attitudes towards the MProSE 

curriculum 

Before examining the relationship between students’ beliefs about MPS and their atti-

tude towards the MProSE curriculum, results about student attitudes are discussed first. 

Similar to student beliefs about MPS, the mean scores on both AMPC-Model and AMPC-

Module scales (Table 3) were generally greater than the midpoint (3.50) for all classes 

(except class 3). This suggested that students generally showed positive attitudes towards 

the MProSE curriculum. Besides, as seen in Table 4, significant correlations were recog-

nized between students’ attitudes and their beliefs about MPS. This may lend support to 

the literature that suggested the intimate relation between attitude and beliefs, which are 
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the two important constructs in the domain of affect (e.g., Di Martino & Zan, 2011; 

McLeod, 1992). More importantly, these significant correlations provided a strong statis-

tical basis for further examination (i.e., path analysis) of the complex relation among the 

four subscales. 

Structural equation modelling (i.e., path analysis) was employed to test a proposed 

model that suggested the contribution of student attitudes to their beliefs about MPS. 

Grounded on our research focus, student attitudes towards the MProSE curriculum were 

treated as “dependent” variables while beliefs “independent” variables (see Figure 1). 

Considering that the AMPC-Model subscale was more related to the heuristics and meta-

cognitive control involved in MPS, therefore only the path “AMPC-Model → BMPS-

Process” rather than the path “AMPC-Model → BMPS-General” was specified in the 

model. Besides, it was hypothesized that students’ positive attitude towards Polya’s mod-

el based materials would lead to their positive attitude towards the whole learning module 

(“AMPC-Model → AMPC-Module”). Moreover, another hypothesis was that students’ 

(specific) beliefs about the process of MPS can contribute to their (general) beliefs about 

self and mathematics during MPS (“BMPS-Process → BMPS-General”). 
 

 

Figure 1. Proposed model with path coefficients 

 

Supporting the above hypotheses, results indicated that students’ positive attitudes to-

wards the MProSE curriculum (including Polya’s model and the learning module) are 

important predictors for their more satisfactory beliefs about MPS. When students found 

the MProSE curriculum useful and interesting to them, they were inclined to enjoy and 

appreciate the whole process of MPS and to develop more satisfactory beliefs about self 

and mathematics during MPS. Specifically, the proposed path model expressed satisfacto-

ry model-fit (χ
2
= .41, df = 1, χ

2
/df = .41, AGFI = .99, TLI = 1.02, CFI = .1.00, RMSEA 

= .01, SRMR = .01). Specifically, all proposed paths were significant at the .05 level. As 

shown from Figure 1, AMPC-Model exerted its effect 
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(.33×.24+.69×.41+.69×.20×.24=.39)  
 

on BMPS-General through three indirect paths: “AMPC-Model → BMPS-Process → 

BMPS-General”, “AMPC-Model → AMPC-Module → BMPS-General”, and “AMPC-

Model → AMPC-Module → BMPS-Process → BMPS-General”. AMPC-Module exerted 

its influence (.41+.20×.24=.46) on BMPS-General through one direct path (“AMPC-

Module → BMPS-General”) and one indirect path (“AMPC-Module → BMPS-Process 

→ BMPS-General”). Besides, BMPS-Process and BMPS-General explained about 23% 

and 30% of the total variance, respectively. These results suggested that the effects of the 

MProSE curriculum on student beliefs about MPS were mediated through student atti-

tudes towards the curriculum. 

Results of Interviews 

Generally, the interview data lent much support to the above findings. Specifically, 

Most of the students interviewed at least implicit expressed rather sophisticated beliefs 

about MPS, and they seemed to attribute it to the MProSE curriculum. That is, the 

MProSE curriculum may allow students to appreciate more about the process of MPS 

(e.g., heuristics and metacognitive control). Besides, students’ appreciation of the process 

of MPS seemed to be usually linked with their positive attitude towards the MProSE cur-

riculum. For example: 
 

S1: The module is useful, because I can now use different heuristics to solve the problem. 

I will use different ways to check my answer after I solve the problem…After I solve 

it, [I] can carry on and do the generalization.  

S3:  It [Polya’s model] is useful. When I got stuck, I can use the four stages [Polya’s 

stages] to solve problem. The last stage [check and expand] is the most useful.  

S10: Quite useful. When doing such interesting questions which are difficult…you get to 

learn new things, like the heuristics: trial-and-error, working backwards, number pat-

terns.  

S11: The worksheet is useful. When you are stuck, you can go back to what you thought 

of. You won’t forget easily, since you have written down everything so that you can 

trace your ideas. 

Although many students recognized the role of the MProSE module in their MPS, 

some of them have shown that they have learnt some heuristics or implicitly experience 

Polya’s four stages in primary school. Some even thought they were strong in mathemat-

ics and thus downplayed the value of Polya’s stages of MPS. This may help to explain the 

large percentage (60.5%) of the “same” category presented in Table 5. Typical examples 

included: 
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S4:  I know some of the heuristics during primary school…Actually it [worksheet] helps 

those weak in maths…most of them [strong students] feel that, I already know this, 

why I must go through these [steps].  

S9:  I have learnt some of the heuristics in primary school…check is okay, but no need to 

expand…the worksheet is just in general useful for others. 

Besides, two students even showed little appreciation about the process of MPS, ac-

companied with negative attitude towards the MProSE curriculum: 
 

S5:  The problems are two hard. Too many steps, [during] exam, [I have] no time to do so 

many steps…expanding the question is a waste of time.  

S6:  Polya’s stages are very troublesome…why [do I] need so many stages …the work-

sheet is annoying.  

In tandem with the survey data, students’ interview data also indicated the potential ef-

fects of the MProSE curriculum in cultivating students’ sophisticated beliefs about MPS. 

Besides, the interview data may also suggest the intimate relations between students’ be-

liefs about MPS and their attitude towards the MProSE curriculum. 

 

 

GENERAL DISCUSSION 

 

This study aimed to examine the effect of a problem-solving curriculum (i.e., MProSE) 

on Singaporean Grade 7 students’ beliefs about MPS measured by a validated instrument. 

Some students reported positive changes in their beliefs about MPS at the end of the in-

tervention. Besides, students’ more satisfactory beliefs were found to be closely related to 

their positive attitudes towards Polya’s (1957) model based materials and the learning 

module of the curriculum. Generally, the intervention was partly effective in enhancing 

students’ beliefs about MPS through cultivating their attitudes towards the MProSE cur-

riculum. However, two major limitations should be noted when interpreting the above 

results. First, some methodological issues may reduce the external validity of the current 

study. Specifically, neither comparison group nor pre-test was involved. Therefore, future 

research can employ (quasi-)experimental design approach to enhance the generalization 

of this exploratory study. Second, the sample size in this study was relatively small, 

which may restrict the generalizability of the findings. Future studies can examine the 

path model (Figure 1) with larger sample. More discussions are presented below. 

First, the BMPS questionnaire validated in this study can be useful as an instrument 

for assessing students’ beliefs about MPS. Similar to other instruments from previous 

studies (Kloosterman & Stage, 1992; Mason, 2003; SchommerSchommer-Aikins, Duell 

& Hutter, 2005), BMPS-General has involved student beliefs about self and mathematics 
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as a discipline. More importantly, BMPS-Process also measures beliefs about the process 

of MPS, which were seldom targeted by the existing instruments. Specifically, it address-

es the two important components advocated by Schoenfeld (1985): heuristics and control. 

The two factors/subscales mostly covered Schoenfeld’s framework on MPS, and ex-

plained more than half (53%) of the total variance. Additionally, as found in this study, 

these two factors expressed acceptable reliability and validity. The two-factor structure 

also showed satisfactory model-fit. Future research may adapt the BMPS questionnaire 

within different contexts or use it with other instrument items from the literature (e.g., 

Kloosterman & Stage, 1992; Op’t Eynde & De Corte, 2003).  

Second, the intervention was partly successful in enhancing students’ beliefs about 

MPS through fostering their positive attitude towards the MProSE curriculum. As noted 

above, only about 28% students (at least implicitly) acknowledged the role of the 

MProSE curriculum in developing their beliefs about the process of MPS and beliefs 

about self and mathematics. This seems to echo the literature that involved similar inter-

ventions with encouraging findings (Higgins, 1997; Mason & Scrivani, 2004; Verschaffel 

et al., 1999). Specifically, Polya’s (1957) four-stage MPS model and relevant learning 

materials (e.g., worksheet and assessment rubric) and the 10-lesson module may allow 

students to appreciate the role of heuristics and control in MPS and to enhance their be-

liefs about self and mathematics. However, this seemed not to be the case for other stu-

dents who reported unchanged or even decreased beliefs. A possible interpretation of 

such phenomenon can be that these students may feel uncomfortable with the novel learn-

ing approach which was different from the drill-and-practice in the past. In the education-

al context of Singapore, school students tend to rely more on the teacher who usually 

provides step-by-step instruction for them. They were more accustomed to following spe-

cific instructions to work on mathematics exercises from the textbook. Compared to these 

exercises, the problems of the MProSE curriculum were more challenging (see S5’s in-

terview response) and required more skills (e.g., heuristics and metacognitive control) 

and collaboration from the students. As recognized previously, students seemed to sel-

dom esteem the role of discussion (between teacher and students and among students) in 

successfully solving problems. In brief, students’ weak acceptance of the MProSE curric-

ulum may result in their less satisfactory attitudes towards the learning module, which 

may explain their unchanged or decreased beliefs. 

Another possibility is that students may view the MProSE curriculum as being unre-

lated to the regular syllabus. More notably, the topics involved in the module were not 

explicitly included in Singapore secondary school GCE O-level examination. However, 

much emphasis has been put on assessment of standard within-syllabus topics within the 

educational context of Singapore. Many students may focus merely on content knowledge 

required by the syllabus. In other words, the topics and relevant skills advocated by 
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MProSE curriculum may be considered dispensable for many students. Some of them 

may even think that the MProSE module had deprived them of time for learning the 

“main” contents emphasized in the textbook. As a result, they may show neutral or even 

negative attitudes towards the MProSE curriculum, which may contribute to their un-

changed or declined beliefs about MPS (see S5’s interview response). The significant 

difference (Table 3) between one class (Class 3) and other classes in beliefs appears to 

support this interpretation. As introduced previously, Class 3 was more competent than 

other three classes indicated by their outstanding test scores on a national examination. 

However, they were found to express less satisfactory beliefs as compared to other stu-

dents. 

Moreover, another potential explanation can be that the short duration of the interven-

tion was insufficient to change students’ MPS-related beliefs. As others argued (Hofer & 

Pintrich, 1997; Muis, 2004), it usually requires a relatively long time to change an indi-

vidual’s beliefs. In this study, the intervention lasted only about three months, and stu-

dents were engaged in the module once per week in average. In other words, their expo-

sure to the new learning approach that challenged their MPS beliefs was rather limited. 

Students may still hold fast their various “naïve” beliefs (e.g., MPS does not require dis-

cussions with others) even after the intervention. Besides, the short duration may not be 

enough to establish a new learning environment of problem solving. Students may prefer 

the assessment-oriented drill-and-practice that they felt comfortable with. That is, it is 

less likely that significant changes in student beliefs about MPS may occur within a short 

period. Data collected from this intervention will help in examining the factor of interven-

tion duration. The research project infused MPS into some Grade 8 topics when this co-

hort moved to the Grade 8 the following year. 

Teachers’ beliefs and teaching about MPS may be another factor that can explain the 

partly successful results. As Depaepe et al. (2010) reported, students’ beliefs about MPS 

were generally in line with their teachers’ beliefs and teaching approaches (e.g., metacog-

nitive and the use of heuristics). Although the four mathematics teachers were engaged in 

five professional development sessions on teaching about MPS, they were observed to 

facilitate their students’ MPS in a less confident and skilful manner. Some of them were 

not confident in guiding students to employ heuristics, while some would resort to 

“spoon-feed” their students. These would certainly hinder students’ familiarity with and 

appreciation of the process of MPS. To verify this argument, more empirical studies are 

required in future. 

In conclusion, the present study has shown the potential and challenge of integrating 

MPS into mathematics curriculum to enhance students’ beliefs about MPS. As the litera-

ture suggested, students’ beliefs about MPS exerted an important influence on mathemat-

ics-related learning outcomes such as mathematics achievement, MPS ability, and MPS 
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(Callejo & Vila, 2009; Lester et al., 1989; National Council of Teachers of Mathematics, 

1989; Schoenfeld, 1985). Therefore, the MProSE module in this study can be useful for 

designing mathematical curriculum that aims to accomplish these learning outcomes 

through enhancing students’ beliefs about MPS. More empirical studies are required to 

justify this argument. 

 

 

REFERENCES 

 

Abedalaziz, N. & Akmar, S. N. (2012). Epistemological beliefs about mathematical problem 

solving among Malaysian students. OIDA International Journal of Sustainable Development 

5(1), 59–74.  

Callejo, M. L. & Vila, A. (2009). Approach to mathematical problem solving and students’ belief 

system: Two case studies. Educ. Stud. Math. 72(1), 111–126.  ME 2010a.00118  

Depaepe, F.; De Corte, E. & Verschaffel, L. (2010). Teachers’ metacognitive and heuristic 

approaches to word problem solving: Analysis and impact on students’ beliefs and performance. 

ZDM, Int. J. Math. Educ. 42(2), 205–218.  ME 2010c.00124 

Di Martino, P. & Zan, R. (2011). Attitude towards mathematics: A bridge between beliefs and 

emotions. ZDM, Int. J. Math. Educ. 43(4), 471–482. ME 2012a.00151 

Fennema, E. & Sherman, J. (1976). Fennema-Sherman mathematics attitudes toward the learning 

of mathematics by females and males. Madison, WI: Wisconsin Center for Educational 

Research. 

Hair, J. F.; Black, W. C.; Babin, B. J. & Anderson, R. E. (2010). Multivariate data analysis (7th 

ed.). Upper Saddle River, NJ: Pearson Education. 

Hatcher, L. & Stepanski, E. J. (1994). A step-by-step approach to using the SAS system for 

univariate and multivariate statistics. Cary, NC: SAS Institute. 

Higgins, K. M. (1997). The effect of year-long instruction in mathematical problem solving on 

middle-school students’ attitudes, beliefs, and abilities. Journal of Experimental Education 

66(1), 5–28.  

Hofer, B. K. & Pintrich, P. R. (1997). The development of epistemological theories: Beliefs about 

knowledge and knowing and their relation to learning. Review of Educational Research, 67(1), 

88–140.  

Kline, R. B. (2011). Principles and practice of structural equation modeling (3rd ed.). New York: 

The Guilford Press. 

Kloosterman, P. & Stage, F. K. (1992). Measuring beliefs about mathematical problem solving. 

School Science and Mathematics, 92(3), 109–115. ME 1992i.37098 

Leong, Y. H.; Tay, E. G.; Toh, T. L.; Quek, K. S. & Dindyal, J. (2011). Revising Polya's “look back” 

in a Singapore school. J. Math. Behav. 30(3), 181–193. ME 212a.00105 

http://www.zentralblatt-math.org/matheduc/en/?q=an%3A2010a.00118
http://www.zentralblatt-math.org/matheduc/en/?q=an%3A2010a.00118
http://www.zentralblatt-math.org/matheduc/en/?q=an%3A2010a.00118


DENG_Feng et al. 40 

Lester, F. K.; Garofalo, J. & Kroll, D. L. (1989). Self-confidence, interest, beliefs and 

metacognition: Key influences on problem-solving behavior. In: D. B. McLeod & V. M. Adams 

(Eds.), Affect and mathematical problem solving: A new perspective (pp. 75–88). New York: 

Springer-Verlag. ME 1991e.00337 

Mason, L. (2003). High school students’ beliefs about maths, mathematical problem solving, and 

their achievement in maths: A cross-sectional study. Educational Psychology 23(1), 73–85.  

Mason, L. & Scrivani, L. (2004). Enhancing students’ mathematical beliefs: An intervention study. 

Learn. Instr. 14(2), 153–176. ME 212a.0010 

McLeod, D. B. (1992). Research on affect in mathematics education: A reconceptualization. In: D. 

A. Grouws (Ed.), Handbook of research on mathematics teaching and learning: A project of 

the National Council of Teachers of Mathematics (pp. 575–596). New York: Macmillan. 

Muis, K. R. (2004). Personal epistemology and mathematics: A critical review and synthesis of 

research. Review of Educational Research 74(3), 317–377.  

National Council of Teachers of Mathematics [NCTM] (1989). Curriculum and evaluation 

standards for school mathematics. Reston, VA: NCTM.  ME 1989k.00892 

Op’t Eynde, P. & De Corte, E. (2003). Students’ mathematics-related belief systems: Design and 

analysis of a questionnaire. Paper presented at the Annual Meeting of the American 

Educational Research Association, Chicago; Apr. 21–25, 2003. 

Perrenet, J. & Taconis, R. (2009). Mathematical enculturation from the students’ perspective: Shift 

in problem-solving beliefs and behavior during the bachelor programme. Educ. Stud. Math. 

71(2), 181–198.  ME 2010a.00088 

Polya, G. (1957). How to solve it: A new aspect of mathematical method (2nd ed.). Princeton, NJ: 

Princeton University Press. ME 1977a.00026 

Quek, K. S.; Dindyal, J.; Toh, T. L.; Leong, Y. H. & Tay, E. G. (2011). Problem solving for every-

one: A design experiment. J. Korean Soc. Math. Educ. Ser. D, Res. Math. Educ. 15(1), 31–44.  

Roesken, B.; Hannula, M. S. & Pehkonen, E. (2011). Dimensions of students’ views of themselves 

as learners of mathematics. ZDM, Int. J. Math. Educ. 43(4), 497–506. doi: 10.1007/s11858-

011-0315-8  ME 2012a.00253 

Schoenfeld, A. H. (1983). Beyond the purely cognitive: Belief systems, social cognitions, and 

metacognition as driving forces in intellectual performance. Cognitive Science 7, 329–363.  

_____ (1985). Mathematical problem solving. Orlando, Florida: Academic Press. ME 

1986a.01069 

_____ (1989). Explorations of students’ mathematical beliefs and behavior. Journal for Research 

in Mathematics Education, 20(4), 338–355.  ME 1990b.00597  

_____ (1992). Learning to think mathematically: Problem solving, metacognition and sense-

making in mathematics. In: D. A. Grouws (Ed.), Handbook of research in mathematics 

teaching and learning (pp. 334–389). New York: MacMillan.  ME 1993f.01809 

Schommer-Aikins, M.; Duell, O. K. & Hutter, R. (2005). Epistemological beliefs, mathematical 

http://www.zentralblatt-math.org/matheduc/en/?q=an%3A2012a.00253
http://www.zentralblatt-math.org/matheduc/en/?q=an%3A2012a.00253
http://www.zentralblatt-math.org/matheduc/en/?q=an%3A2012a.00253


Enhancing Student Beliefs about Mathematical Problem Solving 41 

problem-solving beliefs, and academic performance of middle school students. The Elementary 

School Journal, 105(3), 289–304.  

Tay, E. G.; Quek, K. S.; Dindyal, J.; Leong, Y. H. & Toh, T. L. (2011). Teachers solving mathemat-

ics problems: Lessons from their learning journeys. J. Korean Soc. Math. Educ. Ser. D, Res. 

Math. Educ.15(2), 159–179.  

Teong, S. K. (2003). The effect of metacognitive training on mathematical word-problem solving. 

Journal of Computer Assisted Learning, 19(1), 46–55.  

Toh, T. L.; Quek, K. S.; Leong, Y. H.; Jaguthsing, D. & Tay, E. G. (2011). Making mathematics 

practical: An approach to problem solving. Singapore: World Scientific.  ME 2012b.00450 

Verschaffel, L.; De Corte, E.; Lasure, S.; van Vaerenbergh, G.; Bogaerts, H. & Ratinckx, E. (1999). 

Learning to solve mathematical application problems: A design experiment with fifth graders. 

Mathematical Thinking and Learning, 1(3), 195–229.  ME 1999f.04027  

Wenger, E. (1999). Communities of practice: Learning, meaning, and identity. Cambridge, UK: 

Cambridge University Press. 

 


