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Abstract—This research examines the utilization of Virtual Reality (VR) and its implications for the learning process, specifically
focusing on learning interest, prior knowledge, learning engagement, and content comprehension. The central objective is to establish
a comprehensive model that unravels the intricate interplay between these factors within the context of VR-based learning. The study
also aims to shed light on the impact of integrating Cognitive Load Theory into VR development and its effects on the learning
experience. Adopting an observational design, this study elucidates the intricate relationships among learning interest, prior knowledge,
learning engagement, and content comprehension in VR-based education. The VR technology employed in this research has previously
undergone rigorous feasibility testing. The VR application was designed following cognitive load theory principles. Its immersive
content offers users a lifelike immersion into the natural habitats of diverse animal species across various global regions. By leveraging
VR technology, elementary school students engage in a more profound and authentic learning journey. A total of 85 participants,
encompassing fourth and fifth-grade elementary school students, were involved in the study. These students were drawn from schools
situated in rural areas in particular regions in Indonesia and had moderate to low economic backgrounds. The variables under
examination include Prior Knowledge, Learning Interest, Engagement, and Content Comprehension as learning outcomes. Data
analysis was conducted utilizing a blend of linear regression and path analysis techniques, with a confidence level of 95%. The Guttman
scale questionnaire was used, and total scores were transformed into a ratio scale through a conversion process. The study reveals a
positive correlation between learning interest and learning outcomes, highlighting that a strong interest in a subject contributes to
improved learning results. Additionally, both learning interest and prior knowledge influence learning engagement. Students with
higher learning interests and prior knowledge are more likely to actively engage in the learning process actively, underscoring internal
factors' role in motivating participation. Learning engagement moderates the relationships between learning interest, prior knowledge,
and learning outcomes. By enhancing the effect of learning interest and prior knowledge on learning outcomes, engagement enables
more comprehensive and practical information processing.
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[1], [2]. The potential of VR in creating deep and immersive
I. INTRODUCTION learning experiences is captivating. With VR, students can
directly engage with subject matter, observe complex
phenomena from various perspectives, and interact within
virtual environments [3], [4].

However, while VR technology offers enticing prospects,
it is crucial to remember that the effectiveness of education is
not solely determined by the tools or technology employed.
This is where Cognitive Load Theory becomes pivotal.
Cognitive Load Theory helps us comprehend the extent of the
mental "load" students encounter during the learning process

Education has become a battleground for unstoppable
technological innovation. Advances in technology have
provided promising new opportunities to enrich the learning
experience. One intriguing innovation that has captured
attention is the development of Virtual Reality (VR). VR is a
technology that enables individuals to "immerse" themselves
in digitally created worlds, crafting immersive experiences
that merge visual, auditory, and often kinesthetic elements
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[5], [6], [7]. This encompasses the complexity of learning
materials (intrinsic load), how materials are presented
(extrinsic load), and the mental effort invested in integrating
information (germane load) [6].

The development of VR has brought about a paradigm shift
in education. VR technology enables users to interact with
highly realistic, visually immersive environments, often
accompanied by audio elements [8], [9], [10]. Within the
educational context, VR creates deep and immersive learning
experiences, allowing students to "dive into" abstract
concepts, distant locations, or situations challenging to
simulate within traditional classrooms [11]. VR in education
holds tremendous potential to transform how we learn, teach,
and understand the world around us. VR enables students to
engage with lessons more profoundly and tangibly. They can
explore 3D structures, observe intricate processes in action, or
grasp complex concepts more visually [9], [12], [13]. With
VR, students can partake in realistic simulations of scientific
experiments, aviation scenarios, or historical recreations. This
aids students in comprehending concepts more practically and
interacting with environments otherwise inaccessible in real
life. The immersive and enjoyable learning experiences
offered by VR can boost student motivation. They become
more likely to actively engage with learning as it introduces
elements of gamification and exploration [8], [11]. Through
3D visualizations and interactions, students can gain a better
grasp of abstract concepts. VR allows them to "see" concepts
from various angles, reinforcing their understanding. It's
essential to approach the use of VR in education with caution.
Virtual learning should be different from real-world social
interaction and hands-on experiences. Hence, VR integration
must combine diverse learning strategies to achieve optimal
learning outcomes [14], [15]. By combining the potential of
VR with established teaching methods, education can
leverage this technology to shape more meaningful and
compelling learning experiences for students.

In developing VR applications for learning, it is imperative
to consider how this technology might influence cognitive
load. While immersive learning experiences can enhance
content comprehension, processing information within a VR
environment may also demand increased mental effort [16],
[17]. This can impact student motivation and even cognitively
burden them, diminishing the learning process's effectiveness.

Therefore, developing education applications is more than
just about creating visually impressive environments; it is also
concerned with optimizing the learning experience by
minimizing excessive cognitive load. Integrating Cognitive
Load Theory into the design of VR applications will enable
developers to identify points that require simplification or
more structured approaches. By attending to these factors, VR
technology can yield more effective learning outcomes,
prevent cognitive fatigue, and maintain the requisite
immersion. Rapid technological changes, especially in
computing and graphics, have transformed the education
paradigm remarkably. One particularly compelling
innovation in this context is the development of VR [8], [16],
[18], [19]. VR introduces new possibilities to the learning
experience by altering how students interact with information
and learning content.

Alongside the promised potential of VR, some challenges
need to be addressed to maximize its effectiveness within the
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educational context. This is where Cognitive Load Theory
plays a crucial role. Cognitive Load Theory seeks to
comprehend the extent of an individual’s mental “load”
during the learning and thinking processes. This load can
encompass various factors influencing information
processing, cognitive resource utilization, and learning
outcomes.

Applying cognitive load theory concepts to developing VR
for education has significant implications. An effective VR
environment should alleviate the excessive cognitive load on
students [7], [17]. Cognitive Load Theory is a framework
utilized to understand how the mental or cognitive load
experienced by an individual can impact information
processing, learning, and task performance. This theory
delineates how the human mind is limited to processing
information within short-term memory (working memory)
[6]. In the context of Information and Communication
Technology (ICT) utilization, such as software applications,
online learning platforms, and immersive technologies like
VR, Cognitive Load Theory holds significant implications
concerning the efficiency of comprehension and technology
utilization [16], [20], [21]. Within the realm of ICT, intrinsic
load refers to the complexity of material or information
presented through technology [21]. For instance, dense
material or intricate concepts can elevate the intrinsic load in
online learning. Therefore, interface design and content
presentation should consider how information is conveyed for
easier digestion. Extrinsic Load pertains to how information
is presented through technology. The extraneous load can
increase if the interface is non-intuitive, the navigation must
be more accessible to grasp, or the layout needs to be more
apparent. In ICT utilization, it's crucial to design user-friendly
interfaces, reduce extrinsic load, and enable easy access to
information [22], [23]. In the context of ICT, germane load
involves the mental effort required to comprehend and
connect new information with existing knowledge. ICT
utilization can be enhanced by providing clear context and
linking new concepts to prior content. Technology can be
harnessed to create interactions that encourage more profound
understanding. By grasping the elements of Cognitive Load
Theory, ICT developers and designers can craft solutions that
are more adaptive and responsive to user needs and
capabilities [14].

By optimizing material complexity, transparently
presenting information, and designing interactions that
facilitate content comprehension, VR development can create
more effective and meaningful learning experiences. The
influence of Cognitive Load Theory on student motivation
cannot be ignored. When students feel cognitively burdened,
their motivation to learn can diminish. Hence, VR
development must balance material complexity and students'
capacity to cope with this load while maintaining enthusiasm
in the learning process.

Numerous studies have delved into the correlation between
learning interest and learning outcomes. Motivational
theories, such as intrinsic and extrinsic motivation, are often
employed to elucidate how learning interest can impact
students' engagement levels and learning outcomes [ 14], [24].
These investigations frequently indicate that students with a
heightened interest in a subject tend to achieve better learning
outcomes. Literature concerning prior knowledge and



learning outcomes often centers on how students' preexisting
knowledge can influence their aptitude for comprehending
new concepts [25], [26], [27]. Constructivist and transfer
learning theories frequently serve as the foundation to explore
how prior knowledge shapes the learning process and its
eventual outcomes.

Research also frequently considers the role of learning
engagement as a factor influencing the relationship between
learning interest, prior knowledge, and learning outcomes
[28], [29]. Concepts of information and cognitive processing
are frequently harnessed to expound on how learning
engagement can moderate these relationships. Learning
engagement may act as a mediator or enhancer in the
interaction among these variables [25], [30], [31]. Studies that
involve a combination of variables—learning interest, prior
knowledge, learning engagement, and learning outcomes—
can shed light on the intricate dynamics of the learning
process [32], [33], [34]. Motivation, cognition, and learning
theories may be employed to comprehend how the interplay
of these variables shapes students' learning experiences.

This research aims to investigate the application of VR and
its impact on the learning process, focusing on learning
interest, prior knowledge, learning engagement, and content
comprehension. Specifically, this research aims to establish a
model to elucidate the interrelationships among learning
interest, prior knowledge, learning engagement, and content
comprehension in VR-based learning. This study is expected
to understand better how utilizing cognitive load theory in VR
development can influence learning.

II. MATERIALS AND METHODS

A. Research Context

This study employs an observational design to explore a
model that can elucidate the interconnections between
learning interest, prior knowledge, learning engagement, and
content comprehension in VR-based learning. The VR
utilized in this research has undergone feasibility testing in
previous studies [12], [35]. This VR was developed with the
application of cognitive load theory. The VR content
immerses users in the lifelike depiction of animals and their
natural habitats across various regions worldwide. This
application enables elementary school students to explore the
authentic habitats of animals realistically through VR
technology. Through VR, students undergo a more profound
and immersive learning experience. The study participants
comprised 85 elementary school students from both fourth
and fifth grades. They hail from schools located in
economically moderate to low-income rural areas.

B. Variables

The variables measured in this study encompass several
aspects, namely:

e Prior Knowledge (PRK): Assessing how students
possess prior knowledge concerning animal life and
their habitats.

o Learning Interest (INT): Gauging the level of students'
motivation in learning before utilizing VR.

o Engagement (ACT): Measuring the degree of students'
engagement during learning through VR.
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o Content Comprehension as learning outcomes (LEP):
Evaluating the extent to which students comprehend the
learning content related to animal life and their habitats
after using VR.

Before the learning session commences, participants'
learning interests and prior knowledge are measured.
Following this, they engage in learning using the VR
application. Throughout the learning process, observation is
conducted, and the student’s engagement levels are
quantified. After the learning session, students are measured
again to gauge their understanding of the material acquired
during the VR-based learning.

C. Instruments

Data for this study was collected through a Guttman scale
questionnaire for learning interest and engagement.
Additionally, prior knowledge and content comprehension
were measured using multiple-choice tests. In developing the
instruments, the previous knowledge (PRK) assessment
consisted of 15 multiple-choice questions covering
comparisons (item number 1-5), categorizations (item number
6-10), and life pattern analysis (item number 11-15).

TABLEI
THE ITEM VALIDITY AND RELIABILITY FOR EACH VARIABLE
Variable/ Correlation Alpha
Item Mean STD (r) Cronbach
Prior Knowledge (PRK)
PRK1 8235  .38348 441
PRK2 7765 .41908 316
PRKS .6824 46832 226
PRK9 7294 44690 425 .683
PRK10 7294 44690 440
PRK11 7176 45282 521
PRK12 4824 50265 .385
PRK 14 5412 50126 .393
Learning Interest (INT)
INT1 .5882  .49507 284
INTS 7412 .44059 426 .686
INT6 8118 .39322 430
INT8 .6588 .47692 .526
Learning Engagement (ACT)
ACT1 8235 .38348 236
ACT2 9412 23669 .302 610
ACT4 5059  .50293 513 '
ACTS .6353  .48420 .383
ACT6 4588 .50126 352
Learning Outcome (LEP)
LEP4 .8824 32410 285
LEP7 .8588  .35027 287
LEPS8 .8588  .35027 314
LEP9 8235  .38348 402 207
LEP11 .8706 .33765 215
LEP12 9059  .29373 .230
LEP14 .8941 30951 318
LEP15 .8000  .40237 .308

Investigation revealed that only eight items were usable
(PRK1, PRK2, PRKS8, PRK9, PRK10, PRK11, PRK12, and
PRK14). For learning interest (INT), there were eight
perceptual statement items encompassing enjoyment (item
number 1,2), interest (item number 3,4), attention (item
number 5,6), and involvement (item number 7,8). Analysis
results indicated that only four items (INT1, INTS, INT6, and
INTS) were usable.



Six observational items for learning engagement (ACT)
were included: task completion, asking questions,
participating in discussions, recording activity outcomes,
seeking information, and self-assessment. However, analysis
showed that only five items (ACT1, ACT2, ACT4, ACTS,
and ACT6) were usable. For learning outcomes (LEP), data
from a 15-item multiple-choice test covering comparisons
(item number 1-5), categorizations (item number 6-10), and
life pattern analysis (item number 11-15) were used. Analysis
results found that only eight items were usable (LEP4, LEP7,
LEP8, LEPY, LEP11, LEP12, LEP14, and LEP15). See Table

1 for the statistical result.
Learning Interest
(INT)
Model:

PRK--> LEP
PRK--> ACT
PRK--> ACT--> LEP
INT--> LEP
INT--> ACT
INT--> ACT--> LEP

D. Analysis Technique

A combination of linear regression and path analysis
techniques was employed to analyze the obtained data. The
level of confidence was 95%. For the Guttman scale
questionnaire, total scores were derived by converting the
scores into a ratio scale. The conversion involved summing
the scores of each item and dividing by the total possible
score, then multiplying by 100 percent. The path analysis
model tested can be observed in Figure 1. SPSS software was
applied for this analysis.

Fig. 1 The conceptual model

III. RESULTS AND DISCUSSION

A. Results

1) Learning Implementation: To ensure students fully
leverage the VR-based curriculum, introductory sessions are
conducted to acquaint them with VR technology. In these
sessions, educators lead students through the operation of the
Meta Quest 2 VR headset, including proper fitting,
adjustments, and menu navigation. Subsequently, teachers
elucidate the utilization of provided student worksheets,
which aid students in reflecting on their learning encounters
and applying acquired knowledge to real-world scenarios.
Teachers direct students to complete worksheets
progressively alongside the VR-based curriculum. Through
these orientation sessions and guidance on using student
worksheets, instructors ensure that students are well-prepared
to participate in VR-based learning activities and make the
most of the experience.

Students are organized into groups during learning sessions
based on their assigned worksheets. Each student accessed the
Meta Quest 2 VR headset to explore and interact with virtual
animal habitats. The VR-based curriculum encompasses a
variety of animal-related subjects, such as habitat,
locomotion, physical attributes, sounds, and corresponding
textual explanations. Figure 2 shows the VR environment. VR
technology permits students to freely navigate between
distinct animal habitats and observe them at their own pace.
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Following the group activities, observations made by students
during their VR-based exploration are utilized to complete
worksheet exercises.

Fig.2 The screenshot of the VR environment

See Figure 3 for the learning activity illustration. These
activities prompt students to ponder their observations,
enhance their comprehension of animal habitats, and employ
their acquired knowledge in practical scenarios. Students
experience more immersive and interactive learning by
working collaboratively and engaging with VR-based
curricula. VR technology offers a distinctive and captivating
learning journey, enabling students to explore and study
animal habitats in ways that are unattainable through
traditional classroom methods. Overall, integrating VR
technology in the educational setting gives students a more
dynamic and hands-on learning experience.



4N

Fig. 3 The learning activity using VR

Students articulate their understanding of animal
characteristics after engaging in VR-based observations. VR
technology immerses students in virtual animal habitats,
facilitating observation and comprehension of animals'
physical and behavioral traits. This description is written post-
VR exposure. Throughout this learning encounter, students
encounter new vocabulary relating to animal attributes and
habitats that may be unfamiliar to them. This enhances their

comprehension of animals and surroundings. Moreover,
students are motivated to identify various wildlife
conservation issues and devise alternate solutions from their
perspective. This encourages them to critically assess the
impact of human activities on the sense of responsibility
toward safeguarding and preserving wildlife. The synergy
between VR technology and the learning activities furnishes
a distinctive learning experience that advances students'
knowledge of animals and their habitats while nurturing
critical thinking and problem-solving skills. By empowering
students to play an active role in environmental conservation,
this learning journey holds the potential to ignite future
generations to become conscientious and environmentally
aware global citizens.

2) Linear Regression: Table 2 shows the analysis results
with partial linear regression in various models 2.

TABLE II
THE PARTIAL LINEAR REGRESSION RESULTS
Variables Model Summary Coefficient
Path . R Adjusted R Std. Error of the Standardized Coefficients .
Dependent Predictor . t Sig.
Square Square Estimate Beta
PRK->LEP LEP PRK .371 138 127 12.61458 371 3.643 .000
PRK>ACT ACT PRK .348 121 110 18.60219 .348 3.381 .001
INT>LEP LEP INT .592 .350 342 10.95315 .592 6.685 .000
INT2>ACT ACT INT .600 .360 353 15.86910 .600 6.838 .000
ACT->LEP LEP ACT .506 256 247 11.71861 506 5.344 .000

The analysis results with partial linear regression show that
all models have an R Square value from 0.127 to .353, a
moderate category. In all models, predictors can be used to
estimate the dependent variable significantly.

The analysis results with multiple linear regression in
various models are shown in Table 3.

TABLE III
THE MULTIPLE LINEAR REGRESSION RESULTS
Variables Model Summary Coefficient
Path . R Adjusted R Std. Error of the  Standardized Coefficients .
Dependent Predictor . t Sig.
Square Square Estimate Beta
PRK->ACT LEP PRK .547 299 282 11.44095 222 2.253 .027
>LEP ACT 429 4.348 .000
INT>ACT LEP INT .621 .386 371 10.71409 450 4.159 .000
2>LEP ACT 236 2.178 .032

From Table 3, it can be seen that learning engagement acts
as a moderator. This variable moderates between prior
knowledge and learning outcomes and, At the same time,
between learning engagement and learning outcomes. The
Standardized Coefficients Beta values all have a significance
level of less than 0.05.

3) Model Structure: Table 2 and Table 3 describe the
relationship of all variables that explain the phenomenon of
learning using VR developed with cognitive load theory.
Figure 4 shows this connection.

0284 o{_ac ]
06
0513
[Cie ] 0.430 0.686 o Tacta ]
0.383
earning Interest .
(INT) Engagement \
(ACT)
441 PR
0592
— =
0.226 0314
0.425 0.402
&
0.440 0.215
L]
.521
0385 Prior Knovdedge Learning Outcome 0318
PRK12 (PRK) {LEP) =
0393 0.308

Fig. 4 The final model explaining the relationship of the variables
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B. Discussion

1) Prior Knowledge, Learning Engagement, and Learning
Outcome: This path analysis focuses on the relationships
among three variables: prior knowledge (PRK), learning
engagement (ACT), and learning outcomes (LEP). Prior
knowledge (PRK) maximizes learning outcomes (LEP),
implying that an individual's prior knowledge about a subject
or topic impacts their learning outcomes. Those with better
prior knowledge about a specific topic are an individual’s
mental “load.” This was attributed to the solid foundational
understanding of basic concepts that help individuals build
further knowledge more quickly and deeply [26], [28]. A
relevant theory here is constructivism. Constructivism
emphasizes that individuals develop based on existing
experiences and knowledge. In this context, individuals with
prior solid knowledge framework comprehend new concepts.
This allows them to build more profound and structured
knowledge about the subject matter, ultimately impacting
better learning outcomes.

Prior knowledge (PRK) affects learning engagement
(ACT). This finding indicates that prior knowledge also
impacts an individual's level of engagement in learning.
Individuals with a solid initial understanding of the subject
material tend to participate actively in learning [28]. They
might feel more confident and inclined to understand further
and deepen their comprehension. Learning engagement drove
information processing [30], [33]. When active in learning,
involving critical thinking, concept connection, and seeking
solutions, they process information more deeply and critically
[36]. Hence, it profoundly impacts learning outcomes when
an individual actively engages in learning, as they better
associate and apply concepts effectively.

Learning engagement (ACT) influences learning outcomes
(LEP). This demonstrates that the level of learning
engagement also affects learning outcomes. Individuals who
are more actively engaged in learning, such as participating
actively in class, engaging in discussions, and involving
themselves in learning activities, tend to achieve better
learning outcomes [30], [33], [36]. Active involvement in
learning allows individuals to deepen their understanding and
regularly practice concepts, ultimately influencing better
learning outcomes. Cognitive and information processing
theories may be relevant here. These theories suggest that
students actively engage in learning, participating in
discussions, critically thinking, and applying knowledge in
practical contexts tend to have deeper understanding and
stronger connections between concepts [28], [37]Therefore,
learning engagement reinforced the effect of learning interest
on learning outcomes, as it enables students to be more
cognitively engaged and process information more
effectively.

2) Learning Interest, Learning Engagement, and Learning
Outcome: Path analysis is a statistical method used to
understand the cause-and-effect relationships among
variables within a model. In the context you've provided, three
variables are under discussion: learning interest (INT),
learning engagement (ACT), and learning outcomes (LEP).
An individual's level of interest in a subject or topic impacts
their learning outcomes [35], [38]. In this context, the greater
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someone's learning interest in an issue, the better their
learning outcomes tend to be in that subject [34]. This was
attributed to a higher motivation to comprehend and master
the material they're interested in, leading them to invest more
time and effort in studying, subsequently aiding them in
achieving better learning outcomes.

This path analysis focuses on the relationships among three
variables: prior knowledge (PRK), learning engagement
(ACT), and learning outcomes (LEP). Prior knowledge (PRK)
maximizes learning outcomes (LEP), implying that an
individual's prior knowledge about a subject or topic impacts
their learning outcomes. Those with better prior knowledge
about a specific topic are an individual’s mental “load.”
Learning interest (INT) influences learning engagement
(ACT). This indicates that learning interest also impacts an
individual's level of engagement in learning. Those interested
in a subject are more likely to actively seek information,
participate in discussions, ask questions, and involve
themselves in other learning activities. This can be explained
by their genuine fascination with the subject, motivating them
to engage more actively in learning. This concept aligns with
intrinsic motivation theory, where internal interest and desire
drive individuals to learn and attain better learning outcomes
[24], [30]. The theory explains that when someone has an
extrinsically strong interest in a topic, they're more motivated
to understand, explore, and delve into it.

Learning engagement (ACT) affects learning outcomes
(LEP). This reveals that the level of learning engagement also
impacts learning outcomes. Individuals who engage in
learning, such as participating actively in class, practicing
more, and interacting with the subject material, tend to
achieve better learning outcomes [14], [30], [33]This was
attributed to active involvement in the learning process, which
allowed individuals to understand and practice concepts more
extensively, ultimately aiding them in higher learning
outcomes.

This path analysis highlights the intricate relationships
among learning interest, engagement, and outcomes.
Learning interest influences learning engagement and
learning outcomes, while learning engagement also impacts
learning outcomes. In an educational context, these findings
underscore the importance of cultivating strong learning
interest and encouraging active student engagement in the
learning process, as both factors contribute to achieving better
learning outcomes.

3) Learning Engagement as a Moderator: The concept of
"moderation" refers to a relationship where the effect of an
independent variable on a dependent variable change
depending on the level of a moderator variable. In the context
you mentioned, if learning engagement (ACT) is considered
a moderator variable between learning interest (INT) and
learning outcomes (LEP), it means that the level of learning
engagement influenced the effect of learning interest on
learning outcomes. Two scenarios should be considered if
learning engagement moderates the relationship between
learning interest and learning outcomes. At low levels of
learning engagement, the effect of learning interest on
learning outcomes might be less intense or significant. This
could occur because even though someone has a high interest
in a subject, more active involvement in learning could help



their ability to achieve better learning outcomes. Conversely,
at high levels of learning engagement, the effect of learning
interest might be more pronounced and impactful on learning
outcomes. Individuals with high interest who are also actively
engaged in learning tend to achieve better learning outcomes
as they possess both motivation and active involvement to
delve into the subject matter. In this finding, learning
engagement is a factor that moderates or influences the
strength of the relationship between learning interest and
learning outcomes. This underscores the importance of having
a high learning interest and fostering active engagement in the
learning process to achieve optimal learning outcomes.

The concept of moderation also applied to the relationship
between prior knowledge (PRK) and learning outcomes
(LEP), with learning engagement (ACT) as a moderator
variable. This means that the level of learning engagement
influenced the prior knowledge of learning outcomes. At low
levels of learning engagement, the effect of prior knowledge
on learning outcomes might be insignificant [32], [33]. Even
though someone possesses substantial prior knowledge, a lack
of active involvement in learning could hinder their ability to
apply that knowledge and achieve better learning outcomes
effectively. Similarly, at high levels of learning engagement,
the effect of prior knowledge on learning outcomes might be
more pronounced and robust. Individuals with strong prior
knowledge who are also actively engaged in learning tend to
leverage their knowledge more effectively, form deeper
understandings, and ultimately achieve better learning
outcomes [28], [30], [39]. Learning engagement is a variable
that moderates or influences the strength of the relationship
between prior knowledge and learning outcomes. In essence,
while prior knowledge is essential, the level of active
engagement in the learning process also plays a role in
determining the extent to which that knowledge will impact
the resulting learning outcomes.

IV. CONCLUSION

There is a positive relationship between learning interest
and learning outcomes. Individuals interested in a subject tend
to achieve better learning outcomes. This highlights the
significance of cultivating a solid learning interest to enhance
learning outcomes. Both learning interest and prior
knowledge influence learning engagement. Individuals with
high learning interests and prior knowledge are more likely to
engage in learning actively. This underscores that internal
factors such as interest and ability motivate active
participation in the learning process. Learning engagement is
a moderating factor in the relationships between learning
interest and learning outcomes and between prior knowledge
and learning outcomes. Learning engagement enhances the
positive influence of learning interest and prior knowledge on
learning outcomes by enabling more profound and practical
information processing.
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