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Abstract

Prior work has shown that conversational Al companions can improve engage-
ment and reduce anxiety in virtual reality (VR) exposure scenarios involving
stressful events such as turbulence. However, real-world experiences such as air
travel unfold over multiple phases, including takeoff, cruise, and landing, and
it remains unclear whether user engagement and immersion are driven primar-
ily by AI interaction or by the temporal structure of the environment itself.
In this study, we extend a VR flight simulation to include a multi-phase flight
experience and evaluate user engagement, immersion, attention allocation, and
perceived realism across flight phases, both with and without an Al companion.
Results indicate that immersion varied significantly across flight phases, with
cruise producing higher immersion than landing, while engagement did not differ
significantly by phase. The presence of the AI companion did not significantly
alter engagement, immersion, attention allocation, or perceived realism across
phases. These findings suggest that while AT companions may enhance user expe-
rience during stress-inducing events, the temporal structure and environmental
realism of the VR experience may play a larger role in shaping immersion during
stable conditions. This work contributes to understanding the contextual role of
ATl companions in immersive environments and has implications for the design
of VR training and exposure therapy systems.

Keywords: Virtual Reality, Conversational Al, Fear of Flying, Exposure Therapy,
User Experience, Human-Computer Interaction



1 Introduction

Specific phobia is the most common psychiatric diagnosis [1]. Of the phobias, fear
of flying is one of the most commonly diagnosed, with prevalence rates ranging from
15% to 40% of the population [2]. As those with flight fear tend to avoid air travel as
much as possible [3], social and career consequences can be severe, and fear is unlikely
to resolve without treatment [4]. Exposure therapy, the gold standard treatment for
phobias including flight [5], involves repeatedly exposing the patient to the feared
stimuli until desensitization or anxiety tolerance occurs [6]. For flight fear, however,
this is both logistically complex and expensive. A potential solution to the challenges
of flight exposure therapy is virtual reality exposure therapy (VRET), which has been
proven to be effective in treatment for various phobias, including fear of flying (FoF) [7—
9]. As VRET can simulate the flight experience in a more affordable and convenient
setting, this allows for greater treatment flexibility and accessibility [8]. VRET has
the added benefit of allowing clinicians to control the flight environment, simulating
scenarios specific to the patient’s fear as well as allowing patients to stop the exposure
on demand, in contrast to flight where one is committed to the full exposure experience
once the plane leaves the ground. These benefits are reflected in patient preferences,
with 80% of those with a specific phobia diagnosis preferring VRET compared to in
vivo or “real life” exposures [10].

While virtual flights allow for gradual and more customizable exposures, further
developments are needed. Effective exposure therapy relies on emotional involvement
to elicit an anxious response [2, 8] and “developing a mental representation of the vir-
tual stimuli as one’s own environment” is critical to VRET [8]. This highlights the
importance of maximizing engagement and presence in VRET to maximize its effec-
tiveness. When a user is totally immersed, for example in a video game, their feelings
are at least partially affected by the virtual environment [11]. The success of exposure
therapy relies on its ability to generalize to “real world” scenarios and its ability to
elicit the anxiety experienced during those scenarios [12]. For VRET, presence is one
of the central mechanisms by which anxiety is elicited [13]. Virtual flights should be
immersive and engaging enough to realistically recreate a flight experience, including
the accompanying anxiety triggers. The success of VRET for flight fear lies in its abil-
ity to both induce an appropriate amount of anxiety but not to such a degree that
patients cannot tolerate treatment engagement.

In addition to increasing presence and engagement, it is important to optimize
patient buy-in and reduce drop out, which can range from 17% to 27% in phobia expo-
sure therapy [10]. To tolerate the fear that is fundamental to exposure interventions,
many patients utilize calming strategies or “safety behaviors” during exposure, includ-
ing securing the presence of a trusted companion [14]. For example, one may refuse to
fly alone but finds flying with their spouse reduces their anxiety to tolerable enough
levels that they can endure a flight. While there is debate over whether safety behav-
iors can hinder long term treatment potential, they can also reduce fear just enough
for the patient to complete the exposure [15]. A safe person, for example, can provide
reassurance and emotional support that allows the patient to complete a flight when
they otherwise would not. The limitations of a “safe person” occur when such a person



is unavailable to accompany the patient, which can be particularly difficult to coor-
dinate with costly flights. Virtual ATl companion components in VRET may serve to
simulate the emotional support and reassurance of the safe person without the logisti-
cal and financial complications. Having such a presence in a VRET environment may
both reduce anxiety and allow for greater emotional engagement with the treatment.

While social entities such as other players or Al agents affect user experi-
ences [11, 16], and despite advancements in Al, no existing work has been found that
studies the impact of Al agents on participants’ engagement and presence in a VRET
environment for FoF. In our prior work [17], we introduced a conversational AT flight
companion into a VR flight simulation and examined its impact during turbulence
scenarios, which represent high-stress moments in a flight experience. The results
showed that the presence of the Al companion increased engagement and immersion
and helped reduce anxiety during turbulence. These findings suggested that conver-
sational Al companions can act as a form of social and informational support during
stress-inducing virtual experiences, similar to the effects of a “safe person”.

However, real-world flight experiences are not defined solely by isolated stress
events such as turbulence, but by the temporal progression of multiple phases such
as takeoff, cruise, and landing. While turbulence represents a high-anxiety moment,
much of the flight experience occurs during relatively stable conditions. Fear of turbu-
lence is common, however, a significant portion of those with flight phobia experience
fear outside of turbulent conditions [18]. Therefore, it remains unclear whether user
engagement and immersion in VR flight environments are driven primarily by Al
interaction or by the temporal and structural realism of the simulated experience
itself. This paper extends our prior work [17] by introducing a multi-phase VR, flight
simulation consisting of takeoff, cruise, and landing, and evaluates user engagement,
immersion, attention allocation, and perceived realism across flight phases, both with
and without an Al companion.

For the current study, we revisit the original research questions (RQs) from our
prior work [17] (RQs 1-4) and introduce additional RQs (RQs 5-7) to investigate the
generalizability of AI effects, the role of temporal structure, and the robustness of
results to experimental design factors:

RQ1 Does the presence of an AI flight companion impact engagement?

RQ2 Does the presence of an Al flight companion impact immersion?

RQ3 Does the presence of an Al flight companion lower the user’s anxiety level?

RQ4 To what extent do participants feel supported by the AI flight companion?

RQ5 Do the effects of Al companions observed in high-stress scenarios generalize to
multi-phase VR flight experiences?

RQ6 How does the temporal structure of a VR flight (i.e., takeoff, cruise, landing)
influence user experience?

RQ7 Are the effects of AI companions robust to contextual and experimental factors
such as flight phase and condition order?

By examining user experience across different phases of a VR flight, this work aims
to better understand whether and how Al companions influence user experience within



more realistic, temporally structured environments. In addition, this work contributes
to understanding how users perceive and interpret visually simulated environments,
particularly in the context of temporally evolving scenes. By examining how immersion
and engagement are shaped across different phases of a visual simulation, this study
provides insight into the relative roles of environmental realism and interactive Al
elements in influencing user perception.

2 Related Work

2.1 Presence & Engagement Measures

Immersion in virtual environments is commonly conceptualized as a multi-level con-
struct consisting of engagement, engrossment, and presence. Engagement refers to the
user’s active interaction with the virtual environment, while engrossment reflects a
deeper level of emotional involvement in which awareness of the real world diminishes.
Presence represents the highest level of immersion, characterized by the sensation of
being fully situated within the virtual environment [11, 19]. In this work, we adopt
this established definition of presence.

A variety of instruments have been developed to measure presence and engage-
ment in VR. Early work by [20] employed researcher-administered surveys to assess
emotional reactivity and overall comfort. Jennett et al. [19] introduced a widely used
self-report instrument, validated through comparisons between immersive and less
immersive gameplay conditions, which has since served as a foundation for subsequent
measurement approaches. More recent studies have extended these tools by incor-
porating additional items to capture nuanced aspects of engagement, presence, and
related experiential factors, often administering these measures directly to participants
in either paper-based or digital formats [11, 16].

Within the context of Al-enhanced VR environments, prior work has explored
how artificial agents influence user experience. For example, [21] examined the impact
of a GPT-driven teaching assistant on engagement and presence in a VR classroom
using self-report measures. Similarly, [22] investigated Al-led virtual reality exposure
therapy (VRET) for fear of heights, employing questionnaires that assessed perceived
realism, emotional engagement, and the naturalness of the virtual therapist.

Despite these advances, existing studies have not employed measurement instru-
ments specifically validated for Al-driven social presence systems. While prior findings
suggest that AT agents can enhance engagement in educational VR settings [21] and
show promise in therapeutic contexts such as fear-of-heights interventions [22], there
remains a lack of research examining their role in VRET for fear of flying (FoF).
This gap is particularly notable given the importance of social reassurance in real-
world flight experiences. The present work addresses this limitation by investigating
the impact of an AI companion in a domain where passenger—attendant interaction is
central to user coping and emotional regulation.



2.2 Fear-of-Flying Measures

Prior research on fear of flying (FoF) has relied heavily on standardized self-report
instruments to assess anxiety and related constructs. One commonly used measure
is the Fear of Flying Inventory (FFI), often paired with the Questionnaire on Atti-
tudes Toward Flying (QAF), both of which assess FoF intensity and situational fear
responses using Likert-scale items [23].

Additional studies have employed complementary instruments, including the Fear
of Flying Scale (FFS), the General Fear of Flying Questionnaire, and the Danger
Expectancy and Anxiety Expectancy Scales, alongside broader measures such as the
Anxiety Sensitivity Index [2]. These tools provide a comprehensive assessment of fear
responses across different flight-related scenarios and have been widely used to evaluate
the effectiveness of VRET interventions.

While these validated instruments offer robust measures of anxiety, they are
typically designed for clinical assessment rather than capturing moment-to-moment
experiential changes within dynamic VR environments. As a result, many VR-
based studies—including the present work—adopt more lightweight, phase-specific
self-report measures to balance measurement sensitivity with participant burden.

3 Review of Prior Work & Extension Overview

Our prior study [17] and the extension introduced here are similar in their system
design, specifically the use of Planogen [24] to generate the virtual plane cabin, the
plane cabin environment itself, and the concept of integrating an Al in-flight compan-
ion. This section outlines the similarities and provides an overview of the novel choices
made for the extension. The design, procedure, and measures differ between the two
studies. We provide a synopsis of the prior work’s methodology in Subsection 3.1. The
specifics of our extension’s methodology are illustrated in Section 4.

3.1 Design & Procedure of Prior Work

Our original pilot study evaluated the impact of a conversational Al agent on user
experience during VR flight simulations under low and high turbulence levels. We
employed a within-subjects repeated measures design with four sequential conditions:
low and high turbulence without an Al companion, followed by low and high turbu-
lence with an Al companion. During the phase in which participants had access to
the AI companion, there would be a virtual trigger cube mounted on the seat in front
of the participant, as a means to interact with the AI companion. For the original
study, participants remained in the same virtual environment while they experienced
15 seconds each, low turbulence followed by high turbulence, first without the Al com-
panion, and then with the AI companion. The transition between without and with
the AI companion involved the investigator clicking a checkbox to add the virtual
trigger cube to the scene so that the participant could interact with the AI compan-
ion. Before adding the Al companion to the scene, a questionnaire was administered
regarding the participant’s experience with the prior conditions (without AI), then
the same questionnaire was administered again after the second round of turbulence



conditions (with AI). Participants concluded the study with a final questionnaire after
they had removed the headset.

(a) User’s viewpoint showing a generated (b) Central-aisle perspective of the proce-
passenger in the cabin. durally generated cabin interior.

Fig. 1: The generated aircraft cabin interior: (a) seated-passenger view, and (b)
aisle-center view. Reproduced from [17].

3.2 VR Plane Application

The VR application was developed in Unity 2022.3.45f1 using Planogen [24], a pro-
cedural generation plug-in. The virtual cabin featured 200 seats and 20 procedurally
generated passengers. Results from the generated plane are shown in Figure 1. The
Meta Quest 3 headset was used with hand tracking to maximize immersion. Turbu-
lence was simulated by applying randomized x- and z-axes camera rotations to the
XR rig: low turbulence ranged from [—1°,1°], and high turbulence from [—5°,5°]. As
turbulence is often a contributing factor to anxiety in those with FoF, it was imple-
mented as rotational camera perturbations. These were feasible to implement within
the Unity environment while maintaining stability and minimizing cybersickness risk.

In our original study, participants could interact with a GPT-based Al companion
(model used was gpt-3.5-turbo) via a virtual trigger cube mounted on the seat in
front of them. When touched, the cube changed color to indicate its state (gray: idle,
yellow: recording, red: processing), and recorded the participant’s voice via speech-to-
text (Figure 2). The participant’s question was appended to a prompt to prime the
companion to be “a warm, calming in-cabin support presence on a virtual airplane”
which is there to “reassure and assist passengers” in a “friendly, empathetic, and
confident tone”.

3.3 Extension Novelties

For our current study, we sought to investigate the effects of temporal progression by
simulating a “full flight” experience with a multiphase exposure composed of takeoff,
cruise, and landing phases. The measurements were applied within-phase, so after the
participant experienced the duration of a phase, the investigator would read them
a series of questions on a 5-point Likert-scale. The same set of questions was asked
immediately after each phase, and another set was asked in regards to the complete



(b) Recording state (yel-
(a) Idle state (gray). low). (c) Processing state (red).

Fig. 2: Trigger cube states for initiating AT interaction. Reproduced from [17].

flight experience. This practice was followed for each flight, once for the flight with
the AI companion, and once for the flight without the AI companion. The order in
which we administered the flights was randomized for each participant.

Due to the nature of the current study’s multi-factor and multi-phase design, our
statistical analysis differs from our prior work. We analyzed the responses at the phase
level, utilizing ANOVA tests to evaluate whether means differ across different factors
and conditions (ATl presence and flight phase).

In addition to our prior work’s RQs, we posed three more RQs specific to the
current work. These three additional RQs, stated in Section 1, ask about AT’s effects
across flight phases and whether or not the order in which the flights (with Al, without
AI) are administered.

The following section, 4, expands on these novelties and details the design and
procedure of the study conducted as an extension on our prior work.

Component Prior work [17] This work
Analysis Level Block-Level Phase-Level
Design 2 blocks within-subject | Multi-phase within-subject
RQs 4 7
Table 1: A comparison between our prior work [17] and this
work.

4 Methodology

Our study employed a 2 (Condition: Al vs. No-AI) x 3 (Phase: Takeoff, Cruise,
Landing) within-subject design. Each participant experienced both conditions in a
randomized order to minimize potential order effects. Across conditions, the VR
environment and phase structure remained consistent; the only difference was the
availability of the AI companion. In the AI condition, the companion was contin-
uously available throughout the entire flight. Participants were informed that they
could interact with the companion at any point, including during transitions between
phases. The full procedure is described in Subsection 4.4.



4.1 Participants

Thirty-two participants (9 female, 21 male, 1 non-binary, and 1 preferred not to
answer; Mage = 25.03, SD = 4.96) were recruited from a university’s College of
Arts & Sciences, including undergraduate and graduate students as well as faculty.
Informed consent was obtained from all participants. Pre-screening was conducted to
identify individuals with severe anxiety disorders, PTSD, or extreme motion sickness;
however, no participants were excluded. Background information, including prior VR
and flight experience, was collected via a pre-questionnaire. This sample size is con-
sistent with recommendations for pilot studies examining usability and experiential
outcomes [25, 26], and matches that of our prior work.

4.2 Virtual Environment

The virtual environment in this extension builds upon the original system, with two
primary modifications: (1) the addition of an external airport environment to support
a full-flight experience, and (2) adjustments to the placement and design of the Al
interaction mechanism.

To simulate a complete flight sequence, we introduced a low-poly airport environ-
ment visible through the aircraft windows. During takeoff, the aircraft moves forward
and gradually ascends, with the ground scene transitioning into a cloud layer. At cruis-
ing altitude, the external view becomes obscured by clouds to reinforce the perception
of altitude. During landing, the clouds dissipate as the aircraft descends, revealing the
ground environment before coming to a stop on the runway. These visual transitions
were designed to enhance realism and support users’ interpretation of flight progres-
sion. Such environmental cues are known to play a critical role in shaping immersion
by providing continuity and reinforcing perceived motion.

In response to usability issues observed in our prior study, we repositioned the Al
interaction trigger cube. Previously located on the back of the seat in front of the
participant, the cube occasionally resulted in unintended activations due to turbulence
and natural hand movement. In this study, the cube was relocated to the seat to the
participant’s right, reducing accidental interactions while maintaining accessibility.
The previous and updated placements are shown in Figures 2 and 3, respectively.

We also refined the cube’s visual feedback. The recording state color was changed
from yellow to green to improve clarity and consistency, particularly in contrast with
the red processing state. The updated interaction states are shown in Figure 3. Aside
from these changes, the aircraft interior—including cabin layout and procedurally
generated passengers—remains identical to that used in our prior work.

During the Al-assisted condition, participants could interact with a GPT-based
AT companion (gpt-3.5-turbo) via the trigger cube. When activated, the cube changed
color to indicate its state (gray: idle, green: recording, red: processing) and captured
the participant’s speech using automatic speech recognition. The transcribed input
was combined with a system prompt that framed the agent as “a warm, calming
in-cabin support presence” designed to reassure and assist passengers in a friendly
and empathetic manner. Additional contextual information—including the current



(a) Idle state (gray). (b) Recording state (green). (c) Processing state (red).

Fig. 3: Trigger cube states for initiating AI interaction (extension).

flight phase and turbulence state—was also incorporated into the prompt. Responses
generated by the Al were displayed as text near the participant’s field of view.

The Takeoff and Landing phases were programmatically set to last approximately
45-60 seconds each. The Cruise phase was manually timed within the same duration
range to allow for the administration of post-phase questionnaires before transitioning
to the next phase. Phase transitions were controlled by the investigator via keyboard
input.

4.3 Measures

Participants first completed a pre-questionnaire capturing demographic information,
prior experience with VR and air travel, fear-of-flying (FoF) concerns, and screening
criteria (see Subsection 4.1).

During the VR experience, participants responded to a set of four 5-point
Likert-scale items following each phase (Takeoff, Cruise, Landing), assessing per-
ceived engagement, immersion, anxiety, and attention. These items are provided in
Appendix A.

Following each full flight (AT and No-AlI conditions), participants completed a
post-flight questionnaire consisting of six 5-point Likert-scale items. These items
assessed perceived realism (e.g., completeness and naturalness of the experience), over-
all engagement and immersion, and affective responses such as anxiety and perceived
safety. This enabled within-subject comparisons across conditions (Appendix B).

After completing the Al-assisted condition, participants completed a final post-
VR questionnaire consisting of five Likert-scale items and three open-ended questions.
These items assessed perceptions of the AI companion, including trust, emotional
safety, perceived support, and clarity of understanding. The open-ended responses
provided additional qualitative insight into participant experiences.

4.4 Procedure

The study was conducted in the Embedded AI Systems Lab at Eastern Michigan
University. Upon arrival, participants received a questionnaire packet containing a
condition order code used to determine whether they began with the AI or No-AT con-
dition. After completing the pre-questionnaire and confirming eligibility, participants
were seated and fitted with a Meta Quest 3 headset.



The investigator, positioned nearby, controlled the VR simulation and administered
verbal prompts. Participants were informed that they would complete two full flight
experiences, each consisting of Takeoff, Cruise, and Landing phases. During each phase,
they remained seated and experienced the simulated environment.

Phase No-AI Condition AT Condition

Takeoff | VR exposure (no Al interaction) | VR exposure + Al available
Cruise | VR exposure (no Al interaction) | VR exposure + AI available
Landing | VR exposure (no Al interaction) | VR exposure + Al available

Table 2: Condition x phase design structure.

In the No-AT condition, participants experienced the full flight sequence without
access to the Al companion. After each phase, the investigator verbally administered
the post-phase questionnaire. At the end of the flight, participants responded to the
post-flight questionnaire.

In the AI condition, the same procedure was followed, with the addition of the
AT companion. Participants were first given instructions and a brief opportunity to
practice interacting with the system. They were informed that they could engage
with the AT at any point during the flight, including between phases. The interaction
process was explained as follows:

“To interact with the companion, move your hand into the cube until it turns green. While
it is green, it is recording your voice. When you are done speaking, remove your hand. The
cube will turn red while your request is processed, and a response will appear shortly.”

Participants were reminded that the Al could provide informational and emotional
support, but could not perform physical actions.

After completing both conditions, participants removed the headset and completed
the final questionnaire. They were then debriefed and dismissed.

5 Results

In this section, we first revisit the original research questions (RQs 1-4) in the
context of the multi-phase flight scenario, and then examine the extension-specific
research questions (RQs 5-7) to further investigate the role of temporal structure and
experimental factors.

5.1 Revisiting Original RQs

In our original study [17], we examined how the presence of an Al companion affected
participants’ perceived engagement, immersion, anxiety, and support during a VR
flight experience. For this extension, we revisit these research questions within a more
realistic, multi-phase flight scenario.

Contrary to our prior findings, Al presence did not significantly impact engage-
ment, immersion, or anxiety in the multi-phase setting. A repeated-measures ANOVA
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Immersion Across Flight Phases
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Fig. 4: Mean immersion ratings across flight phases (takeoff, cruise, and landing) for
the AT and No-AT conditions. Immersion varied significantly across phases (F' = 3.78,
p = 0.028), while differences between conditions remained small and non-significant.
Error bars indicate standard error.

revealed a statistically significant main effect of flight phase on immersion (F' = 3.78,
p = 0.028), indicating that immersion varies across takeoff, cruise, and landing. This
was the only statistically significant effect observed across the measured factors. These
findings suggest that the structure and progression of the experience may play a more
prominent role in shaping user experience than the presence of an Al companion. As
shown in Figure 4, immersion varied across phases, while differences between the Al
and No-AT conditions remained small.

RQ1: Does the presence of an Al flight companion impact engagement?

No statistically significant effect of AI on engagement was observed across phases
(p > 0.05). While small positive trends favored the AI condition, particularly during
landing (d = 0.29), these effects did not reach significance. This contrasts with prior
findings and suggests that Al-driven engagement effects may be context-dependent.

RQ2: Does the presence of an Al flight companion impact immersion?

No statistically significant differences in immersion were observed between the Al
and No-AlT conditions across any phase (p > 0.05). Small positive trends were observed
during takeoff and cruise; however, these effects were inconsistent and did not reach
statistical significance, indicating that Al-related improvements in immersion do not
generalize to the multi-phase setting.

RQ3: Does the presence of an Al flight companion lower the user’s
anxiety level?

No statistically significant reduction in anxiety was observed in the Al condition
across any phase (all p > 0.05). Effect sizes were small (|d| < 0.22), suggesting that
previously observed reductions in anxiety may not generalize under more structured
conditions.
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Fig. 5: Mean ratings for engagement, immersion, anxiety, and attention across flight
phases for the AI and No-Al conditions. Across all constructs, ratings were broadly
similar between conditions, with immersion showing the clearest variation across
phases. Error bars indicate standard error.

RQ4: To what extent do participants feel supported by the AI flight
companion?

Participants reported moderate levels of perceived support from the Al compan-
ion (composite mean = 3.71), with consistently positive ratings across measures of
trust, safety, and understanding. This indicates that participants perceived the Al as
supportive, even in the absence of measurable effects on engagement, immersion, or
anxiety.

5.2 Extension-Specific RQs

Given that the effects of the AI companion did not generalize to the multi-phase
scenario (Section 5.1), we next explore whether aspects such as the temporal structure
and experimental design of the experience play a more prominent role in shaping
user outcomes. The following RQs are designed to investigate these factors. Figure 5
summarizes the phase-level patterns across all measured constructs and highlights the
similarity between AI and No-Al conditions.
RQ5: Do the effects of Al companions observed in high-stress scenarios
generalize to multi-phase VR flight experiences?

Across all phases, no statistically significant differences were observed between
the AI and No-Al conditions for engagement, immersion, or anxiety (all p > 0.05).

12



While small positive trends favoring the AI condition were observed in certain cases,
such as engagement during landing (d = 0.29), these effects were inconsistent and
did not reach statistical significance. This pattern is visually reflected in Figure 5,
where ratings remain closely aligned between conditions across phases and constructs,
reinforcing the absence of generalizable Al effects.

These findings suggest that the benefits of AI companions observed in prior work
under isolated high-stress conditions do not generalize to more complex, multi-phase
flight experiences.

RQ6: How does the temporal structure of a VR flight influence user
experience?

We conducted a repeated-measures ANOVA that revealed a statistically signifi-
cant main effect of flight phase on immersion (F' = 3.78, p = 0.028), indicating that
immersion differs across takeoff, cruise, and landing. In contrast, no significant phase
effects were found for engagement, anxiety, or attention (all p > 0.05). Figure 5 fur-
ther illustrates that this phase-related variation is most pronounced for immersion,
while the remaining measures exhibit relatively stable patterns across phases.

These findings suggest that the temporal structure of the experience plays a
meaningful role in shaping immersion, independent of Al presence.

RQT7: Are the effects of AI companions robust to contextual and experi-
mental factors such as flight phase and condition order?

No significant interaction effects between AI presence and flight phase were
observed for any measured construct, including engagement, immersion, anxiety, and
attention (all p > 0.05), indicating that the effect of AI does not depend on the phase
of the experience. Consistent with this, no distinct divergence between Al and No-Al
trends across phases is visible in Figure 5.

Additionally, no significant order effects were observed (all p > 0.10), suggesting
that the results are robust to condition order and are not influenced by novelty, fatigue,
or learning effects.

Taken together, these results indicate that while immersion is influenced by
the temporal structure of the experience, AI presence does not produce measur-
able changes across engagement, immersion, anxiety, or attention in this multi-phase
setting.

6 Discussion

6.1 Summary of Key Findings

This study revisited the original research questions (RQs 1-4, Section 5.1) and
introduced additional research questions (RQs 5-7, Section 5.2) to examine the gener-
alizability of Al effects and the role of temporal structure in a multi-phase VR flight
experience.

For RQ1-RQ3 (Section 5.1), no statistically significant effects of Al presence were
observed on engagement, immersion, or anxiety (all p > 0.05). While small positive
trends favoring the AI condition were present in some cases (e.g., engagement during
landing, d = 0.29), these effects were inconsistent and did not reach statistical signifi-
cance. For RQ4 (Section 5.1), participants reported moderate perceived support from
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the AI companion (composite mean = 3.71), indicating that the AI was consistently
perceived as supportive despite the lack of measurable behavioral effects.

For the extension-specific RQs (Section 5.2), RQ5 revealed that the effects of Al
observed in prior work did not generalize to the multi-phase setting, as no significant
differences between AI and no-Al conditions were observed across phases. RQ6 iden-
tified a statistically significant main effect of flight phase on immersion (F' = 3.78,
p = 0.028), indicating that immersion varies across takeoff, cruise, and landing. This
was the only statistically significant effect observed in the study. Finally, RQ7 showed
that the results were robust to contextual and experimental factors, with no signifi-
cant interaction effects between Al and phase (all p > 0.05) and no significant order
effects (all p > 0.10).

6.2 Interpretation of Results

Taken together, these findings suggest that the effects of Al companions in VR flight
environments are context-dependent and do not readily generalize to more realis-
tic, temporally structured experiences. While our prior work demonstrated that Al
could enhance engagement and immersion and reduce anxiety during turbulence, these
effects were not replicated in the present study. This discrepancy can be explained by
differences in context. Turbulence represents a high-stress, attention-demanding sce-
nario, whereas the multi-phase flight introduces extended periods of lower stimulation
(such as the cruising phase), during which the relative influence of the AI companion
may be diminished.

The only statistically significant finding in this study was the effect of flight phase
on immersion (RQ6, F' = 3.78, p = 0.028). This highlights the importance of temporal
structure in shaping user experience, particularly in how users perceive and inter-
pret changes in the visual environment. The progression of visual cues across phases
appears to play a more significant role in driving immersion than the presence of an
AT companion. It also suggests that immersion is more strongly driven by the pro-
gression and dynamics of the environment than by the presence of an Al companion.
Notably, no interaction effects were observed (RQ7), indicating that the influence of
the AI companion does not vary across different phases of the experience. This lack of
phase sensitivity suggests that the AI companion operates as a static element within
the environment rather than adapting to changes in user state or contextual demands.

Additionally, the absence of order effects (RQ7) strengthens the validity of these
findings, indicating that the observed results are not attributable to novelty, fatigue, or
learning effects. Together, these results suggest that simply adding an AI companion
is insufficient to meaningfully alter user experience in more complex and ecologically
valid VR scenarios.

Despite the lack of significant effects on engagement, immersion, and anxiety, par-
ticipants consistently perceived the Al as supportive (RQ4, mean = 3.71). This points
to a disconnect between subjective perception and measurable outcomes. Users may
interpret the Al companion as socially present and supportive without this perception
translating into quantifiable changes in experience metrics. This finding suggests that
AT companions may primarily influence how users interpret and frame the experience,
rather than directly altering their behavioral or affective responses.
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6.3 Limitations & Future Work

Several limitations should be considered when interpreting these results. First, the
sample size (n = 32) may limit statistical power, particularly for detecting small
effects. While effect sizes were generally small, some observed trends (e.g., engagement
during landing, d = 0.29) suggest that subtle effects may exist but were not detectable
in the present study.

Second, even though the AI companion used in this study adapted to different
phases of the flight, it did not receive any feedback regarding the user’s state. As
indicated by the lack of interaction effects (RQ7), the influence of the AI companion
remained consistent across phases, which may have limited its potential impact. Future
work could explore adaptive Al systems that respond to user anxiety or their questions
to provide more targeted support.

Finally, while this study increased ecological validity by introducing a multi-phase
flight structure, further work is needed to explore how different types of stressors
(e.g., announcements, other passengers in the plane) interact with AI presence. Future
studies could also investigate individual differences, such as the severity of fear of
flying for each user, as potential moderators of Al effectiveness.

Overall, this work highlights the importance of evaluating AI systems under real-
istic conditions and suggests that future research should focus not only on whether Al
improves user experience, but also on when and how such improvements occur.

7 Conclusion

This work revisited the impact of conversational Al companions in VR flight environ-
ments by extending a prior turbulence-focused study to a more realistic, multi-phase
flight experience. Contrary to earlier findings, the presence of an AI companion did not
significantly affect engagement, immersion, or anxiety across takeoff, cruise, and land-
ing. Instead, the only statistically significant effect observed was the influence of flight
phase on immersion (F' = 3.78, p = 0.028), highlighting the role of temporal structure
in shaping user experience. These results suggest that Al-driven benefits identified
in isolated, high-stress scenarios do not readily generalize to more ecologically valid
and temporally structured environments. While participants consistently perceived
the Al as supportive, this perception did not translate into measurable improvements
in experience metrics, pointing to a distinction between subjective interpretation and
observable outcomes. Overall, this study contributes to a more nuanced understand-
ing of conversational AI in immersive environments by identifying the limits of its
effectiveness and emphasizing the importance of experience design and contextual fac-
tors. Future work should explore adaptive Al systems that respond to user state and
advanced environmental context, as well as investigate individual differences that may
mediate Al effectiveness. More broadly, these findings highlight the importance of
visual simulation design and user perception in immersive environments, suggesting
that environmental realism and temporal visual structure may play a more critical
role than interactive Al elements in shaping user experience.
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Appendix A Post-Phase Questions

1.

2.

3.

4.

I felt engaged during this phase.

(1 - Not at all engaged, 5 - Extremely engaged)

I felt immersed during this phase.

(1 - Not at all immersed, 5 - Extremely immersed)

This phase increased my anxiety.

(1 - Not increased at all, 5 - Extremely increased)

I was highly focused on monitoring the environment during this phase.
(1 - Not focused at all, 5 - Extremely focused)

Appendix B Post-Flight Questions

1.

2.

The flight felt like a complete and realistic experience.
(1 - Not at all, 5 - Very much so)

Transitions between flight phases felt natural.

(1 - Not at all natural, 5 - Extremely natural)
Overall, I felt engaged during this flight.

(1 - Not at all engaged, 5 - Extremely engaged)
Overall, I felt immersed during this flight.

(1 - Not at all immersed, 5 - Extremely immersed)

. Overall, this flight increased my anxiety.

(1 - Not increased at all, 5 - Extremely increased)
I felt confident that nothing bad or dangerous would happen during the flight.
(1 - Not confident at all, 5 - Extremely confident)
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