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Abstract: There is an abundance of literature highlighting the need to focus on enhancing students’
creativity in the classroom. This research aimed to determine the impact of the Mathematical
Creative Approach (MCA) on mathematical creativity and mathematics achievement among students
and to explore the relationship between mathematical creativity and achievement in mathematics. A
quasi-experimental research design was employed for the study that included a total of 64 Form Four
students from schools in Kuala Lumpur; 32 students in the intervention group and 32 students in the
comparison group. The findings showed that those participants who were exposed to MCA reported
significant positive changes in both outcome variables (mathematical creativity and mathematics
achievement) as compared with those from the control group. Based on the results, there was also a
high correlation between mathematical creativity and mathematics achievement. The research revealed
that MCA has enormous capabilities to promote creativity; hence it should be integrated into
pedagogical approaches to foster higher-quality learning among students. Additionally, the research
results may serve as a guide for educators in Higher Learning institutions to design innovative
curriculum for pre-service mathematics teachers, especially those being trained to integrate creativity
and character development into student learning.
Keywords: Mathematical creative approach, Mathematical creativity, Mathematics achievement
1.

Introduction

The Malaysia Education Blueprint 2013-2025 has outlined a major transformation plan to
deliver higher quality education to students (MOE, 2015). A highly effective education system has to
be visualised, and each student's aspirations are expressed according to the National Education
Philosophy (MOE, 2015). It is also indicated that the thinking skills of students are the second
aspiration, whereby cognitive skills, including the creativity element, should be encouraged among
students. Therefore, creativity advancement among students is one of the most important elements in
global education, including in Malaysia. In the case of mathematics, one technique to improve
mathematical creativity among students is inspiring them to see mathematical problems as a challenge
and to think differently. This approach will also enhance their enthusiasm for the subject.
One of the critical competencies in 21st-century learning involves creativity, and it is an
essential skill in mathematics education (Kaplan, 2019; Richardson & Mishra, 2018; Silvia et al., 2013).
However while creativity is acknowledged as a significant element in learning, it is also important for
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the cognitive capabilities of a person to solve problems through the creation of new ideas as it is directly
linked to the enhancement of ability and knowledge (Ghazali et al., 2020). However, the literature has
highlighted the challenge of enhancing the creativity of secondary school students, especially in
mathematics learning (Lee & Bailey, 2020). These range from rigid education management practices
that aimed to increase creativity to the design of evaluation strategies that can easily assess creativity.
However, there has been a great deal of debate about creativity and innovation in International
mathematical societies.
Mathematical creativity, in particular, is often regarded as an essential component in research
studies (Barraza-García et al., 2020; Isnani et al., 2020; Pitta-Pantazi et al., 2013). Mathematical creative
learning is expected to provide students with the sort of learning that makes them more active and
creative in resolving their problems. Students can learn this directly to resolve problems they encounter
(Muda & Fook, 2020). However, students nowadays tend to use the recipe and memorise methods in
solving mathematical problems without knowing the basic concepts (Tubb et al., 2020; AizikovitshUdi, 2014; Roslan et al., 2021). The expectation is for students to solve mathematics problems more
effectively and creatively. Every student can be creative when placed in a convenient setting (Kozlowski
et al., 2019; Sternberg, 2006). To improve students' cognitive thinking, educators should cultivate
mathematical creativity in all students. Improving mathematical creativity paves the way for inspiration,
encouragement, and strong motivation for all students. Mathematics educators share the stance that
creativity in mathematics can be enhanced if students are encouraged to think in different ways using a
creative learning approach.
There is a significant amount of research on mathematical creativity that can benefit students
(Cilli-Turner et al., 2021; Haavold, 2021; Maulidia et al., 2019). Nonetheless, these studies are focused
on establishing the importance of mathematical creativity approaches and students’ mathematics
achievements in different environments, like in Hosseini and Watt (2010). There is limited research that
relates these two variables—mathematical creativity and mathematics achievement—in a learning
environment, especially in Malaysia. Besides, the studies were also focused on establishing the effects
of creative mathematical approaches on mathematics achievements and general mathematical
creativities among students. Little has been discussed about the distinction of mathematical creativity,
namely fluency, flexibility, uniqueness, and elaboration, among secondary school students.
Despite the fact that Weinhandl and Lavicza (2021) claimed that mathematic creativity has been
recognized as a reassurance of the field's growth. Mathematical innovative practices in mathematics
classrooms, according to Isnani et al., (2020), have a significant effect on learners' mathematics
achievement. Additionally, it could be narrowed down to a creative mathematical construct based on
the distinction of mathematical creativity (fluency, flexibility, originality, and elaboration) like in the
research by Fetterly (2010). Furthermore, based on the limitations of this study's findings regarding the
relationship between mathematical achievement and mathematical creativity, there is a need for more
research in this field. The primary goal of this research is to evaluate the use of the Mathematical
Creative Approach (MCA) in secondary schools in Malaysia in terms of students' mathematical
creativity and mathematics achievements.

2.

Mathematical Creative Approach vs Conventional Learning Approach

The use of MCA in a mathematics classroom is useful in improving the production of the four
categories of mathematical creativity among learners, namely fluency, flexibility, uniqueness, and
elaboration, in the intervention group (Khalid et al., 2020). For this study, the contents of the
lesson were structured to be consistent with the syllabus of Form Four mathematics and chosen from
the specific materials that were directly linked to it. Varieties of innovative approaches to learning are
also included. It incorporates chapters on Quadratic Expressions and Quadratic Equations, Sets,
Mathematical Reasoning, and The Straight Lines, all taught over six weeks. The questions posed by
formal learning highlight the four mathematical creativity components in a mathematical context.
Students were often required to solve problems that are linked to real-world scenarios and use
mathematics to enhance their cognitive skills (Huang et al., 2017). Students were also guided in
gathering ideas to do problem-solving. The approach also required students to share their solutions and
to justify their ways of reflecting mathematical ideas.
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The Conventional Learning Approach (CLA) was used on the control group for this study. CLA
focuses on “chalk and talk” teaching and work drilling, a method that has long been used in mathematics
classrooms. The core aspects of the control group's learning approaches are (i) the textbook and (ii)
standard teaching methods. The students learn mathematical principles by recitation and formula
memorisation. They were also divided into small groups to discuss learning content from the lessons
given.

3.
3.1

Method
Research Design

To achieve the objectives of this research, a non-equivalent pre-test and post-test quasiexperimental design were used (Creswell, 2008; Graziano and Raulin, 2010; Cohen et al., 2000) as
shown in Table 1:
Table 1. Research design.
Group
Intervention group
Control group

Pre-Application
O1
O1

During Application
X1
X2

Post-Process
O2
O2

Note: X1 : Learning using MCA; X2 : Learning using CLA; O1 : Pre-test on mathematical creativity and
mathematics achievement; O2 : Post-test on mathematical creativity and mathematics achievement

The study took place in two typical class environments in two secondary schools, where one
class comprises participating students from the intervention group and the other from the control group.
The independent variable is the two separate approaches: MCA and CLA, while the dependent variable
is the differences between the mean score of the pre-test and post-test for students’ mathematics
achievement and mathematical creativity from both groups.
3.2

Population and Sample

The target population in this study was Form Four mathematics students in Form Four aged 16
years from secondary schools within Kuala Lumpur. This population is appropriate for this study as
they were the groups whom participated in the Trends in International Mathematics and Science Study
(TIMMS) and Programme for International Students Assessment (PISA). The study delimits to a
specific geographic location and an exact time period. Thus, only Form Four students enrolled in two
different secondary schools in Kuala Lumpur were selected as the sample groups. Two schools; one
intervention group and one control group were sampled with an average of 32 students per school. This
study was carried out in a normal secondary school class setting. The demographic variables between
them were the same, so this made sure that the students' academic abilities are equivalent. Two schools
were chosen using a purposeful sampling method, and the students were chosen using a simple random
sampling technique.
The internal validity threats in research include instrumentation, testing, mortality, subject
characteristics, implementation, testing, history, maturation, and implementation (Fraenkel, Wallen &
Hyun, 2011). In this study, the researcher closely monitored the potential contamination of the results
posed by these threats. For instance, in terms of characteristics, every attempt was made to ensure that
the students are as homogeneous as possible concerning age, gender, and competency in mathematics.
External validity is widely used to refer to the causal connection that could affect the variation in
individuals, treatment, settings, treatments, and results (Leviton, 2015). In this study, the subject and
setting background factors were held constant.
A pilot test was conducted for this research study to ensure the validity and reliability of the
instruments were at acceptable levels. The instruments were given to a different group of 31
mathematics students in a school in Kuala Lumpur. Data from the pilot study was used to run the internal
consistency reliability. The reliability of the Mathematics Achievement Test and the Mathematical
Creativity Test were calculated. The researcher has observed all the items in the instruments and
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established that most of the items were reasonable to be used in the study. Efforts have been done to
ensure the validity of the modified and translated version of the instrument.
Ideally, each group should have at least 30 respondents (Gay et al., 2000). Thirty-two students
from each school were sampled for the study, where students from one school (called School A in this
study) served as the intervention group and the other (School B) as the control group. The 64 students
were from the Science stream, and they all came from middle socioeconomic families. The duration of
one period was around 40 minutes. This continues for 6 weeks. This study intended a total of fifteen
sessions of mathematical creativity approaches tailored for Form Four students and this study attempted
to cover as wide an extent as could be expected under the circumstances in the Form Four Mathematics
syllabus. The intervention group was taught using MCA, while the control group was taught using CLA.
All the participants were enrolled in mathematics classes as part of their school curriculum, and the
equal gender ratio was not applied because the researcher was not looking at mathematical creativity
and achievement from the gender perspective.
3.3

Instrumentation

Over the years, several instruments for measuring mathematical creativity and mathematics
achievement have been developed (Kim et al., 2004; Sheffield, 2002). For this study, the Mathematics
Achievement Test (MAT) was administered for the pre-and post-test for both groups of participants.
The different aspects of mathematical creativity were determined by using the Mathematical Creativity
Test (MCT) to evaluate the respondents’ fluency, flexibility, originality, and elaboration levels. The
problems posed elicited open-ended responses to allow variability in the answers.
Mathematics Achievement Test (MAT). As aforementioned, MAT was used for the pre-test and
post-test of both groups of participants. The MAT questions covered problem-solving, critical thinking,
estimation, and calculation of mathematical problems, and the students were given an hour to complete
the test. A mathematics test expert and two qualified mathematics teachers reviewed and verified the
MAT for instrument validity. To determine the reliability of the MCT, a pilot test was conducted at the
beginning of the study, and the Cronbach’s alpha value was recorded as 0.809, confirming the MCT’s
reliability. The researcher went through all the items in the instrument and found that the majority of
the items were relevant in the local context. Efforts were made to ensure that the instrument was
authentic and updated. The articles were translated into Bahasa Malaysia, the national language, so that
all the respondents could comprehend the questions and pick their preferred language to determine the
best answers. The mathematics achievement scores were measured by adding all the scores of all the
questions in MAT. During the intervention period, the students were taught according to the Form 4
mathematics syllabus, and they were tested to assess the effects of the treatment on their mathematics
achievement. The test touched on topics such as Quadratic Expressions and Quadratic Equations, Sets,
Mathematical Reasoning, and Straight Lines.
Mathematical Creativity Test (MCT). The MCT was used to measure the students’
mathematical creativity. It was developed and adapted by Lee et al. (2003), Becker and Shimada (1997),
and Kim et al. (1997). The internal reliability coefficient (Cronbach α) was 0.843; hence considered a
reliable instrument. MCT had a total of five questions, and the students were given 50 minutes to answer
all of them. The five open-ended questions used in this study are as follows:
Question 1: Patterns, chains, or sequences of numbers (Becker & Shimada, 1997; and Mann,
2005).
Question 2: Sixteen dot problem (Kim et al., 2004).
Question 3: Polygons problem by (Mann, 2005).
Question 4: Hexagon problem (Kim et al., 2004).
Question 5: Classifying several substantial figure problems (Lee et al., 2003).
This instrument was split into four categories: the total amount of correct answers (fluency),
the total amount of different categories in responses (flexibility), the uniqueness of ideas (originality),
and the explanation in the responses (elaboration). The four categories are the factors of mathematical
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creativity. The total mathematical creativity scores for MCT were measured by adding all the scores of
fluency, flexibility, originality, and elaboration scores. The instruments were openly published on the
web and reproduced in previous articles (e.g., Forthmann et al., 2020; Mann, 2006). The author has
attempted to seek permission for the use of the instruments.
3.4

Procedures

At the start of the research, formal authorisation was granted by the principals of the two
targeted schools. The sample of 64 students was equally divided between School A and School B, where
the former served as the intervention group and the latter the control group. All the respondents were
pre-tested by using MAT to avoid attainment differences between the two groups. In conducting the
test, the instruments were distributed to the students concurrently.
After the pre-test, students in the intervention group continued with their Form Four
mathematics syllabus, which is about 40 minutes long for each lesson. Then the difference this time is
that they were taught the subject using the MCA instead of the traditional approach. For 15 consecutive
lessons over six weeks, their maths teacher made use of information communication technology (ICT)
tools to improve the students’ knowledge through innovative methods. For instance, their teacher used
the internet for research, PowerPoint presentations to explain the topics being taught in class, and tablets
to keep the students engaged. The teacher was also responsible for motivating the students and not
providing them with specific solutions. Although it was intended to include a variety of activities that
emphasised creativity, the content of the lessons was organised based on the Form Four syllabus over
a six-week duration.
Mathematical creativity was promoted to improve the students' achievement in fluency,
flexibility, originality, and elaboration (Kim, 2011). For example, students have posed questions such
as 'How many different ways can you solve this equation?’, which is aimed at stimulating flexibility.
For fluency, they had to come up with several different ways in which mathematical solutions can be
extended. Responses to “What if ...” inquiries, for instance, sought to expand methods of addressing
mathematical issues through elaborations, justifications, and explanations. The originality component
includes answers to questions to develop original ideas. However, in order to develop their higher-level
analytical skills, the students were required to think creatively and to connect real-life applications to
solve mathematics problems (Haylock, 1997). Students were also encouraged to share mathematical
ideas in problem-solving through inquiries, projects, and investigations.
For the control group of students, they were exposed to the CLA, where they were taught
mathematics activities that involved group work and discussions. The conventional chalk-and-talk
method was used for teaching mathematics (Mignano & Weinstein, 2003). The lesson plan for the
control group was developed by the school in line with the Form Four syllabus. The students were also
exposed to work drilling and encouraged to provide final fixed solutions to mathematics problems.
Traditional instructional practices and textbook references framed the fundamentals of the learning
approach for the group (Volk et al., 2017).
Overall, the students in the control group were taught the concept of mathematics by
memorising facts, formulas, and methods. They were also required to discuss learning materials
according to the syllabus in groups. The conventional group students were unaware of the creative
mathematical approach. Data for the study was obtained first from the pre-test and again during the
post-test using different approaches.
For mathematics achievement, students from both groups were post-tested with the following
tools: MAT, MCT, and Creative Personal Test (CPT). The MCT was administered to evaluate the
students' mathematical creativity components, namely fluency, flexibility, uniqueness, and elaboration.

4.

Data analysis procedure
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An independent sample t-test was done to measure the differences in the scores of mathematics
achievement and mathematical creativity among the control group and intervention group students after
being exposed to CLA and MCA, respectively. Statistical Package for the Social Sciences (SPSS) was
used for data analysis, and findings indicated a violation of the assumptions of normality and
homogeneity of variance.

Findings and results

5.
5.1

Descriptive Statistics

The sample of 64 Form Four students was divided equally into two groups, where the
intervention group comprises 12 boys and 20 girls, while the control group had 20 boys and 12 girls.
Table 2 shows the distribution of the respondents according to grouping and genders.
Table 2. Distribution of the frequency and the percentage of respondents.
Group
Control Group
Intervention Group
Total

Boys
Frequency
12
20
32

Girls
Percentage
37.5
62.5
100.0

Frequency
20
12
32

Percentage
62.5
37.5
100.0

Analysis Based on Research Questions
Research Question 1: Is there any difference in mathematics achievement mean scores between the
intervention group, which was taught using MCA, and the control group, which was taught using CLA,
after the treatment?
Both pre-test and post-test were used to determine whether there was a significant difference
between the control group (using CLA) and the intervention group (using MCA) of the Form Four
Students’ Mathematics Achievement Test mean scores. The aim of pre-testing the mathematics
achievement of the students was to ascertain whether the two groups of students who participated in the
study had equivalent achievement in mathematics at the beginning of the study. To achieve this aim,
the students in intervention and control groups were pre-tested on Mathematics Achievement Test
(MAT). Preliminary analyses were also performed to ensure that no violation of the assumptions of
normality, linearity, and homoscedasticity occurred. Based on data analysis of Mathematics
Achievement Test scores, the pre-test mean scores for intervention and comparison groups respectively
were quite similar. It seems that the mean scores of both groups pre-test did not differ substantially. To
evaluate this, an independent samples t-test was carried out to find out whether these means were
significantly different and the results are shown in Table 3. In table 3, according to equality of variances
based on Levene's test (𝑝 > 0.05), the variances in both classes were precisely equal.

Table 3. Independent Sample Test for MAT Pre-Test.
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Levene's
Test for
Equality of
Variances

F

Sig.

Equal
variances .580 .449
assumed
Score
Equal
variances
not
assumed

t-test for Equality of Means
95%
Confidence
Std. Error
Interval of the
Difference
Difference
Lower Upper

t

df

Sig.
(2tailed)

.133

62

.894

.406

3.051

-5.692

6.504

.133

60.534

.894

.406

3.051

-5.695

6.507

Mean
Difference

Also, the results of the t-test revealed that there was no significant difference in the mean score
values in the pre-test of MAT between the intervention group (𝑀 = 69.88, 𝑆𝐷 = 11.21) who were
taught using MCA and the control group (𝑀 = 69.47, 𝑆𝐷 = 13.12) who were exposed to CLA before
the treatment ( 𝑡 = 0.133, 𝑑𝑓 = 62, 𝑝 > 0 .05). This indicates that both groups were
homogeneous and equivalent. For the control group of students, statistical analysis indicated a
significant difference in pre-and post-test ( 𝑡(31) = 1.974, 𝑝 < 0.05) after the treatment.
Consequently, after the conventional learning approach was used in the lessons, there was a significant
difference in the students’ achievement mean scores in mathematics for the control group. To compare
the mean scores between the pre-and post-test for the intervention group of students, a paired sample ttest was performed and the results indicated that there was a significant difference between the mean
score values ( 𝑡(31) = −2.09, 𝑝 < 0.05). Thus, the findings concluded that MAT had improved the
achievement in mathematics among students in the intervention group.

Table 4: Independent Sample Test for MAT Post-Test
Levene's
Test for
Equality of
Variances

F

Sig.

t-test for Equality of Means

t

df

Equal
variances .025 .875 2.979
62
assumed
Score
Equal
variances
2.979 61.999
not
assumed

95%
Confidence
Std. Error
Interval of the
Difference
Difference
Lower Upper

Sig.
(2tailed)

Mean
Difference

.004

16.281

5.465

5.356

27.206

.004

16.281

5.465

5.356

27.206

Another independent sample t-test was conducted to find out whether there was a significant difference
between the mean scores in the post-test of MAT for the intervention group (𝑀 = 76.38, 𝑆𝐷 =
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21.83) and the control group (𝑀 = 60.09, 𝑆𝐷 = 21.89) after the intervention had been conducted. As
shown in Table 4, the results indicated that there was a significant difference in the mean score values
in the post-test of MAT between the intervention group of students who were taught using MCA and
the control group students who were exposed to CLA ( 𝑡 = 2.979, 𝑑𝑓 = 62, 𝑝 < 0.05). The
intervention group exhibited significantly higher mean scores compared to the control group on the
correctness of the answers. This finding showed that the intervention group had performed significantly
better than the control group.
Research Question 2: Is there any difference in the mean scores of mathematical creativity from
different aspects: fluency, flexibility, uniqueness, and elaboration between the students who were
exposed to MCA and students who were exposed to CLA?
The Mathematical Creativity Test was used to evaluate mathematical creativity in terms of
fluency, flexibility, uniqueness, and elaboration. The parametric assumptions were also inspected for
the mathematical creativity scores, and Table 5 summarised the inspected parametric assumptions for
the independent t-test. In scoring the responses generated by the students, control of the mathematical
creativity scores components (fluency, flexibility, uniqueness, and elaboration) for both groups in the
Mathematical Creativity Test revealed a significant difference in terms of the mean scores between the
intervention group (𝑀 = 58.03, 𝑆𝐷 = 14.54) and the control group (𝑀 = 27.41, 𝑆𝐷 = 7.41) after
the treatment ( 𝑡 = 2.022, 𝑑𝑓 = 62, 𝑝 < .05). Besides, the students also displayed a willingness to
undertake new tasks, initiate new ideas for classroom activities, and adjust quickly to changes in
procedures during the study. The result showed that the students in the intervention group achieved
significantly greater mean scores compared to those in the control group on the mathematical creativity
scores components. It can also be seen that students in the intervention group (𝑀 = 27.41, 𝑆𝐷 = 7.41)
registered higher mean fluency scores compared to the control group of students (𝑀 = 23.84, 𝑆𝐷 =
8.13). The flexibility score of students in the intervention group (𝑀 = 20.09, 𝑆𝐷 = 4.31) was also
particularly outstanding compared to those from the control group (𝑀 = 17.75, 𝑆𝐷 = 4.23) after the
intervention. Intervention group students (𝑀 = 8.22, 𝑆𝐷 = 4.85) were the most successful in
producing multiple unique solutions to mathematical creativity problems compared to control group
students (𝑀 = 6.25, 𝑆𝐷 = 5.64). Students in the intervention group (𝑀 = 2.31, 𝑆𝐷 = 0.47) attained
a higher mean score for the elaboration component of the mathematical creativity solutions compared
to the control group (𝑀 = 2.25, 𝑆𝐷 = 0.57). Based on all these findings, it is evident that the
intervention group students, who were taught using the MCA, performed better in all the components
of mathematical creativity when compared with those from the control group, who were taught using
the CLA.

Table 5. Independent sample test for MCT.
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Levene's
Test for
Equality of
Variances

F

Sig.

t-test for Equality of Means

t

df

Equal
variances 1.342 .251 2.022
62
assumed
Score
Equal
variances
2.022 60.766
not
assumed

Sig.
Mean
(2Difference
tailed)

95%
Confidence
Std. Error
Interval of the
Difference
Difference
Lower Upper

.047

7.938

3.925

.091

15.784

.048

7.938

3.925

.088

15.787

Research Question 3: Is there any correlation between mathematics achievement and mathematical
creativity between the students who were exposed to MCA and students who were exposed to CLA?
The Pearson product-moment correlation coefficient test was utilised to determine the
correlation between mathematical creativity and mathematics achievement. Table 6 depicts the value
of the Pearson correlation coefficient between scores on the MCT and marks obtained in the MAT for
both groups. By using SPSS, for the intervention group, the value of the Pearson correlation when the
degree of freedom is 30 is 𝛼 = 0.01, 𝑤ℎ𝑖𝑐ℎ is 𝑟XY = 0.845. For the control group, the value is 𝑟XY =
0.701. Based on Schober & Schwarte (2018), when the Pearson correlation coefficient, 𝑟 value is
greater than 0, it indicates a positive correlation; as the value of one variable increases, the value of the
other variable also increases. The strong correlation between the variables is when the value of Pearson
correlation coefficient, 𝑟 is more than 0.7, medium correlation when their 𝑟 value is between 0.4 to 0.6,
and weak correlation when the 𝑟 value is less than 0.4 (Akoglu, 2018). Therefore, it can be concluded
that there is a positive and very high correlation between mathematics achievement and mathematical
creativity for the intervention and the control groups. The aspect of mathematics achievement is in
predicting a relationship with mathematical creativity.

Table 6. Pearson correlation between Mathematical Creativity and Mathematics Achievement
Variable
Test between
mathematics
achievement and
mathematical creativity

6.

Intervention
Group (IG)
Control Group
(CG)

Discussion
108

N

Pearson correlation
coefficient

𝑝-value

32

0.845

0.000

32

0.701

0.000
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This research study investigated the applicability and effects of MCA on students' mathematical
creativity in terms of fluency, flexibility, uniqueness, and elaboration, and also their mathematics
achievement. The findings from this study have added to the body of knowledge in the education field,
with a particular focus on the creativity of Form Four mathematics students in Malaysia. This research
is also of value as it had investigated the efficacy of MCA.
This research highlighted that the mathematical performance between both groups was
significantly different after exposure to MCA. The results revealed that the MCA could help students
to enhance mathematics achievement scores. A post-test was carried out for both groups of students to
assess whether there were significant differences between students who were taught using MCA and
those exposed to CLA after the intervention (Roslan et al., 2007). The findings showed that there was a
statistically significant difference in mathematics achievement between the different groups of
students after the treatment. Thus, there was an effect of MCA on the mathematics achievement mean
scores of the students. The results of the study corresponded to those that show that MCA was important
in enhancing mathematics achievement (Gajda et al., 2017).
The results also showed that there was a significant difference in mathematical creativity mean
score between the intervention group after being exposed to MCA compared with the control group
after exposure to CLA. The findings also indicated the successful integration of MCA to promote
mathematical creativity among students. Educators could, therefore, adopt the learning approaches of
MCA since the findings showed the statistically significant effects of mathematics lessons that
incorporate MCA on students’ mathematical creativities. These results are consistent with the findings
of earlier research that also discovered the effectiveness of MCA in improving mathematical creativity
(Cilli-Turner et al., 2021; Haavold, 2021; Maulidia et al., 2019; Fetterly, 2010; Delis et al., 2007; Silver,
1997). Pearson's coefficient of correlation also showed that the academic achievement and
mathematical creativity scores were consistent with past studies (Kozlowski & Si, 2019; Regier &
Savic, 2020; Schoevers et al., 2020; Suyitno, 2020; Weinhandl & Lavicza, 2021; Mann, 2005). This
indicated that creative practices in the classrooms could benefit mathematics students.

7.

Conclusion

The results of this study show that MCA is more efficient than CLA to improve students’
productivity, too. This means that the use of MCA enhances the performances of students in solving
mathematical problems, leading to higher mathematics achievement scores. It is, therefore,
recommended that MCA be used in schools because it can enhance students' mathematical imagination,
differences of opinion, inspiration and increase their interest in mathematics. Exposing students to
MCA, which emphasises fluency, flexibility, originality, and elaboration, will spur higherorder thinking skills. Although this study involved secondary school students only, the findings
indicated that MCA may also be beneficial for those pursuing higher education. It may serve as a guide
for teacher educators in institutions of higher learning to design innovative curriculum for pre-service
mathematics teachers, especially those being trained to integrate creativity and character development
into student learning.
8.
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