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Introduction

Abstract: This study aims to compare the effectiveness of three types of infographics,
namely static, animated, and interactive, on students' creative thinking skills in biology
learning on the human circulatory system. The research method used was a quasi-
experimental with a pretest-posttest control group design, involving 144 grade XI students
at SMA Negeri 3 Takalar who were divided into four classes: three experimental classes
and one control class. The instrument used was a creative thinking skills essay test
developed based on Guilford indicators (fluency, flexibility, originality, and elaboration).
Data analysis was carried out using the ANCOVA test and LSD follow-up test. The results
showed a significant difference between classes (F = 582.693; p < 0.05). The average value
of estimated marginal means showed that interactive infographics had the greatest
influence (86.89), followed by static infographics (84.27), animation (81.53), and handouts
(74.18). Learning using interactive infographics provides navigation autonomy and
encourages higher cognitive engagement, making it more effective in developing students'
creative thinking skills. This research emphasizes the importance of utilizing interactive
media in biology learning to optimally develop creative thinking skills.

Keywords: Animated infographics; Creative thinking skills; Interactive infographics;
Static infographics

Creative thinking is a product of divergent and
convergent thinking (Nufus et al.,, 2024). Convergent

21st-century skills are a collection of essential
competencies that individuals need to adapt to the
challenges of the digital era. These competencies
encompass various aspects, such as learning and
innovation skills (e.g., communication and creativity),
technological, media, and information skills, and
preparedness for future life and careers (Cristea et al.,
2024; Kain et al., 2024). One of the main skills in this
category is creative thinking, which is part of the 4C
competencies (Critical Thinking, Creative Thinking,
Collaboration, and Communication) which are very
much needed in the modern world of education or in the
digital era (Makaramani, 2015; Adnan et al, 2021;
Palennari et al., 2023).

How to Cite:

thinking is based on one correct solution to a problem
(Busnawir, 2018), whereas divergent thinking allows for
the emergence of various solutions to one problem (Baer,
2015). Creativity is not limited to certain groups, such as
gifted students, but can be developed in all students
through appropriate learning approaches (Kuo et al.,
2024). In addition, creative thinking also plays an
important role in problem solving and decision making,
and is a key indicator in high-level thinking processes
(Tam et al, 2022). International surveys show that
around 88% of people believe that creativity should be
integrated into the Education curriculum (Reisman,
2016).

Guilford in Baer (2015) stated that creative thinking
includes four main components of divergent thinking:
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fluency, flexibility, originality, and elaboration. This
model later became the basis for developing the
Torrance creative thinking test (Hébert et al.,, 2002).
Fluency refers to the ability to generate many ideas or
many answers, flexibility refers to the ability to create
diverse ideas, originality refers to the ability to generate
unique ideas, and elaboration refers to the ability to
detail, develop, evaluate, and enrich ideas (Luthfia,
2024). Unfortunately, many students still have difficulty
completing assignments that require creativity. Some
studies even show that students tend to be less proficient
in creative thinking (Adnan et al., 2014; Nufus et al,,
2024), one of which is caused by learning that is still
conventional and teacher-centered (Mulbar et al., 2021).

To address this, technological developments are
providing new opportunities in education, particularly
through the use of innovative visual media. Effective
learning media are those that can clarify information
delivery, focus students' attention, and help overcome
limitations related to the senses, space, and time
(Alamsyah et al., 2022). An innovative visual medium is
infographics. Infographics are defined as visual
representations of information that combine text,
images, and data elements to convey a message in an
engaging, clear, and memorable way (Smiciklas, 2012;
Pack et al., 2023; Zhu et al., 2020). According to Lankow
et al. (2012), infographics are classified into three types,
namely static, animated, and interactive infographics.
Static infographics present information in a visual
format without moving elements (Afify, 2018; Ismaeel &
Al Mulhim, 2021), whereas animated infographics
integrate movement and audio to simplify complex
concepts and appeal to the audience's emotions (Hamid
et al.,, 2020). Meanwhile, interactive infographics give
students full control over the information exploration
process, allowing for greater personalization of learning
(Dur, 2014; Krum, 2014).

In learning practice, infographics have been shown
to improve conceptual understanding, visual literacy,
memory, and encourage critical and creative thinking,
particularly through the integration of visualization,
audio, and interactive elements (Aldalalah, 2020;
Alscher, 2021; Huh, 2016; Bhat & Alyahya, 2024; Matrix
& Hodson, 2014). Effective visual representations also
help students organize ideas logically, understand
relationships between concepts, and form original
thoughts (Hameed & Jabeen, 2022; Khongprakob &
Kantathanawat, 2021).

However, although numerous studies have
demonstrated the benefits of using infographics in
learning, most studies are limited to just one or two
types. Studies that comprehensively compare the
effectiveness of staticc, animated, and interactive
infographics on creative thinking skills are rare.
Furthermore, in the context of biology learning in
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Indonesia, particularly on the circulatory system, there
have been few quasi-experimental approaches that
simultaneously evaluate all three types of infographics
based on creative thinking indicators such as fluency,
flexibility, originality, and elaboration, supported by
adequate statistical analysis.

Based on this background and gap, this study aims
to determine the differences in effectiveness of using
three types of infographic media: static, animated, and
interactive, on students' creative thinking skills in
biology learning, specifically on the human circulatory
system. This research is expected to contribute to the
development of more effective, contextual, and data-
driven visual media-based learning strategies to
improve students' creative thinking skills in schools.

Method

Types of Research

This study used a quantitative approach with a
quasi-experimental design. This design was chosen to
determine the differences in the effects of three types of
infographics —static, animated, and interactive—on
students' creative thinking skills.

Research Design

‘ Literature Review ‘

‘ Problem Formulation ‘

| Hypothesis ‘

‘ Preparation of Research Instruments by Researchers ‘

‘ Expert Validation of Research Instruments ‘

|
| |

‘ Data Collection (Pretest) }—{ Data Collection (Posttest) l
\' [
\
[ |

’ Data Analysis (Descriptive) }—{ Data Analysis (Inferential) ‘

{ |
l

‘ Research Results ‘

|

‘ Conclusion ‘

Figure 1. Flowchart of research stages on the influence of
infographics on creative thinking skills

The design used was a pretest-posttest control
group design, in which students were divided into four

classes: three experimental classes and one control class.
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Each experimental class received treatments in the form
of static, animated, and interactive infographics. The
control class used conventional media in the form of
handouts. Creative thinking skills were measured before
and after the treatment using the same instrument. The
stages of research activities can be seen in Figure 1.

Population and Sample

The population in this study was all eleventh-grade
students at SMA Negeri 3 Takalar in the odd semester of
the 2024 /2025 academic year. The sample size was 144
students. Each class consisted of 36 students and
received different treatments according to the research
design.

Research Variables

The independent variable is the type of infographic:
static infographics, animated infographics, and
interactive infographics. The dependent variable is
students' creative thinking skills.

Research Instruments

The main instrument is a creative thinking skills test
in the form of descriptive questions structured based on
Guilford's four indicators of creative thinking: fluency,
flexibility, originality, and elaboration. The test consists
of four open-ended questions, each representing one
indicator, and each question is scored on a 0-10-point
scale. The maximum total score is 40, which is then
converted to a 100-point scale. Content validity was
tested by two education experts, who stated that the
items were valid with minor modifications.

Infographic Development and Validation

The infographics used in this study were developed
by the researcher herself in accordance with the
principles of instructional design and the needs of the
human circulatory system material in the 11th grade
curriculum. The infographics were developed in three
forms: static infographics (still visual image format),
animated infographics (using motion and audio
elements), and interactive infographics (interactive
PowerPoint, allowing navigation control by students).
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Before being used in the treatment, all media
underwent a validation phase by two learning media
experts and one biology material expert. Validation was
conducted using an assessment instrument covering
aspects of content suitability, visual appearance,
interactivity (specifically for interactive media), and
pedagogical suitability. The validation results indicated
that all three media were deemed suitable with minor
revisions. The average validation score was in the very
valid category.

Experimental Procedures and Data Collection

The research implementation procedure began with
a pretest administered to all students in the experimental
and control classes to measure their initial creative
thinking skills. The pretest was administered to three
experimental classes and one control class to ensure
homogeneity between classes. Next, the learning process
was carried out according to plan, covering the
circulatory system, which consists of blood components,
blood clotting mechanisms, blood types, the structure
and function of the heart, types of blood vessels, and the
blood circulation process. Each class received treatment
during four specific material meetings using different
media according to the class. After all the material was
taught, a posttest was administered to all classes as a
final evaluation. The pretest and posttest data were then
analyzed statistically using a one-way ANCOVA
(Analysis of Covariance) test to determine the effect of
the use of infographics on creative thinking skills. The
ANCOVA test was used to control for the influence of
the initial score (pretest) and determine the effectiveness
of the treatment (infographics). Next, a further LSD
(Least Significant Difference) test was conducted to
compare the effect of each type of infographic in pairs
and identify significant differences between classes.

Result and Discussion

Creative Thinking Skills Pretest Results

Pretest analysis showed that students' initial
creative thinking skills were in the adequate category
across all classes. The average scores for each indicator
can be seen in Table 1.

Table 1. Analysis of creative thinking skills for each indicator on pretest scores

Media/Indicators Fluency Flexibility Originality Elaboration
Static Infographics 4278 46.39 4111 38.33
Animated Infographics 46.94 46.11 47.50 49.72
Interactive infographics 38.61 39.44 41.67 48.89
Handout 49.72 31.94 38.33 38.61
Average 4451 40.97 4215 43.89
Category Enough Enough Enough Enough
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Creative Thinking Skills Posttest Results
Posttest results showed an increase in creative
thinking skills in all classes. Average scores increased to
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the good to excellent category. The average scores for
each indicator can be seen in Table 2.

Table 2. Analysis of creative thinking skills for each indicator on posttest scores

Media/Indicators Fluency Flexibility Originality Elaboration
Static Infographics 87.50 85.28 76.67 89.44
Animated Infographics 89.17 85.56 80.00 86.11
Interactive infographics 87.78 84.44 78.89 84.17
Handout 75.00 65.83 67.22 76.11
Average 84.86 80.28 75.70 83.96
Category Very Good Very Good Good Very Good

Normality Test

The results of the Kolmogorov-Smirnov normality
test in Table 3 show that the data are normally
distributed (p > 0.05).

Table 3. Normality test of pretest and posttest scores in
each class

Kolmogorov-

Media . Information
Smirnov
Static Infographics Pretest 0.119 Normal
Animated Infographics 0.198 Normal
Interactive Infographics 0.176 Normal
Handout (Control) 0.190 Normal
Static Infographics Posttest 0.200 Normal
Animated Infographics 0.200 Normal
Interactive infographics 0.101 Normal
Handout (Control) 0.189 Normal

Homogeneity Test

The results of the Levene test in Table 4 show that
the variance between classes is homogeneous (p > 0.05),
so the data meets the assumptions for the ANCOVA test.

Table 4. Homogeneity test of pretest and posttest scores

Data Levene Statistic Sig. Information
Pretest 1.573 0.199 Homogeneous
Posttest 0.021 0.996 Homogeneous

Hypothesis Test

The results of the ANCOVA test in Table 5 show
that there are significant differences in creative thinking
skills based on the type of media used with a value of F
=582.693 and p < 0.05.

Table 5. ANCOVA test of the effect of infographics on
creative thinking skills

Source Type lllSum df Mean F Sig.
of Squares Square
Media 3167268 3 1055.756 582.693 0.000

The results of the LSD test in Table 6 show that all
class pairs have significant differences (p < 0.05).

Table 6. LSD test of the effect of infographics on creative
thinking skills

Media Dif fell/iiirel Sig. Information
Static infographics and 2.746" 0.000  Significant
animated infographics

Static infographics and 2.617° 0.000  Significant
interactive infographics

Animated infographics 5.362° 0.000  Significant
and interactive

infographics

Static infographics and 10.090* 0.000  Significant
handouts

Animated infographics 7.344* 0.000  Significant
and handouts

Interactive infographics 12.707* 0.000  Significant

and handouts

The estimated marginal means in Table 7 show a
difference in influence between the three infographics in
the experimental class and the handouts in the control
class. Interactive infographics had the greatest impact on
improving creative thinking skills, followed by static
infographics, animations, and finally, handouts.

Table 7. Estimated marginal means values in the LSD
test

Media Mean
Interactive Infographics 86.89a
Static Infographics 84.270
Animated Infographics 81.53¢
Handout 74.184

The Effectiveness of Interactive Infographics on Creative

Thinking Skills
Interactive infographics demonstrate the highest
positive impact on the development of creative thinking
skills. Their key characteristic lies in the user's ability to
independently control the sequence, focus, and depth of
information exploration. This capability creates a
personalized and active learning experience, which
strongly supports divergent thinking. According to
Aldalalah (2020) and Abdulmoneim (2021), students
who use interactive infographics can organize ideas in a
960
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hierarchical thinking structure, connect concepts, and
formulate new ideas through in-depth processing of
meaning. The ability to think in multiple directions and
create connections between information is key to
developing creativity. Ismaeel & Al Mulhim (2021)
emphasize that interactive infographics encourage
complex cognitive activities as students interact with the
content, explore specific sections, and adapt the
information to their learning needs. The integration of
illustrations, animation, audio, and text in interactive
designs also  supports multimodal learning,
strengthening comprehension and creative thinking
(Grasia et al., 2023). This makes interactive infographics
superior to static and animated infographics.

Additionally, interactive infographics encourage
students to become producers of meaning, not just
consumers of content, allowing for more creative
interpretations and solutions (Ali & Diab, 2023).
Autonomy in choosing how to learn also contributes to
the emergence of innovative thinking. Hamid et al.
(2024) stated that interactive learning materials can
increase information retention by more than 30%
compared to other visual media. In this context,
retention plays a crucial role in creativity because it
allows students to remember, rework, and develop new
ideas (Palennari, 2016). Thus, interactive infographics
not only serve as a tool for presenting information, but
also as a medium for in-depth intellectual exploration,
which is able to optimize students' creative thinking
potential.

The Effectiveness of Static Infographics on Creative Thinking
Skills

Static infographics have been shown to have a
positive impact on creative thinking skills, although not
as significant as interactive infographics. This medium
relies primarily on visuals in the form of images and
illustrations, which facilitate students' imagination and
original ideas (Hameed & Jabeen, 2022). Visualization in
static infographics provides space for students to
observe and interpret information in depth. Shemy
(2022) explains that students can interact with static
infographics by adjusting the visual display, such as
zooming in on certain sections or scrolling in various
directions, allowing them to extract relationships
between  elements and  construct  meaning
independently. In this process, creative thinking skills
can be honed through visual analysis and synthesis.
Furthermore, images in static infographics are processed
by the human brain more quickly than text, keeping
students engaged in learning (Alrajhi, 2020; Alamsyah et
al., 2025), allowing them to quickly connect information
and discover new ideas. However, this medium remains
passive because it doesn't provide students with
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navigational freedom or full control over the flow of the
material.

Therefore, although static infographics are more
effective than animated infographics in supporting
creativity, their effectiveness is still lower than
interactive infographics. As stated by Tversky et al.
(2002), that static images can be superior to animation for
complex material because they provide control over
focus and pace of learning, but are still not as effective as
interactive media in creating deep cognitive
engagement. Khongprakob & Kantathanawat (2021)
assert that static infographics are cognitively lighter or
easier to process than animations, but lack the student-
driven navigation necessary for deep learning.

The Effectiveness of Animated Infographics on Creative
Thinking Skills

Animated infographics have been shown to have a
positive impact on creative thinking skills, although not
as significant as static and interactive infographics.
Audio-visual-based  animated infographics can
contribute to the development of students' thinking
skills. This medium combines visual movement and
sound to strengthen understanding and encourage
mental activation. Tawil & Dahlan (2021) emphasized
that audiovisual aids can provide significant benefits in
the learning process because they facilitate multisensory
engagement. Mariam et al. (2024) added that animation
can help students develop their thinking skills,
particularly in forming and generating diverse ideas
through dynamic visual representations. Similarly,
Hasanah et al. (2023) stated that animated videos are
designed to organize students' learning experiences,
enabling them to generate diverse and contextual ideas.

However, in the context of this study, animated
infographics ~ demonstrated lower  effectiveness
compared to static and interactive infographics. This
may be due to the nature of animation, which presents
information linearly and quickly, without giving
students the opportunity to control the speed or order of
the display. Koning et al. (2011) stated that students may
fail to pay attention to important parts of an animation
if it is not accompanied by explicit guidance, ultimately
reducing the effectiveness of comprehension. This is in
line with Taufiq et al. (2024), who stated that excessive
visual variations such as animation can also reduce
student focus. In this case, passive and non-interactive
animated infographics do not guarantee the deep
cognitive engagement necessary to foster creativity.

Conclusion

Based on the results of data analysis and discussion,
it can be concluded that infographic learning media has
a significant influence on improving students' creative
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thinking skills in biology learning. Among the three
types of infographics used, interactive infographics
provide the greatest influence, followed by static
infographics and animated infographics. Interactive
infographics are able to encourage higher cognitive
engagement  through  self-navigation features,
interactivity, and user control over information, which
effectively develop aspects of fluency, flexibility,
originality, and elaboration in creative thinking. These
findings confirm that the higher the level of student
interactivity and engagement in the learning process, the
greater the potential for developing higher-order
thinking skills. Therefore, teachers and media
developers are advised to integrate interactive visual
learning media into science instruction as a strategic
effort to optimally foster students' creative thinking
skills. However, this study has several limitations. It was
conducted at only one educational level and focused on
one topic, the human circulatory system. Furthermore,
the infographics used were developed in conventional
digital formats, such as interactive infographics that
were still PowerPoint-based and did not utilize
advanced interactivity features. Therefore, further
research is recommended to involve various educational
levels and more diverse materials, as well as develop
infographics with more dynamic digital formats and
platforms to support personalized learning and
strengthen  higher-order thinking skills more
comprehensively.
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