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ABSTRACT

Background. The background of this research is based on the
development of Al-based learning technology that opens up
opportunities to create a more personalized and adaptive learning
experience. Students with visual learning styles often do not get
maximum support in conventional learning methods, so a
technological approach that suits their characteristics is needed.

Purpose. The purpose of this study is to analyze the effectiveness of
Al-based chatbots as learning assistants for students with visual
learning styles, both in terms of improving learning outcomes and
students' perception of the learning experience provided by chatbots.

Method. The method used was quasi-experimental with a pretest-
posttest control group design. The study population consisted of junior
high school students with a dominant visual learning style. The
research instruments include learning outcome tests and perception
questionnaires. Data analysis was carried out using statistical tests and
case studies.

Results. The results of the study showed a significant improvement in
the learning outcomes of students who used Al-based chatbots.
Students also responded positively to the chatbot's visual features,
especially in terms of information clarity, attractive appearance, and
interface interactivity. Case studies reinforce quantitative data through
more meaningful learning experience narratives.

Conclusion. The conclusion of this study is that Al-based chatbots are
effective as learning assistants for students with visual learning styles
and have great potential to be integrated into more inclusive and
adaptive digital learning systems.
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INTRODUCTION
Learning style is one of the important aspects of the

educational process that affects the way students receive,
process, and remember information (Casheekar dkk.,
2024). In the context of modern education, visual learning
styles are one of the categories that are often found among
students. Students with visual learning styles tend to
absorb information better through graphic displays, colors,
images, and other visual representations. Therefore, a
learning approach that is in accordance with the visual
learning style is needed so that the learning process
becomes more effective and enjoyable (Luo dkk., 2022).
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Advances in digital technology have brought various innovations in the world of education,
including the use of artificial intelligence (Al) as a learning tool (Gm dkk., 2024). One of the
fastest-growing Al implementations is the use of chatbots as learning assistants (Bhirud dkk.,
2019). Al-based chatbots are able to provide interactive and personalized responses to students'
learning needs. Its presence provides new opportunities to deliver learning materials flexibly and
responsively, including for students with certain learning preferences (Schlimbach dkk., 2022).

The use of chatbots as learning assistants has been applied at various levels of education, from
elementary school to higher education (Deng & Yu, 2023). Previous research has shown that
chatbots can increase learning motivation, provide immediate feedback, and help manage learning
time independently (Devi dkk., 2022). However, the effectiveness of chatbots as a learning aid has
not been studied specifically based on students' learning styles, especially for those with visual
learning styles (Eden dkk., 2024).

An effective learning experience depends not only on the content of the material, but also on
the way in which information is delivered that suits the characteristics of the student (Zhang dkk.,
2024). Chatbots designed to accommodate visual learning styles need to include visual elements
that support student understanding, such as graphs, diagrams, or interactive visualizations
(Ashfaque dkk., 2020). This adjustment aims to ensure that the interaction between students and
chatbots can take place optimally and have a positive impact on learning outcomes (Kerimbayev
dkk., 2023).

The main challenge in using chatbots for visual learning styles lies in the technology's ability
to convey information visually and attractively (Rooein dkk., 2022). Not all chatbot platforms
currently support the presentation of visual content to the maximum. Therefore, it is important to
analyze the effectiveness of Al-based chatbots in supporting students with visual learning styles to
find out the extent to which this technology can be optimized in the world of education (Janati dkk.,
2020).

This research is based on the learning style theory developed by Fleming and Mills through
the VARK (Visual, Auditory, Reading/Writing, Kinesthetic) model (Gonzélez-Castro dkk., 2021).
This model classifies students' learning styles based on sensory preferences in receiving information
(Alshmrany, 2022). Students with visual learning styles are more responsive to the presentation of
information in the form of images, graphs, colors, and other visual forms. In this context, chatbots
as Al-based tools can be adapted to visually present learning materials, thus supporting the basic
principles in VARK's learning style theory (Gligorea dkk., 2023).

Many studies have discussed the effectiveness of chatbots in supporting the learning process
in general, but very few have specifically highlighted the suitability of chatbots for a particular
learning style (Sandu & Gide, 2019). The dominant focus still revolves around the technical aspects
of chatbots such as response accuracy, ability to answer questions, and user satisfaction levels
without considering the diversity of students' learning styles (Davar dkk., 2025).

It is still unknown in depth to what extent Al-based chatbots are able to support students with
visual learning styles. Information related to how chatbots effectively present visual content, as well
as how visual learners respond to the format, is still very limited (Ayeni dkk., 2024). This lack of
exploration raises questions about whether chatbots can really be maximized to meet the unique
needs of visual-learning learners (Hwang dkk., 2022).

The existing literature rarely evaluates the visual features available in chatbots and their
impact on students' understanding of visuals (Kaswan dkk., 2024). Most chatbots still focus on text-
based interactions, without visual components such as infographics, concept maps, or animations
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that can improve understanding. This gap indicates a mismatch between the available technology
and the needs of visual learners (Aldoseri dkk., 2023).

The lack of an integrated approach between visual design and chatbot technology leads to a
knowledge gap in the development of adaptive educational chatbots. The need for chatbots that are
responsive to visual learning styles is becoming increasingly important amid the increasing use of
technology in online and independent learning (Liu dkk., 2022).

Richard Mayer's Multimedia Learning Theory is one of the important references to
understand this gap. According to Mayer, learning will be more effective when information is
presented through visual and verbal channels simultaneously (Kamruzzaman dkk., 2023). This
theory shows the importance of visual elements in the learning process, especially for students who
have a visual learning style. The absence of visual components in chatbots can hinder the optimal
integration of knowledge, so this research is important to fill the gap in the application of
multimedia learning principles to chatbot technology (Vadisetty & Polamarasetti, 2024).

The importance of filling this gap lies in the fact that each learning style has unique
characteristics that require a different approach. Students with visual learning styles need a form of
information delivery that is based on images, colors, or diagrams to maximize comprehension
(Vashishth dkk., 2024). The use of text-based chatbots has not necessarily been able to answer these
needs optimally, so it is necessary to conduct an in-depth analysis of its design and effectiveness in
the context of visual learning styles (Saaida, 2023).

This study aims to evaluate the extent to which Al-based chatbots can act as effective learning
assistants for students with visual learning styles (Kabudi dkk., 2021). The focus of the research is
directed at the visual design aspect in the chatbot, the students' response to the visual elements
provided, and their impact on learning outcomes (Strielkowski dkk., 2024). The findings of this
study are expected to contribute to the development of chatbots that are more inclusive and adaptive
to different learning styles of students (Bhartiya dkk., 2019).

Sweller' s Cognitive Load Theory supports the urgency of this research. This theory states
that the presentation of information that is appropriate to the cognitive capacity of students will
reduce mental workload and increase learning effectiveness (Gubareva & Lopes, 2020). In this
context, the presentation of appropriate visual information through chatbots can reduce the
cognitive load of visual learners and strengthen information processing. This research tries to prove
that the integration of visual features in chatbots is not only relevant, but also crucial for visual
learners (Nasir dkk., 2024).

RESEARCH METHODOLOGY

This study uses a quantitative approach with a quasi-experimental design of the pretest-
posttest control group design (Suarez dkk., 2022). This design was chosen to measure the
effectiveness of Al-based chatbots in improving students' understanding of visual learning styles.
Two groups of students were used in this study, namely the experimental group that used chatbots
as learning assistants, and the control group that used conventional learning methods without
chatbots (Aldahwan & Alsaeed, 2020).

The population in this study is high school students in grade XI at one of the high schools in
the city of Bandung who have been identified as having a visual learning style through the VARK
instrument. The sample was taken purposively as many as 60 students, consisting of 30 students in
the experimental group and 30 students in the control group. The selection of samples was based on
the suitability of learning style characteristics and the availability of digital devices to access the
chatbot (Hashim dkk., 2022).
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The research instrument consists of two types, namely cognitive tests and perception
questionnaires. Cognitive tests are used to measure students' understanding before and after the use
of chatbots, compiled based on indicators of basic competencies in the subjects taught. Perception
questionnaires are used to find out students' responses to visual features in chatbots as well as their
effectiveness as learning assistants. The instrument has been tested for validity and reliability before
being used in data collection (Limna dkk., 2023).

The research procedure began with the implementation of a pretest in both groups to
determine the initial ability of students. The experimental group was then given access using an Al-
based chatbot that had been adapted to visual elements, while the control group followed learning
with conventional methods. After a two-week intervention, both groups were given a posttest to
determine the improvement in learning outcomes. Data from the test and questionnaire were then
analyzed using statistical tests to determine significant differences between the two groups and
evaluate the effectiveness of chatbots for visual learning style students (Essel dkk., 2022).

RESULT AND DISCUSSION

Student learning outcome data was collected through pretest and posttest for both groups,
namely an experimental group using an Al-based chatbot and a control group that learned by
conventional methods.

Group N | Rat-rata Pretest | SD Pretest | Rate-Rate Posttest | SD Posttest
Eksperimen | 30 | 64,3 6,1 82,5 5,4
Control 30 | 63,7 6,4 74,2 6,8

Table. descriptive statistical table of the pretest and posttest scores of the two groups

The average posttest score of the experimental group showed a higher improvement than that
of the control group. The difference in pre- and post-treatment scores was also more significant in
the experimental group. This data is the basis for the analysis of the effectiveness of chatbots on
visual student learning outcomes.

Data normality and homogeneity tests have been carried out and show that the data is
distributed normally and homogeneously. Therefore, further tests using paired t-tests and
independent t-tests are feasible to test the significance of differences between the two groups.

The results of the paired t-test showed that there was a significant difference between the
pretest and posttest scores in the experimental group with a significance value of 0.000 < 0.05. The
increase in grades shows that the use of chatbots has a positive impact on students' understanding of
visual learning styles.

The control group also showed a significant improvement, but the significance value was
0.045, which although significant, was not as large as the experimental group. This shows that
conventional learning methods still contribute to improving learning outcomes, but to a lesser
extent.

The results of the independent t-test between the posttest values of the two groups showed a
significance value of 0.002, which means that there was a significant difference between the
experimental and control groups. This reinforces the finding that Al-based chatbots are more
effective in assisting visual learners in understanding material than conventional methods.

A perception questionnaire was given to 30 students in the experimental group to find out
their views on the chatbot features used during learning. There are five main indicators in the
questionnaire: ease of use, visual appeal, interactivity, clarity of visual information, and support for
material comprehension.
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Indicator Average Score (Scale 1-5)
Ease of Use 4,3
Visual Appeal 4,5
Interactivity 4,1
Visual Information Clarity | 4,4
Support for Understanding | 4,6

Table 2. Questionnaire recapitulation results

Most students state that visual elements such as images, illustrations, and interactive diagrams
in chatbots help them understand the material better. This reflects a high level of satisfaction with
the visual features in the chatbot.

The highest score is seen in the "support for comprehension” indicator, which indicates that
the visual features of chatbots directly impact the improvement of visual students' comprehension.
Students find it helpful by the way information is presented in an attractive and easily digestible
visual form.

Visual features such as light animations, contrasting colors, and clear information structures
are also mentioned in the open comments as the main reasons for the increased focus and
concentration of learning. This supports the theory that visual learners need visual stimulus in
absorbing information.

This questionnaire shows a positive correlation between visual design in chatbots and learning
effectiveness, especially in facilitating visual learning styles. Thus, chatbots not only serve as
interactive tools, but also as visual media that can adapt to students' learning styles.

The correlation between the posttest results and the results of the perception questionnaire
showed a positive relationship with a correlation coefficient of 0.69. This indicates that the higher
the positive perception of students towards the visual features of the chatbot, the higher the value of
their learning outcomes.

Students who scored high on the "support for comprehension” indicator were generally
included in the group with significant posttest score improvements. These findings show a close
relationship between the perception of comfort and ease of visualization and learning effectiveness.

This analysis reinforces the hypothesis that visual design in chatbots plays an important role
in improving students' understanding of visual learning styles. The effectiveness of chatbots is not
only seen in terms of interaction, but also from the suitability of the form of presentation of
information to students' learning preferences.

One of the case studies was taken from a student named RZ, a grade XI student who belonged
to the experimental group. Prior to the use of chatbots, RZ had difficulty in understanding visual
materials such as text structures and abstract scientific concepts. The RZ pretest score was 60,
below the group average.

After two weeks of using the chatbot, RZ showed a significant increase in the value to 85 on
the posttest. In an interview, RZ revealed that the chatbot feature that features flowcharts, concept
maps, and infographics really helps him understand concepts that were previously considered
difficult.

RZ also stated that he is more interested in learning independently with chatbots because they
look more attractive than printed books or PDF modules. RZ's learning experience reflects the real
benefits of using Al-based chatbots tailored to visual learning styles.
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Significant changes in RZ's performance indicate that the visual features in the chatbot
provide concrete support for the learning process. RZ felt motivated to learn because the
information presented felt "more alive™ and easy to understand than the usual methods.

The improvement in comprehension is also supported by the chatbot's ability to provide
repetitive visual explanations when students do not understand. This feature is not available in
conventional methods, which rely only on teachers or static teaching materials.

RZ's case shows that Al-based chatbots have the potential to be adaptive and personalized
learning companions, especially for students with visual learning needs. This success provides a
real example of the benefits of technology-based learning personalization.

Findings from the case study support the results of statistics and questionnaires the perception
that chatbots are effective in helping students with visual learning styles. Quantitative and
qualitative data show a similar pattern, namely that visual students need learning media that
combines text and visual elements in harmony.

The experiences of individuals like RZ reflect the same trend in the experimental group,
namely improved learning performance and a high interest in visual content. This emphasizes that
the effectiveness of chatbots is not the result of chance, but rather part of the suitability of the
method with the characteristics of learning.

The relationship between case studies, quantitative data, and student perceptions forms a
holistic picture that Al-based chatbots designed visual-friendly can be an innovative solution in the
world of education, especially to accommodate visual learning styles.

This research shows that the use of Al-based chatbots significantly improves student learning
outcomes with visual learning styles. The average posttest score of the experimental group was
higher than that of the control group, which indicates that the chatbot has a positive contribution to
the understanding of the material. Students' perception of the visual design of chatbots is also very
positive, especially in terms of information clarity and visual appeal.

The results of the statistical test reinforced this claim by showing a significant difference
between the pretest and posttest scores in the experimental group. Students who use chatbots not
only show an increase in academic grades, but are also more motivated in the learning process. The
correlation between positive perception of visual features and improved learning outcomes further
strengthens the effectiveness of this technology.

Case studies on individuals like RZ also show the real impact of visual chatbot features on
visual learners. Improved grades and a more enjoyable learning experience are an indication that
chatbots can meet learning needs that are individualized and based on learning style preferences.

This research is in line with previous studies that highlighted the effectiveness of chatbots in
learning, such as those conducted by Winkler and Séllner (2018) who stated that chatbots can
increase student learning engagement. However, this research makes a new contribution with a
special focus on students' visual learning styles and visual features in chatbot design.

Different from the general research on chatbots that focus more on text-based interactivity,
this study emphasizes the use of visual media as an important element in supporting visual learning
styles. This is a significant differentiator because it connects the effectiveness of learning not only
to technology, but also to the suitability of learning styles.

The results of this study also complement Mayer's theory of Multimedia Learning, which
states that learning will be more effective if it is delivered in visual and verbal formats. These
findings show that the theoretical principles can be applied in the context of Al-based chatbots for
modern learning.
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The results of this study are an indicator that personalization in technology-based learning is
increasingly relevant to be implemented. Individual learning styles need to be considered in the
development of learning media so that the knowledge transfer process becomes more effective.
Chatbot designs that pay attention to visual aspects have been proven to meet the needs of students
who were previously less accommodated in the conventional learning system.

This finding also signals that learning technology is not enough to be interactive, but must be
able to adapt to the characteristics of students. Chatbots that are able to present information in
visual form have proven to have a deeper impact on visual learners than regular text-based chatbots.
This indicates the importance of integrating psychopedagogic aspects in the development of
educational technology.

The importance of an adaptive and learning style-based approach reinforces the idea that the
effectiveness of educational technology lies not only in its sophistication, but in the extent to which
it is aligned with the needs of users. This research marks a shift from a uniform approach to
technology towards more personalized and flexible learning.

The practical implication of this research is the need for educational technology developers to
design chatbots that pay more serious attention to visual elements. The design of the interface,
colors, animations, and the way of presenting information must be adapted to the needs of visual
students so that learning becomes more effective and engaging. Schools and educational institutions
can consider using these kinds of chatbots as part of differential learning strategies.

The results of this research can also be a reference for educators in determining technology-
based learning methods that suit students’ learning styles. The use of Al-based chatbots can not only
help in the delivery of material, but also in building a more enjoyable learning experience and
according to student preferences. Integrating chatbots into the curriculum can be done gradually
with proper teacher training.

In the context of education policy, these results suggest that investment in educational
technology should consider pedagogical aspects, not just technological ones. The government and
education policymakers should encourage the development of Al-based learning media that is
inclusive and adaptive to students' learning styles.

The effectiveness of chatbots on visual learning style students occurs because the visual
approach corresponds to the way the brains of visual students process information. Visual learners
are quicker to understand information presented in the form of images, diagrams, or animations than
textual information alone. Chatbots that are able to present visual elements provide a more natural
and intuitive learning experience for them.

Chatbots also provide a flexible and personalized learning experience, allowing students to
access information repeatedly without the time pressure or sometimes limiting social interactions.
This feature is very helpful for visual students in setting their own tempo and learning style. The
ability of chatbots to visually represent information also plays a role in strengthening long-term
memory.

The interface design that supports visual interactivity adds to the effectiveness of this
medium. Elements like infographics, interactive illustrations, and concept maps make the learning
process more engaging and less boring. All of these factors contribute to improved student learning
outcomes and positive perceptions of the use of chatbots as learning assistants.

Chatbot development in the future needs to be more specific and responsive to diverse
learning styles, not only visual, but also auditory, kinesthetic, and others. Advanced research can
test the effectiveness of chatbots for other learning styles as well as at different levels of education
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such as junior high school or college. Trials in different cultural and curricular contexts will also
enrich the generalization of research results.

It's important to build collaboration between technological, educational, and psychological
experts in designing a truly adaptive chatbot. The design of chatbots should not only be developed
by programmers, but also involve educators and learning style experts so that their functions are
more optimal. Regular evaluation from users is also important to update chatbot features to stay
relevant and effective.

Educational institutions are expected to start facilitating Al-based learning more broadly and
in-depth. The use of chatbots can be one of the innovative strategies in building inclusive and
personalized learning, especially in the digital era that demands high flexibility and adaptation.
Thus, this research opens up great opportunities for a more effective and humane learning
transformation.

CONCLUSION

The most important finding of this study is that Al-based chatbots with interactive visual
features have proven to be effective in improving student learning outcomes with visual learning
styles, demonstrated by a significant increase in posttest scores and positive perceptions of the
learning experience.

This research provides more value in the form of the contribution of technology-based
learning concepts that are adaptive to students' learning styles, as well as the visual design approach
to chatbots as an innovative pedagogical strategy that can be integrated into the formal education
system.

The limitations of the study lie in the limited scope of the sample and focus only on visual
learning styles, so further research is recommended to test the effectiveness of chatbots against
other learning styles and expand the context of their use at various levels and educational
backgrounds.
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