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Abstract

Studies on the effectiveness of STEM implementation in Mathematics
Article Information learning, especially in mathematical creative thinking ability carried out
Submitted May 02, 2023 by previous researchers, are interesting to be studied. However, several
Revised June 17, 2023 studies have shown different results that can lead to different
Accepted June 20, 2023 interpretations. This study aims to estimate dan examine the effectiveness

of STEM on students' mathematical creative thinking ability from the
Keywords relevant studies. This study analyzed 12 primary studies from various
STEM; Mathematical creative electronic search engines within the year of publication from 2017 to 2022.
thinking ability; Meta-analysis All primary studies in this research were analyzed using the meta-analysis

with Comprehensive Meta-Analysis 3.0 (CMA 3.0) software by selecting
the formula of Hedge to determine its effect size. The results of this meta-
analysis study indicated that the STEM approach was effective for
students' mathematical creative thinking abilities with an effect size of
0,935 in the category of high effect. There were differences in the effect
size of the STEM approach on students' mathematical creative thinking
abilities regarding STEM integration with learning models and educational
levels. This means that the type of integration of the STEM approach with
the learning model and educational level significantly causes
heterogeneity in students’ mathematical creative thinking abilities. The
results of this study are expected to provide educators with an overview of
how STEM can be applied in mathematics learning, especially in
improving mathematical creative thinking ability.

INTRODUCTION

Mathematical creative thinking ability is important in mathematics learning (Rahmawati et al.,
2022). Students need to improve their creative thinking ability so that the learning process will
be better and more enjoyable. This must be done to overcome classic problems in learning
mathematics about students' difficulties in understanding mathematics. It is undeniable that
Mathematics is considered one of the most difficult subjects to learn (Hidayat & Rahmi, 2022;
Kholil & Safianti, 2019; Siregar, 2017). The number of formulas, rules, and symbols in
mathematics is often considered one of the causes of difficulties in learning mathematics, and
sometimes it even becomes boring. Teachers must be able to teach creatively so that it is easier
for students to understand mathematics as a science that can be applied to other sciences
following today's increasingly rapid technological developments.

Creative thinking is the ability to see a problem from various perspectives (Meika &
Sujana, 2017). Creative thinking allows students to create new ideas and solve problems from
a different perspectives (Sakinah & Widodo, 2019). Also, it allows students to produce various
ideas and solve problems with various possible solutions. The STEM (Science, Technology,
Engineering, and Mathematics) approach in mathematics learning allows teachers to connect
mathematics to other subjects, such as science, technology, and engineering.
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Research on the implementation of STEM in mathematics learning, especially research
on the effect of the STEM approach on mathematical creative thinking ability, has been carried
out by previous researchers. However, several studies concluded different results. For example,
research by Amiruddin & Juwairiyah (2019) concluded that STEM has a large effect on
students’ mathematical creative thinking ability, while research by Jawad et al. (2021)
concluded that STEM has a moderate effect on students' mathematical creative thinking ability.
Other research concluded that STEM only has a small effect (Noviyani, 2022). This
heterogeneity of the results can lead to a problem for teachers who want to implement STEM
in their learning activities. On the other hand, educators or teachers need to obtain
comprehensive information about the effectiveness of the STEM approach in Mathematics
learning. Therefore, further research is needed to summarize, integrate, estimate, and evaluate
the effectiveness of the STEM approach in Mathematics learning from these relevant studies.

Previous research summarized STEM research in improving mathematical creative
thinking skills, such as research by Rahmawati et al. (2022). However, this research did not test
how large or how strong the effect of the STEM approach is to improve students’ creative
thinking ability in learning mathematics. Hence, researchers need to conduct further research
using meta-analysis, which aims to estimate and evaluate the effect of the STEM approach by
analyzing and combining several primary studies that discuss relevant research topics. Meta-
analysis is a popular way to combine evidence from multiple studies comparing multiple
treatments or other interventions (White, 2015; Juandi & Tamur, 2021). Meta-analysis uses a
quantitative approach and calculates the effect size to obtain accurate conclusions. In addition,
researchers need to provide information about the characteristic study as a heterogeneity factor
in implementing the STEM approach in learning mathematics, especially in improving students'
mathematical creative thinking abilities.

METHODS

Meta-analysis is used to summarize quantitative data from a series of studies and make claims
about the distribution of effect sizes in a series of studies that are eligible (Juandi & Tamur,
2020) or fit specified inclusion criteria. The use of meta-analysis in this study was to analyze
and evaluate the effectiveness of the STEM approach in Mathematics learning on students'
mathematical creative thinking ability. The selection of the random model took into account
the diversity of the primary studies that analyzed education level, sample size, STEM
integration, and the year of study, which was predicted to be the cause of the heterogeneity of
mathematical creative thinking ability by first testing the heterogeneity of the data.

Generally, a meta-analysis uses the stages: definition of the research problem, data
collection, coding process, application of statistical analysis, and presentation of results (Juandi
& Tamur, 2020; Retnawati et al., 2014). In the other literature (Borenstein et al., 2009; Cooper
etal., 2017), meta-analysis used these stages: defining the problem, inclusion criteria, literature
search strategy, study selection, data extraction, statistical analysis, and interpretation and
reporting. The stages are shown in Figure 1.

110



Rahmawati, L., Juandi, D., Nurlaelah, E.

defining the inclusion literature
problem : criteria @l search strategy

statistical

study selection 4 data extraction m
analysis

interpretation
and reporting

Figure 1. Flowchart of Meta-analysis Stages

To make the problem more focused and specific, the following inclusion criteria were
used: treatment in the primary study was the STEM approach, the population in the primary
study were students at the elementary, junior high, or senior high school levels, the outcome in
the primary study was mathematical creative thinking ability, the comparator of the treatment
in the primary study was non-STEM learning, primary studies used experimental or quasi-
experimental research, primary studies in the form of articles in journals, proceedings, theses
or dissertations published in 2017 to 2022, primary studies were quantitative studies and contain
statistical data to get effect sizes which include sample size, standard deviation and mean,
sample size and p-value or sample size and t-value for both treatment and comparison groups.

In finding primary studies according to inclusion criteria, researchers used several
keywords, namely, "STEM Approach, Mathematical Creative Thinking," "STEM, Creative
thinking skills in mathematics learning," "STEM Education, Creative thinking skills," “STEM,
Creative thinking ability ."Primary studies are searched with search engines such as Google
Scholar, ERIC (Education Resources Information Center), DOAJ (Directory of Open Access
Journal), Research Gate, IOP publishing, AIP publishing, Science Direct, or through indexed
URLSs of national and international journals.

The study selection process in this study used the PRISMA (Preferred Reporting Items
for Systematic Review and Meta-Analysis) stages which refer to Liberati et al. (2009), namely
the identification, screening, and eligibility stages so that produce primary studies that fit the
inclusion criteria for further research.

At the identification stage, studies were selected based on the title, namely the effect of
the STEM approach on the mathematical creative thinking ability. Through an electronic search
engine, 84 articles were obtained according to the intended theme, which will be processed in
the screening stage.

The screening stage was carried out by reading the abstracts of the studies obtained from
the identification stage. In this stage, a selection was made on experimental/quasi-experimental
studies, according to what was required in the meta-analysis. Seventeen studies fit the screening
stage. According to the data requirements in the meta-analysis, only experimental/quasi-
experimental studies with a control group will be processed in the next stage. Four studies
among 17 did not have a control group, so these four were excluded. Therefore, only 13 studies
will be selected at the eligibility stage.

At the eligibility stage, the 13 studies obtained were selected based on inclusion criteria.
There was 1 study that did not provide statistical information, so it was excluded from the
eligibility stage. Thus, the articles considered completely fit the inclusion criteria and were
eligible to be included in the meta-analysis were 12 studies on the effect of STEM on the
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students’ mathematical creative ability. There are three primary studies, which produced two
effect sizes, namely the primary study from Suherman et al. (2021), the primary study from
Yuniar et al. (2020), and the primary study from Noviyani (2022). So, the effect sizes on the
students’ mathematical creative thinking ability were fifteen.

Primary studies that met the inclusion criteria will be coded and extracted to obtain
statistical information needed in the meta-analysis process for finding the effect size of the
effect of STEM on the students” mathematical creative ability. In the coding process, two coders
were involved. The extracted data were the author's name, statistical information such as sample
size, mean, standard deviation, p-value, and t-value, education level, year of publication, and
integration of STEM. The study selection stages are explained in more detail in the following
flowchart, as shown in Figure 2.

o Documents from searh Keywords: “ STEM Approach,
B engine (googke scholar. IoP, Mathematical Creative
S ATP, Research Gate, Scince .| Thinking”, “STEM, Creative
: Direct, DOAJ, ERIC) thinking skills in mathematics
ﬁ n=284 learning™, “STEM Education,
Creative thinking skills”,
STEM., Creative thinking
ability”.
v
5" Documents screened based Documents are excluded because
T on keywords the study did not have a control
(o n=17 L grup
v (n=4)
- ¢ -
:g' Diiirrats scrdenad Document 1s excluded because
=2 RS > the study did not report statistics
:g‘ completely
bal (n=1)
v
T Documents included in the
E meta-analysis
‘E n= 12

Figure 2. Flowchart for Study Selection Based on the PRISMA Stages

This meta-analysis calculated effect size using the Hedge G equation (Borenstein et al.,
2009). Data processing uses Comprehensive Meta-Analysis 3.0 (CMA 3.0) software, a special
meta-analysis software. In calculating the effect size, the statistical data needed is in the form
of sample size, standard deviation and mean, sample size and p-value, or sample size and t-
value. Data acquisition results regarding the effect size of each study or the combined effect
size of the studies are then interpreted using the classification developed by Cohen (Juandi &
Tamur, 2020).
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Table 1. Interpretation of Effect Size

Range of Effect Size (ES) Interpretation
0,00 <ES <0,20 Ignored
0,20 <ES <0,50 Small
0,50 < ES <0,80 Moderate
0,80 <ES <1,30 Large

1,30<ES Very Large

In meta-analysis research, publication bias must be investigated because sometimes
statistically significant articles are published more often, and researchers rarely (6%) publish
studies that are not significant (Cooper et al., 2017). This tendency can lead to a significant
overrepresentation of studies, similar to actual studies (Borenstein et al., 2009). Therefore, a
publication bias test was conducted to determine whether or not the study was resistant to
publication bias. Several tests that can be performed to check publication bias are funnel plot,
fill and trim test and N Rosenthal fail and save the test. The funnel plot aims to check whether
the effect size distribution spreads symmetrically around the average effect size. If the effect
size distribution is symmetrical, it can be said that each study has a small risk of publication
bias (Retnawati et al., 2014). The trim and fill test results if there is no difference between the
observed and adjusted values, meaning that the effect size distribution of the primary study is
analyzed symmetrically.

After ensuring that the data were free from publication bias, the next step is to carry out
a homogeneity test used as the basis for selecting the analytical model. Determination of test
results based on p-value on Q-statistics (Borenstein et al., 2010; Retnawati et al., 2014). If the
p-value is lower than 0.05, the distribution of effect sizes from the primary studies used in the
meta-analysis process can be interpreted as heterogeneous. Thus, the analysis model chosen is
the random effects model. Heterogenous effect size data indicated that analysis of study
characteristics needed further investigation of the variables that might cause heterogeneity in
effect size data (Borenstein et al., 2009; Hedges & Pigott, 2004). Meanwhile, if the p-value >
0.05, it can be interpreted that the distribution of the effect sizes of the primary studies used in
the meta-analysis process is homogeneous. Thus, the analytical model chosen for the meta-
analysis is the fixed effects model (Retnawati et al., 2014).

RESULTS AND DISCUSSION

The results of calculating the Effect Size of the implementation of the STEM approach on
students' mathematical creative thinking ability are presented in Table 2:

Table 2. Effect Size of the STEM Approach to Mathematical Creative Thinking Ability

Confident Interval 95% Standard

Code Author Effect Size — — Interpretation
Lower Limit  Upper Limit ~ Error
KF01 (Y”gggoe)t al, 0,689 0,174 1,203 0,262 Moderate
Krop  (Surmilasari et 0,697 0,202 1,193 0,253 Moderate
al., 2022)
(Amiruddin&
KF03 Juwairiyah, 1,508 0,84 2,176 0,341 Very Large
2019)
(Suherman et
KF04 2l 2021) 1,348 0,811 1,885 0,274 Very Large
(Suherman et
KF05 al, 2021) 0,82 0,307 1,332 0,262 Large
KFO06 (‘]a";%dzf)t al., 0,642 -0,052 1,335 0,354 Moderate
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(Yuniar et al.,

2020) 1,443 0,862 2,025 0,297 Moderate
(Yuniar et al., )

2020) 0,505 0,02 1,030 0,268 Moderate

(Hobri et al.,
2021) 3,328 2,576 4,081 0,384 Very Large
(Ismayani., )
2017) 0,461 0,012 0,934 0,242 Small
(Noviyani,
2022) 1,902 1,191 2,613 0,363 Very Large
(Noviyani, )

2022) 0,231 0,345 0,807 0,294 Small
(Amini, 2021) -0,969 -1,774 -0,164 0,411 Ignored
(Roheni, 2021) 1,242 0,695 1,788 0,279 Very Large
(Anshori, 2022) 0,324 0,058 0,797 0,241 Small

It can be seen from Table 2 that the effect size of each study varies. The largest effect size is
3.328 in the KF10 study. Based on the interpretation of the effect size using the classification
developed by Cohen, this is classified as a very large effect.

Number Of The Primary Studies

w ~ U1 O N

= N

, I I [] I

lgnored Small Moderate Large Very Large

Interpretation of The Effect size

Figure 3. Distribution of Effect Size Data from Each Primary Study

Figure 3 shows that six studies had a very large effect size, one study had a large effect size,
five studies had a moderate effect size, two studies had a small effect size, and one study had a
negligible effect size. To check whether the effect size distribution spreads symmetrically
around the average effect size, we can use a funnel plot.

Standard Error

Funnel Plot of Standard Error by Std diff in means
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Figure 4. Distribution of Effect Size Data from Each Primary Study
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Figure 4 shows that the distribution of effect sizes from each primary study looks almost
symmetrical, so it can be said that each study has a small risk of publication bias. To ensure
whether the distribution of the effect size data is symmetrical, a fill and trim test is used to
assess the symmetry of the funnel plot. The results of the fill and trim tests using
Comprehensive Meta-Analysis 3.0 (CMA 3.0) software are shown in Table 4.

Table 3. The result of the Fill and Trim Test

. Random Effects Random Effects

Studies Point Point Q-value

Trimmed . 95% ClI . 95% CI

Estimate Estimate

Observed [0,72337; [0,54543;
values 0 0,86986 1,01634] 0,935 1,32458 97,11528

Adjusted [0,72337; [0,54543;
values 0,86986 1,01634] 0,935 1,32458 97,11528

The trim and fill test results in Table 3 show no difference between the observed and
adjusted values, meaning that the effect size distribution of the primary study was symmetrical.
Thus there is no need for additional studies or trimmed studies. It can be said that the funnel
plot obtained in Figure 2 is quite symmetrical. It can be interpreted that the primary studies used
in this meta-analysis have a small risk of publication bias.

After ensuring that the distribution of effect sizes was resistant to publication bias, the
next step is to examine the heterogeneity of the effect sizes distribution using the Q-test, which
is used to decide on the analytical model to be used. The Comprehensive Meta-Analysis 3.0
(CMA 3.0) software obtained the Q value.

Table 4. The Heterogeneity Test
Model n  Effect Size Q-value df (Q) p-value
Fixed 15 0,870
Random 15 0,935

97,115 14 0,000

Based on the result of the heterogeneity test, the p-value is less than 0,05. The distribution
of the effect sizes from the primary studies used in this meta-analysis can be interpreted as
heterogeneous. Therefore the next step used a random effect model. The results of the estimated
effect size of the combined studies analyzed are presented in Table 5.

Table 5. The Combined Effect Size of The Study based on the Random Effect Model
Effect Size and 95% Confidence Interval

Model n Zvalue p-value Point Standard vVariance Lower Upper
Estimate Error Limit Limit
Random 15 4,706 0,000 0,935 0,199 0,040 0,545 1,325

Table 5 shows the estimated effect size of the combined studies analyzed was 0.935.
According to the interpretation of the effect size using the classification developed by Cohen,
this effect size is in a large category. To determine whether the implementation of the STEM
approach on students' creative thinking ability has a significant effect, we need to conduct the
null hypothesis test. The result of the p-value was 0.000, which is less than 0.05. It indicated
that the STEM approach significantly affects students’ mathematical creative thinking ability.
This result was in line with the results of research from (Amin et al., 2022), who conducted a
meta-analysis for both science and mathematics subjects with the conclusion that STEM is
effective on students’ creative thinking ability. The combined effect size obtained in this study
was 0,58 with a moderate effect category. The STEM stages in planning a solution provide
students' creativity in generating many ideas to solve a given problem, developing various
alternative solutions, and developing a problem-solving plan (Ulum et al., 2021).
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The heterogeneity test that has been carried out with the acquisition of results in the form
of effect sizes from primary studies with heterogeneous distribution makes it possible to carry
out investigations of character studies that are suspected of moderating the influence of STEM
on students' mathematical creative thinking abilities. The characteristics of the studies used in
this study are the type of STEM integration with learning models, the publication year of the
primary studies, educational stages, and sample size.

According to Baron & Kenny (Hedges & Pigott, 2004), study characteristics or moderator
variables influence the direction and strength of the relationship between the independent or
predictor variable and the dependent variable or criteria. The independent variable in this study
was the STEM approach, while the students’ mathematical creative thinking ability was the
dependent variable. These study characteristics are predicted to be the factor that causes the
heterogeneity of the effect of the implementation of STEM on students’ creative thinking
ability.

Table 6. Effect Sizes Based On Study Characteristics

Study i
Characteristics Category N Effect 95% Cl Heterogeneity Test df
Size Q-value P-value
_ STEM STEM 8 1220  [0,011;1,022]
integration 23,117 0,000 1
STEM-PjBL 7 0511  [0,011;0,304]
Education Primary Schools 3 0,9 [0,555 ; 1,245]

level
eve Junior High Schools 2 0393  [0,058:0727] 9,949 0007 2

Senior High Schools 10 1,007  [0,822;1,192]
Sample size <=30 10 0834  [0,646;1,021]
>30 5 0926  [0,692;1,160]
Year of 2017 - 2018 1 0461  [-0,012;0,934]
publication 2019 - 2020 5 1073 [0823:1,322] 5716 0057 2
2021 - 2022 9 0815 [0,010;0,619]

0,366 0,545 1

Table 6 shows the effect sizes of the primary studies related to each study's characteristics.
The effect sizes in STEM integration between the STEM and STEM-PjBL produced an effect
size of 0,511. According to Cohen et al. (2007), this effect is moderate. Meanwhile, the class
that applied STEM had an effect size of 1,229 which was included in the very large category.
The Q-value obtained from the heterogeneity test was 23,117, and the p-value was 0.000, less
than 0.05. This means there is a significant difference in effect size in terms of students who
studied with the STEM approach and those who studied with the STEM-PjBL. Project-based
STEM characteristics have similarities with PjBL as a learning model. In addition, integrated
with PjBL, STEM can stimulate students to think creatively and collaborate in solving problems
by producing projects (Anindayati & Wahyudi, 2020).

A meta-analytic study of the effectiveness of integrating the STEM approach with Project
Based Learning (PjBL) conducted by 1zzah & Mulyana (2021) was in line with the findings of
this study. Despite reviewing the other dependent variables, the conclusions in that meta-
analysis did not obtain conflicting decisions that PjBL integrated STEM is practical to apply,
both to improve creative thinking abilities and learning outcomes.

Based on the educational level, the Q value obtained from the heterogeneity test was
9,949, and the p-value was 0,007, less than 0,05. This means there are differences in the effect
size of the STEM approach on students’ mathematical creative thinking ability in terms of
educational level between students who study at the elementary, middle, or high school levels.
Research by Tamur et al. (2021), who conducted a meta-analysis on various subjects such as
mathematics and science at the elementary, junior high, high school, and tertiary education
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levels, concluded that educational level is one of the character studies that are causing the
heterogeneity of the effect size of the STEM approach to the achievement.

In this study, the sample size of the STEM class was categorized into two groups: a
sample size of less than or equal to 30 and a sample size of more than 30. The Q value obtained
from the heterogeneity test was 0,366, and the p-value was 0,545, less than 0,05. This means
that there is no different significant effect size in the STEM approach on students’ creative
thinking ability in terms of sample size. This means that the sample size of the STEM class is
independent of students' mathematical creative thinking abilities. The effect size produced by
courses with a sample size of more than 30 is 0,870, and the effect size produced by classes
with a sample size less than or equal to 30 is 0,834. The two effect sizes are equally large. So,
with these results, it can be seen that the effect size in the sample size category is not a
heterogeneity factor in applying the STEM approach to students’ creative thinking ability. This
result aligns with a meta-analysis of PjBL on creative thinking skills by Yunita et al. (2021),
which concluded that sample size did not affect the heterogeneity of creative thinking abilities.
So, it can be interpreted that samples of any size can implement the STEM approach with good
results, and students who study with STEM in both sample size categories increase their
mathematical creative thinking abilities not significantly different.

The year of publication was divided into three categories, namely the year 2017-2018,
the year 2019-2020, and the year 2021-2022. The Q value from the heterogeneity test was
5,716, and the p-value was 0,057, less than 0.05. Thus, it can be concluded that the effect of
STEM on students’ mathematical creative thinking skills between study year of publication
groups was similar. This means there is no difference in the effect size in the year of publication.
Thus there is no difference in students' mathematical creative thinking abilities in terms of the
year of research publication. During the Covid 19 pandemic, the learning process depended on
technology. A sudden change from a face-to-face learning system to online learning requires
teachers to be more creative in delivering subjects. Likewise, students must be creative in
finding learning resources from various learning sources. The result is that the year of
publication (often the same as the year the research was conducted) is not the cause of
heterogeneity in students' mathematical creative thinking abilities. It means that STEM can be
done anytime, even during a pandemic. This indicates that STEM can be carried out both online
and offline, with the finding of the fact that in the online period, STEM-based learning and
research can still be carried out (Handayani, 2020).

The limitation of this study due to this study only examined four study characteristics.
The author hopes that more researchers will conduct research related to the implementation of
STEM on students” mathematical creative thinking ability with more study characteristics that
can be examined.

CONCLUSIONS
A meta-analysis of the 12 primary studies in this study gives information that the STEM
approach is effective on students' mathematical creative thinking ability with an effect size of
0.935 in the category of large effect. The teachers are suggested to implement STEM in their
learning processes in both online and offline learning. STEM can also be implemented in both
small and big classes.

For further meta-analysis study need to use more primary studies. The next researcher
can also investigate and analyze other skills, such as critical thinking, problem-solving, and
other skills. Moreover, study characteristics such as research areas and treatment duration must
be investigated further.
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