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Abstract: The STEM approach is a student-centred teaching and learning process that involves an
inquiry process in problem-solving questions. This study was conducted to examine the effectiveness
of the STEM approach in enhancing students’ mathematics performance. The study used a quasi-
experimental design of unbalanced groups through the pre-test and post-test for treatment and
control groups. The instrument included a set of questionnaires on student attitudes towards STEM
implementation and the three-dimensional geometric shapes achievement test. The research samples
included 14-year-old students from one of the private secondary schools in Kuching, which involved
68 students who were selected using purposive sampling. The results showed that student attitudes
towards the implementation of the STEM approach were at a moderate level. In addition, the results
illustrated a significant and moderate difference in mathematics performance between students who
participated in the STEM approach and the conventional method using pre-test and post-test. The
mean score of the post-test performance for the STEM approach was higher compared to the mean
score of post-test performance for the conventional method. The results of the study demonstrated
that the implementation of the STEM approach that involved both inquiry-based learning and
problem-based learning was effective and able to improve the students” academic performance. This
can help teachers to vary their teaching and learning methods by increasing student interactions
and engagement. Improvements can be made in the future by adding more research samples to
expand the context of the study and prolong the treatment duration. Researchers can also add
research variables in future studies by examining student interests and motivations towards the
STEM approach.

Keywords: STEM approach; performance; mathematics; quasi-experimental; three-dimensional
geometric shapes

1. Introduction

STEM was first introduced by the National Science Foundation (NSF) in the year
2001 in the United States. Subsequently, STEM was introduced in Malaysia’s national
education in 2013 through the Malaysia Education Development Plan 2013-2025. STEM
integration in education can raise students’ awareness of the importance of the engineering
field regarding comprehension, the provision of engineering design, and the enhancement
of technology literacy by venturing into this field. The implementation of STEM in educa-
tion also encourages students to think critically and creatively whilst increasing student
motivation [1]. Meanwhile, LaForce et al. [2] found that the use of problem-based learning
by integrating STEM elements could foster student attitudes and interests in venturing into
STEM fields.

This study highlighted some issues on the use of the conventional method in the
teaching and learning process, which practices fewer group activities and does not em-
phasise the value of cooperation among students. Meanwhile, teachers are more likely to
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emphasise theoretical understanding than concepts [3,4]. In terms of performance, based
on the results in Trends in International Mathematics and Science Study (TIMSS) and the
Programme for International Student Assessment (PISA), the level of student achievement
in mathematics is still unsatisfactory [5]. Teacher-centred learning as practiced currently
will result in students becoming less engaged in the teaching and learning process [6].

The STEM approach focuses on teaching and learning in problem-solving with a
student-centred inquiry process [7]. Student-centred learning can guide and help students
to highlight their talent in problem-solving based on the inquiry process. As argued by
Ugras [8], studies related to STEM education are still lacking and the systematic review of
Wahono et al. [9] shows that Asian countries only have 86 articles with keywords related
to the effects of STEM on education. In other words, studies related to the effectiveness
of STEM in the teaching and learning process are still inadequate to address the arising
issues. Moreover, previous studies, such as Lin et al. [10] and Sahin and Top [11], have only
focused on inquiry-based learning or project-based learning. In countries such as Taiwan
and Texas, studies were conducted on the effectiveness of STEM but were limited to one
learning method only [10,11].

As a result of such issues, this study was conducted to determine whether the use of
the STEM approach could improve students” mathematics performance in the teaching and
learning process in comparison with the conventional method.

Hence, this study had the following research objectives:

i.  To identify student attitudes towards the implementation of the STEM approach.
ii.  To identify the differences in mathematics performance between students who partici-
pated in the STEM approach and the conventional method.

Overall, this study was conducted to examine the effectiveness of the STEM ap-
proach in enhancing the mathematics performance of 14-year-old students using the three-
dimensional geometric shapes topic. The STEM approach in the context of this study
entails the use of inquiry-based learning and problem-based learning so that the students
could actively interact and engage in learning. Furthermore, the STEM approach was
compared with the conventional method to obtain a more effective method in the teaching
and learning process. Indeed, the teaching and learning process in the classroom should be
done using more effective methods to improve student learning performance.

2. Literature Review

The history and development of STEM were derived from science, mathematics,
engineering, and technology, which was known as SMET and converted to STEM by
the National Science Foundation (NSF). Subsequently, STEM is also combined with art,
constituting science, technology, engineering, arts, and mathematics [12]. However, the
interdisciplinary combination of STEM with arts elements has not been applied in the
Malaysian education field. Edy Hafizan et al. [13] stated that the application of STEM in
Malaysian education is oriented towards developing the country’s economy and training
the younger generation to take part in STEM-related employment sectors. Therefore,
education using STEM was implemented through lower secondary education to prepare
students to encounter global challenges [14].

STEM education can be defined in different contexts. According to Wong and Kamisah [15],
the STEM approach emphasises the elements of 21st-century learning that are capable of
collaborating, communicating, as well as thinking critically and creatively. Furthermore, the
ultimate goal of the STEM approach is to enable teachers and students to know and recognise
the importance of knowledge and practice to be applied in the teaching and learning process [16].
Meanwhile, English [17] stated that STEM education involves critical thinking, the problem-
solving and inquiry process, teamwork, design processing, and engineering elements.

Conventional methods are the more frequently used teaching methods in comparison
with the STEM approach. Comparisons were made between treatment groups, which
include students who participated in the adapted learning methods, and the control groups,
which include students who participated in the conventional methods. Evidently, students
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in the treatment groups were more motivated and confident to pursue learning than those in
the control groups using conventional methods [4,18,19]. The use of conventional methods
was also found to yield low student engagement and achievement [6,20]. Hence, based on
the literature review, conventional methods should integrate with other learning methods
to enhance student motivation and achievement in mathematics.

Furthermore, comparisons between studies on the STEM approach conducted locally
and internationally were also detailed. International studies related to the STEM approach
showed that students who pursued this type of learning achieved better than those who
participated in the conventional learning methods [21]. The studies also found that the
STEM approach using project-based learning was effective and gained positive feedback
from students [22-24]. Moreover, Ardianti et al. [25] and Seshaiyer et al. [26] found that the
implementation of the STEM approach can train students to think creatively and critically,
which improves their problem-solving ability. In terms of local studies in Malaysia, problem-
based learning and cooperative learning can improve students’ life and achievement [27,28].
Based on these comparisons, students who participated in STEM learning are more skilled
and capable compared with those who only participated in the conventional learning
methods.

STEM integration in education involves social constructivism theory and behaviourism
theory. The social constructivism theory comprises STEM elements, problem-based learn-
ing, and inquiry-based learning [29]. While McKinley [30] and Vygotsky [31] interpreted
the exploration process as the result of interaction, student attitudes can be attributed to
the behaviourism theory, where a behaviour affects a person without engaging in thought
functions [32]. In the context of this study, the social constructivism theory refers to learn-
ing using the inquiry process, which is the exploration of gaining knowledge through
interaction.

In addition, student attitudes towards the STEM approach have evidenced a significant
relationship [33]; thus, the relationship between student attitudes and the STEM teaching
and learning method can be further examined. Subsequently, the use of an inquiry-based
learning model can foster student attitudes towards the integration of STEM projects [11].
Student attitudes towards a particular learning method are crucial and continuable if the
students have a positive attitude because this enables STEM integration in education to be
more beneficial and further enhances the students’ interaction ability.

A literature review on the STEM approach allows for the knowledge of STEM devel-
opment in education from time to time. Overall, STEM education is very helpful in the
self-development of students such that the students will know and acquire knowledge
through self-exploration and observation. STEM education also helps students to fathom
and apply their knowledge. However, STEM education takes longer compared to con-
ventional methods in teaching and learning because STEM education needs to provide
space and opportunity for students to explore and observe compared to conventional
methods that only focus on memorising and acquiring knowledge from instructors or
teachers. Ramli [27] showed that the STEM approach yielded no differences compared
to conventional methods. Similarly, research conducted by Mohd Ayub et al. [19] also
showed that the STEM approach was unfavorable and yielded no differences compared to
conventional methods.

Since the study conducted by Ramli [27] was merely based on cooperative-based
learning, the present study combining inquiry-based learning methods and problem-based
learning has the potential to improve the level of achievement in mathematics. Due to
different teaching methods and very little empirical evidence related to the effectiveness
of STEM in inquiry-based learning and problem-based learning, there is a clear gap that
could be filled by conducting this study. Hence, this study was conducted to examine the
effectiveness of the STEM approach in enhancing students” mathematics performance. A
study by Lin et al. [10] in Taiwan used inquiry-based learning to test the effectiveness of
STEM education among students aged 12 to 13 years old for engineering and technology-
related fields, but the findings [10] showed no statistical difference between STEM learning
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methods and conventional methods. However, Sahin and Top [11] conducted a study
in Texas by using STEM in project-based learning method for science students aged 16
to 17 years old and the results [11] showed that STEM education can improve student
performance and achievement. Thus, the present study was conducted to examine the
effectiveness of STEM among 14-year-old students in mathematics using inquiry-based
and problem-based learning methods.

Most studies showed that the implementation of STEM in education that includes
inquiry-based learning, problem-based learning, project-based learning, and others can
help to improve student performance. Thus, in future studies, the expansion of topics for
learning and the number of research samples are necessary to demonstrate the effectiveness
of these studies. The literature has also deliberated STEM development in education, as
well as the studies related to the STEM approach. References from past studies were also
related to STEM and the implementation of STEM elements in education. The outcome
of the literature review can provide continuity to examine the effectiveness of the STEM
approach in improving the level of mathematics performance of 14-year-old students.

3. Materials and Methods

The research design was quasi-experimental through a pre-test and post-test for un-
balanced groups involving two research groups: treatment and control [34]. The treatment
group was provided with teaching and learning through the STEM approach, while the
control group received the conventional method. The research samples were selected
from St. Joseph'’s Private Secondary School, Kuching, which involved 68 students overall.
The students were divided into two groups, each comprising 34 students based on the
results and scores of the students” previous mathematics test. The research samples were
selected by using convenience sampling. According to Etikan et al. [35], the convenience
sampling technique can be conducted in quantitative research. Kumar [36] also mentioned
that convenience sampling is easily accessible for students. Even so, the researchers chose
different classes and evenly divided the students according to the results of the previous
mathematics exam.

This study used two instruments, namely, the three-dimensional geometric shapes
achievement test and questionnaires in measuring student attitudes towards the STEM
approach. The achievement test consists of 15 subjective questions in the form of problem-
solving with a total score of 54. Questions for the achievement test were taken from
workbooks, reference books, and textbooks, while the questionnaires were adapted from
a study by Suprapto [33], consisting of four sections that comprise science, mathematics,
technology, engineering, and STEM. The instrument given to the students to assess their
attitudes towards the STEM approach consisted of 25 items, as shown in Appendix A,
Table Al.

The level of instrument reliability for both instruments was assessed using Cronbach’s
alpha value (), which refers to the reliability coefficient used to test the internal consistency
of the research instrument [37]. The interpretations for Cronbach’s alpha value and internal
consistency are shown in Table 1. Cronbach’s alpha value ranges from 0 to 1; an « value
that is more than 0.9 denotes an excellent internal consistency level, while an & value that is
less than 0.6 denotes a poor internal consistency level [38].

Table 1. Cronbach’s alpha value and internal consistency.

Cronbach’s Alpha Value («) Internal Consistency
a>09 Excellent
08<a<09 Good
0.7<a<0.8 Acceptable
06 <a<0.7 Questionable

a<0.6 Poor
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Table 2 shows the method of data analysis for the research objectives. The acquired
research data were analysed using SPSS version 26. This study employed descriptive
statistics and inferential statistics. Specifically, the study used mean and standard deviation
descriptive statistics for the questions on student attitudes towards the implementation of
the STEM approach. Subsequently, a paired sample t-test was the inferential method used
in this study to examine the differences in mathematics performance between the students
who participated in the STEM approach and the conventional method.

Table 2. Data analysis.

Objective Hypothesis Analysis
To identify student attitudes Descriptive measurements of
towards the implementation - central tendency and
of the STEM approach variance
To identify the differences in There is no significant
mathematics performance difference in mathematics
between students who performance between Paired sample I-test
participated in the STEM students who participated in
approach and the the STEM approach and the
conventional method conventional method

Figure 1 illustrates the research procedure undertaken in this study. The instrument of
achievement test for the three-dimensional geometric shapes topic was validated by five
experts from the fields of mathematics, language, as well as psychometric and evaluation.
Subsequently, the researchers obtained permission from St. Joseph’s Private Secondary
School, Kuching, to collect data from the respondents. Finally, the selected research samples
were divided into two groups, namely, the treatment group and the control group according
to their previous achievement test scores.

\

.. Division of students into
Permission from the
the treatment group and
school
‘ control group

Expert validation

Figure 1. Research framework.

The study was conducted using the topic of three-dimensional geometry shapes
because the field of geometry is one of the topics examined in international assessments,
namely, TIMSS and PISA, besides improving student achievement in answering problem-
solving questions in the form of higher-order thinking skills (HOTS). Furthermore, research
on the topic of three-dimensional geometric shapes using STEM-based teaching approaches
is still very limited. A previous study examined the topic of algebra and used a STEM-based
teaching approach that uses flipped classrooms compared with conventional methods and
the results showed that the STEM-based teaching approach demonstrated a significant
improvement in the students” academic achievement compared with conventional methods.
However, the study only focused on the topic of algebra [39], while the present study was
conducted to examine the effectiveness of a STEM-based teaching approach in problem-
solving for the topic of three-dimensional geometric shapes in the subject of mathematics.
Figure 2 displays the application of the STEM approach in the teaching and learning process.
The students were divided into two groups, namely, the treatment group and the control
group. In phase 1, the students sat for a pre-test and then participated in the prescribed
learning method in phase 2. The treatment group engaged in the STEM learning method,
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while the control group engaged in the conventional learning method. Subsequently, in
phase 3, students in both groups sat for a post-test after the prescribed learning periods
had ended. Finally, in phase 4, students in the treatment group were asked to answer the
questionnaires.

Phase Treatment group Control group
SE— ( ) r \
Phase 1 Pre-test Pre-test
\ J \ J
- s ) s ™\
Learning of the three-dimensional Learning of the three-dimensional
Phase 2 geometric shapes topic using the geometric shapes topic using the
STEM approach conventional method
\ J _ J
P ( 3\ ( N\
Phase 3 Post-test Post-test
\. J \. J
E— q 3\
Phase 4 Answering questionnaires
L J

Figure 2. Method used to conduct the research.

The conventional method implemented in this study was teacher-centred. In this
regard, the teachers gave assignments to the students and the learning sessions were
conducted with minimal teacher—student interactions. Furthermore, the teaching and
learning process for the conventional method was carried out without any assistance of
technological tools, such as computers and projectors. Hence, this was carried out using
whiteboards and textbooks when studying the topic of three-dimensional geometric shapes.

The teaching and learning process of the STEM approach entailed inquiry-based and
problem-based learning methods. The STEM approach activity required the students to
design and build a dream house using three-dimensional geometric shapes that they had
learnt, such as cuboids, cylinders, and cones, which could increase their understanding
and thinking skills with regard to problem-solving questions. Figure 3 demonstrates the
instructions and steps taken for the students to complete the assigned activity.

The difference between the STEM approach and the conventional method is that the
former involves students working in groups to complete assignments, while the latter only
focuses on individual learning. In addition, the STEM approach also involves more interac-
tive activities by asking the students to build a dream house using the three-dimensional
geometric shapes that they had learnt to increase their problem-solving level regarding
HOTS questions. Furthermore, the STEM approach allowed the students to think critically
through inquiry-based learning, which allowed them to learn and understand the formulas
for the topic of three-dimensional geometric shapes instead of encouraging them to memo-
rise those formulas as was done in the conventional method. Thus, the use of the STEM
approach in the teaching and learning process encourages students to interact and fosters
the value of collaboration between students and their ability to think critically.
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Dividing students into a group of Sketching a dream house

three
Calculating the surface area and Preparing materials for dream
volume of the dream house house using recycled materials

Figure 3. STEM approach activity process.

4. Results

The collected data were analysed in the research findings section and all of the collected
data were examined in terms of reliability and normality prior to the analysis. Overall, this
study comprised two main questions to be analysed and discussed in detail.

Specifically, the collected data were analysed using SPSS (software version 26.0, IBM
Corporation, New York, NY, USA). Based on the reliability test results for the data based
on Cronbach’s alpha coefficient value, the instruments of the three-dimensional geometric
shapes achievement test and student attitudes towards the STEM approach were 0.867
and 0.827, respectively, which are considered good. Table 3 shows the results of Levene’s
homogeneity of variance test that validates whether the items had a sample bias. In this
study, Levene’s test was used to assess the equality of variances for a variable calculated
for two groups (gender).

Table 3. Levene’s homogeneity of variance test (sample bias testing).

Levene’s Test for
Equality of
Variance

F Sig.

Test Score

Equal variance
assumed
Equal variance not
assumed

2.269 0.142 —1.233 32
Pre-test (STEM)

Equal variance
assumed
Equal variance not
assumed

0.744 0.395 —0.709 32
Post-test (STEM)

Equal variance
Student attitudes assumed

towards STEM Equal variance not
assumed

0.441 0.511 —0.507 32

Note: df—degree of freedom.

The results indicated that the p-value was more than 0.05 for the items in STEM
and student attitudes towards STEM. This means that Levene’s test was statistically not
significant since p > 0.05 with equal variance assumed for the samples. The assumption
of homogeneity of variance is an assumption of the independent samples t-test stating
that all comparison groups have the same variance. Moreover, Levene’s test showed no
significant difference between gender (male and female students) for the STEM pre-test
score (t3p = —1.233, p = 0.142), STEM post-test score (t3; = —0.709, p = 0.395), and student
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attitudes towards STEM (t3;= —0.507, p = 0.511). These results evidenced an early sign that
the items did not have any sample bias according to gender (STEM-unbiased in order to
evaluate the results).

Meanwhile, the normality of the data was analysed using the Shapiro-Wilk test because
the research samples involved fewer than 50 respondents. The normality test results for
the STEM approach and conventional method post-tests were 0.081 and 0.056, respectively,
while student attitudes towards the STEM approach were recorded at 0.267. The normality
of the data exceeded 0.05, suggesting that the data exceeded the significant level. Hence, the
data were considered normally distributed and had a good reliability level.

4.1. Objective 1: To Identify Student Attitudes towards the Implementation of STEM Approach

Table 4 exhibits a frequency summary and percentages for student attitudes towards
the implementation of the STEM approach. Descriptive statistics were used to assess the
students’ attitudes towards the STEM approach based on the mean of overall items in the
questionnaires. The interpretation of mean values consisted of three levels: low, moderate,
and high. Layang and Mahamod [40] divided mean values according to three levels, where
the low-level ranged from 1.00 to 2.66, the moderate level ranged from 2.67 to 3.66, and
the high-level ranged from 3.67 to 5.00. Based on the analysis results, the mean value for
the overall instruments was 3.61, while the standard deviation was found to be 0.56. In
reference to the average mean value, student attitudes towards the implementation of the
STEM approach were at a moderate level.

Table 4. Frequency summary and percentage for student attitudes towards the implementation of
the STEM approach.

Strongly Agree Agree (A) Uncertain (U) Disagree (D) . Strongly
Item Code (SA) Disagree (SD)
F % F % F % F % F %
S1 3 8.8 16 47.1 12 35.3 3 8.8 0 0
S2 6 17.6 16 47.1 9 26.5 3 8.8 0 0
S3 8 23.5 18 52.9 6 17.6 0 0 2 5.9
S4 7 20.6 15 44.1 8 23.5 4 11.8 0 0
S5 8 23.5 11 324 13 38.2 2 5.9 0 0
S6 7 20.6 8 23.5 16 471 3 8.8 0 0
M1 7 20.6 14 41.2 9 26.5 3 8.8 1 2.9
M2 1 2.9 11 324 12 35.3 8 23.5 2 5.9
M3 1 2.9 10 29.4 16 471 6 17.6 1 2.9
M4 2 5.9 9 26.5 17 50.0 5 14.7 1 2.9
M5 1 2.9 13 38.2 16 471 4 11.8 0 0
Mé6 2 5.9 10 29.4 18 52.9 4 11.8 0 0
TE1 6 17.6 14 41.2 11 324 3 8.8 0 0
TE2 7 20.6 13 38.2 12 35.3 2 5.9 0 0
TE3 5 14.7 14 41.2 9 26.5 5 14.7 1 2.9
TE4 4 11.8 13 38.2 12 35.3 4 11.8 1 2.9
TE5 5 14.7 12 35.3 13 38.2 3 8.8 1 2.9
TE6 2 5.9 3 8.8 55 64.7 4 11.8 3 8.8
STEM1 6 17.6 14 412 10 29.4 2 5.9 2 5.9
STEM2 8 23.5 20 58.5 5 14.7 1 29 0 0
STEM3 8 23.5 19 55.9 5 14.7 2 5.9 0 0
STEM4 13 38.2 18 52.9 2 5.9 1 2.9 0 0
STEM5 12 35.2 14 41.2 6 17.6 2 59 0 0
STEM6 10 29.4 19 55.9 4 11.8 1 2.9 0 0
STEM7 8 23.5 10 29.4 12 35.3 3 8.8 1 2.9

Note: F—frequency, S—science; M—mathematics; TE—technology and engineering; STEM—science, technology,
engineering, and mathematics.
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4.2. Objective 2: To Identify the Differences in Mathematics Performance between Students Who
Participated in the STEM Approach and the Conventional Method

The pre-test results for the conventional method and STEM approach according to the
total score of each participant are indicated in Table 5. Students who scored more than 50%
for the conventional method and STEM approach pre-tests constituted two and six students,
respectively. The passing score for a test according to the Ministry of Education Malaysia
(MOE) is 50%, which is deemed a satisfactory level. The research samples were given a
treatment period of approximately a week using a STEM learning method or a conventional
learning method. The STEM learning method or STEM approach engaged the students
in building a dream house using three-dimensional geometric shapes and applying the
surface area and volume formulae for each shape. Meanwhile, the conventional method
included engaging in classroom learning that was more oriented to the memorisation of
the three-dimensional geometric shapes formulae.

Table 5. Pre-test scores for conventional method and STEM approach.

Conventional Method STEM Approach
Pre-Test Scores Pre-Test Scores

Control Score Percentage Treatment Score Percentage

Group (%) Group (%)
1 14 26 1 41 76 %
2 19 35 2 12 22
3 21 39 3 21 39
4 14 26 4 9 17
5 26 48 5 25 46
6 6 11 6 4 7
7 12 22 7 14 26
8 8 15 8 28 52*
9 23 43 9 18 33
10 24 44 10 27 50 *
11 29 54 % 11 10 19
12 12 22 12 29 54 *
13 9 17 13 23 43
14 6 11 14 19 35
15 2 4 15 40 74 %
16 8 15 16 18 33
17 14 26 17 43 80 *
18 0 0 18 17 31
19 4 7 19 5 9
20 28 52 % 20 1 2
21 4 7 21 1 2
22 14 26 22 1 2
23 3 6 23 15 28
24 1 2 24 0 0
25 8 15 25 4 7
26 8 15 26 23 43
27 2 4 27 17 31
28 8 15 28 2 4
29 1 2 29 19 35
30 7 13 30 5 9
31 0 0 31 5 9
32 2 4 32 2 4
33 0 0 33 2 4
34 4 7 34 4 7

Note: * denotes students who passed the test.

After completing the pre-test, the students were given a post-test to measure their
level of understanding after being taught using the different methods. Table 6 presents
the total score of each participant for the conventional method and STEM approach post-
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tests. Overall, based on the data, students who scored more than 50% for the conventional
method and the STEM approach constituted 6 and 16 students, respectively.

Table 6. Post-test scores for the conventional method and STEM approach.

Conventional Method STEM Approach
Post-Test Scores Post-Test Scores

Control Score Percentage Treatment Score Percentage

Group (%) Group (%)
1 16 30 1 48 89 *
2 24 44 2 16 30
3 15 28 3 23 43
4 28 52%* 4 24 44
5 27 50 * 5 25 46
6 9 17 6 7 13
7 16 30 7 28 52*
8 15 28 8 39 72*
9 16 30 9 37 69 *
10 40 74% 10 29 54 *
11 33 61* 11 26 48
12 22 41 12 33 61*
13 27 50 * 13 32 59 *
14 11 20 14 38 70 %
15 4 7 15 50 93 *
16 20 37 16 30 56 *
17 22 41 17 31 57 *
18 1 2 18 48 89 *
19 3 6 19 30 56 *
20 32 59 * 20 3 6
21 5 9 21 4 7
22 22 41 22 4 7
23 9 17 23 21 39
24 6 11 24 3 6
25 9 17 25 7 13
26 11 20 26 37 69 *
27 6 11 27 35 65 *
28 9 17 28 10 19
29 2 4 29 20 37
30 7 13 30 9 17
31 5 9 31 36 67 *
32 7 13 32 15 28
33 7 13 33 8 15
34 17 31 34 9 17

Note: * denotes students who passed the test.

Table 7 shows the findings for the students’ mathematics performance for both the
STEM approach (t = —5.889, df = 33, p < 0.05) and conventional method (t = —5.231, df = 33,
p < 0.05), including the post-test for the STEM approach and the conventional method
(t =3.048, df = 33, p < 0.05) using the pre-test and post-test data. Based on the acquired data
analysis results, the null hypothesis was rejected; this illustrated a significant difference in
mathematics performance between students who participated in the STEM approach and
the conventional method. Additionally, the mean score for the post-test performance was
more impressive compared to the mean score of the pre-test performance for both learning
methods. The mean score for performance also demonstrated that the duration of the
treatment for the STEM approach and the conventional method was effective. Likewise, the
mean score of the post-test STEM approach performance was higher and more impressive
compared to the mean score of the post-test conventional method performance.
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Table 7. Analysis of mathematics performance for the STEM approach and conventional method.

Paired Differences

. . Sig.
Score Differences Pair Mean S.td.. Std. Error Mean t df (@-Tailed)
Deviation
Pre-test—Post-
Pair 1 test —17.059 16.892 2.897 —5.889 33 0.000
(STEM)
Pre-test—Post-
Pair 2 test —9.088 10.131 1.737 —5.231 33 0.000
(conventional)
Post-test—Post-
. test
Pair 3 (STEM-— 16.794 32.132 5.511 3.048 33 0.005
conventional)

Note: df—degree of freedom.

According to Gignac and Szodorai [41], the effect size can be used to test the associations
between variables. The three interpretive categories for associations using the formula of
Cohen’s d are large (d = 0.80), moderate (d = 0.50), and small (d = 0.20) [42]. As for the paired
sample t-test, the effect size (d) was calculated using the formula of Cohen’s d, that is, the
mean difference is divided by the standard deviation difference. The effect size for the STEM
approach and the conventional method post-tests was recorded at d = 0.53. This indicates that
the use of the STEM approach had a better effect than the conventional method. Hence, there
was a significant and moderate difference in mathematics performance between the students
who participated in the STEM approach and the conventional method.

This study was conducted to examine the effectiveness of the STEM approach in the
teaching and learning of mathematics, particularly in the three-dimensional geometric
shapes topic to increase the performance level of the research samples. The first objective
examined in this study was related to student attitudes towards the STEM approach for this
topic and the findings revealed that student attitudes towards the STEM approach were at
a moderate level. This was supported by Sahin and Top [11], who evidenced that student
attitudes towards the STEM approach have a significant relationship. Additionally, a study
by Nadelson and Seifert [16] showed that the STEM approach can motivate students to
think positively and produce a good outcome through STEM-based learning. Furthermore,
Lin et al. [10] also found that the teaching and learning process through the STEM approach
leads to a positive student attitude. Overall, based on the findings and support from
previous studies, it can be deduced that student attitudes towards the STEM approach
were positive and impressive.

The second objective addresses the differences in mathematics performance between
students who participated in the STEM approach and the conventional method through a
pre-test and post-test. The data analysis results showed a significant difference between
mathematics performance scores between the students who participated in the STEM
approach and the conventional method in the pre-test and post-test. However, students
who participated in the STEM approach performed better than those in the conventional
learning method in the post-test because the mean score for the STEM approach perfor-
mance was higher than the mean score for the conventional method performance. This
finding was supported by Bicer at al. [21], who evidenced that the students participating
in STEM-based learning performed better compared to the students who participated in
the conventional learning method. Moreover, based on a study by Afriana et al. [22], the
STEM approach can attract student attention, interest, and motivation. LaForce et al. [2]
also showed that the STEM approach can inculcate interest and produce a positive student
attitude towards learning. Therefore, in the present study, students” mathematics perfor-
mance scores through the STEM approach are better than those who participated in the
conventional method.
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5. Limitations and Future Research

Several limitations to this pilot study need to be acknowledged. The limitations are the
selection of the sample size with non-probability sampling and cannot be generalised. The
time constraint in treatment duration was limited to only a week because of the COVID-19
outbreak, which resulted in schools being closed and students pursuing online learning.
Future researchers can provide a longer treatment duration, perform a comparative study
based on the gender of participants, and increase the number of research samples to
widen the research context. The ultimate treatment duration for students to pursue and
successfully acquire knowledge is greater than or equal to two weeks.

6. Conclusions

STEM is an interdisciplinary combination of science, technology, engineering, and
mathematics that leads to changes in the education system by implementing STEM elements
in the teaching and learning process. This has also brought about changes in the educational
curriculum, such as at the secondary school level from the Integrated Curriculum for
Secondary Schools (KBSM) to the Standard Curriculum for Secondary Schools (KSSM). As
a result, this enables early exposure to technology and engineering fields among students
through the science and mathematics subjects. Hence, this study was conducted to examine
the effectiveness of the STEM approach in helping students improve their mathematics
performance. The results from this study have shown that the learning method through the
STEM approach is more effective than the conventional method because the performance
scores of the students who participated in the STEM approach were evidently better than
the performance scores of the students who participated in the conventional method. This
result supports the social constructivism theory that mentioned learning using the inquiry
process. The mathematics performance scores increased based on the exploration of gaining
knowledge through interaction, even though the teaching and learning process was limited
due to COVID-19. In accordance with behaviourism theory, this result showed that the
students’ behaviour tended to be more positive as a result of learning mathematics using
the STEM approach.

Since the limitations in this study included a small sample size of only 68 students and
a short treatment duration, improvements should be adapted in the future by extending the
treatment duration and increasing the number of respondents to broaden the research con-
text. Researchers can also work with other researchers to broaden this context by increasing
the number of research samples to obtain more accurate analysis results. Furthermore,
future researchers can add more variables by examining student interest and motivation
towards the implementation of STEM in the teaching and learning process.

Nonetheless, the implication of this study to the social constructivism theory lies in
terms of how the teaching and learning process was handled while carrying out group
activities. Due to the spread of COVID-19, social distancing is now highly emphasised in
learning activities and this hinders students from completing group assignments on time.
Consequently, it takes longer for the students to complete the assigned tasks. Meanwhile,
in terms of the sampling methodology, this study could not use the quasi-experimental
random sampling technique because the research samples were assigned according to
classes and the researchers could only divide and distribute the students into two groups.
Thus, it is suggested that future researchers use the random sampling technique to select the
research samples to involve more students with different achievement levels and be able to
generalise the results. A comparative study based on the gender of the participants can also
yield great potential to demonstrate the pattern of mathematics performance in different
settings or contexts. For advancement in the knowledge of STEM education or mathematics
education, this study offers some important impactful insights into the exploration of the
new style of pedagogy in teaching and learning different topics in mathematics. This
will encourage researchers to modify teaching approaches with the different topics of
mathematics. The findings also empirically help to address the potential STEM approach,
which involves both inquiry-based learning and problem-based learning, in terms of
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improving the mathematics students” academic performance regarding three-dimensional
geometric shapes.
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Appendix A

Table Al. Students’ Attitude towards STEM Approach Questionnaire. Reprinted with permission
from ref. [33]. Copyright 2016 Nadi Suprapto.

Code Items
S Science
S1 I know I can do well in science.
52 I expect to use science when I finish my study.
S3 Knowing science will help me earn a living.
54 Science will be important to me in my working life.
S5 I will need science for my future work.
56 I'would consider a career in science.
M Mathematics
M1 I enjoy learning mathematics.
M2 I am good at mathematics.
M3 I am the type of student who does well in mathematics.
M4 I am sure I could do advanced work in mathematics.
M5 I can get good grades in mathematics.
M6 I would consider choosing a career that uses mathematics.
TE Technology and Engineering
TE1 I enjoy learning by using technology.
TE2 If I learn engineering, then I can improve things that people use every day.
TE3 I am curious about how electronics work.
TE4 I am interested in what makes machines work.
TE5 I like to imagine creating new products.

TE6 I believe I can be successful in a career in engineering.
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Table Al. Cont.

STEM Science, Technology, Engineering, and Mathematics
STEM1 I'would like to use creativity and innovation in my future work.
STEM2 To learn engineering, I have to be good at science and mathematics.

Knowing how to use mathematics and science together will allow me to invent

STEM3 .
useful things.
STEM4 Science, technology, engineering, and mathematics make our lives better.
STEM5 Science, technology, engineering, and mathematics are very important in life.
STEM6 Science, technology, engineering, and mathematics are good for the future of
our country.
STEM?7 I'would like to have a job that involves science, mathematics, engineering,
or technology.
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