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Introduction

Abstract: Many studies have examined the impact of multimedia learning on
students' mathematical creativity, but the results are mixed. As multimedia
learning has been researched for decades in various subjects and schools, this
meta-analysis study aims to synthesize the latest findings on the impact of
multimedia learning, particularly on students' mathematical creativity in
science learning. Data were obtained from relevant primary research published
in national and international journals or proceedings during 2016-2023. This
research design uses a meta-analysis approach by analyzing 33 effect size
studies that meet the inclusion criteria using systematic review and meta-
analysis. The role of science in this context is to ensure that an understanding of
students' mathematical creativity is accompanied by a deep understanding of
the underlying scientific principles. JASP software was used to measure the
Hedges g formula to determine the effect size. The results showed that
multimedia learning influences students' mathematical creativity (gRE = 0.768;
95% CI [0.654; 0.882]; p < 0.001) when compared to traditional learning. The
results of this study provide important information for further meta-analysis
studies and the application of multimedia learning to improve students'
mathematical creativity in science learning.
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important to their creators, regardless of social

recognition.

Creativity has meaning in a sociocultural context
that defines certain innovations as novel and creative
(Glaveanu et al., 2019). Ambiguity reduction in ethnic
leadership can be minimized by managing the scope that
supports students' mathematical creativity (Chen &
Hou, 2016). An appropriate leader can shape three
different aspects of creativity in a group: increasing the
creativity of the group, increasing the average creativity
of members, and reducing the spread of creativity
among group members (Tu et al., 2019). A school of
thought that adopts an individualized approach to
creativity that focuses on the psychological aspects that
influence the creative process (Ilha Villanova & Pina e
Cunha, 2021). This highlights that the outcomes of
everyday creativity can be personally meaningful
creative experiences; that is, they can only be new and

How to Cite:

Creativity has been shown to significantly improve
student outcomes, employability, productivity, and
career advancement prospects (Dickens, 2020; Jahnke et
al., 2017). Improved creative thinking skills are strongly
correlated with higher student performance, better
learning practices, and more opportunities for
innovation (Hughes et al., 2018; Rambe et al.,, 2016).
Creativity connects students' imagination to the context
of the problem and connects the pre-existing knowledge
needed to solve the mathematical modeling problem
through questions or statements that indirectly lead to
an answer (Nuryadi & Hartono, 2021). In line with
Papadakis (2016), he concluded that the experience of
teachers as creative individuals in their field is related to
the extent to which innovation is introduced into the
classroom.
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Creativity in general has been shown to be an
important prerequisite for creative activity as it
facilitates the incorporation of original ideas and
consideration of other approaches (Pitta-Pantazi et al.,
2018). Mathematical creativity showed positive
relationships with intelligence, math fluency and overall
creativity, but only general creativity and arithmetic
intelligence could best explain the differences in
mathematical creativity (Meier et al., 2021). Therefore, it
is important not to suppress irrelevant information but
to continuously update information in working memory
to create new combinations, which are essential for
creativity (Stolte et al., 2020). In this manner, it is vital to
investigate better approaches to upgrade students'
mathematical creativity.

Multi means a number or plural, and media means
the medium that conveys a message or information such
as text, images, audio or video; as such, in language, the
term multimedia is a combination of several or more
mediums, such as text, images, audio or video, that are
used to convey a message or information (Herman et al.,
2022). Interactive learning media, or Multimedia, is one
way to facilitate math learning that is more interactive
and fun for students (G. Li & Liu, 2023). In an interactive
learning environment, students can be more actively
involved in learning and can develop mathematical
creativity through interactive and immersive hands-on
experiences (Chipangura & Aldridge, 2017). Stages of
successful multimedia learning model implementation
include the use of computers in learning activities, use
of audio-visual devices, selection of learning materials,
selection of software and interactivity and technology
selection (Hakim & Solechan, 2018).

In fact, there are still many schools that are not
equipped with multimedia tools, and although there are
tools, the problem is that there are still teachers who
have not mastered the operation of multimedia (gaptek)
so it will hinder virtual teaching. online), which also has
an impact on students' delays in developing their
creativity (Simanungkalit et al., 2022). Not all learning
spaces where multimedia is used can be considered
beneficial for learning, especially those that are not
under teacher supervision (Krieglstein et al., 2022). In
addition, Mayer (2001), The understanding gained in
multimedia learning can be referred to in two categories:
storage and transfer.

Media search has also made great progress in image
or video content analysis, media search and
recommendation, media streaming, media content
distribution, and more (B. Li et al., 2013). Multimedia
document discovery methods help extract meaningful
patterns from documents and provide useful knowledge
for various applications (Pushpalatha &
Ananthanarayana, 2020). The multimodal nature of
media data drives machine learning to develop various
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emerging techniques to be able to capture and model
heterogeneous characteristics of media data (Zhu et al,,
2020). Similarity search has always been a very
fundamental research topic in multimedia information
retrieval. A good similarity search strategy requires not
only accuracy but also efficiency (Gionis et al., 1999). The
evolution of educational technology has allowed
instructional designers to provide more and more
images, diagrams, and screens in the learning
environment.

The rapid development of digital and online
resources is accompanied by a rapid increase in
information stimulation, thus driving the trend towards
designing complementary multimedia learning
environments (Mayer, 2017). Multimedia learning is one
of the theories that has grown rapidly with the
widespread use of technology in education and the
increasing ability to design learning environments that
stimulate more than one channel (Park et al, 2019).
Therefore, instructional designers should consider how
learners process new information when designing visual
displays and how certain design techniques can aid
learning (Renkl & Scheiter, 2017; Schroeder & Cenkci,
2018).

According to the results of previous research the
increase in student learning outcomes using lectora-
assisted multimedia is due to the learning system using
lectora-assisted multimedia making the material
presented more interesting (Nurdiansah et al., 2017).
Many students use multimedia as a learning resource,
especially encyclopedias that can be accessed online, as
the information contained in German literature is not
widely available in libraries (Dewi, 2019). For students
who are taught with a multimedia-based inquiry
learning strategy, the level of creativity affects learning
outcomes, which is shown to be a significant difference
between groups of students with high levels of creativity
and groups of students with low levels of creativity
(Sormin, 2016). Therefore, research on the use of
multimedia to improve students' mathematical
creativity can provide valuable insights for the
development of more effective and efficient
mathematics learning methods.

This study aims to determine whether there is a
significant relationship between multimedia learning
and students' mathematical creativity in science
learning. This study contributes to development
research that develops learning multimedia and aims to
improve students' mathematical creativity. These results
can be useful for developers who are determining how
their products compare to national trends and for
researchers who want to gain an understanding of the
correlation between multimedia and mathematical
creativity. Although this study wunderstands that
multimedia is tailored to meet the needs of everyone, we
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can still gain insight by looking at the overview of
previous research on multimedia devoted to improving
students' mathematical creativity in science learning.

Method

Research Design

This meta-analysis aims to determine whether there
is a correlation between learning science using
multimedia and students' mathematical creativity.
There are three main steps in (Borenstein et al., 2015), as
described in the following sections.

Inclusion Criteria

The databases used were SCOPUS, Education
Resources Information Center (ERIC), JSTOR, ProQuest,
IOP Science, and SAGE. The inclusion criteria used to
screen the research publications were: Search keywords:
“Multimedia”, “interactive”, “science learning”,
“mathematics instruction”, “Creative”, “creative
thinking”, “creative in school”, “elements of creativity”,
“school’s creativity”, “sources of creativity”, “students
of creativity”, “teacher’s creativity”, “creative
education”. The year of publication ranges from 2016 to
2023. Quantitative research between multimedia and
students' mathematical creativity. Mathematical
creativity variables that use instruments in the form of
math test questions in science learning. Each article has
a minimum sample of 25 participants. The article must
report effect size data that shows the magnitude of the
influence of multimedia in promoting students'
mathematical creativity in science learning.

Data Collection Technique

A total of 33 articles were reviewed for the meta-
analysis. The appropriate sample size for this study
ranged from N=30 to N=60. The study subjects were
students who participated in learning science with
multimedia.

. i Articles were excluded after
PUt"‘“tlan‘y consideration of the general
relevant articles exclusion criteria (no

N =743 empirical studies, no

multimedia learning settings,

ﬂ |:> no articles, no student
mathematical creativity).
Articles considered N = 405
after the exception
™N =338
o Articles were disqualified
ﬂ based on the exclusion criteria
for cognitive ability (cognitive

ability as measured by math
test qguestions in  science
learning).

Articles considered
for final analysis
N =139

1 =

Final sample
N =33

N =199

Articles that do not contain
data or authors that do not
submit data are excluded.

™N =106

Figure 1. Data collection technique
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Data Analysis Technique

To get the magnitude of the effect of the application
of multimedia learning on students' mathematical
creativity, the analysis was carried out using the Hedges
equation 1:

Hedges's g = XXy (1)

within

The g values obtained can be categorized into five
categories presented in Table 1.

Table 1. Effect Size Category

Interval Effect Size (ES) Category
-0.15<ES<0.15 Neglected effect
0.15<ES<040 Low effect
040<ES<0.75 Medium effect
0.75<ES<1.10 High effect
110<ES <145 Very high effect
ES>1.45 Very good effect

The data analysis of this study was carried out with the
help of the Comprehensive Meta-Analysis (CMA)
application.

Result and Discussion

The aim of this meta-analysis was to investigate the
significant correlation between multimedia learning and
students' mathematical creativity in science learning.
Students' mathematical creativity in science learning
refers to students' ability to use mathematical concepts
and skills to solve problems related to natural science. It
involves applying mathematical concepts such as
calculation, measurement, statistics, and modeling to
analyze, interpret, and conclude in the context of natural
science.

The following will discuss the results of the analysis
whether they are in accordance with the assumptions.
Regarding the correlation of multimedia learning and
mathematical creativity, the analysis showed
satisfactory results. Answering questions about the
effectiveness of learning multimedia in enhancing
creativity, 60% (n=24) rated it very effective, 35% (n=14)
rated it average, 3% (n=1) rating is not high effective,
while 3% (n=1) is said to be ineffective. These results
reflect students' growing awareness about the
importance of using multimedia-based technology in the
learning process to enhance students' understanding of
creativity. Most students (70%, n=28) agreed that
multimedia-based learning can help them to get more
creative ideas in a shorter time. In addition, 80% (n=32)
of students believe that multimedia tools can enhance
their creativity. These results indicate that students have
a positive attitude towards using multimedia tools to
enhance their creativity.
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Figure 2. Forest plot for effect sizes

Table 2. Coefficient Effect Size

Coefficients
95% Confidence
Interval
. Standard
Estimate Error p Lower Upper
intercept  0.768 0.058 13.218 <.001 0.654 0.882

Note. Wald test.

In the 33 meta-analysis effect sizes ranged from
0.654 to 0.882. This explains that the study reported the
effect of multimedia on students' mathematical
creativity better than the control group. Learning media
can clarify the presentation of messages and information
so that it can facilitate and improve the learning outcome
process. In addition, procedural mathematical creativity
will be successful if students try to understand the
problem, connect, and represent between related
mathematical concepts, and generalize the problem.
Results show a positive correlation between multimedia
learning and students' mathematical creativity. As in
Chai et al. (2018), the study discussed the correlation
between multimedia usability and creativity, and they
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showed a positive correlation in relation to the
usefulness and use of multimedia in lesson planning.

The results of the analysis showed that 29 out of 33
studies had a positive effect size, indicating the influence
of multimedia on creativity. The sample size in the meta-
analysis ranged from 46 to 98 students (experimental
and control class samples combined). Figure 2 shows the
effect size of all studies. The results of the primary
analysis showed that there was a significant effect of
multimedia application on students' mathematical
creativity (gRE = 0.768; 95% CI [0.654; 0.882]; p < 0.001).
Summary effect is 0.297; when compared with Cohen's
classification (Table 1) the value is in the High category.
Therefore, it can be concluded that there is an effect of
multimedia application on students' mathematical
creativity. These results suggest that multimedia can be
effective in enhancing creativity in learning. Therefore,
teachers or educators should be encouraged to use this
multimedia application in learning (Al Hashimi et al.,
2019).

To test the structural validity of the correlation
between multimedia learning and mathematical
creativity, widely accepted definitions were followed to
provide an ideal and high degree of consistency between
measurement results and the theoretical assumptions on
which they are based. Multimedia used in the learning
process will improve students' mathematical thought
process to be more creative (Chen et al., 2022). In this
case, the application of multimedia can be implemented
in the learning process at school and multimedia can be
used as a means of increasing students' mathematical
creativity in science learning.

Table 3. Fixed and Random Effects

Q df p
Omnibus test of Model Coefficients 58.896 1 <.001
Test of Residual Heterogeneity 524890 32 <.001

Note. p -values are approximate.
Note. The model was estimated using Restricted ML method.

In 33 studies confirmed that the heterogeneity test
showed there was a significant difference in variance of
effect sizes (Q = 524.890; p < 0.001). This suggests the
potential for analyzing moderator variables to uncover
the source of variance between effect sizes. Following is
the analysis of moderator variables in this meta-analysis
study.

Table 4. Egger's Test
Regression test for Funnel plot asymmetry ("Egger's test")

z p
sei -3.105 0.002
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To check for publication bias, we used several
methods, namely Funnel plot and Egger test. Figure 2
shows the overall effect size study from the Funnel plot
analysis. Whether or not the effect size distribution is
within the symmetry of the Funnel plot is checked using
the Egger test. The Egger test result is z = -3.105 and p =
0.002, which confirms that the effect size distribution is
symmetrical. These results indicate that there was no
publication bias in this meta-analysis study.
Multimedia-based teaching methods can be recognized
as one of the most effective parts of educational tools to
create a learning environment that makes students
directly involved and provides situations and
opportunities to enhance students' creativity and
academic subjects (Mishra & Koehler, 2006). As
Livingston (2010) suggests, by utilizing new
technologies and linking the use of the Internet into the
learning process can create space for increased creativity
in education.

Table 5. File Drawer Analysis

File Drawer Analysis

Fail-safe N .. Target . Ol?s'erved
Significance Significance
Rosenthal 10358.000 0.050 <.001

Furthermore, in this study the fail-safe N is 10358 (=
0.05; p < 0.001). The number of studies (k) is 33 so the
value of 5k + 10 = 5(33) + 10 is 175. Since the fail-safe N
is 10358 and higher than the value of 5k + 10, it can be
concluded that there is no publication bias in this meta-
analysis study. Research on creativity in education has
shown a strong relationship between the learning
strategies used in the classroom and students' levels of
creative thinking (Elkilany & Yousef, 2021). Support to
continue to improve student creativity must continue to
be carried out either through related institutions or in
the field of research.

Creativity is the most asset a person has for
continuous evolution (Brand et al., 2015). Creativity is
something that can be highly valued or not valued at all
because there is no general-purpose agreement on its
meaning, although it has a broad meaning. The
characteristics of a creative person range from the ability
to think divergently, to be imaginative, to enjoy
challenges to persevere in doing things (Amrullah et al.,
2018). Encouraging students' mathematical creativity in
science learning requires a student-centered learning
approach, emphasis on problem solving, use of relevant
technology, and facilitating collaboration between
students to exchange ideas and solutions. Thus, students
can better develop mathematical skills and understand
their application in the context of natural science.

The educational context must represent the
conditions and availability of resources in which
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creative learning is encouraged, assessed, monitored,
and managed. These studies only came from reviews
and overviews, so the number of studies analyzed was
relatively small compared to meta-analysis studies.
Therefore, further meta-analysis studies of recent
research findings are needed and are not limited to
research published in journals and proceedings, but also
supplemented by other sources (e.g., theses and
bachelor theses).

0 -

_ 0.05- . N :

: : :

Lu .

E o o .

3]

-c L]

cC

S

“ 01

0.15 - :
I o \
0.0 0.5 1.0
Effect Size

Figure 3. Funnel plot and effect sizes

Hopefully, this will strengthen the findings of this
meta-analysis study and allow for broader
generalization. Further research could reveal the impact
of other moderator variables, such as the type of
instrument to test creativity and the country where the
study was conducted. Analyzing the impact of country
on the effect of multimedia on creativity is interesting,
allowing us to explore whether the effect of multimedia
is the same across countries. However, the challenge is
that such a study should involve many studies spread
across different countries.

Conclusion

This meta-analysis synthesized 33 studies on the
effectiveness of multimedia on students' mathematical
creativity in science learning. The results of this meta-
analysis provide empirical evidence that multimedia
implementation has High effect on students'
mathematical creativity compared with traditional
learning models. The results confirm that multimedia
may be used as an alternative learning model that can be
applied at various school levels to improve students'
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mathematical creativity in science learning. In addition,
this meta-analysis study also revealed that the
effectiveness of multimedia on mathematical creativity
can also be influenced by the time of research
implementation and sampling techniques. This needs to
be considered and considered by researchers when
using multimedia as an intervention in the learning
process. For further meta-analysis studies, it is
recommended to synthesize research on how learning
media can facilitate students in increasing their interest
in learning so that it has an impact on trained creativity.
Furthermore, future research should investigate
whether problem-based learning materials can explain
the relationship between multimedia and students'
mathematical creativity in science learning. Therefore,
future research should involve more primary studies so
that the findings obtained are more comprehensive.
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