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This study qualitatively examines how learner engagement and instructional burden are
shaped in a metaverse—based Korean language learning environment, with implications for
artificial intelligence (AI)—supported education. A single—case analysis was conducted with
an advanced Korean language learner participating in the Metaverse Sejong Institute
(MSI). The findings revealed that MSI effectively promoted learner engagement through
spatial autonomy and culturally contextualized environments, fostering immersion and sustaining
participation. However, the platform’s unintuitive interface design and limited system—level
interactional support generated an extraneous cognitive load for learners. This burden was
subsequently redistributed to instructors, who were required to assume expanded roles as
interaction orchestrators and technical mediators, in addition to their core instructional
responsibilities. These challenges were particularly pronounced in the absence of Al—based
navigation guidance, interactional mediation, and adaptive feedback systems. Based on
these findings, the study suggests that in immersive learning environments, Al must be
conceptualized not merely as a tool for content delivery or assessment, but as pedagogical
infrastructure that mediates interaction, reduces unnecessary cognitive load, and enables
sustainable teaching practice. In conclusion, this case underscores the critical need for the
systematic integration of Al support in metaverse—based educational design.
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I . Introduction

Recently, artificial intelligence (AI) has become
a central topic in higher education research, par—
ticularly in relation to automation, personalization,
and feedback systems. Al—driven tools such as
intelligent tutoring systems, adaptive learning
platforms, and automated assessments have been
widely discussed as mechanisms for improving
efficiency and scalability in online education, es—
pecially in screen—based and content—centered
learning environments(Zawacki—Richter et al., 2019).

As higher education increasingly experiments
with immersive and spatial digital environments,
such as virtual reality (VR) and metaverse—based
platforms, the role of Al requires reconsideration.
In these environments, learning extends beyond
consuming content on screen to include navigating
spaces, interpreting visual cues, coordinating in—
teractions, and managing real—time communication.
Such demands introduce new forms of cognitive
load and instructional complexity that are not
fully addressed by the Al—centered models originally
developed for linear screen—based instruction
(Makransky & Petersen, 2021).

Language education provides a particularly sa—
lient context for examining these issues. Globally,
the Korean Wave has reshaped who learned
Korean and for what purposes, with a growing
number of learners motivated by cultural interest
rather than purely academic or occupational goals
(Park et al., 2025). In Korea, learner populations
have also diversified to include immigrants, inter—
national students, and foreign workers, increasing
the need for learning environments to be flexible,

accessible, and capable of supporting meaningful

interactions beyond traditional classrooms.

During the COVID—19 pandemic, higher education
institutions rapidly adopted video—conferencing
tools to sustain instruction. Although this shift
ensured continuity, it largely preserved teach—
er—centered and text—based pedagogical models,
1.e., a phenomenon widely characterized as emer—
gency remote teaching rather than pedagogical
transformation (Hodges et al., 2020). By contrast,
research on experiential and immersive learning
suggests that engagement and retention are en—
hanced when learners act within a space rather
than passively observing content. This pedagogical
shift from watching to doing has contributed to a
growing interest in immersive platforms as po—
tential environments for language learning.

Against this backdrop, the Metaverse Sejong
Institute (MSI) was launched in 2023 as part of
Korea’s national initiative to expand Korean lan—
guage education using digital technologies.
Designed as a mirror—world environment that re—
creates familiar cultural and social spaces, MSI
alms to integrate language learning, cultural ex—
posure, and real—time interactions within a virtual
setting. Although the platform offers promising
opportunities for immersion and learner engage—
ment, its operation reveals the tensions between
pedagogical intention and system design.

Importantly, discussions on Al in immersive
learning environments often assume the presence
of intelligent support that facilitates navigation,
interaction, and learning. In practice, however,
many metaverse—based educational platforms op—
erate with minimal Al integration, leaving tasks
such as guiding learners, managing interaction

flows, and resolving usability issues for instructors.
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This gap raises a critical question for Al—focused
higher education research: what happens when
immersive learning environments are implemented
without the Al—supported scaffolding that their
complexity implicitly demands?

This study addresses this question through a
qualitative case analysis of an advanced Korean
language learner’s experience at the MSI. Rather
than evaluating specific Al functions, we examine
how usability design, affordance cues, and inter—
action structures shape learner engagement, and
how limitations in system—level support redis—
tribute instructional responsibility to teachers. By
focusing on a concrete learner experience, our
study aims to illuminate the pedagogical and in—
frastructural challenges that emerge in immersive
higher education contexts where Al is absent or
underdeveloped.

By situating these findings within broader dis—
cussions for Al in higher education, this study
suggests that Al must be understood not only as
a tool for content delivery or assessment but also
as a form of pedagogical infrastructure. In im—
mersive learning environments, Al has the poten—
tial to mediate interactions, reduce the extraneous
cognitive load, and support sustainable instruc—
tional practices. The absence of such support, as
revealed in this case, underscores the need for
closer collaboration between educators and tech—
nology designers in the development of Al—in—

tegrated immersive language learning platforms.

II. Literature Review and Background

1. Al in Higher Education: From Automation to
Situated Support

Research on Al in higher education has largely
focused on automation—oriented functions such as
grading, content recommendation, and adaptive
feedback. More recently, generative Al has been
discussed as an instructional support layer that
could provide on—demand guidance, extend feedback
opportunities, and redistribute routine instructional
work that instructors would otherwise perform
(Zawacki—Richter et al., 2019). Empirical reports
on course—specific Al tutors further suggest that
Al—supported learning can improve learning effi—
ciency and outcomes compared with conventional
classroom conditions, including active learning
baselines (Mollick & Mollick, 2023; Kasneci et al.,
2023).

Despite these advances, most of the literature
remains grounded in screen—based linear instruc—
tional settings. As learning environments become
more spatial, interactive, and synchronous, the
role of Al shifts from content optimization to sit—
uated support embedded within ongoing activities.
In immersive environments, Al is no longer
merely a recommender system but a potential me—
diator of navigation, interaction, and sense—mak —

ing at the point of need.

2. Immersive Learning Environments and the
Pedagogy Gap

Immersive virtual environments (IVEs), including

virtual reality (VR) and metaverse—based plat—
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forms, are often justified by their potential to en—
able contextualized, interactive, and learner—cen—
tered activities. Nevertheless, systematic reviews
indicate that research in this area frequently pri—
oritizes technological development over peda—
gogical design, resulting in a persistent peda—
gogical gap between immersive affordances and
instructional goals (Kestin et al., 2024).

This gap is particularly important in language
education. Learning outcomes in IVEs depend not
only on exposure or presence but also on how
Interaction is structured, how tasks are framed,
and how learners are guided to participate
meaningfully. Without this pedagogical design,
immersion risks remaining experiential rather

than instructionally productive.

3. Cognitive Load and Usability in Immersive
Learning

A central concern in immersive learning research
is the cognitive overhead introduced by complex
interfaces and rich sensory inputs. The cognitive
load theory emphasizes that learning is constrained
when working memory resources are consumed
by extraneous demands unrelated to the learning
task itself(Sweller et al., 2019). In immersive en—
vironments, these demands often arise from navi—
gation ambiguities, unclear affordance cues, and
inconsistent interaction feedback.

The cognitive affective model of immersive
learning (CAMIL) provides a useful framework
for understanding this dynamic. According to
CAMIL, technological features shape psycho—
logical affordances such as presence and agency,

which in turn influence affective and cognitive

processes, including cognitive load and self—regu—
lation, which ultimately affect learning outcomes
(Makransky & Petersen, 2021). Related usability
research highlights interactive quality and flow as
preconditions for sustained engagement in VR
learning environments (Huang et al., 2021). Together,
these perspectives suggest that usability is not
peripheral but foundational to effective immersive
learning.

Figure 1 illustrates the conceptual relationships
between immersive environmental features, us—
ability, affordance clarity, cognitive load, learner

engagement, and instructional burden.

Immersive Learning
Environment

Usability & Affordances
+ Navigation, Interaction Cues

Cognitive Load

» Extraneous Load
= CAMIL Factors
{Presence, Agency, Emotion)

Teacher Burden |
= Guidance, Intervention

<Figure 1> Cognitive load, usability, and engagement in
immersive learming environments

| learner Ergagement:

» Motivation, Agency

The figure presents the Cognitive—Affective
Model of Immersive Learning (CAMIL), which
posits that immersive technologies foster psycho—

logical affordances—particularly presence and
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agency—thereby modulating the affective and
cognitive mechanisms underlying learning experi—
ences (Makransky & Petersen, 2021)

Usability and affordance clarity operate as critical
mediating conditions: when interaction cues are
unclear, extraneous cognitive load increases,
diverting attention away from learning activity
(Sweller et al., 2019; Huang et al., 2021). In Al—
limited immersive environments, this increased
cognitive load is not absorbed by the system but
is often redistributed to the instructor in the form
of additional interactional mediation and break—
down repair, linking learner experience directly to

instructional burden.

4. Affordances, Interaction, and Actualization in
Language Learning

Immersive environments offer language—learning
affordances such as avatar—mediated interaction,
contextualized scenarios, and multimodal meaning
making. However, affordances become educationally
meaningful only when learners perceive and ac—
tualize them through activities. In the absence of
clear cues or structured interactional support,
learners may struggle to move from exploration
to purposeful communication.

Evidence from the MSI illustrates both the po—
tential and limitations of immersive language
learning. Qualitative research has shown that
learners could experience MSI as a socially
meaningful space in which embodied interactions

and peer presence sustained engagement (Jung,

2025). Simultaneously, technical friction and usability
constraints can disrupt participation, underscoring
the importance of scaffolding that supports inter—

action continuity.

5. Al as Pedagogical Infrastructure in Immersive
Language Learning

Recent studies suggest that Al can play a crit—
ical role in strengthening immersive learning con—
ditions by functioning as an embedded peda-—
gogical infrastructure (Hemminki—Reijonen et al.,
2025). Generative Al—powered agents, such as
conversational non—player characters (NPCs) and
in—situ guidance systems, have been proposed as
mechanisms for providing contextualized support,
extended practice, and adaptive scaffolding within
immersive environments (Hemminki—Reijonen et
al., 2025; Huang et al., 2021).

From this perspective, Al is best understood
not as a replacement for teaching, but as an aug—
mentation layer that reduces extraneous cognitive
load, sustains interaction when human presence is
limited, and supports instructional decision—
making.

As shown in Table 1, the presence or absence
of Al support reshapes the distribution of cognitive,
interactional, and instructional work in immersive
learning environments. In Al—limited contexts,
such as MSI, responsibilities related to navigation,
interaction, and cognitive regulation are largely
absorbed by learners and instructors rather than

being supported at the system level.
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<Table 1> Roles of Al as Pedagogical Infrastructure in Immersive Leaming Environments

Functional area

Al—-limited environment

Al—supported environment

Navigation
verbal guidance

Learners must infer spatial structure
independently; instructors provide ad hoc

Al—based navigation support offers in—situ
directions and visual or linguistic cues,
enabling autonomous movement

required

Interactive possibilities are unclear;
Affordance recognition |trial—and—error and instructor explanation are

Al explicitly signals actionable objects and
provides immediate feedback on possible
actions

Interaction

Initiation and maintenance of interaction
depend heavily on instructor intervention;
interaction collapses when peers are absent

Al or NPC conversation partners provide
alternative interactional pathways and sustain
communicative activity

Cognitive load
manage —ment

Interface interpretation imposes extraneous
cognitive load on learners and instructors

Al redistributes cognitive demands at the
system level, reducing unnecessary
extraneous load

Instructio—nal

orchestration .
mediators

Instructors simultaneously act as content
experts, interaction managers, and technical |allowing instructors to focus on higher—order

Al handles routine guidance and coordination,

pedagogical judgment

Learning continuity

presence is limited

Learning flow is easily disrupted when
instructor attention is divided or human

Al supports continuity of engagement and
interaction beyond immediate instructor
availability

Therefore, in immersive language learning con—
texts such as MSI, the relative absence of such
system—level support can be conceptualized as a
design gap rather than a pedagogical failure.
Examining how learners and instructors navigate
this gap offers a productive lens for understanding
the engagement, interaction, and instructional

burden in Al—limited immersive environments.
II. Methodology
1. Research Desigh and Context
This study adopts a qualitative single—case
research design to examine how learner engage —

ment and instructional burden are jointly shaped

in a metaverse—based language learning environment.

Rather than evaluating the technical performance
of the platform or testing the effectiveness of
specific instructional interventions, the study fo—
cuses on the lived experience of a learner inter—
acting with the Metaverse Sejong Institute (MSI).
The case is treated not as statistically repre—
sentative, but as analytically revealing, offering
insight into structural characteristics of immersive
language learning environments where system—
level support is limited.

The research context is the Metaverse Sejong
Institute (MSI), a mirror world type virtual learning
environment launched in 2023 by the King Sejong
Institute Foundation as part of Korea’s national
initiative to expand digital Korean language
education. Built on the ZEP platform, MSI recre—

ates familiar Korean cultural and social spaces—
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such as markets, parks, and urban streets—within
a two—dimensional isometric virtual environment.
MSI  combines structured, real—time speaking
courses conducted by certified Korean language
instructors with opportunities for open explora—
tion of cultural spaces through avatar—based
interaction.

Despite its immersive spatial design and syn—
chronous interaction, MSI currently operates without
embedded Al—driven support systems, such as in—
telligent tutoring, conversational agents, or adaptive
navigation guidance, making it a suitable context
for examining immersive learning in Al-limited
conditions. As shown in Figure 2, the platform
comprises multiple interconnected spaces that
support diverse modes of engagement, from formal
classroom settings to open cultural exploration

areas.

[Figure 2] Overview ofMetaverse Sejong Institute (MSI)
learing environment. Screenshot captured by the author
using the MSlplatform(ZEP-based) in 2024

The main image presents the overall spatial
layout of the MSI environment, distinguishing
between the instructional and exploratory zones,
while the inset illustrates a representative learn—

ing scene captured during platform use.

2. Participants and Data Collection

The participant was a male learner in his early
thirties with advanced proficiency in Korean. He
had studied and lived in Korea for over seven
years and completed both undergraduate and
graduate education in Korea. The participant’s
advanced proficiency was a deliberate selection
criterion intended to minimize the influence of
linguistic limitations and foreground issues related
to platform design, usability, and interactional
structure. Although he had prior experience with
online and video—based Korean language in—
struction, his exposure to metaverse—based learning
environments was limited.

Data were collected using a multi—stage qual—
itative procedure designed to capture both real—
time interactions and retrospective reflections.
First, the participants engaged in guided exploration
of multiple MSI spaces, including structured
classroom areas and open cultural environments.
During this phase, he was encouraged to navigate
the platform freely and interact with objects and
spaces as he saw fit. Second, a think—aloud pro—
tocol was employed to capture the participant’s
immediate interpretations, hesitations, and deci—
sion—making processes while navigating the envi—
ronment, allowing the identification of moments
of engagement, uncertainty, and breakdown
related to usability and interactional cues. Third,
a post—exploration semi—structured interview was
conducted to elicit the participant’s reflections on
engagement, cultural immersion, usability, and in—
structional support, including situations in which
teacher intervention was perceived as necessary.

All sessions were audio recorded and transcribed
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verbatim.

3. Analytical Procedure

The data analysis followed an iterative the—
matic approach informed by sensitizing concepts
from research on immersive learning, usability,
and cognitive load. Rather than applying a pre—
determined coding scheme, the analysis proceeded
through the repeated reading of transcripts and
systematic comparisons across navigation behaviors,
verbalized comments, and interview responses.
The analysis focused on how moments of en—
gagement, hesitation, and breakdown emerged
through interactions with the immersive environment.

Four interrelated analytical dimensions guided
the analysis: (1) learner engagement and agency,
examining how spatial autonomy influenced moti—
vation and sustained participation; (2) cultural
immersion and contextual scaffolding, focusing on
how spatial design supported or constrained the
interpretation of language use; (3) usability and
extraneous cognitive load, particularly instances
in which unclear affordance cues or navigation
difficulties diverted attention away from the
learning activity; and (4) interactional constraints
and instructional dependency, identifying moments
when limited system—level support increased reli—
ance on teacher intervention.

For clarity and consistency, excerpts and ob—
servations presented in the Findings section are
referenced using three data sources: interview
excerpts (Interviews 1 and 2), real—time navigation
observations documented during guided exploration
(Observations 1 and 2), and researcher field notes

recorded during and immediately after the sessions

(Field notes 1 and 2). Visual materials, such as
screenshots, are presented as figures and not

treated as primary analytic data units.

IV. Findings

This section presents the findings of the qual—
itative case analysis organized around four inter—
related themes: learner engagement and agency,
cultural immersion through spatial design, usability—
related extraneous cognitive load, and interac—
tional constraints leading to increased instruc—
tional dependence. Together, these findings illus—
trate how immersive affordances at the MSI both
enable and constrain learning in the absence of

system—level scaffolding.

1. Learner Engagement and Agency Through
Spatial Autonomy

A prominent finding concerns the learner’s
heightened engagement and sense of agency
afforded by spatial autonomy. The participant re—
peatedly contrasted MSI with video—based in—
struction, describing the metaverse environment
as “fun” and “not passive like Zoom.” This dis—
tinction was primarily attributed to the ability to
control an avatar, move freely across spaces, and
choose points of attention, rather than waiting for
instructor—directed turns (Interview 1).

Spatial movement itself functioned as an en—
gagement mechanism. During open exploration,
participants continued to navigate the environ—
ment even in the absence of explicit instructional
prompts, indicating that the -curiosity—driven

movement sustained participation (Observation 1).
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This contrasts with screen—based classes, in
which engagement is typically limited to verbal
responses or chat inputs.

However, agency is conditional, rather than
absolute. Although freedom of movement initially
Increases motivation, it also requires learners to
interpret the environment independently. Moments
of uncertainty emerged when spatial cues did not
clearly indicate possible actions. These transitions
from confident exploration to hesitation recurred

across sessions (Fieldnote 1).

2. Cultural Immersion and Spatial Scaffolding

The second finding pertains to the role of spa—
tial design in supporting cultural immersion and
contextual understanding. MSI mirror—world en—
vironments, such as traditional markets and urban
streets, provide implicit cultural scaffolding. The
participant reported that these spaces immediately
evoked recognizable social situations, allowing
him to situate language use within familiar con—
texts without an explicit explanation (Interview 1).

For example, when navigating a market—like
space, the participant spontaneously associated
the setting with transactional language and every —
day expressions, commenting that “you already
know what kind of Korean belongs here.” This
suggested that the environmental context sup-—
ported pragmatic interpretation and meaning
making through visual and spatial cues rather
than instructional input (Observation 2).

Notably, this scaffolding was experiential rather
than procedural. The environment guided inter—
pretation did not direct action, leaving the learner

to infer how to engage linguistically within the

space (Fieldnote 2).

3. Usability Friction and Extraneous Cognitive
Load

Despite high initial engagement, usability issues
introduced an extraneous cognitive load that dis—
rupted the learning activity. The most salient issue
was affordance ambiguity. Numerous objects ap—
peared interactive, but produced no response
when approached or clicked, while other inter—
active elements lacked visual indicators that dis—
tinguished them from non—functional objects
(Observation 3).

As shown in Figure 3, this ambiguity man—
ifested across multiple interface elements, forcing
learners to distinguish between genuinely inter—

active objects and static environmental features.

[Figure 3] Examples of affordance ambiguity in the
Metaverse Sejong Institute (MSI)

In response to these ambiguities, the partic—
ipant frequently resorted to trial—and—error ex—
ploration, pausing to test possible actions and
verbalizing uncertainty about the system behavior.
During this period, attention shifted from language

use to system interpretations. As the participant
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remarked, he was “thinking about how the plat—
form works, not about Korean”(Interview 2).

Navigational inconsistencies further compounded
this effect, interrupting the flow of exploration
and requiring repeated cognitive recalibration
(Fieldnote 3). Importantly, these difficulties occurred
despite the participant’s advanced language profi—
ciency, underscoring that the observed cognitive
load stemmed from the interface design rather
than linguistic complexity (Kaplan—Rakowski &
Gruber, 2023).

4. Interactional Constraints and Increased
Instructional Dependence

The final finding concerns interactional limi—
tations and their implications for instructional
burden. MSI relies heavily on synchronous human
presence to sustain interactions. When few users
were online, the participant described the environ—

ment as feeling “empty or “like a ghost town,”

noting that the absence of interaction partners
significantly reduced the educational value of
exploration (Interview 2).

Even when other users were present, initiating
interaction was not straightforward. The participant
hesitated to approach others without clear cues
indicating availability or expected behavior, par—
ticularly when the instructor appeared to be oc—
cupied with another learner (Observation 4). At
such moments, the platform provided no alter—
native interactional support, such as prompts or
system—generated tasks.

As a result, the instructional responsibility
shifted toward the teacher, who became the primary
agent for restoring interactional flow through direct
intervention (Fieldnote 4). This pattern reveals a
structural dependency; in the absence of system—
level scaffolding, immersive environments may
paradoxically increase reliance on teacher inter—

vention to sustain engagement.

<Table 2> Redistribution of instructional responsibility in Al-limited immersive environments

Instructional function

Al-limited environment

Instructor burden

Navigation & orientation

Learners rely on teacher explanations
for spatial movement and task entry

Repeated spatial guidance and technical
troubleshooting

Interaction initiation .
mediation

Interaction depends on teacher

Orchestrating participation and managing
turn—taking

Affordance interpretation

Learners engage in trial—and—error
exploration due to unclear cues

Explaining system behavior and clarifying task
relevance

Breakdown repair

No system—level recovery mechanisms | Real—time intervention to restore interaction flow

Table 2 summarizes the redistribution of in—
structional responsibilities to instructors in the

absence of system—level Al support.

5. Summary of Findings

Taken together, these findings indicate that
MSI effectively promotes engagement through

spatial autonomy and cultural immersion; how—
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ever, these benefits are fragile and contingent on
usability clarity and interactional support. When
affordances are ambiguous or interaction path—
ways collapse, the cognitive load increases, and
the instructional responsibility is redistributed to
the teacher. These dynamics highlight a central
tension in immersive language learning environ—
ments operating without AI—supported scaffolding;
despite being designed to enhance learner agency,

they may simultaneously intensify teacher burden.

V. Discussion and Conclusion

This study examined how learner engagement
and instructional burden are jointly shaped in a
metaverse—based language learning environment
through a qualitative case analysis of the Metaverse
Sejong Institute (MSI).

The findings indicate that immersive spatial
design and culturally contextualized environments
can foster learner presence, agency, and curi—
osity—driven participation. Compared with screen—
based instruction, the metaverse environment en—
couraged learners to remain active through
movement and exploration.

It is important to note that this study does not
directly examine instructors subjective experi—
ences of burden or workload. Rather, teacher
burden is used as an analytical construct to de—
scribe a system—level redistribution of instruc-—
tional roles and responsibilities resulting from
limited Al—supported scaffolding. As such, the
findings should be interpreted as illustrating
structural conditions of immersive learning envi—
ronments rather than as evidence of instructors’

psychological or emotional burden. In addition,

given the single—case design, the study does not
aim for statistical generalization but instead offers
analytically grounded insights into the interac—
tional and infrastructural challenges characteristic
of Al-limited metaverse—based language education.

However, engagement proved to be highly
contingent. When affordance cues and interaction
pathways were unclear, moments of active par—
ticipation were repeatedly interrupted by hesitation
and breakdown. These patterns suggest that im—
mersion alone does not guarantee pedagogical ef—
fectiveness; rather, sustained engagement depends
on how clearly learners are supported in inter—
preting and acting upon environmental cues. From
this perspective, usability and interaction design
emerge as core pedagogical conditions rather than
secondary technical considerations.

Taken together, this case analysis highlights a
central tension in Al—supported higher education:
immersive learning environments are often in—
troduced with the expectation of enhanced learner
autonomy and engagement, yet in the absence of
system—level intelligent support, these environ—
ments can inadvertently intensify instructional
burden. The findings suggest that usability ambi—
guity and interactional fragility are not peripheral
implementation issues but structural conditions
that shape how learning and teaching unfold in
immersive settings. From this perspective, Al
should not be understood merely as an add—on
for automation or personalization, but as peda—
gogical infrastructure that stabilizes interaction,
distributes cognitive demands, and sustains en—
gagement beyond continuous human mediation.
As higher education increasingly turns to meta—

verse—based platforms, the pedagogical viability
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of such environments will depend less on techno—
logical immersion itself than on how intelligently
designed support systems align immersive affor—
dances with sustainable teaching and learning

practices.
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