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The video was helpful but too fast to pick up phrases in a
difficult language. Slowing it down would help. It provided ...

Figure 1: SpatiaLearn, a generative Al-supported, cross-platform application for reflective writing across diverse learning
interfaces. Participants first engage with the learning exercise by watching a video and completing a quiz, followed by interaction
with an LLM-powered conversational agent to conduct reflective writing guided by Gibbs’ Reflective Cycle.

Abstract

Reflective writing promotes deeper learning by enhancing metacog-
nitive awareness and critical thinking, but learners often struggle
with structuring their reflections and maintaining focus. Generative
Al and advances in spatial computing offer promising solutions.
Extended reality (XR) environments create immersive, distraction-
free settings, while conversational agents use dialog-based scaffold-
ing guides to structure learners’ thoughts. However, research on
combining dialog-based scaffolding with XR for reflective writing
remains limited. To address this, we introduce SpatiaLearn, an adap-
tive XR tool that enhances reflective writing through conversational
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guidance in both traditional and immersive environments. A within-
subjects study (N = 19) compared participants’ performance in
traditional laptop and XR environments. Qualitative analysis shows
the spatial interface enhances engagement but raises challenges
like unfamiliar interactions and health concerns, requiring task
adaptation for XR. This study advances the design of immersive
tools for reflective writing, highlighting both the opportunities and
challenges of spatial interfaces.
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1 Introduction

Reflection, defined as the process of generating insights from one’s
experiences following a theoretical or practical learning session
[34], is essential for fostering deeper understanding, critical think-
ing, and personal growth [8]. Reflective writing enables learners to
evaluate past events critically [7] and plan for improved approaches
in future learning tasks [10]. Prior research has demonstrated the
benefits of reflective activities in many expertise training and edu-
cation processes [3].

A common challenge in traditional reflection environments, such
as utilizing laptop or mobile interfaces, is the difficulty of main-
taining concentration due to the rich surrounding environment
[1, 25, 32]. The frequent distractions from the surroundings conflict
with the inherently high demand for sustained focus required for
reflective writing [27, 30]. High-quality reflective writing requires
sustained focus, deep engagement, and uninterrupted mental effort
to analyze past experiences critically. However, traditional static
laptop interfaces present various factors that may affect concentra-
tion, such as external noise, abundant contextual information, and
peripheral views.

To overcome these limitations, integrating XR with generative
Al offers an opportunity to create immersive environments that
minimize distractions and foster deeper engagement in reflective
writing. XR encompasses Augmented Reality (AR), Virtual Real-
ity (VR), and Mixed Reality (MR), seamlessly integrating real and
virtual environments to create highly immersive and interactive ex-
periences [22]. The emergence of advanced head-mounted devices,
like Apple Vision Pro, offers an opportunity to create immersive,
low-distraction spatial reflection environments tailored to reflec-
tive writing. Devices such as Meta Quest and Apple Vision Pro
are shaping XR environments that promise enhanced productivity,
focus, and engagement compared to conventional setups [26, 35].
Such new-generation devices equipped with high-resolution dis-
plays (e.g., Apple Vision Pro: 3660 x 3200 pixels per eye), now make
text-based tasks more feasible within XR environments. Research
suggests that XR’s immersive capabilities can enhance cognitive en-
gagement, improving memory, focus, and overall task performance
[12, 21], as well as supporting self-reflection [33]. Additionally,
XR’s spatially immersive environments stimulate motivation and
facilitate information retention through interactive and contextual
learning experiences [11, 13].

Other than XR’s strengths in fostering engagement and reten-
tion, advancements in generative Al, particularly large language
models (LLMs), offer complementary capabilities. Many studies
have demonstrated the effectiveness of supporting reflective writ-
ing with adaptive feedback from LLMs [14, 16, 17, 36]. For example,
Suraworachet et al. [29] showed that providing comprehensive
feedback significantly enhanced engagement, improving reflective
writing performance. Integrating LLMs, such as GPT-4, into XR
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learning environments adds an interactive dimension, guiding stu-
dents through complex tasks and delivering real-time, personalized
feedback. Moreover, in the XR learning context, LLMs have signifi-
cantly enhanced students’ reflection motivation and engagement,
ultimately improving learning outcomes [6]. Cheng et al. [6] de-
veloped a narrative-based conversational agent to engage younger
learners in dialogue with a mythological character, encouraging
reflection on their prior XR learning experiences. Their results
demonstrated that the conversational agent effectively enriched
participants’ reflective writing processes.

Although studies have explored the effectiveness of using XR or
LLMs to enhance reflective writing, no research has investigated
the combined application of these two tools or evaluated their inte-
grated impact. For example, Li et al. [19] explored LLMs’ capabilities
in generating reflective writing but did not consider integration
with XR. Similarly, Bozkir et al. [4] discussed embedding LLMs in
XR environments without addressing reflective writing. This gap
underscores the need for research on the synergistic use of XR and
LLMs to advance reflective writing.

To investigate how spatial learning environments provided by
state-of-the-art XR devices in combination with LLMs can support
reflective writing tasks, our study examines reflective writing activ-
ities across immersive XR and conventional learning environments.
Specifically, we aim to understand the following research questions:

e RQ1: How does the XR environment influence students’ en-
gagement and performance in reflective writing tasks facili-
tated by an LLM-enabled conversational agent?

e RQ2: What are learners’ perceptions and attitudes toward
transitioning reflective writing activities into an XR-based
spatial environment?

We designed an LLM-enabled XR reflective writing applica-
tion (SpatiaLearn) to investigate these research questions. Specifi-
cally, we integrated a GPT4-based conversational agent to facilitate
dialog-based reflective writing. This feature provides learners with
personalized guidance throughout the reflective process. By com-
bining XR’s spatial interactivity with LLM’s adaptive feedback,
SpatiaLearn offers a novel approach to enhancing reflective writing
experiences. It aims to understand XR’s role in facilitating genera-
tive Al-supported educational activities, focusing on the interplay
between spatial interfaces and LLM-driven feedback mechanisms.

To explore the impact of immersive technologies on reflective
writing, we conducted a within-subjects study with 19 university
students. Participants compared their reflective writing experiences
in XR using Vision Pro to those with a traditional laptop-based in-
terface. Results indicated that the XR interface promoted greater
engagement and concentration, though challenges such as interac-
tion modalities and potential health implications underscored the
novelty of XR in educational settings. Our study highlights its po-
tential to promote focus and cognitive engagement in high-demand
educational activities like reflective writing. We contribute to the
existing literature by:

e Providing new design knowledge by introducing SpatiaLearn,
an LLM-enabled XR system design, to support dialog-based
reflective writing tasks in both spatial and traditional 2D
learning environments.
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e Providing new insights through qualitative analysis of how
XR environments influence engagement and performance
in reflective writing tasks facilitated by an LLM-enabled
conversational agent (RQ1).

o Offering insights into the opportunities and challenges of
transitioning reflective writing into immersive spatial envi-
ronments (RQ2).

2 Design of SpatiaLearn

2.1 System Design

SpatiaLearn is a novel XR+LLM learning system designed for dialog-
based reflective writing tasks, applying a GPT-4 powered conversa-
tional agent to provide real-time, adaptive feedback. The system
was deployed across two distinct platforms—Apple Vision Pro (vi-
sionOS) and laptops (macOS)—using the same general components
to ensure comparability between spatial and conventional environ-
ments.

The front-end of SpatiaLearn was developed using Swift 5 and
the SwiftUI framework with Xcode 15, enabling a single codebase to
be deployed seamlessly on both visionOS and macOS. To minimize
novelty effects and enhance user comfort, we designed SpatiaLearn
by adhering to Apple’s Human Interface Guidelines [2].

The backend, built with Python using the Flask framework,
serves two key functions. First, it facilitates the conversational
tutor by integrating OpenAI's GPT-4 model. Second, it records user
interactions, like the conversational tutor message logs, enabling de-
tailed data analysis. Two researchers iteratively refined the tutor’s
system prompt in a workshop, following structured prompting prin-
ciples. As detailed in Appendix D, the final prompt design employed
instruction-based and few-shot prompting techniques.

The system evaluates and compares participants’ learning experi-
ences through a dialogue-based reflective writing task, representing
a prototypical activity within daily learning processes. The system
incorporates a supplementary video-watching activity to contextu-
alize this reflective task. This ensures participants have a shared
knowledge base to inform and enhance the quality of their reflective
writing [9].

Participants are provided with two input modalities for interact-
ing with the conversational tutor across both environments: (1) text
input via a physical keyboard and (2) voice input processed through
voice-to-text functionality. Additionally, due to the specificity of
the Vision Pro, participants also have the option to type using a
virtual keyboard and perform tapping gestures within the spatial
learning interface.

2.2 Reflection Activity Design

To make the reflection process more comparable and effective [16],
we provide a learning exercise as the reflection context. This dialog-
based reflective writing task is directly connected to the video
content, providing an integrated evaluation of foundational knowl-
edge and reflective insights. By leveraging XR’s immersive and
interactive features, the study explores how these environments
can amplify the impact of LLM-driven feedback, engagement, and
critical thinking. This focus allows us to assess the potential of XR
to elevate generative Al-supported reflection experiences, using
reflective writing as a practical and structured example.
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Reflection Exercise. Participants engage in a learning exercise
focused on factual knowledge to provide a foundational context
for reflective writing. Participants watch a 5-minute video on spe-
cialized history or language learning topics selected to establish a
consistent foundational understanding. To confirm comprehension,
they complete five multiple-choice questions assessing recall and
understanding of the content. This process ensures a shared baseline
of knowledge, enhancing the meaningfulness and comparability of
the following reflective writing activity.

Dialog-Based Reflective Writing Task. The reflective writing task
constitutes the core reflection activity, supported by an LLM-enabled
conversational agent. Delivered across different immersive envi-
ronments, the task uses Gibbs’ Reflective Cycle [10] as a structured
framework for guiding participants through a meaningful reflec-
tive process. The cycle comprises six stages: description, feelings,
evaluation, analysis, conclusion, and action plan.

The GPT-4-powered tutor engages participants in a dialogue for-
mat, facilitating the reflective writing exercise by (1) introducing the
user to the concept of reflective thinking, (2) guiding them through
the reflective steps, and (3) providing adaptive responses based on
participant inputs. This reflective exercise is directly connected
with the video content from the preparatory task. Participants ap-
ply Gibbs’ reflective framework to their learning experience from
the video, analyzing and evaluating their engagement and compre-
hension within the corresponding learning environment.

3 Study Methods

To examine the spatial interface’s impact on dialog-based reflective
writing tasks, we conducted a within-subject user study employ-
ing a qualitative analysis. This allowed for the direct comparison
of participants’ performance across different interface conditions
while controlling for individual differences. To mitigate potential
sequence effects, participants were randomly assigned to begin
the study in either the immersive or traditional 2D environment.
Nineteen participants from a Western European university were
recruited (13 females, 6 males; M = 26.89, SD = 5.74, age range:
21-40). In the end, each participant took part in a semi-structured
interview conducted in English. The experiment lasted 90-120 min-
utes, and participants were compensated $60 USD.

3.1 Study Design

Figure 2 illustrates the whole study design for a student participat-
ing in our experiment. Before starting the experiment, participants
were asked to complete a single-item self-assessment to measure
their familiarity with the learning material [18] and prior experi-
ence with XR technologies [24].

According to the pre-test questionnaire, only a few participants
reported having limited experience with XR learning. Three partici-
pants had prior experience with Microsoft HoloLens, and three oth-
ers had limited exposure to VR devices in museums or libraries. The
experiment began with an introductory guidance session for the XR
device to mitigate the novelty effect. Each participant experienced
the learning and reflective writing tasks on both interaction envi-
ronments—the XR interface and the conventional laptop interface.
To maintain consistency, participants reflected on the preparatory
learning experience specific to each environment: reflections in
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Figure 2: The overall study design is shown. Participants complete reflective writing tasks with the conversational agent across
both spatial and conventional interfaces, using different learning videos as context.

the XR interface focused on the video-watching experience con-
ducted in XR, while reflections in the laptop interface focused on
the corresponding 2D experience.

The experiment concluded with a semi-structured interview to
gather participants’ viewpoints. The primary objective was to gain
deeper insights into the influence of the spatial interface on learn-
ing experiences and task performance. The interview questions
were grounded in theory, covering five key areas: engagement and
overall user experience [6], learning outcomes and effectiveness
[13], cognitive load and adaptation [5], and individual concerns
and perceptions of future potential. Table 1 outlines the qualitative
thematic structure for analyzing the interview transcriptions.

3.2 Measures and Analysis

Participants’ perceptions were captured using a questionnaire with
a five-point Likert scale [20], assessing satisfaction and engage-
ment levels. For satisfaction, the questions were: “How satisfied
are you with your learning experience on the laptop?” and “How
satisfied are you with your learning experience on the Apple Vision
Pro?” Engagement was assessed similarly: “How engaging was your
learning experience on the laptop?” and “How engaging was your
learning experience on the Apple Vision Pro?” These questions were
adapted from [31], a framework specifically designed to assess user
experience in immersive virtual environments.

Post-test interviews were analyzed using qualitative content
analysis [23], chosen for its structured methodology [28]. Coding
was conducted by three researchers, starting with a deductive ap-
proach based on predefined categories aligned with research ques-
tions and literature. Iterative discussions refined the framework,
resolved discrepancies, and identified nuances [15]. An inductive
approach was then applied to uncover emergent themes, capturing
both expected and unexpected findings. The analysis identified
four primary categories: ‘Tmpact on Learning Process”, “Impact on
Cognitive Process and Learning Outcome”, “Device Usability and User
Experience”, and “Future Considerations and Broader Implications”,

with 20 subcategories. Table 1 provides example quotes illustrating
participants’ perspectives on the spatial learning interface.

4 Results

This section presents the results of the semi-structured interviews
and self-reports via questionnaires. To maintain participant anonymity,
individuals are referred to using identifiers ranging from P1 to P19.

4.1 ROQ1: Higher Engagement and Satisfaction
in Spatial Learning Interface

For the reflective writing task, participants generally reported
higher engagement and satisfaction with the adaptive spatial learn-
ing interface compared to the traditional 2D laptop interface. Partic-
ipants attributed increased engagement to enhanced focus enabled
by the immersive interface. For instance, P9 noted, ‘T just feel like
I'm less distracted maybe with the (Vision) Pro.” P2, who has ADHD,
stated, “For the first time in my life, I could take notes while watching
a learning video,” highlighting the interface’s potential to support
attention-challenged learners. Participants also expressed a greater
inclination to use the speech-to-text function, as it felt more in-
tuitive within the XR environment. P10 remarked, ‘It feels more
natural to use voice in this (XR environment).” Overall, participants
reported comparable satisfaction levels when reflecting on the spa-
tial interface. Additionally, 89.4% of participants found the spatial
environment engaging for reflective activities, representing a 5.3%
increase compared to the conventional laptop interface.

Another noteworthy finding is the increased engagement and sat-
isfaction observed during the learning exercise, where participants
watched a factual knowledge video and completed five multiple-
choice quiz questions. Participants achieved a higher average score
on the spatial learning interface (M = 3.79) than on the laptop inter-
face (M = 3.63). This outcome improvement may be attributed to
the enhanced focus and attention facilitated by the spatial learning
interface. Several participants (P3, P10, P16) described the experi-
ence as ‘sitting in a big cinema’, emphasizing that the large screen
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naturally captured their attention. Given that video-watching and
reflective writing correspond to lower- and higher-order levels of
Bloom’s Taxonomy, these findings suggest that the spatial interface
can enhance engagement and potentially support a range of cogni-
tive tasks by providing a more immersive learning environment.

4.2 RQ2: Attitudes and Perception towards
LLM-Powered Reflective Writing in Spatial
Interface

We gained valuable insights into participants’ attitudes toward
reflection in the spatial interface through individual interviews.
On the positive side, participants adapted to the spatial interface
briefly, indicating its ease of usability. However, specific challenges
emerged that may influence users’ willingness to adopt the spatial
interface. Initial unfamiliarity affected their perceived efficiency,
while health and ethical concerns were also highlighted as impor-
tant considerations.

Increased Adaptation Over Time. Figure 4 shows participants’ en-
gagement and satisfaction levels across two tasks, revealing changes
within the short time gap between tasks (10 to 40 minutes). Par-
ticipants’ initial unfamiliarity with the Apple Vision Pro controls
appeared to decrease over time, as indicated by improved focus
and comfort during the second task (e.g., P9: “the second time was
easier because I already knew how to use it”). Additionally, par-
ticipants reported finding it more natural to reflect by speaking
in the spatial interface than using the laptop. As participant P13
remarked, “Speaking with the Vision Pro feels more natural and fu-
turistic, whereas talking with a laptop feels awkward.”

Discrepancy Between Perceived and Measured Performance. Some
participants subjectively reported feeling less efficient when typing
in the spatial interface (e.g., P9: “it was definitely faster to chat (by
typing) with it on the laptop”). However, our quantitative analysis

revealed a different outcome. The Efficiency Score (normalized

. . ling: Messages Sent ) bl both
using min-max scaling: Time on Device was comparable across bo

interfaces. The scores for the laptop (M = 0.34) and the HMD
(M = 0.35) were nearly identical, suggesting a discrepancy between
participants’ subjective perceptions and their actual performance.
Appendix Table 2 presents detailed results, including the mean
number of messages sent, message length, total time spent on tasks,
and overall efficiency scores across the spatial and conventional
laptop interfaces.

Health Concerns. Some participants reported physical discomfort
with prolonged HMD use, including neck and eye strain (e.g., P9,
P10, P12) due to the device’s weight and screen proximity. P12
expressed health concerns, stating, “Without a health report, I won’t
use it for long and wouldn’t recommend it to young teenagers.”!
Additionally, red marks were observed on some participants’ cheeks
after 10 minutes of use, highlighting the need for advanced weight
reduction and ergonomic improvements to accommodate diverse
head shapes and sizes.

Ethical Concerns. P4 expressed concerns about the potential eth-
ical implications of the spatial interface, particularly regarding

! Apple advises against use for individuals under 13 years old https://support.apple.
com/guide/apple-vision-pro/important-safety-information-c0c84db82a44/visionos.
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privacy and the ability to supervise children’s screen time. P4 noted
that the interface might hinder parents’ ability to monitor their
children’s activities, raising concerns about young children’s sus-
ceptibility to becoming overly immersed in the digital environment
without sufficient parental intervention. Additionally, Participant
6 expressed concern about society’s increasing reliance on such
devices.?

5 Discussion and Future Work

5.1 Promising Insights of Reflective Writing in
XR Interface

By integrating adaptive feedback from an LLM-powered conversa-
tional agent into a spatial learning interface, SpatiaLearn advances
the potential for personalized and immersive learning experiences.
This aligns with prior research emphasizing the role of XR in pro-
moting engagement and reducing distractions for educational ac-
tivities [12, 21]. Our study contributes to the growing literature on
XR-enhanced learning by examining its impact on reflective writing
tasks, an area relatively underexplored in existing studies. In our
study, reflective writing tasks supported by the LLM-powered agent
demonstrated promising results in XR environments. The XR in-
terface enhanced participants’ immersion and engagement during
dialog-based reflective writing. Participants reported feeling more
focused and creative in the XR environment, facilitating deeper
reflection, like “easier to think critically.” These results align with
studies demonstrating the potential of XR to support higher-order
cognitive processes [11].

We propose that this improvement is driven by the isolated na-
ture of the XR environment, which facilitates more natural and
less-restricted interactions with the conversational agent. This find-
ing complements existing research on XR’s capacity to support
reflective and dialog-based learning [14, 36] while also providing
new insights into how these environments can amplify the benefits
of LLM-driven adaptive feedback. By combining immersive inter-
faces and Al feedback, SpatiaLearn contributes a novel approach
to enhancing engagement and depth in reflective writing, bridg-
ing gaps between XR, LLMs, and reflective pedagogy. Moreover,
the increased adaptation to the new learning interface shows a
high potential for seamless integration of XR tools into educational
workflows. It suggests that some initial usability challenges partici-
pants report may diminish as users become more familiar with the
interface.

5.2 Challenges of Reflective Writing in XR
Interface

Despite these promising findings, several challenges persist that
align with and expand upon existing research. First, participants
hold polarized attitudes towards reflective writing in the spatial
interface. While some participants found it “amazing” (P3), others

ZHowever, it should be noted that Apple Vision Pro supports AirPlay on other devices,
allowing guardians to supervise what their child is seeing on the headset at each point
in time. The participants were unfamiliar with this feature; thus, this suggests the
need for improved visibility, e.g., by presenting a notification informing the parents
of this feature when Family Sharing is activated. Moreover, the participants were not
informed of and did not have the chance to experiment with the EyeSight feature,
which mirrors the wearer’s eyes on the screen outside the Vision Pro, improving social
connections while one is wearing the headset.


https://support.apple.com/guide/apple-vision-pro/important-safety-information-c0c84db82a44/visionos
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described it as “scary” (P6). Some adjusted over time and reported
increased engagement (P13, P14), while others preferred the fa-
miliarity of the laptop interface (P1, P18). This variability aligns
with prior studies highlighting the importance of tailoring XR en-
vironments to individual preferences to enhance user experience
[12, 13].

Second, perception bias and psychological preferences remain.
While participants reported lower typing efficiency in the spatial
interface than the laptop, efficiency scores showed no significant
difference. This subjective performance evaluation in the XR envi-
ronment mirrors findings in [14]. Health and ethical concerns were
also noted, consistent with broader research on XR adoption [11].

5.3 Limitations and Future Work

We acknowledge several limitations in our study and suggest di-
rections for future research. First, the small sample size (N = 19)
limits the applicability of the findings. Experiments with more par-
ticipants are needed to validate the results and explore XR’s full
potential for educational activities requiring high cognitive engage-
ment. In this study, we identified XR environment’s potential in
supporting attention-challenged learners. With a broader partici-
pant base, it would be valuable to investigate this possibility more
systematically. Second, participants’ exposure to the XR interface
was limited to approximately two hours. This short duration may
not capture long-term adaptation, changes in engagement, or po-
tential physical and cognitive fatigue. A longer-term experiment
would help address these concerns, validate adaptation over time,
and explore strategies to enhance overall usability.

Lastly, the learning environment and headset device settings play
a crucial role in shaping the learning experience. The environment
determines the context in which the activity takes place, while the
configuration of the headset can significantly impact user comfort.
In this study, all participants used the same headset in a controlled
environment, specifically a university seminar room, which did not
account for real-world distractions. Future research could explore
how different learning environments influence students’ learning
processes and performance. Learners may have varying prefer-
ences for study locations, such as a library, home, or public spaces,
which could affect their concentration levels and overall learning
outcomes. Investigating these variations would provide valuable
insights into the relationship between environmental context and
learning effectiveness. Furthermore, in this study, all participants
used a headset with a fixed-length strap. The lack of customization
may have contributed to discomfort and did not accommodate dif-
ferences in face and head shapes. Future research should examine
how various environmental factors, including noise levels, spatial
constraints, and personalized device settings, affect usability, com-
fort, and learning effectiveness in both controlled and real-world
settings.

Addressing these limitations will offer deeper insights into XR’s
usability and effectiveness for reflective writing tasks and other
learning activities requiring high concentration levels.

6 Conclusion

In this study, we introduce SpatiaLearn, a tool designed to sup-
port reflective writing in an XR environment by incorporating
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adaptive elements to create personalized and immersive learning
experiences. By leveraging the immersive capabilities of XR and
the adaptive feedback provided by an LLM-powered conversational
agent, our research demonstrates how reflective writing, a cogni-
tively demanding activity that benefits from timely feedback, can be
significantly enhanced. The findings indicate that the XR environ-
ment fosters greater engagement, creativity, and critical thinking
by offering a focused and minimally distracting space for reflection.
Additionally, integrating LLM-driven feedback helps learners navi-
gate complex cognitive tasks, providing guidance that improves the
depth and quality of their reflective writing. This study contributes
empirical evidence to the growing field of XR-enhanced learning.
It underscores the potential for adaptive XR tools to bridge the gap
between advanced Al technologies and traditional educational prac-
tices. Future research could explore the long-term impacts of such
tools, including their scalability and applicability across diverse
learning contexts.
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A Screenshots During the Experiment

Figure 3 illustrates images captured during various stages of the experiment across different learning interfaces.
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Figure 3: Screenshots during the practical study sessions in the lab on two different devices. The screenshots represent the
two learning tasks shown on different interfaces: spatial interface (a-c) and laptop interface (d-f). (a) Introduction Task: The
introduction to spatial interface operations before the learning process. (b) Learning Quiz: The quiz after watching a learning
video on the spatial interface. (c) Conversational Agent: A screenshot of user interaction with a conversational Al for reflective
writing based on previous learning experience on spatial interface. For the laptop interface: (d) Learning Quiz: The quiz
after watching a learning video on the laptop. (¢) Quiz Feedback: The laptop interface provides quiz results and feedback.
(f) Conversational Agent: A screenshot of user interaction with a conversational Al for reflective writing based on previous
learning experience on the laptop.
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Table 1: Examples of Participants’ Attitudes Toward Spatial Learning Categorized by Theme. The table presents participants’
attitudes toward spatial learning, organized into four main categories. Each category is further divided into subcategories, with

corresponding quotes provided for each subcategory.

Category Subcategory

Example quote

. Impact on memorization
Impact on learning

‘I guessed some quiz on Vision Pro and got them correct. I think
that’s because of unconscious learning.” (P7)

process Impact on reflection ‘I think Apple Vision Pro is better for reflection because it’s more
quiet and creative. It helps me think more.” (P18)
Focus and attention “T was more focused there, maybe the new impression and more
it’s interesting.” (P14)
Impact on cognitive Quiz results ‘I don’t think the results depend on the technology.” (P1)
process and learning Content absorption “() prefer video over text content (in spatial interface).” (P5)
outcome Memorization and recall “It’s much more enhanced with the audio.” (P15)
Comfort and physical us-  “Vision Pro is easy and faster for task 1 than laptop, but in task
ability 2 the virtual keyboard hard to use. And laptop is easier to take

. o Initial setup experience
Devices usability and P exp
user experience
Navigation and interaction
Engagement and immer-
sion

Enjoyment & Satisfaction

Adaptation over time
Input modality

Interface design and aes-
thetics

Perceived message effi-
ciency

notes.” (P18)

“I thought it would be more complicated, but it’s like it seems
like easy to just like to look at something and click it with your
finger.” (P18)

“Wish more friendly to normal people, no high degree required
to use.” (P6) “It (the navigation) was easier than I thought.” (P12)
“the Apple Vision Pro was better for me because I felt like I was
exactly almost inside the video.” (P8)

“with the Apple Vision Pro, you feel like you’re participating and
it’s more enjoyable.” (P8)

“the second time was easier because I already knew how to use
it, like the calibration.” (P9)

‘T think on the Apple Vision Pro, it’s a bit harder to type. it was
definitely easier to chat with it on the laptop.” (P8)

“I think you could probably do a lot with the Apple Vision Pro
compared to the computer because I mean, you can use all the
space rather than just a screen.” (P9)

“It was definitely faster to chat (by typing) with it on the laptop”
(P9)

Suggested improvements
Future considerations
and broader Health concerns
implications

Ethical concerns

Barriers to adaption

Potential use cases

“If they make it like sunglasses or just some really like just glasses
that you put on that could be cool. ” (P12)

“Vision will be gone much faster than they used books and lap-
tops.” (P12)

“On an iPad or on a TV, I see what my child is watching, but on
the Vision Pro, I don’t know.” (P4)

“It’s heavy to wear for a long time. And it’s very strange to see
all the images and stuff.” (P16)

“T could potentially see myself watching a video and taking notes
next to it. ... It’s hard to use several screens on laptop because of
the small size.” (P9)
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C Overview Behavioral Details
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Figure 4: Comparison of satisfaction and engagement scores between the two environment. Blue bars represent the percentage
distributions for the Spatial 3D interface, while green bars represent those for the conventional 2D desktop interface. “T1”
denotes the video-watching learning task, and “T2” represents the reflective writing task.

Table 2: Mean values of message count, average text length, total time, and efficiency for laptop interface and spatial interface

(AVP). AVP refers to Apple Vision Pro. The table format presents the data as Mean (standard deviation).

Message Count

Average Text Length  Total Time

Normalized_Efficiency

Laptop

9.37 (2.87)

AVP 7.47 (1.81)

30.14 (22.06)
28.66 (17.11)

752.42 (261.42)
591.74 (204.26)

0.34 (0.26)
0.35 (0.22)
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D Prompt Used for GPT-4

chat_system_prompt = """You are an instructor helping your stu-
dent with reflecting on their previous learning experience (which
was watching an instructional video), using the Gibbs reflective
cycle. The Gibbs cycle is a model of reflection that encourages
students to think systematically about the experiences they had
during a specific situation, event, or activity. The model has six
stages: Description, Feelings, Evaluation, Analysis, Conclusion, and
Action Plan. Details of the classes, as well as example questions for
each class, are as follows:

- ""Description™* of the experience: Kick off by setting the
scene. What happened? Think of it like you’re telling a friend about
a movie plot but keep it brief. - Example questions:

(1) Can you briefly describe your experience in task 1?

(2) Can you describe what happened in the video you watched?

(3) What were the main points or events?

- "*Feelings™* and thoughts of the experience: Now, dive into
how you felt about the situation. This isn’t just "I felt sad" or "I
was happy." Try to explore those feelings a bit more—what sparked
them? - Example questions:

(1) How did you feel while watching the video?

(2) Were there any parts that stood out to you emotionally?

(3) What were you thinking during the video?

- **Evaluation™ of the experience, both good and bad: Here,
you weigh the pros and cons. What went well? What didn’t? It’s
a bit like reviewing a restaurant; not everything might be perfect,
but there could be some highlights! - Example questions:

(1) How do you evaluate the previous situation?

(2) Do you think it’s helpful or not?

(3) Have you learned something from this phase?

(4) Which part could be improved?

(5) What did you think was good or bad about the video?

(6) Did any part of it particularly resonate with you or fail to

make an impact?

- **Analysis™ to make sense of the situation: Get your detective
hat on! Why do you think things turned out the way they did? Look
for the cause-and-effect relationships. - Example questions:

(1) Why is the material good? Or why not?

(2) What previous knowledge helped you in this learning pro-

cess?

(3) Why do you think you felt that way about certain parts of

the video?

(4) What factors influenced your reactions and thoughts?

- "*Conclusion™ about what you learned and what you could
have done differently: Reflect on what you learned. Could you have
done something differently? What skills did you pick up? - Example
questions:

(1) What did you learn from this learning experience?

(2) What else do you need to make this learning process more

effective?

(3) How might these changes improve the experience or the

message?

- **Action Plan™* about how you would deal with the similar
situations in the future, or general changes you might find appropri-
ate: Finally, think about the future. If this situation pops up again,

CHI EA ’25, April 26-May 01, 2025, Yokohama, Japan

what will you do? It’s like planning your moves in a chess game. -
Example questions:

(1) When you face a similar learning situation next time, what
could you do differently?

(2) How will you develop your skills to make sure you could do
differently next time?

(3) If you were to watch a similar video again, what would you
do differently?

(4) How will you apply what you’ve learned from this reflection
in future similar situations?

You should start by teaching the student about the Gibbs cycle,
its benefits, the meaning of each component, and examples and best
practices for each component. Then, whenever the student says they
are ready to start reflecting, ask them sequential questions from
the example questions provided above, to help them reflect on their
experiences and guide them through the Gibbs cycle, component by
component, until they form their reflection. Each of your messages
should be very concise and short, maximum one paragraph long

nn

and not more than 150 words!
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