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Introduction

Abstract: The COVID-19 pandemic disrupted education, causing learning
loss due to reduced teacher-student interaction during distance learning.
Digital methods often failed to improve engagement and outcomes due to
remote monitoring difficulties. A hybrid learning approach integrating
offline and online methods was introduced, supported by an Artificial
Intelligence Camera Controller (AICC), allowing 50% of students in-person
participation while others joined online. This study investigated AICC-
supported hybrid learning's impact on student engagement and
mathematics outcomes using a quasi-experimental 2x3 factorial design with
non-equivalent control groups. The participants of this study consisted of an
experimental group of 64 students and a control group of 62 students. Data
were collected through observations, questionnaires, and tests, analyzed
using Two-Way ANOVA. Results showed AICC-supported hybrid learning
significantly improved outcomes compared to hybrid learning without
AICC. Findings revealed: (1) no significant difference between high and
medium engagement students; (2) no significant difference between
medium and low engagement students; (3) significant differences between
high and low engagement students. AICC-supported hybrid learning
effectively enhances engagement and academic performance, offering a
promising post-pandemic educational strategy. Teachers should adopt this
method for improved student competencies.
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the critical requirement for innovative pedagogical
approaches (Singh et al, 2021). Blended learning

The contemporary educational landscape models—integrating digital platforms with traditional
necessitates continuous adaptation evolving classroom instruction—have emerged as viable
technological and environmental circumstances, alternatives, facilitating optimal utilization of physical

particularly evident during significant disruptions such
as the global COVID-19 crisis (Amin et al., 2022;
Haetami, 2023). Although distance education served as
an essential emergency response, it resulted in
substantial ~academic deficits and diminished
interpersonal connections among learners, highlighting

How to Cite:

learning spaces while enhancing educational flexibility
(Triyason et al., 2020). This pedagogical framework
synthesizes the strengths of conventional face-to-face
teaching with digital learning methodologies,
promoting active student participation and delivering
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meaningful educational encounters (Gutiérrez-Braojos
et al., 2019).

Blended educational approaches encounter
significant obstacles, most notably in maintaining
meaningful participation among distance learners
(Nortvig et al., 2018). This study introduces a novel
technological solution—the Artificial Intelligence
Camera Controller (AICC)—which represents the first
systematic integration of Al-powered dynamic camera
tracking with pedagogical theory in hybrid learning
environments. Artificial Intelligence Camera Controller
(AICC) systems represent an innovative solution
designed to address this pedagogical divide by
facilitating dynamic instructional interactions and
delivering immersive learning environments for remote
participants (Jacob et al., 2021; Amin et al., 2023). Unlike
existing static camera systems that limit remote learners
to passive observation, this research presents the first
empirical investigation of how Al-enabled dynamic
visual engagement affects the theoretical framework of
student engagement across behavioral, emotional, and
cognitive dimensions simultaneously.

In contrast to conventional arrangements that
restrict online learners to passive observation through
fixed camera positions, AICC technology empowers
educators with unrestricted mobility throughout the
learning space, thereby creating stimulating and
participatory educational settings (Panahi & Duraisamy,
2021). Such technological capabilities serve to sustain
learner focus and counteract the tedium frequently
experienced by remote students, particularly within

academically = demanding disciplines such as
mathematics that necessitate intensive cognitive
involvement (Fung et al, 2018). This research

contributes novel theoretical insights by proposing an
extended engagement-technology interaction model
that explains how Al-mediated visual dynamics
influence learning outcomes through moderated
engagement pathways.

Artificial Intelligence Camera Controller systems
utilize sophisticated Al algorithms to optimize blended
learning environments, enabling automated camera
tracking of instructor mobility while documenting real-
time classroom activities comprehensively (Jacob et al.,
2021; Ayuni et al., 2024). This technological capacity
guarantees that distance learners achieve equivalent
visual access and instructional quality comparable to
their physically present counterparts (Hekele et al.,
2022). Nevertheless, the effectiveness of such
implementations relies heavily upon the seamless
integration of artificial intelligence solutions with
pedagogical strategies specifically adapted to learner
requirements, temporal constraints, and institutional
resources (Nortvig et al., 2018). Empirical investigations
examining AICC's educational effectiveness remain
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relatively scarce, with this study being the first to
employ a factorial experimental design examining the
interaction effects between Al-enhanced visual
technologies and varying levels of student engagement
on mathematics learning outcomes.

The significance of demonstrative instruction
within mathematical pedagogy underscores the critical
necessity for sophisticated visual presentation
mechanisms (Sudiarta & Widana, 2019). Conventional
teaching approaches depend upon traditional writing
surfaces, which present considerable challenges for
replication in virtual learning environments when
utilizing standard computer-based recording equipment
(Hung et al, 2016). This research presents a
methodological innovation by developing and
validating a comprehensive AICC system that integrates
dual-camera functionality with real-time Al processing,
providing the first quantitative evidence of its impact on
mathematical problem-solving skills across
differentiated engagement levels. AICC technology
addresses these pedagogical constraints through the
implementation of intelligent camera systems coupled
with fixed presentation displays, thereby ensuring
optimal visual clarity and sustained learner engagement
for distance  participants. This multi-camera
configuration not only enhances visual-spatial learning
experiences but also corresponds with the inherently
collaborative ~ and  analytical  problem-solving
characteristics fundamental to mathematical education
(Triyason et al., 2020).

The novelty of this research lies in three key
contributions: (1) the first systematic integration of Al
camera technology with established engagement theory
in educational settings, (2) the development of a new
theoretical ~ framework  explaining  technology-
engagement-learning outcome relationships, and (3) the
introduction of a replicable methodological approach for
evaluating Al-enhanced hybrid learning environments.
To enhance blended educational experiences, AICC
integrates dual essential elements: an artificially
intelligent tracking device for monitoring instructor
locomotion and a stationary recording apparatus for
documenting pedagogical materials such as board-
based presentations (Kharisma et al., 2023; Prananta et
al.,, 2023). This technological synthesis, coordinated
through an accessible interface system, establishes a
responsive and equitable educational setting (Amin et
al., 2023). Preliminary research indicates that although
sophisticated technological implementations do not
invariably ensure superior academic achievements
(Bognar et al., 2018), instruments such as AICC target
particular deficiencies within integrated learning
frameworks by strengthening student involvement and
minimizing educational inequalities (Hekele et al., 2022).
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This research explores the integration of AICC into
hybrid learning, focusing on its impact on student
engagement and mathematics learning outcomes. By
addressing these challenges, the study aims to
contribute to pedagogical advancements that balance
technology and effective teaching methods. The findings
highlight the potential of AICC to redefine hybrid
learning as a sustainable educational model, offering
practical insights for educators navigating post-
pandemic challenges. The aims of this study are to
examine the differences in learning outcomes between
students who experience AICC-assisted hybrid learning
methods and those who use traditional hybrid methods
without AICC, to evaluate the differences in learning
outcomes among students with high, medium, and low
levels of engagement, and to analyze the interaction
between teaching methods and student engagement on
learning outcomes.

Method

Research Design

This study utilized a quasi-experimental 2x3
factorial pre-test-post-test design with nonequivalent
control groups (See table 1). This design allowed the
simultaneous examination of two teaching methods and
their interaction with varying levels of student
engagement (Creswell, 2016). The factorial structure
facilitated the identification of main effects and
interaction effects between variables. Pre-tests were
conducted to measure initial equivalence between
groups, while post-tests assessed the learning outcomes
following the interventions.

Table 1. 2 x 3 Factorial Design

Moderator Variable Independent Variable
Students Engagement  With AICC (X1)  Without AICC (X-
nght (Yl) X1Y1 X2)
Middle (Yz) X1Y2 Xz\
Low (Y3) X1Y3 Xz\

The design involved two independent variables:
the learning method (AICC-assisted hybrid learning and
traditional hybrid learning) and the moderator variable
of student engagement (categorized as high, medium,
and low). The dependent variable was students'
mathematics learning outcomes. This design was
particularly appropriate for addressing external factors
that could influence the learning outcomes, as statistical
controls were applied to ensure the validity of
comparisons between groups.

Variables
This study examined the effects of teaching
methods, engagement levels, and their interactions on
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students” mathematics learning outcomes. The variables
are described as follows:

The independent variable in the study was the
teaching method. Two approaches were compared: the
AICC-assisted hybrid learning method and the
traditional hybrid learning method. In the AICC-
assisted hybrid learning, Artificial Intelligence Camera
Controller (AICC) technology was employed to enable
dynamic tracking of the teacher's movements, fostering
greater interaction between the teacher and students,
both in-person and online. In contrast, the traditional
hybrid learning method relied on static webcams,
offering less interactivity for online students.

The dependent variable was students” mathematics
learning outcomes. These outcomes were assessed
through pre-tests and post-tests, which measured
students” comprehension of mathematical concepts and
problem-solving abilities.

Student engagement served as the moderator
variable. Engagement levels were categorized into three
groups: high, medium, and low. These levels were
determined using a validated engagement questionnaire
designed to capture behavioural, emotional, and
cognitive dimensions of student involvement in the
learning process (Amin et al., 2023).

This framework allowed the study to explore the
direct and interactive effects of teaching methods and
engagement levels on students' learning outcomes,
providing insights into the interplay between
instructional strategies and student participation.

Participants

The study population comprised 126 eighth-grade
students from SMPIT Insan Permata Malang, selected
using purposive random sampling. This sampling
ensured the inclusion of classes with diverse
engagement levels to maintain internal validity.
Students were divided into four classes: A and B
(experimental group, n=64) receiving AICC-assisted
hybrid learning, and C and D (control group, n=62)
receiving traditional hybrid learning. Randomization of
class assignments and equivalence testing (homogeneity
tests) ensured comparability between groups before the
intervention.

Instruments
The instruments used in this study were carefully
designed and validated to ensure their effectiveness in
measuring the targeted variables. The Student
Engagement Questionnaire utilized a 5-point Likert
scale adapted from the Student Engagement in Schools
Questionnaire (SESQ) developed by Hart et al. (2011).
This questionnaire assessed three dimensions of
engagement: behavioural, emotional, and cognitive.
Behavioural engagement focused on students’
779
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participation and attention during learning activities,
emotional engagement measured their interest and
enjoyment in learning, and cognitive engagement
evaluated their willingness to exert effort in completing
tasks. The reliability of this instrument was confirmed,
with Cronbach's Alpha scores of 0.813 for behavioral,
0.724 for emotional, and 0.716 for cognitive engagement
dimensions.

The mathematics test served as another critical
instrument, designed to assess students' mastery of
geometry topics such as identifying shapes, calculating
perimeters, and solving area problems. The test was
developed and validated through expert judgment and
trial testing to ensure content validity and reliability. The
mathematics test achieved a high Cronbach's Alpha
score of 0.922, further verifying its suitability for
evaluating learning outcomes. These rigorously
developed instruments provided a solid foundation for
examining the impact of AICC-assisted hybrid learning
on student engagement and mathematics achievement.

Procedure

The study began with the preparation phase, which
involved developing lesson plans tailored to both AICC-
assisted hybrid and traditional hybrid learning
approaches. Instruments, including questionnaires and
tests, were validated through expert reviews and pilot
testing to ensure their accuracy and reliability.
Mathematics teachers received specialized training to
implement the AICC-assisted methods effectively,
equipping them with the skills needed to maximize the
technology's potential.

The implementation phase spanned six weeks,
consisting of six sessions for each group. The
experimental group utilized AICC technology, which
enabled dynamic tracking of teacher movements and
enhanced interaction for online students. This setup
allowed teachers to move freely around the classroom
while maintaining visibility to remote learners. In
contrast, the control group relied on static webcams,
which limited interactivity and engagement levels for
online participants.

Data collection focused on assessing student
engagement and learning outcomes. Engagement levels
were measured using the SESQ-based questionnaire,
which evaluated behavioral, emotional, and cognitive
participation in learning activities. Pre-test and post-test
scores were recorded to determine the effectiveness of
the interventions in improving mathematics learning
outcomes.

For data analysis, descriptive statistics were
employed to summarize key metrics, including mean
scores, standard deviations, and frequency
distributions. Two-way ANOVA was conducted to
examine the main effects of teaching methods and
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engagement levels, as well as their interaction effects on
learning outcomes. Prior to analysis, statistical
assumptions such as normality, homogeneity, and
independence were thoroughly tested to ensure the
validity and reliability of the results. This systematic
approach provided a comprehensive evaluation of the
impact of AICC-assisted hybrid learning on student
engagement and mathematics performance.

Data Validation

Content validity was ensured through expert
judgment, confirming that the instruments adequately
measured the intended constructs. Construct validity for
the engagement questionnaire was evaluated using
Pearson correlation coefficients, with most items
surpassing the threshold of 0.3, indicating strong
validity. Reliability was also a key focus; the
engagement questionnaire displayed high internal
consistency, as evidenced by Cronbach's Alpha scores
across  behavioural, emotional, and cognitive
engagement subscales. The mathematics test similarly
demonstrated high reliability, with a Cronbach's Alpha
score of 0.922, verifying its effectiveness for assessing
learning outcomes.

Statistical assumptions were rigorously tested to
ensure the suitability of the data for parametric analysis.
Normality was assessed using the Kolmogorov-Smirnov
test, confirming that the data followed a normal
distribution. Additionally, Levene's test was conducted
to verify homogeneity of variance, ensuring comparable
variances across groups. This comprehensive
methodology established a robust framework for
analyzing the effectiveness of AICC-assisted hybrid
learning and its impact on student engagement and
mathematics learning outcomes, thereby validating the
study's findings and conclusions.

Result and Discussion

Descripton of Participants

This study involved 129 seventh-grade students
from SMPIT Insan Permata Malang, divided into two
groups: the experimental group (66 students) using
AICC-assisted hybrid learning and the control group (63
students) using traditional hybrid learning without
AICC. Both groups alternated between offline and
online sessions in a hybrid format, ensuring balanced
exposure to both instructional methods. The
experimental group comprised two classes, with 33
students per class, while the control group had two
classes of 32 and 31 students, respectively.

Engagement Levels
Student engagement was analysed across three key
dimensions: behavioural, emotional, and cognitive
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engagement. The findings for each group are described
as follows:

In the experimental group, behavioural
engagement was categorized as high for 78.79% of the
students, with a mean score of 3.88, signifying a strong
level of participation and involvement in activities.
Emotional engagement showed a moderate level, with
40.91% of students demonstrating high engagement and
a mean score of 3.50. Meanwhile, cognitive engagement
was high for 54.55% of students, with a mean score of
3.68, indicating a strong investment in learning and
application of knowledge.
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For the control group, behavioural engagement was
also high, with 70.60% of students achieving high levels
of engagement and a mean score of 3.80. Emotional
engagement in this group was comparable to the
experimental group, with 41.27% of students showing
high engagement and a mean score of 3.48, reflecting a
moderate level of emotional connection to learning.
However, cognitive engagement was lower in the
control group, with only 31.75% of students classified as
highly engaged and a mean score of 3.10, reflecting a
moderate overall engagement level in this dimension
(table 2).

Table 2. Comparative Student Engagement Distribution Between Groups

Engagement Dimension Group Low (1.00-2.33) Medium (2.34-3.66)  High (3.67-5.0) Mean Level
Control 3 (4.75%) 13 (20.63%) 47 (74.60%) 3.80 High

Behavioral Experimental 2 (3.03%) 12 (18.18%) 52 (78.79%) 3.88 High
Difference -1.72% -2.45% +4.19% +0.08  Maintained

Control 7 (11.11%) 30 (47.62%) 26 (41.27%) 3.48 Medium

Emotional Experimental 2 (3.03%) 32 (48.48%) 27 (40.91%) 3.50 Medium
Difference -8.08% +0.86% -0.36% +0.02 Maintained

Control 12 (19.05%) 31 (49.21%) 20 (31.75%) 3.10 Medium

Cognitive Experimental 1(1.52%) 29 (43.94%) 36 (54.55%) 3.68 High
Difference -17.53% -5.27% +22.80% +0.58  Upgraded

Control 3.46 Medium

Overall Average Experimental 3.69 High
Difference +0.23  Upgraded

Overall, the experimental group demonstrated
consistently higher levels of engagement across all
dimensions compared to the control group, suggesting
the intervention's effectiveness in fostering greater
students participation, emotional connection, and
cognitive involvement in the learning process.

Learning Outcomes

Learning outcomes were evaluated through pre-
test and post-test scores, focusing on the development of
students' problem-solving skills in mathematics. In the
experimental group, the mean pre-test score was 64.87,
which increased significantly to a post-test mean score
of 77.56. Statistical analysis revealed a significant
improvement in learning outcomes (F = 7.967, p = 0.006),
underscoring the positive impact of the intervention on
enhancing students' mathematical problem-solving
abilities.

The control group also showed an increase in
scores, with a pre-test mean of 66.24 and a post-test mean
of 71.93. While the improvement was evident, it was less
substantial compared to the experimental group,
suggesting that the intervention applied in the
experimental group was more effective in facilitating
meaningful learning gains (See Figure 1).

These findings highlight the superiority of the
experimental approach in improving both engagement
levels and learning outcomes, with a particular

emphasis on its effectiveness in promoting higher
cognitive and behavioural engagement alongside
enhanced problem-solving skills.

Average Learning Outcomes
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u Control Group 66,25 71,93
Experiment Group 64,87 77,56

u Control Group Experiment Group

Figure 1. Average learning outcomes of students in the
experimental class and control class

Hypothesis Testing

The results of a two-way ANOVA revealed several
significant findings related to the effects of teaching
methods, engagement levels, and their interaction on
learning outcomes.

First, the analysis showed that the teaching method
significantly influenced learning outcomes. Students
taught wusing the AICC-assisted hybrid method
demonstrated superior learning outcomes compared to
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those taught with the traditional hybrid method (F =
7967, p = 0.006). This indicates that the choice of
teaching method plays a crucial role in enhancing
students' academic performance.

Second, differences in learning outcomes were
observed across varying engagement levels—
categorized as high, medium, and low (F = 3.752, p =
0.026). This finding suggests that students’ level of
engagement significantly impacts their learning
outcomes, with higher engagement levels generally
associated with better performance.

Furthermore, a significant interaction effect
between teaching methods and engagement levels was
identified (F = 7.363, p = 0.001). This indicates that the
effectiveness of the AICC-assisted hybrid learning
method varied depending on students’ engagement
levels, highlighting the combined influence of teaching
methods and engagement on learning outcomes.

Post-Hoc Analysis

Post-hoc analysis provided additional insights into
the relationship between engagement levels and
learning outcomes. A significant difference was found
between students with high and low engagement levels
(p = 0.026), with those exhibiting higher engagement
achieving better results. However, no significant
differences were detected between high and medium
engagement levels or between medium and low
engagement levels (p > 0.05), suggesting that the
distinctions in learning outcomes between these groups
were less pronounced.

These results underscore the importance of both
teaching strategies and student engagement in achieving
optimal learning outcomes. Moreover, the interaction
between these factors indicates that their combined
effect can further enhance the learning process (Nadrah,
2025).

Summary of Results

The findings confirm that the AICC-assisted hybrid
learning method significantly improves student
engagement and learning outcomes compared to
traditional hybrid methods. Additionally, engagement
levels play a moderating role in determining learning
success, with the highest outcomes observed in students
with high engagement. The interaction between the
teaching method and engagement levels further
emphasizes the importance of tailored approaches to
hybrid learning environments.

Discussion
The Impact of AICC-Supported Hybrid Learning Methods on
Learning Outcomes

The present study addresses these challenges
through the implementation of AICC technology, which
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specifically targets the visual clarity and participation
equity issues identified in existing literature. Hybrid
learning integrates face-to-face and online instruction to
improve learning outcomes by combining social benefits
with flexibility and accessibility (Alika & Radia, 2021;
Gutiérrez-Braojos et al,, 2019; Handel et al., 2022). In
mathematics education, hybrid approaches enhance
conceptual understanding and problem-solving skills
(Cahyono & Asikin, 2019; Hidayat et al., 2019), yet
challenges persist in maintaining visual clarity and
equitable participation. The present study addresses
these challenges through AICC technology.

The findings demonstrate that the hybrid learning
method supported by Artificial Intelligence Camera
Controller (AICC) significantly enhances learning
outcomes compared to the hybrid method without
AICC (Prananta et al., 2023; Ayuni et al., 2024). The
experimental class achieved a higher average score
(85.49) compared to the control class (74.26), with a
statistically significant difference (F = 7.967, p = 0.006).
This aligns with previous studies by Herayanti et al. and
Hung et al., which confirmed the effectiveness of hybrid
methods in improving students' comprehension
(Herayanti et al., 2020; Hung et al., 2016). Furthermore,
the observed improvement indicates that leveraging
innovative tools like AICC addresses learning
disparities and ensures a more equitable learning
experience across diverse student groups.

The integration of AICC and the Moodle platform
offers distinct advantages, such as seamless interaction
and accessibility. Moodle's comprehensive features,
including digital classrooms, real-time interaction, and
integrated assessments, surpass the capabilities of
Google Classroom. The AICC-enabled camera enhances
virtual learning by mimicking real classroom dynamics,
ensuring equitable participation and engagement for
both in-person and remote students. This technology
fosters a sense of inclusivity, motivating students to
actively participate regardless of their location or mode
of access. By combining advanced features like camera
tracking and interactive content delivery, the AICC-
supported hybrid model demonstrates its potential to
transform traditional learning environments (Andriyani
et al., 2025).

The AICC-enabled camera system enhances virtual
learning by mimicking real classroom dynamics,
addressing a critical gap identified by Bedenlier et al in
their research on webcam use in synchronous online
learning (Héandel et al., 2022). Unlike static camera
setups that limit visual engagement, the AICC system
ensures equitable participation and engagement for both
in-person and remote students. This technology fosters
a sense of inclusivity, motivating students to actively
participate regardless of their location or mode of access,
directly supporting the visual engagement pathways
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identified in recent literature (Héndel et al., 2022; Raes et
al., 2020).

The Role of Student Engagement in Learning Outcomes

Student engagement encompasses behavioral,
emotional, and cognitive components that significantly
influence academic achievement (Fredricks et al., 2016).
In hybrid learning contexts, maintaining high
engagement presents unique challenges due to varied
learning environments and technological mediation
(Nortvig et al, 2018, Amin et al, 2023). While
technology-enhanced environments can positively
impact engagement when properly implemented
(Hidayat et al., 2019), the relationship between specific
technological features and engagement outcomes
requires further investigation.

The study reveals that students' engagement levels
(high, moderate, and low) significantly influence their
academic performance. Students with high engagement
scored an average of 84.59, outperforming those with
moderate (79.09) and low engagement levels (69.00).
This finding is consistent with previous studies by Raes
et al. and Krishnan, emphasizing that active engagement
fosters cognitive and emotional involvement, ultimately
improving learning outcomes (Krishnan, 2018; Raes et
al.,, 2020, Amin et al.,, 2023). Moreover, these results
underline the necessity of implementing teaching
strategies that encourage active participation and
nurture intrinsic motivation among students (Amin et
al., 2020; Kurniawati et al., 2022).

The study also underscores the importance of self-
regulated learning (SRL) in enhancing students'
engagement (Kurniawati et al, 2022). Active
participation in hybrid classes—both physical and
virtual —is linked to students' ability to manage their
learning processes effectively. This supports the idea
that hybrid learning environments encourage
collaborative and independent learning (Bognar et al.,
2018; Sudiarta & Widana, 2019). Teachers play a crucial
role in fostering SRL by designing tasks that stimulate
curiosity, challenge cognitive abilities, and promote
sustained engagement over time. The development of
SRL skills not only improves academic performance but
also prepares students to adapt to future educational
and professional demands (Hidayat et al., 2019; Amin et
al,, 2020). The observed engagement-performance
relationship aligns with recent findings by Kahu and
Nelson, who emphasized the importance of
understanding engagement mechanisms in educational
success (Kahu & Nelson, 2018). Our results provide
quantitative evidence that technological interventions
can influence these mechanisms, particularly when they
address specific learning environment limitations such
as visual access in hybrid settings.
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Interaction Between Method and Engagement Levels

Artificial intelligence integration in educational
technology enables personalized and adaptive learning
experiences through real-time feedback, content
adaptation, and enhanced student engagement (Kavitha
et al., 2024; Kharisma et al., 2023; Hwang et al., 2020).
Computer vision and automated tracking systems show
potential for improving remote learning experiences
(Bond et al., 2021), yet limited research has explored Al-
powered camera systems' effectiveness in hybrid
learning environments (Amin et al., 2022).

The results indicate a significant interaction
between the teaching method and student engagement
levels (F = 7.363, p = 0.001). Students with low
engagement demonstrated the most improvement when
exposed to AICC-supported hybrid learning,
supporting  findings  that technology-enhanced
environments can effectively address learning
disparities (Nortvig et al., 2018; Singh et al., 2021). This
highlights the potential of engaging teaching methods to
mitigate the challenges faced by less motivated learners.
By employing tools that integrate visual and interactive
elements, educators can capture the interest of
disengaged students and gradually enhance their
involvement in the learning process.

8500+ .
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Moderate
Low

@
=}
=
=

1

~
@
2
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6500
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Teaching Method

Figure 2. Estimated marginal means of problem-solving skills

Interestingly, the post-hoc analysis revealed no
significant interaction between high and moderate
engagement levels, suggesting that these groups tend to
maintain consistent performance regardless of teaching
methods. However, students with low engagement
showed substantial improvement when exposed to an
engaging and interactive teaching approach,
underscoring the importance of adaptive instructional
designs (Andriyani et al., 2025). This finding stresses the
critical role of identifying at-risk learners and tailoring
teaching approaches to address their specific needs,
aligning with research on personalized learning
approaches (Kavitha et al.,, 2024; Hwang et al., 2020).
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AICC’s ability to provide real-time feedback and
facilitate virtual interaction allows educators to maintain
continuous  engagement, thereby reducing the
likelihood of academic underachievement among
disengaged students. For more details, please see Figure
2.

Figure 2 depicts the estimated marginal means of
problem-solving skills across engagement levels and
instructional methods. The hybrid learning method
demonstrates a more pronounced effect, particularly for
students with high engagement (Hendrowati et al., 2025;
Zainudin et al., 2023). Students with low engagement
demonstrated the most substantial improvement when
exposed to AICC-supported hybrid learning, showing
an average increase of 15.59 points compared to their
counterparts in  traditional = hybrid learning
environments. This finding highlights the potential of
engaging teaching methods to mitigate the challenges
faced by less motivated learners, supporting the equity-
focused goals of educational technology identified by
Hollister et al. in their research on online learning during
COVID-19 (Hollister et al., 2022; Haetami, 2023).

Conclusion

The AICC-supported hybrid learning method
proves to be highly effective in enhancing student
engagement and learning outcomes, particularly in
mathematics education. The wuse of advanced
technological tools like AICC and Moodle creates a
dynamic learning environment that caters to diverse
learning needs. Teachers are encouraged to leverage
these tools to foster a more inclusive and interactive
classroom experience. Additionally, these technologies
equip educators with the flexibility to integrate
synchronous and asynchronous learning modalities,
making education more accessible and adaptable.
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