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ABSTRACT
Transforming educational technologies through the integra-
tion of large language models (LLMs) and virtual reality
(VR) offers the potential for immersive and interactive learn-
ing experiences. However, the effects of LLMs on user en-
gagement and attention in educational environments remain
open questions. In this study, we utilized a fully LLM-driven
virtual learning environment, where peers and teachers were
LLM-driven, to examine how students behaved in such set-
tings. Specifically, we investigate how peer question-asking
behaviors influenced student engagement, attention, cogni-
tive load, and learning outcomes and found that, in condi-
tions where LLM-driven peer learners asked questions, stu-
dents exhibited more targeted visual scanpaths, with their
attention directed toward the learning content, particularly
in complex subjects. Our results suggest that peer ques-
tions did not introduce extraneous cognitive load directly,
as the cognitive load is strongly correlated with increased
attention to the learning material. Considering these find-
ings, we provide design recommendations for optimizing VR
learning spaces.
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1. INTRODUCTION
Education is undergoing a significant digital transforma-
tion, accelerated by technological advancements and further
driven by the COVID-19 pandemic, which necessitated a

shift from in-person to digital learning environments [103,
15]. Virtual reality (VR) technologies have become increas-
ingly prevalent in this transformation. Advances in VR
technology have made head-mounted displays (HMDs) more
affordable and accessible, leading to their widespread ap-
plication across various fields, including healthcare [39, 76,
50], entertainment [19, 6], and education [82, 23, 13, 24, 36,
25]. In education, VR is revolutionizing traditional teaching
methods by transitioning them into a dynamic digital land-
scape. Institutions like Stanford University have begun con-
ducting entire classes in VR, showcasing VR’s potential to
transform conventional teaching [90]. Virtual environments
enable immersive experiences and enhanced visualizations,
which can lead to more effective and engaging learning.

In the digital transformation of education, large language
models (LLMs), which are powerful AI systems trained on
vast amounts of text data to understand and generate human-
like language, are increasingly being applied [46, 1, 102,
40]. In educational settings, integrating LLMs with VR en-
vironments enables a more interactive learning experience
by allowing students to engage in realistic simulations, ask
questions, and receive immediate, contextually accurate re-
sponses [38, 58, 44, 27]. These advancements allow for nat-
ural conversations and personalized interactions, enhancing
the ability to create tailored learning experiences that adapt
to individual student needs [66, 46, 65]. By combining VR
with LLMs, educational environments can offer more inter-
active and flexible learning experiences that accommodate
diverse learning styles and preferences, improving student
engagement and retention.

Building on advancements in VR and AI-driven systems like
LLMs, educational settings have increasingly enabled adapt-
able and tailored learning experiences that address individ-
ual student needs and preferences. Such personalized envi-
ronments allow students to progress independently and at
their own pace, aligning their learning journeys with their
unique goals [77, 88, 89]. However, despite offering substan-
tial flexibility and autonomy, these individualized learning
settings often lack the collaborative dynamics characteris-
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(a) View 1 from the virtual classroom. (b) View 2 from the virtual classroom.

Figure 1: Views from the LLM-driven virtual classroom environment.

tic of traditional classroom environments. Peer interactions,
particularly question-asking behaviors, significantly enhance
the learning experience by capturing students’ attention, fos-
tering deeper engagement, and encouraging cognitive elab-
oration [48, 60, 5]. These interactions function as instruc-
tional signals, effectively guiding learners toward critical in-
structional content, focusing their attention, and enhancing
comprehension [94, 64, 29]. Thus, incorporating peer ques-
tions into virtual learning environments can not only direct
student attention to crucial concepts but also enrich engage-
ment and foster meaningful interactions within the learning
process.

Addressing these challenges and building on technological
advancements, our study focuses on integrating LLMs into
virtual learning environments to enhance the realism and ef-
fectiveness of VR-based education. While previous research
has explored the use of VR in education [13, 24, 56, 82, 41],
particularly in simulating real-world environments and im-
proving engagement, the integration of LLMs to create more
interactive and personalized experiences has not been widely
studied. Few studies [58] have examined how LLM-driven
interactions within VR classrooms can mirror the dynam-
ics of traditional classrooms, particularly in peer-to-peer or
teacher-student exchanges. Our work takes a first step to-
ward addressing this gap by simulating a fully LLM-driven
virtual environment (see Figure 1), where an LLM-powered
teacher delivers content based on provided slides, comple-
mented by LLM-powered peer interactions. This setup aims
to create an immersive learning experience that mirrors real-
world educational settings. To evaluate the impact of this in-
tegration, we test two conditions: LLM-driven Peer Interac-
tion with Questions and Answers (Peer-QnA), where LLM-
driven peers (students) ask questions to the teacher, cre-
ating a more interactive classroom environment, and LLM-
driven Peer without Question and Answer Interaction (Peer-
NoQnA), where LLM-driven peers do not ask questions,
leaving the participant as the only entity interacting with
the teacher. To understand the effects of these two settings,
we evaluated factors including student engagement, cogni-
tive load, and eye-tracking behaviors within the VR.

The contributions of this work are fivefold: (1) we designed
a fully LLM-driven virtual classroom environment and col-
lected data from 19 participants, demonstrating the effec-

tiveness of LLM-driven interactions in immersive educational
settings; (2) we evaluated two distinct interaction condi-
tions, Peer-QnA and Peer-NoQnA, and found significant
differences in student attention, with the Peer-QnA condi-
tion leading to increased attention and engagement with the
learning content; (3) we analyzed cognitive load using NASA
Task Load Index (NASA-TLX) assessments, supplemented
by eye-tracking data, revealing that the Peer-QnA condition
resulted in higher cognitive load, as evidenced by increased
pupil diameter, which strongly correlated with student at-
tention on crucial content; (4) peer questions led to more
targeted attention, resulting in longer mean fixation dura-
tion and shorter average saccade amplitude; and (5) in more
complex subjects, these changes in cognitive load and visual
attention were more noticeable, emphasizing the importance
of subject complexity.

2. RELATED WORK
In the evolving educational technology landscape, immer-
sive VR and LLMs have become transformative tools that
significantly impact learning environments. In the follow-
ing subsections, we review the literature in these two areas,
highlighting how each contributes to advancements in edu-
cational technology.

2.1 VR Environments in Education
Virtual learning spaces are increasingly integrated into ed-
ucational settings [78, 82], providing valuable insights from
both teacher and student perspectives [72, 68]. For teach-
ers, VR allows them to simulate complex, real-world scenar-
ios, allowing them to practice classroom management and
lesson delivery in a controlled environment [74, 37]. This
improves their confidence and teaching strategies before en-
tering a real classroom. From the student perspective, VR
enhances engagement by creating immersive, interactive en-
vironments that support experiential learning, enabling stu-
dents to explore concepts in a more hands-on way than tra-
ditional methods [104, 67, 20].

In addition to offering general classroom preparation, par-
ticularly for teachers in training, VR environments provide a
unique opportunity to simulate complex classroom scenarios
that can help develop essential teaching and classroom man-
agement skills. To this end, Westphal et al. [100] found that
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