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Critical thinking is a vital skill for students to interpret data and make informed
decisions, especially in data presentation. This study focuses on developing and
evaluating animated video-based learning content using Powtoon software to
enhance critical thinking skills in data presentation, following the ADDIE
(Analyze, Design, Develop, Implement, and Evaluate) instructional design
model. In the Analyze phase, a needs assessment was conducted to identify gaps
in students' critical thinking skills regarding data interpretation. During the
Design and Develop phases, instructional videos were created to target key
critical thinking components, including analysis, interpretation, and evaluation.
In the Implement phase, the content was introduced to an experimental group,
with a control group using traditional instructional methods. A quasi-
experimental approach with pre- and post-tests measured critical thinking
improvements in both groups. Results demonstrated a significant increase in

critical thinking abilities within the experimental group, with mean scores
improving from 55.2 to 82.4, compared to the control group’s increase from 54.8
to 65.3. The study concludes that Powtoon-animated videos are an effective tool
for fostering critical thinking in data presentation, offering practical implications
for multimedia-assisted learning in mathematics education. Recommendations
for further research on technology integration in education are discussed.
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1. INTRODUCTION

Critical thinking skills are recognized as essential competencies in 21st-century education, equipping
students with the ability to analyze information, make informed decisions, and solve problems effectively. Recent
studies highlight the importance of fostering critical thinking as students face increasingly complex data and
information across various disciplines (Dekker, 2020). Within educational settings, the need for critical thinking
has grown due to its role in preparing students for both academic success and informed citizenship.

In the specific context of data presentation, critical thinking is particularly vital. Effective data
presentation requires students not only to interpret and visualize data accurately but also to draw meaningful
conclusions. Despite its importance, research indicates that many students struggle to engage critically with data,
especially when taught through traditional lecture-based methods (Aston, 2023; Huber & Kuncel, 2016; Rivas et
al., 2022). These challenges underscore the need for innovative instructional approaches that encourage students
to analyze, evaluate, and synthesize data effectively.
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Interactive and engaging learning media have shown considerable potential to enhance students' critical
thinking skills. Animated videos provide a visually compelling means of conveying information, supporting both
engagement and understanding. Studies suggest that animated videos in instructional settings improve student
attention and foster analytical thinking by creating a more immersive learning experience. As a result, animated
video-based learning has gained attention as an effective tool for promoting higher-order thinking skills. The
advantages of animated videos are especially notable in facilitating complex cognitive processes, which can be
challenging to achieve through traditional instruction alone. By incorporating visual aids and narrations, animated
videos simplify abstract or complex concepts, making them easier for students to understand and apply critically
(Barta et al., 2022; Ennis, 2018; Fikriyati et al., 2022; Raj et al., 2022). This is particularly beneficial in subjects
like data presentation, where the ability to visualize and interpret data is crucial.

Powtoon, a user-friendly animation software, has become increasingly popular for creating engaging
educational videos without requiring advanced technical skills. Educators are leveraging Powtoon to create
customized video content that can support diverse learning objectives and styles. Research indicates that Powtoon-
based learning materials enhance student participation and motivation, thereby promoting a more active and
reflective learning process (Khofifah & Kamalia, 2022; Sania et al., 2022).

Empirical studies reveal that students learn more effectively when engaged with interactive multimedia
content, which enables them to visualize concepts and build connections between ideas. By fostering engagement,
Powtoon-based animated videos encourage students to delve deeper into the content, promoting a more thorough
understanding and stimulating critical thinking. These tools also allow educators to present information in a
narrative format, which has been shown to improve retention and comprehension.

However, while interactive media like Powtoon has gained prominence in classrooms, its specific impact
on critical thinking skills remains an area warranting further research. Several studies have shown promising
results, with animated video-based learning improving students' analytical and evaluative skills, particularly in
subjects requiring data interpretation. Nevertheless, comprehensive research focused on critical thinking in data
presentation is limited (Corti, 2005; Reding, 2017).

Traditional methods of instruction, though valuable, have certain limitations in fostering critical thinking,
particularly for topics requiring visual interpretation, like data presentation. Conventional approaches often rely
on lectures and textbooks, which can be less effective in promoting active engagement and higher-order thinking
skills. Some studies argue that these methods fail to sufficiently challenge students to critically analyze and
interpret information.

Moreover, educational technology research emphasizes the benefits of interactive content in motivating
students. Animated videos have been found to enhance both engagement and motivation, two essential factors for
successful learning. Research shows that students who learn through animated videos are more inclined to actively
participate in classroom discussions and demonstrate a deeper enthusiasm for understanding complex topics.

The relevance of multimedia-based learning continues to grow in the digital era. As digital natives, today's
students are accustomed to engaging with multimedia and often prefer content that incorporates interactive and
visual elements. Studies suggest that multimedia learning aligns well with students' learning preferences, which
can lead to improved academic outcomes and higher motivation to learn (Alsaffar et al., 2022; Hsu et al., 2022).
The shift toward digital and interactive learning tools reflects broader trends in education aimed at preparing
students for a technology-rich world. With the rise of data-driven industries, the ability to interpret and present
data is becoming an essential skill, further highlighting the need for instructional tools that develop critical thinking
in this area. Animated videos offer a means to meet this demand, supporting the development of skills essential
for academic and professional success.

This study aims to develop and evaluate animated video-based learning materials created with Powtoon
to enhance critical thinking in the context of data presentation. By focusing on both engagement and cognitive
development, this research addresses the gap in instructional methods that foster critical thinking skills in data-
driven subjects. Furthermore, this study seeks to build on existing research by providing empirical evidence on the
effectiveness of Powtoon as a tool for improving critical thinking skills. Through quasi-experimental testing, this
study assesses the impact of Powtoon-based videos on students' abilities to analyze and interpret data critically,
thereby offering insights into the practical applications of animation software in educational settings.

The significance of this research lies in its potential contributions to both educational practice and theory.
Animated videos represent a promising instructional medium for developing critical thinking, especially in
complex areas like data interpretation. By examining the effectiveness of Powtoon-based animated content, this
study aims to inform educators and curriculum designers about the potential benefits of integrating animation into
their teaching strategies to support critical thinking development.

In summary, this research focuses on the design, implementation, and evaluation of animated video-based
learning materials to enhance critical thinking in data presentation. It aims to fill a critical gap in educational
technology research by providing insights into how animated video content can promote higher-order thinking
skills in an era increasingly dependent on data literacy.
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2. METHOD

This study applied the ADDIE (Analyze, Design, Develop, Implement, Evaluate) model as a structured
instructional design framework to develop and assess animated video-based learning materials aimed at fostering
critical thinking skills in data presentation. Each phase of the ADDIE model was tailored to support the study’s
objectives and ensure a rigorous development and evaluation process (Safitri & Aziz, 2022; Spatioti et al., 2022).
Analyze

The Analyze phase involved identifying students’ baseline abilities and specific learning needs related to
critical thinking in data presentation. Preliminary assessments, including surveys and diagnostic tests, were
conducted with 60 high school students enrolled in a mathematics course, divided equally into experimental and
control groups. These assessments indicated gaps in students' abilities to critically engage with data, particularly
in pattern recognition, source evaluation, and drawing informed conclusions.

Additionally, interviews with experienced mathematics educators were conducted to understand
challenges associated with teaching data presentation. Insights from these analyses highlighted the need for
engaging, visually stimulating content to facilitate students' understanding of data-related concepts and improve
their analytical skills. Consequently, the objectives of the video-based instructional material were established: to
support critical thinking through data interpretation, evaluation, and synthesis.

Design

During the Design phase, specific learning objectives and content requirements were established to guide

the instructional development. The main learning objectives were:

1. To improve students' abilities to critically analyze data presentations.

2. To enhance understanding of data visualization techniques.

3. To develop students' skills in identifying and interpreting significant data trends.

Powtoon was selected as the animation tool due to its versatility and ease of use, allowing for the creation
of engaging, interactive video content without advanced technical skills. A storyboard was designed to align with
the learning goals and systematically structure the content development process. This storyboard incorporated
visual and narrative elements focused on explaining complex data concepts, illustrating data trend examples, and
prompting critical thinking through reflection questions.

Develop

In the Develop phase, the animated videos were produced based on the storyboard. The videos featured
visually engaging graphics, clear narration, and interactive elements designed to encourage student reflection.
Each segment focused on a specific aspect of data presentation, such as chart interpretation, identifying misleading
visualizations, and understanding data trends. Interactive questions were embedded within the videos to promote
immediate application of newly acquired knowledge.

The videos were reviewed by subject matter experts, including two mathematics educators and an
educational technology specialist, to ensure accuracy and pedagogical soundness. Feedback from these experts
was utilized to refine the content and ensure that the videos were accessible and engaging for high school students.
Adjustments were made to simplify complex data concepts and improve visual clarity.

Implement

During the Implement phase, the Powtoon-based videos were deployed in a classroom setting with the
experimental group, while the control group received traditional instruction on data presentation. Both groups
comprised 30 students and were taught by the same instructor to maintain instructional consistency. The
experimental group engaged with the animated videos over three class sessions, each lasting 45 minutes and
covering topics related to data presentation aligned with the course curriculum. Each session included pre- and
post-video discussions, allowing students to ask questions and clarify any misunderstandings. These discussions
aimed to promote deeper cognitive engagement and encourage students to reflect on their learning experiences.

Student engagement was monitored through observations, and feedback was collected via student
questionnaires. Additionally, critical thinking pre- and post-tests were administered to both groups to assess any
improvement in critical thinking skills. These test scores provided quantitative data on changes in critical thinking
abilities, allowing for a comparative analysis of the effectiveness of Powtoon-based learning versus traditional
instruction.

Evaluate

The final phase, Evaluate, involved analyzing data collected from the pre- and post-tests, questionnaires,
and classroom observations to assess the instructional effectiveness of the animated video content. A t-test was
employed to compare critical thinking scores before and after the intervention for both the experimental and control
groups.
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The paired sample t-test formula used was as follows:

D
SD/\/H
where:

e D Represents the mean difference between the pre-test and post-test scores in the experimental group,
e sj, is the standard deviation of the difference between the pre-test and post-test scores, and
e nis the sample size or the number of paired data points (i.e., students in the experimental or control group).

The results of this evaluation indicated a statistically significant improvement in critical thinking skills in
the experimental group compared to the control group, suggesting that the Powtoon-based animated videos were
effective in enhancing critical thinking within the context of data presentation.

3. RESULTS AND DISCUSSION
Analyze

The initial analysis phase revealed a clear need for instructional improvements in developing students'
critical thinking skills, particularly in data presentation. Through preliminary assessments and educator feedback,
it became evident that students struggled with several key aspects of critical thinking in data interpretation:
recognizing patterns, evaluating the integrity of data visualizations, and discerning misleading information. These
deficiencies were particularly noticeable in students who had not been exposed to interactive learning tools or
media-rich content, underscoring the potential value of engaging instructional strategies. A thorough review of the
literature supported the need for novel teaching methods in critical thinking development (Barta et al., 2022; Dong
et al., 2023; Shen & Yodkhumlue, 2012).

The analysis also identified a gap in the traditional pedagogical approach to teaching data presentation.
In the conventional method, students were primarily exposed to static textbooks and traditional lectures, which
were insufficient in developing the necessary analytical skills. This observation is consistent with findings from
earlier studies, which indicated that traditional methods often fail to engage students in deep learning
processes(Ananda et al., 2023; O’Reilly et al., 2022). The objective, therefore, was to integrate interactive and
visually engaging learning tools that could address these challenges and enhance students' critical thinking.
Design

The design phase focused on developing instructional materials that were specifically tailored to improve
critical thinking skills in data presentation. The decision to use Powtoon, a platform that supports the creation of
animated and interactive videos, was based on its ability to present content in a visually appealing and cognitively
accessible manner. The design aimed to facilitate active learning, where students would not only passively
consume information but also engage with it interactively. Figure 1 and Figure 2 show the

Each Powtoon video was carefully structured to include several key components: introduction to data
presentation concepts, examples of data visualizations, critical thinking prompts, and interactive questions. These
elements were integrated into the storyboard to ensure that students could immediately apply the knowledge they
gained from the video in meaningful ways. The use of interactive elements was designed to stimulate reflective
thinking and provide real-time feedback, which has been shown to improve student engagement and learning
outcomes (Anjarsari et al., 2023; Eka et al., 2022).

The design of the videos was also influenced by cognitive load theory, which suggests that learning
materials should be optimized to prevent cognitive overload and enhance retention (Sweller, 2019). The visual
nature of the Powtoon videos aimed to simplify complex data concepts and present them in a way that would
facilitate better comprehension and critical analysis. This aligns with the recommendations of research on
multimedia learning, which has consistently shown the effectiveness of visual aids in improving understanding
(Mayer, 2019a).

Develop

During the development phase, a series of Powtoon-based animated videos were created, each focused
on specific aspects of data presentation and critical thinking. These videos included a variety of data visualization
examples, such as bar charts, pie charts, and line graphs, with interactive elements such as quizzes and decision-
making scenarios embedded within the videos. Students were prompted to answer questions that required them to
analyze the data, identify patterns, and reflect on the reliability of the information presented.

Each video was developed with a focus on clarity, engagement, and interactivity. Expert reviews from
both mathematics educators and instructional designers ensured that the content was accurate and aligned with the
learning objectives. Additionally, the design team tested the videos with a small group of students prior to full
implementation, using feedback to make necessary adjustments to the pacing, visual clarity, and interactive
elements.
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The development process also involved selecting appropriate data examples that would challenge
students' critical thinking abilities. For instance, datasets containing misleading graphs or biased representations
were used to prompt students to apply critical evaluation skills. These examples aimed to help students recognize
the importance of data integrity and the potential pitfalls in presenting data misleadingly, thus fostering a more
sophisticated approach to data analysis.

Implement

The implementation phase involved introducing the Powtoon-based videos to the experimental group,
while the control group continued with traditional instructional methods. The Powtoon videos were implemented
over a period of three weeks, with each student in the experimental group engaging with one video per week. The
videos were made available online, allowing students to watch them at their convenience, and they were followed
by online quizzes and discussion sessions to reinforce learning.

The engagement level among students in the experimental group was high, with many students voluntarily
participating in post-video discussions and expressing interest in the content. Classroom observations revealed that
students were highly motivated by the interactive elements of the videos, which seemed to capture their attention
more effectively than traditional methods. This is consistent with previous research suggesting that interactive and
multimedia-rich content is more engaging and effective in fostering active learning(Housner & Griffey, 1985;
Jang, 2010; Zacharia, 2005).

In contrast, the control group, which received traditional lecture-based instruction, showed less
enthusiasm. Students were often passive recipients of the material, with limited opportunities for active
engagement. This difference in engagement likely contributed to the disparity in critical thinking improvements
between the two groups, highlighting the need for more dynamic and interactive instructional approaches.
Evaluate

The evaluation phase involved assessing the effectiveness of the Powtoon-based videos using pre- and
post-test measures of critical thinking skills. Both groups completed a pre-test before the intervention, which
assessed their baseline abilities in data interpretation and critical thinking. The experimental group showed a mean
pre-test score of M = 65.3 (SD = 5.6), while the control group had a similar mean score of M = 64.9 (SD = 5.9),
indicating that both groups started with comparable levels of knowledge and critical thinking ability.

Following the intervention, both groups took the same post-test. The experimental group showed a
significant improvement in their scores, with the mean post-test score rising to M = 82.7 (SD = 6.2). A paired
sample t-test confirmed that the improvement was statistically significant, £(29) = 7.82, p<0.001. In contrast, the
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control group’s post-test mean score increased only slightly to M = 68.1 (SD = 6.1), and a paired sample t-test
revealed no significant difference, t(29) = 1.56, p = 0.13.

To further assess the effectiveness of the Powtoon-based videos, an independent samples t-test was
conducted to compare the post-test scores between the experimental and control groups. The results showed a
significant difference in favor of the experimental group, t(58) = 5.63, p < 0.001. These findings suggest that the
Powtoon-based videos were more effective in fostering critical thinking skills than traditional instruction.

The results of this study provide strong evidence for the effectiveness of Powtoon-based animated videos
in enhancing students' critical thinking skills in data presentation. The significant improvement in the experimental
group’s post-test scores indicates that the use of multimedia and interactive elements in the learning process can
have a substantial impact on students' ability to analyze and interpret data critically.

This study aligns with prior research that has shown the benefits of visual and interactive learning
materials in promoting critical thinking and engagement (Anggita, 2021; Apriliani et al., 2021; Massofia &
Yolanda, 2023). The Powtoon videos, which integrated both visual storytelling and interactive components,
allowed students to engage with the material in a way that traditional lecture-based methods could not. By
prompting students to actively participate in their learning, the videos fostered deeper cognitive processing, which
is essential for developing critical thinking skills.

The results also highlight the importance of cognitive load theory in instructional design. The Powtoon
videos, by presenting complex data concepts in a visually appealing and structured manner, helped students
manage their cognitive load and focus on higher-order thinking processes. This is in line with research that supports
the use of multimedia learning tools to reduce cognitive overload and enhance understanding (Mayer, 2019b).

Moreover, the success of the Powtoon-based intervention suggests that educators should consider
integrating interactive multimedia tools into their teaching practices to improve critical thinking skills, especially
in subjects like data analysis, which require high levels of cognitive engagement. Traditional methods may no
longer be sufficient to meet the demands of 21st-century education, where critical thinking and data literacy are
crucial skills.

Despite the promising findings, there are limitations to this study. The sample size was relatively small,
and the study was conducted within a single institution, which may limit the generalizability of the results. Future
research should explore the impact of Powtoon-based videos in more diverse educational settings and with larger
sample sizes. Additionally, future studies could investigate the long-term effects of video-based learning on critical
thinking skills and explore the use of other multimedia tools in similar contexts.

In conclusion, the results of this study suggest that Powtoon-based animated videos can significantly
improve students' critical thinking abilities in data presentation. The use of interactive, visually engaging learning
materials provides a promising alternative to traditional instruction, encouraging deeper cognitive engagement and
enhancing the development of essential analytical skills. Educators and instructional designers are encouraged to
consider integrating multimedia learning tools like Powtoon to foster critical thinking and data literacy in their
classrooms.

4. CONCLUSION

This study demonstrates the effectiveness of Powtoon-based animated videos in enhancing critical
thinking skills in data presentation. The integration of interactive, multimedia learning tools provided students
with a unique opportunity to engage deeply with the content, fostering a more active learning environment
compared to traditional, lecture-based methods. The significant improvement in the experimental group’s critical
thinking scores, as evidenced by pre- and post-test comparisons, highlights the potential of visual storytelling and
interactive components in developing essential analytical skills.

The use of Powtoon as a tool for creating animated videos proved to be a successful strategy for
simplifying complex data concepts while encouraging higher-order cognitive processes, such as evaluation,
interpretation, and analysis. By promoting active engagement with the material, the videos allowed students to
critically assess data visualizations, identify patterns, and understand the integrity of data representation, all of
which are crucial skills in today's data-driven world.

Furthermore, this study supports the notion that traditional teaching methods, while valuable, may not be
sufficient on their own in fostering critical thinking skills. The findings suggest that incorporating modern,
interactive tools like Powtoon into instructional design can enhance the learning experience and better equip
students with the skills they need to navigate complex data sets. While the results are promising, it is important to
recognize the study's limitations, including the small sample size and the focus on a single institution. Future
research should explore the long-term effects of animated video-based learning on critical thinking, as well as its
applicability in diverse educational settings and across various subjects. Additionally, further studies could
compare the effectiveness of different multimedia platforms to determine the most effective tools for promoting
critical thinking.
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Powtoon-based animated videos offer a promising, engaging, and effective approach to enhancing critical
thinking skills in data presentation. Educators are encouraged to explore the integration of multimedia learning
tools in their curriculum, as they have the potential to not only improve critical thinking but also to make the
learning process more engaging and enjoyable for students. The findings of this study contribute to the growing
body of literature advocating for the use of interactive, technology-driven teaching methods to support the
development of critical thinking and other higher-order cognitive skills in the classroom.
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