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Abstract The purpose of this study is to investigate
beliefs on mathematical problem solving among
matriculation students. Five factors of students’ beliefs on
mathematical problem solving, i.e., difficult problems,
steps, understanding, word problems and effort were
investigated to predict factors that influence their
mathematics achievement. The study sample consisted of
312 matriculation students from three matriculation
colleges. The questionnaire was adapted from the Indiana
Mathematics Beliefs Scale (IMBS) and a mathematics test.
The results of the data analysis indicated that students have
positive beliefs about mathematical problem solving. The
findings showed that there is a positive significant
relationship between the overall beliefs with mathematics
achievement. Three sub-factors, i.e., difficult problems,
steps and understanding were found to have positive
significant relationship with mathematics achievement.
Furthermore, by using the multiple regression analysis, it
was revealed that difficult problems, steps and
understanding contributed significantly to students’
mathematics achievement.
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1. Introduction

In the past three decades, researches had revealed the
importance of beliefs in shaping students’ cognitive and
affective activities in mathematical classrooms. Students’
beliefs about mathematical problem solving is an important
component for their participation in mathematics learning
activities and mathematics achievement [1]. In fact,

previous studies have shown that students’ beliefs in
mathematics are influential in students’ intentions to
pursue mathematics related studies or careers [2]. However,
certain beliefs about mathematical problem solving tend to
negatively affect students’ ability to engage productively in
problem solving at all levels of education [3]. Positive
beliefs would motivate students and increase their success
in problem solving process. Mostly, these students would
make an effort to solve problems. Therefore, it is important
for mathematics teachers to assist students to become more
interested in problem solving by improving their
mathematical beliefs. This can be done by improving
students’ abilities in applying problem solving skills and
expanding types of problems that enable students to solve
mathematics problems in their classrooms so that they can
see its importance to career opportunities in mathematics
[4,5].

Mathematics beliefs refer to a student’s belief which is
something known or felt that affects the effort to learn
mathematics [6]. For example, if students believe learning
mathematical problem solving will be valuable, then they
will put in more effort in learning. Belief about
mathematics, according to Mason and Scrivani [7], are
powerful in shaping students’ behavior. Thus,
understanding students’ beliefs on mathematical problem
solving is important in mathematics curriculum. This
understanding would help teachers to implement more
effective programmes for poor performers in problem
solving [1].

Lerch's [8] study on college students found that an
individual’s personal beliefs affect how they approach
mathematics problems and thus guided their progress in
problem solving situations. Past studies have shown that
beliefs could affect students’ learning and achievement.
For instance, Garcia [9] found there is a significant
relationship between beliefs about mathematics and
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algebra achievement among college students. Similarly,
Abdul Kadir et al's [10] study among undergraduate
students also demonstrated positive significant relationship
between mathematical problem solving belief and
mathematics achievement. Other studies also found
mathematics beliefs were significantly related to
mathematics achievement [11-13]. Abedalaziz and Akmar
[1] found that all five components of beliefs about
mathematical problem solving significantly predicted
mathematics achievement among secondary school
students. Meanwhile, Burrus and Moore [14] exhibited that
subjective norms and perceived control, which are two
beliefs components, have significantly influenced
mathematics achievement. Considering all these previous
studies, it is evident that students’ beliefs are imperative in
mathematics teaching and learning.

Social Cognitive Theory (SCT) had related interactions
between behavioral factors, personal characteristics and
environmental influences on students’ learning. According
to SCT, the individuals’ beliefs, thoughts and feelings
would influence how they react. Schoenfeld [15] identified
the influence of beliefs systems that shaped students’
behavior as they tried to solve mathematics problems.
Students’ beliefs on mathematics could also determine how
they approach a problem, which strategies to be used or
avoided and how long they persevered when solving
mathematics problems [16]. Previous researches had
reported students’ beliefs about mathematical problem
solving with classroom activities could predict their
achievement in mathematics [17]. Students who
constructed more advanced and productive beliefs about
mathematics helped them to improve their problem solving
strategies and solved mathematics problems more
accurately [7]. Therefore, identifying students’ beliefs
about mathematical problem solving is important in
teaching and learning mathematics.

2. Methods

This quantitative correlational study employed a cluster
sampling procedure. A total of 312 students from the
matriculation programme under the Ministry of Education
Malaysia were randomly selected. A list of colleges in the
North, Central and South zones were acquired and based
on random sampling, three colleges were selected for the
actual data collection process. The selected colleges were
Kolej Matrikulasi Perak (North zone), Kolej Matrikulasi
Negeri Sembilan (Central zone) and Kolej Matrikulasi
Melaka (South zone). A survey questionnaire was used for
the data collection. The data were collected using 28 items
adapted from the Indiana Mathematics Beliefs Scale by
Kloosterman and Stage [18] to measure students’ beliefs
about mathematical problem solving. A mathematics test
was conducted to determine the students’ mathematics
achievement. The instrument to measure students’ beliefs
about mathematical problem solving consisted of five

factors, i.e., (a) difficult problems (6 items); (b) steps (4
items); (c) understanding (6 items); (d) word problems (6
items) and effort (6 items).

According to Kloosterman and Stage [18], difficult
problems  measure students’ beliefs to solve
time-consuming mathematics problems. Steps relate to
students’ beliefs about mathematics word problems that
cannot be solved by following procedural step. Meanwhile,
understanding indicates students’ beliefs about the
importance to understand why a particular procedure is
correct rather than to get the right answer. Word problems
measure students’ perceptions of the importance of
solving word problems rather than computational skills.
Finally, effort measures students’ beliefs that efforts can
strengthen their mathematics ability and thus make them
more skilful in mathematics. Respondents were given
options using a five-point Likert scale ranging from 1
(strongly disagree) to 5 (strongly agree) to measure their
agreement on the questionnaire statements. Whereas
mathematics achievement was determined on the total
score obtained in mathematics test.

The data were analysed using the IBM SPSS Statistics
Version 22 software. The relationship between students’
beliefs about mathematical problem solving and
mathematics achievement were calculated utilising the
Pearson Product-Moment Correlation technique. The
multiple regression analysis was performed to find out the
best predictors of students’ beliefs about mathematical
problem solving in mathematics achievement. Before
conducting multiple regression analysis, Hair et al. [19]
suggested that the sample size, normality, linearity,
homoscedasticity and homoscedasticity of residuals
assumptions need to be considered.

3. Results and Discussion

A total of 312 respondents were randomly selected in
this study, which consisted of 106 males (34.0%) and 206
(66.0%) females. The results of the descriptive statistics
indicated students’ beliefs about mathematical problem
solving were based on mean scores ranging from 3.08 to
4.74 (Table 1). The overall mean of students’ beliefs about
mathematical problem solving was 3.80 (SD = 0.28),
which indicated that students held high positive beliefs
about mathematics.

Table 1. Mean and Standard Deviation for Students’ Beliefs on
Mathematical Problem Solving
Variables Mean SD
Effort 4.74 0.34
Understanding 3.97 0.56
Difficult problems 3.64 0.54
Word problems 3.30 0.45
Steps 3.08 0.58
Overall students’ mathematics beliefs 3.80 0.28
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Table 2. Relationship between Students’ Beliefs about Mathematical Problem Solving towards Mathematics Achievement

Difficult . Word Overall mathematics
Problems Steps Understanding problems Effort beliefs
r 0.419%* 0.343** 0.251%** 0.070 -0.019 0.448%*
Achievement Sig.
h 0.000 0.000 0.000 0.218 0.739 0.000
(2-tailed)

Effort obtained the highest mean score obtained from the
descriptive analysis (Mean = 4.74, SD =0.34). This finding
indicated that the students believed that efforts would
improve their mathematics ability and they could succeed
in mathematics. They believe they could get smarter and
improve their ability in mathematics by putting in more
effort when solving mathematics problems.

The second highest mean was understanding (Mean =
3.97, SD = 0.56). This showed students were highly
inclined to believe the importance to understand as to why
a particular procedure was correct rather than getting the
right answer. They agreed they should spend time to
understand why the answer was correct rather than to get
the right answer when solving mathematics problems.

The third highest mean was obtained by difficult
problems (Mean = 3.64, SD = 0.54), which indicated that
most of the students have a high tendency to believe in their
ability to solve mathematical problem solving questions
within the stipulated time. They agreed they could solve
mathematics problems that take a long time to be solved if
they persistently gave a try and do not simply give up.

Steps had the lowest mean in students’ beliefs about
mathematical problem solving (Mean = 3.08, SD = 0.58).
This showed students believed that there are mathematics
problems that cannot be solved by following the procedural
method. They agreed that memorizing mathematics steps is
ineffective in finding the solutions to solve mathematics

problems.
The correlation between students’ beliefs on
mathematical problem solving and mathematics

achievement was tested using the Pearson’s correlation
analysis to determine whether there is any significant
relationship between the variables. The data analysis in
Table 2 showed there is a moderate significant positive
relationship between the overall beliefs on mathematical
problem solving with mathematics achievement (r =
0.448** p=0.000). It could be concluded that the students
with high beliefs on mathematical problem solving tend to
obtain high mathematics achievement.

A multiple regression analysis was performed to identify
the best predictors that influenced students’ achievement in
learning mathematics. The assumptions for the sample size,
normality, linearity, homoscedasticity and
homoscedasticity of residuals had been met. The following
model summary table (Table 3) shows the multiple
correlation coefficient (R) obtained is 0.497 and the R’
value obtained is 0.247. The R? value indicated how much
the variance in the dependent variable was explained by the
model. The R? value indicated 24.7% of the variance in

mathematics achievement was explained by the
combination of difficult problems, steps and
understanding.
Table 3. Model Summary
Adjusted R Standard error of the
R R square .
squared estimates
0.497 0.247 0.239 1.51824

Table 4 shows the results of ANOV A analysis by using
the multiple regression model. The statistical test showed it
is significant at 0.05 level of significance [F(3,308) =
33.602, p = 0.000] with the p-value smaller than 0.05,
indicating the combination of predictors (difficult
problems, steps and understanding) significantly predicted
mathematics achievement.

Table 4. ANOVA

Model Sumof | ¢ | Mean F Sig.
squares square
Regression 232.361 3 77.454 | 33.602 | 0.000
Residual 709.959 308 2.305
Total 942.320 311
Predictors: difficult problem, steps and understanding
Dependent variable: mathematics achievement

Table 5 illustrates the results of multiple regression
which indicated difficult problems (¢ = 6.076, p = 0.000),
steps (t =4.784, p = 0.000) and understanding (¢ =2.030, p
= 0.043) influenced students’ mathematics achievement.
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Table 5. Coefficient Multiple Linear Regression for Mathematics Achievement

Model Unstandardized Coefficients Standardized Coefficients )
Beta Standard Error Beta ' Sie
(Constant) -4.653 0.768 -5.920 0.000
Difficult problems 1.041 0.171 0.324 6.076 0.000
Steps 0.734 0.153 0.245 4.784 0.000
Understanding 0.328 0.162 0.106 2.030 0.043

Generally, the model for predicting students’ beliefs on
mathematical problem solving is as follows:

Y = —4.653 + 1.041x, + 0.734x, + 0.328x; + ¢

where:

Y = Mathematics achievement

X, = Difficult problems

X, = Steps

X5 = Understanding

£ = Error

Further analysis indicated that only the constructs,

difficult problems, steps and understanding were factors
that influenced students’ mathematics achievement. The
strongest predictors were the students’ beliefs on difficult
problems or time-consuming problems. A possible
interpretation for this might be that students were
convinced they could solve mathematics problems that
take a long time to be solved if they persistently gave a try
and do not simply give up. Furthermore, in their study,
Stylianides and Stylianides [3] found difficult problems
that students viewed as impossible to be solved could be
solved within their abilities. Therefore, putting more
positive beliefs on efforts can improve mathematics ability,
whereby Malaysian matriculation students can increase
their achievement in solving mathematics problems.

4. Conclusions

The overall mean mathematics beliefs obtained showed
that respondents had high level of mathematics beliefs in
problem solving, and thus suggesting that they held
positive beliefs about mathematical problem solving. The
high level of mathematics beliefs is also supported by
Abedalaziz and Akmar [1]. High mathematics beliefs were
identified in this study because respondents perceived their
effort in mathematics learning will result in their increased
mathematics ability. Besides, they also believed that they
can solve mathematics problems and improve mathematics
ability by studying harder. Therefore, they would
persistently give a try and they would not simply give up
when solving difficult mathematics problems.

A significant relationship was found between beliefs on
mathematical problem solving and mathematics

achievement in this study; and this is not surprising
because students’ problem solving beliefs is important to
increase their ability to solve mathematics problems
correctly. Therefore, it is important to increase students’
positive beliefs about mathematical problem solving and
hence further improve the strategy they take in solving
mathematics problems. Therefore, this study suggests that
matriculation educators could help students to gradually
change naive representations about how they view
mathematics and the implications of beliefs in learning
mathematical problem solving. If students have positive
beliefs in mathematical problem solving, there are
expected to get high mathematics achievement.

The findings of this study on matriculation students have
come up with an important information on factors that
influence the mathematics achievement on mathematical
problem solving. From the five factors examined on the
students’ beliefs, three factors, i.e. difficult problems, steps
and understanding influence students’ mathematics
achievement. Students with high positive beliefs in these
three beliefs factors were able to increase their ability and
mathematics achievement. Thus, mathematics educators
should carry out more learning activities to increase
students’ perception of the usefulness and the importance
of mathematical problem solving before they enrol into
tertiary education. Besides that, they should continuously
implement problem solving skills in teaching and learning
activities in the classroom to improve the skills that they
had learned in secondary school.
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