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ABSTRACT

Inattentional blindness occurs when individuals fail to perceive
visible elements in a scene because their attention is focused else-
where. This phenomenon is particularly relevant in Virtual Reality
(VR), where subtle scene changes can go unnoticed during task
engagement, enabling techniques such as redirected walking and
seamless environment manipulation. We investigated how mul-
tisensory engagement with a moving object, either by passively
following it with gaze alone or by combining gaze with active hand
movement, affects users’ ability to detect rapid background changes
in a VR scene. A shape identification task in each trial was used to
confirm that participants maintained fixation on the moving object
throughout. Our results show that participants were generally less
sensitive to subtle scene shifts when performing an object displace-
ment task, regardless of sensory engagement modality. However,
participants using only gaze were significantly better at detecting
larger shifts than those using both hand and gaze. These findings
inform the design of immersive VR systems that aim to mask visual
changes during task engagement.
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1 INTRODUCTION

Human vision is a primary sense for interacting with the real and
virtual worlds, providing essential information about our environ-
ment [6]. However, human perception is inherently multisensory,

Unpublished working draft. Not for distribution.
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relying on the integration of various sensory inputs. In everyday
life, we rarely rely solely on vision to understand and engage with
our surroundings [12]. In addition to visual information, proprio-
ception, the sense of the position and movement of the body, plays
a critical role in enabling us to interact with our environment effec-
tively. Proprioceptive feedback helps coordinate motor intent and
execution, allowing individuals to adjust their actions in real time
without relying exclusively on visual confirmation [31, 44].

This integration of proprioception, motor intent, and other sen-
sory modalities such as haptics and auditory cues contributes to a
more comprehensive perception of the world. In immersive tech-
nologies like virtual reality (VR), this multisensory integration
becomes even more crucial, as it enables more natural and respon-
sive interactions, enhancing the sense of presence and realism
[49]. As such, understanding how proprioception and other senses
integrate is essential for improving interaction design in VR envi-
ronments [47]. In VR environments, users are typically engaged in
goal-oriented tasks, which require varying amounts of attention
and sensory engagement [48]. In many VR systems users inter-
act with virtual objects through controllers, leap motion sensors,
hand tracking, or virtual gloves [1, 4, 20, 23], offering intuitive and
responsive interfaces. However, such systems often require signifi-
cant cognitive and sensory resources. When users focus intensely
on a specific task, they may experience phenomena such as inatten-
tional blindness, in which important visible elements go unnoticed
because the user’s attention is occupied elsewhere [25, 26].

Despite growing interest in the limits of sensory perception in
VR [16, 45], little is known about how combining multiple sen-
sory modalities, such as gaze and hand interaction, affects percep-
tion when users are highly task-focused. Prior work has shown
that increased task load reduces sensitivity to background changes,
but it remains unclear whether the modality of engagement, man-
ual+visual versus visual-only, systematically alters perceptual thresh-
olds for detecting scene changes in immersive VR. Our study ad-
dresses this gap by directly comparing detection performance under
these conditions, examining how dual-modality engagement (vision
and haptics) versus single-modality engagement (vision-only) influ-
ence users’ awareness of changes in a dynamic virtual environment
while engaged in a secondary task.

By contrasting these sensory conditions, we aim to provide
deeper insights into how multisensory processing both supports
and challenges user performance in VR environments. The out-
comes of this study can have practical implications for the de-
sign of VR systems that require sustained attention and situational
awareness. In particular, applications such as training simulations,
medical interventions, and industrial operations may benefit from
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understanding how multisensory engagement shapes user respon-
siveness to environmental changes. Guided by prior literature on
task load and sensory integration, we hypothesized that partici-
pants would detect fewer changes in the virtual environment (here
scene shifts) in the hand-with-gaze condition than in the gaze-only
condition, reflecting the higher cognitive and motor demands of
the dual-modality task.

Building on these foundations, we make three key contributions:

e We empirically compare inattentional blindness under gaze-
only versus gaze-plus-hand VR interactions.

e We present evidence that multisensory tasks impose higher
cognitive load, reducing sensitivity to background changes.

e We discuss implications for designing subtle environmental
manipulations in immersive VR systems.

2 RELATED WORK

Inattentional blindness is a perceptual experience in which we do
not see highly visible objects that are in our field of view because
our attention is elsewhere [25, 26]. Probably the most famous exam-
ple of inattentional blindness is presented in [35], which involved
participants watching a video of people passing a basketball and
counting the passes. During the video, a person in a gorilla costume
walks through the scene, but most participants failed to notice the
gorilla, demonstrating how focused attention can cause people to
miss unexpected yet obvious events. These findings showed that
inattentional blindness is influenced by object similarity and task
difficulty. This demonstration was later replicated in a 3D VR set-
ting [34], where participants were more likely to notice the gorilla
compared to traditional settings. One possible explanation is that
the increased sense of presence and spatial proximity in VR al-
tered attentional allocation, making the unexpected object more
salient. Research has shown that the amount of workload affects the
strength of inattentional blindness, and that the perceptual load of a
task has an important role in determining conscious perception [7].
The detection of a stimulus depends on how much attention it can
attract and the difficulty of the primary task. With more difficult
tasks, more attentional resources are required [15, 35]. Wang et
al. (2022) studied inattentional blindness in AR heads up displays,
and found that a higher workload induced a stronger inattentional
blindness than a low workload [46]. Despite this, the performance
of the users on those tasks, i.e. individual differences, did not affect
the amount of inattentional blindness [37].

Virtual Reality heavily relies on sensory stimulation, leading
researchers to explore perceptual illusions such as inattentional
blindness. This phenomenon and its applications in VR have gained
more attention in the recent years [16, 45], with applications in-
cluding redirecting the users while navigating in VR [16], and also
through auditory distractions. One study found that an auditory
effect can degrade the detection of visual stimuli by VR users [27].
They recorded users’ eye movements and found that their gaze
behaviour did not change during this degradation, and concluded
this degradation occurs even in the absence of saccades towards
the sound source.

Change blindness is another failure of visual awareness in which
an observer fails to notice an obvious change, and has been studied
in many VR studies. One study compared how change blindness
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differed between vision and touch. They showed that unimodal at-
tention during change blindness, visual only or haptic only, showed
better performance compared to crossmodal conditions where both
vision and touch were involved. Their results showed that change
blindness is a multisensory process, and that vision and haptics
differ in their encoding and memory limits [2].

The ability to detect small scene shifts has been studied in VR
environments, where visual consistency is crucial for immersion
[18, 29, 43]. Disruptions in these environments (e.g., through minor
scene shifts or rotational changes) can be jarring or lead to disorien-
tation or motion sickness. Display shifts in VR applications are often
used to manipulate the user’s perception of the virtual environment,
enabling techniques like redirected walking or scene adjustments
that subtly alter objects or perspectives without the user noticing
[19, 33, 42]. Change blindness is another perceptual technique that
can achieve redirected walking (RDW) [28, 39, 41], where users
rely on the inability to notice changes to manipulate a 3D environ-
ment. Furthermore, Zenner et al. examined blink-suppressed hand
redirection, showing that shifting the virtual hand during blinks
and adjusting offsets while the eyes are open can enable unnotice-
able redirection, with experiments that confirmed feasibility and
provided detection thresholds [50].

To our knowledge, no prior VR studies have directly examined
how the perception of the virtual environment changes when users
perform a secondary task that requires focused attention, particu-
larly when comparing conditions involving one sensory modality
versus two. Our study is the first to systematically investigate how
different combinations of scene shifts and an additional attention-
demanding task influence user perception.

3 METHODS AND PROCEDURE
3.1 Stimuli and Apparatus

Our stimuli were 3D scenes designed and presented in Unity3D.
For this experiment, we created a 3D room, furnished, and enclosed
on all sides by walls and a ceiling. We placed a box on one of two
identical cubical tables positioned side-by-side, simulating pedestals
for the box displacement task. The sample scene can be seen in
Figure 1. All 3D scenes were created and rendered in real-time on
a 64-bit Windows 10 desktop computer with Intel Core i7 6700
CPU, and 16GB RAM. The visual environments were designed in
Unity3D and programmed in C# scripts, and were presented on a
Dual OLED 3.5-inch diagonal 3D HTC Vive Pro Eye headset display,
with a resolution of 1440H * 1600V pixels per eye (2880 x 1600 pixels
combined). The headset was connected to the desktop computer
through a USB and DisplayPort video connection. The users’ eye
movements were recorded with a Tobii eye tracker, which was
integrated inside the headset. The sampling frequency of the eye
tracker was 120 Hz.

3.2 Experiment Design and Procedure

Unity3D and C# scripts were used for the design and execution
of this experiment with support of the several utility packages.
These were mainly SteamVR and the eye tracking API provided by
Tobii eye tracking (SRanipal), supported by some other imported
packages including SteamVR, SteamVRInput, SteamVRResources,
TobiiXR and ViveSR.
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Figure 1: Experiment Stimuli: The 3D scene used in all blocks
of this experiment.

To compare how focusing on a task, such as moving an object,
affects how we perceive changes applied to a scene we compared
two interaction conditions that took place in the scene described
above. The scene started with the box on the right pillar. During the
trial this box was moved from one pillar to the other. The difference
between the two conditions was how the box on the pillar was
moved: it was either (a) displaced by the subjects’ physical hand by
grabbing it using the trigger button on a controller, and then mov-
ing it with the controller (hand-with gaze condition), or (b) it would
be moved automatically through scripts (gaze-only condition). Im-
portantly, in the gaze-only condition participants performed no
direct object manipulation or gaze-contingent selection; they pas-
sively observed the box moving along the trajectory recorded from
their own prior hand-with-gaze block. Thus, the two conditions
were visually identical, but differed in the degree of sensory and
motor engagement required.

Each session took approximately one hour and consisted of four
blocks of trials, two blocks for each of the interaction conditions.
We used an A-B-B-A block order, where “A” represents the hand-
with-gaze condition and “B” the gaze-only condition. This design
was chosen for two reasons: first, to reuse participant-specific mo-
tion trajectories captured during the first hand-with-gaze block in
the subsequent gaze-only blocks, ensuring that any differences in
detection performance between conditions could not be attributed
to differences in object movement speed or path; and second, to bal-
ance potential order effects by symmetrically structuring exposure
to each condition. While full counterbalancing was not feasible
due to this trajectory dependency, the ABBA design mitigates lin-
ear learning trends and ensures each participant experienced both
conditions twice in an alternating order.

Upon arrival, each participant was given background informa-
tion and instructions about the study. Participants signed a written
consent form approved by York University’s ethics committee. At
the start, we ran a couple of trials of the experiment to familiarize
the participant until we made sure that they understood the ex-
periment procedure and the task. These trials were excluded from
our data analysis. Once they were familiarized with the procedure,
we started the first block. For the duration of the experiment, the
users were seated in a chair within the Vive’s tracking space to
2026-06-03 01:47. Page 3 of 1-8.

Graphics Interface, June 09-12, 2026, Waterloo, ON

keep the environment constant for all participants. We cleaned the
headgear using sanitizing wipes after each participant. The setup
of the participants can be seen in Figure 2.

Figure 2: A participant, seated on a chair with no wheels,
completing the experiment.

3.2.1 Hand with Gaze Movement Blocks. In this condition, the
participants used the controller to move the box from the green
pillar on the right to the blue pillar on the left. They touched the
box with the controller, and pressed the trigger button, shown in
Figure 3, to pickup the object. They held onto the trigger button
to maintain their grasp, and released the trigger button when they
wanted to set the box on the blue pillar on the left. As the target
object (the box) was being moved, its 3D position and orientation
obtained from the Vive tracker were recorded in a file. They were
used later (in the gaze-only block) for object displacement.

3.2.2  Gaze Only Blocks. In this experimental block, during each
trial the participants only watched the recorded displacement of
the box from the right pillar to the left pillar. During these trials,
there was no hand interaction of the subjects with the scene objects.
The discrimination tasks were identical to those in the hand blocks.
They responded to two tasks, one about the direction of the scene
shift and the other about the shape that appeared on the box while
it was being moved. The shape task was demanding as to require
the participants to track the block carefully with their eyes.

3.2.3  Visual Tasks. While the subjects were moving the box (or
watching it move), they engaged in two simultaneous visually-
demanding tasks:

(1) Scene shift discrimination. During the movement of the box
there was an instantaneous (across one frame) scene rota-
tion, at a random time, in one of the directions of pitch up,
pitch down, yaw right or yaw left, with an amplitude of 0.75°,
1.5° or 2.25°. The rotation amplitudes used in our study were
selected based on perceptual thresholds established in prior
redirected walking and scene manipulation research. Prior
work has demonstrated that discrete scene manipulations
introduced during visual suppression events (e.g., blinks or
saccades) can go unnoticed when their magnitude is small.
For instance, Bolte and Lappe [3] and Langbehn et al.[22]
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Figure 3: Frame sequences of a sample trial in the experi-
ment block, starting from the top right where the participant
reaches for the yellow box, and ending with its displacement
onto the left pedestal.

found that orientation changes of up to 2-5° can remain im-
perceptible when applied during a blink. Similarly, redirected
walking research has identified rotational gains under 1.3x
(equivalent to subtle direction shifts) as remaining below
detection thresholds during locomotion[40].

Additionally, research into saccadic suppression of image dis-
placement (SSID) [5] supports the notion that the visual sys-
tem is relatively insensitive to small instantaneous shifts in
visual input when they occur during eye movements. Using
brief single-frame rotations, our design conceals the manip-
ulations from user awareness while enabling precise testing
of perceptual sensitivity across a near-threshold range. The
2AFC paradigm provides an unbiased measure of sensitivity
by anchoring performance to a known chance level (50%),
consistent with signal detection theory [13] and its estab-
lished application in perceptual threshold research. This
grounds our sensitivity measurements in a long tradition
of forced-choice psychophysics while remaining consistent
with perceptual literature on blink-masked and saccade-
masked manipulations.

Participants were shown two options (e.g., "Left" vs. "Right",
or "Up" vs. "Down") depending on the trial. These options
were chosen based on the ground truth shift direction. For
instance, if the scene rotated leftward, participants had to
choose between "Left" and a randomly chosen incorrect di-
rection.

(2) Shape identification. To make sure the participants kept their
eyes on the target box while moving it, we briefly displayed
a pattern on the box at some random time before or after the
scene shift. The pattern was one of the four shapes shown
in Figure 4. The pattern would appear on the box, remain
for 100 ms, and then disappear. Participants were also asked
to report this shape at the end of each trial. This was also a
2AFC task, with two buttons, one that showed the correct
shape as well another one from the remaining three shapes.

When the participants selected a choice for both tasks, they
proceeded to the next trial.

Keyvanara and Allison

Figure 4: Shapes that appeared on the box while it was dis-
placed.

3.24  Block Design and Procedure. The rest of the procedure was
the same for both types of block: Each trial took 2300 ms, but
subjects could take as long as needed to make their responses. The
times taken to respond to the tasks were recorded for each trial. As
explained, we ran the study in four blocks for each subject. Because
of the design of the experiment, a block with the hand movement
(box displacement by user) had to be completed first, followed by
a gaze only block. Then we ran a gaze only block again (with the
box displacement data of the first block), and then finished with
another hand movement block.

Each block started with a calibration procedure and IPD setting,
using Tobii’s SDK for the HTC Vive Pro Eye headset. In this experi-
ment, the calibration was performed successfully for all participants,
except one. This participant removed their glasses, confirmed they
could see clearly, and the calibration completed successfully. After
calibration the first trial started. The trials in each block consisted
of 12 different conditions that were presented to the participants in
random order. The conditions included all combinations of 3 sizes
of scene rotation by 4 directions of scene rotation. Every unique
condition was randomly repeated 10 times for each participant, and
therefore we had 120 trials in both the hand and gaze conditions
for each subject across four blocks of 60 trials each.

3.3 Data Collection

The data collected included the responses of the participant for the
two 2AFC tasks for the scene shift and the pattern on the box for
each trial. We recorded the type and timing of scene shifts and target
patterns, as well as participants’ response times. During each trial
we also continuously recorded the participant’s eye movements,
head pose (rotation and translation coordinates), and the hand
controller pose on every frame.

3.4 Subjects

Eight participants completed the experiment, four female and four
male, with an average age of 28.63 years (range [24-33]). Five par-
ticipants had normal vision, and the rest had vision corrected to
normal; none wore or needed glasses during the experiment. Five
participants had prior experience with VR and were familiar with
using a handheld controller and VR headset. All participants were
graduate students at York University.

Although COVID-19 protocols constrained our sample to N = 8
participants, this is consistent with established practice in VR per-
ceptual threshold studies [3, 29]. Critically, statistical power in this
design derives primarily from trial-level observations rather than

2026-06-03 01:47. Page 4 of 1-8.

407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431

432

434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463

464



465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499

501
502
503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522

Inattentional Blindness in Virtual Reality Multisensory Tasks

participant count alone, consistent with psychophysical methodol-
ogy. A formal sensitivity analysis is reported in the Results Section.

4 RESULTS

We used MATLAB and Python for data processing. For scene shift
detection, we computed accuracy rates across rotation magnitudes
and directions. Given the 2AFC task, chance level was 50%. Chi-
square tests and McNemar’s test were applied to assess differences
between interaction types, which perfectly captures overall perfor-
mance.

In the gaze-only block, scene shifts occurred, on average, 990
ms into the trial, with a standard deviation of 56 ms, and with the
shape appearing on the box at 1058+48 ms. For trials involving
hand movements, the average timing of the scene rotations was
996+46 ms, and the shape appeared on the box at 1068+33 ms from
the start of the trial.

4.0.1 Trials with success in the shape identification task. Partici-
pants were instructed to maintain their gaze on the box throughout
all trials, as this was essential for successfully completing the shape
task. The overall accuracy for the shape identification task was
92.60% during the gaze-only blocks and 91.67% during the blocks
involving both gaze and hand movement. Figure 5 presents the per-
centage of correct shape identifications, as well as the percentage
of correctly identified scene shifts, both with and without corre-
sponding correct shape identifications.

Shape -
Scene Shift & Shape [
Scene shift =

Correct Discriminations (%)

Hand with Gaze
Experimental Session

Gaze Only

Figure 5: Percentage of correct identifications for shape on
the box (red), scene shifts and shape on the box (blue), scene
shifts only (yellow), during both experimental blocks. The
dashed line represents chance (guessing) performance on the
2AFC tasks.

As this was a dual-task study, we also examined trials where
participants correctly responded to both tasks simultaneously, indi-
cating that they were focused on the scene shift task while main-
taining their gaze and attention on the box. From Figure 5 we can
see that for most of the trials where the scene shift was identified
correctly, the shape was also identified correctly. This is expected
as the participants performed well on the shape task in general and
this did not appear to depend on the shift task. In contrast, on aver-
age participants performed poorly on the scene shift discrimination
task with overall performance near chance.

2026-06-03 01:47. Page 5 of 1-8.
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Figure 6: Detection accuracy for the hand-with-gaze condi-

tion. Percentage of correct scene shift discriminations across
shift sizes and directions.
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Figure 7: Detection accuracy for the gaze-only condition. Per-
centage of correct scene shift discriminations across shift
sizes and directions.

4.0.2  Effect of interaction condition. In the hand-with-gaze multi-
sensory engagement trials, participants used a controller and their
physical hand to move a virtual object while keeping their eyes
on it. The proportion of correct responses during horizontal scene
shifts did not show significant differences across the three scene
shift sizes. Figure 6 illustrates the percentage correct discrimina-
tions for hand-with-gaze trials. It can be seen that the participants
were unable to correctly discriminate the direction of horizontal
shifts as they were slightly below and not significantly different
from chance level of 50%.

In the gaze-only trials, participants simply observed the box
moving from the start to the end position. The box’s motion fol-
lowed the recorded positions and rotations from when the subject
had manually moved the virtual box in a previous trial. Figure 7
presents the results for these gaze-only trials, where participants
tracked the moving object with their gaze. The performance pat-
tern was similar to that of the hand-with-gaze trials: horizontal
shifts and small vertical shifts were not significantly different from
chance. However, larger scene shifts (2.25°) were significantly easier
to discriminate compared to smaller shifts of 1.5° and 0.75° (y?(2) =
4.46, p < 0.05; Cramér’s V = 0.32), indicating a medium effect size.
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We then analyzed how the proportion of correct scene shift dis-
criminations varied between the gaze-only and hand-with-gaze
movement blocks. For horizontal scene rotations, the proportion
of correct responses differed significantly between the hand-with-
gaze and gaze-only conditions (p < 0.01, repeated-measures McNe-
mar test). Participants responded "Right" more frequently during
gaze-with-hand movement than gaze-only conditions. However,
no significant differences were found for vertical rotations. We also
compared the correct responses for different magnitudes of scene
rotations between the hand-with-gaze and gaze-only conditions.
The McNemar test revealed no significant differences between the
interaction conditions for either the 0.75° or 1.5° scene rotations.
However, for the larger 2.25° scene rotations, participants made
significantly more correct discriminations during the gaze-only
condition (y?(1) = 6.88, p < 0.01) compared to the hand-with-
gaze condition. A sensitivity analysis based on this McNemar test
(x?(1) = 6.88,df = 1, = .05) on 960 paired trial-level observations
yields an achieved power of 0.75, sufficient to detect the primary
effect of interaction modality. This confirms that despite the limited
participant count, the trial-level design provides statistical sensitiv-
ity equivalent to much larger between-subjects studies.

4.0.3  Trials with failure in the shape identification task. Across par-
ticipants, shape discrimination was highly accurate. On trials where
participants did not correctly identify the shape (on average 8%
of trials across participant), scene shift discrimination remained
above chance: the mean percentage of correct responses was 63%
for gaze-only trials and 47% for hand-with-gaze trials. These val-
ues were computed by averaging each participant’s performance
in trials with incorrect shape discrimination, ensuring that vari-
ability across participants was accounted for. Figure 8, shows the
correct discriminations for each size of scene rotation, for the two
conditions. We found the rate of correct discriminations in this
case to be significantly different between the gaze-only condition
and the hand-with-gaze condition (y?(1)=6.88, p<0.05). The pat-
tern in this subset followed the general pattern as seen for the full
data set in Figures 6 and 7 with hand-with-gaze discrimination
near chance levels and significantly better for large shifts under
gaze-only conditions.

100
m— 0.75 deg
1.5 deg
- 2.25deg
80

)
o

I
o

Correct Detections (%)

20

Gaze and Hand
Experimental Session

Gaze-Only

Figure 8: Percentage of correct scene shift discriminations
during trials in which the shape on the box was not identified
correctly (Failure in shape on the box identification).

Keyvanara and Allison

5 CONCLUSIONS AND DISCUSSION

Our results demonstrate that multisensory task engagement re-
duces sensitivity to rapid background scene changes in VR, with
participants showing near-chance detection performance regardless
of interaction modality. When only gaze was involved, participants
were significantly better at detecting larger scene shifts than those
using both hand and gaze, suggesting that the additional cogni-
tive and motor demands of manual interaction further suppress
perceptual awareness of environmental changes.

Results further show that when users were engaged in a primary
task, their sensitivity to rapid viewpoint changes in VR was re-
duced, regardless of whether they used gaze alone or both gaze and
hand. Users were more likely to detect larger shifts of the scene that
occurred orthogonally to the direction of the box’s movement when
they relied only on vision, which aligns with findings of saccadic
suppression [3, 18, 19, 21]. This suggests that participants were able
to detect salient changes in the 3D scene, consistent with previous
research on attentional focus and reorientation in dynamic envi-
ronments [32]. When both hand and gaze were involved in object
tracking, participants became less sensitive to image rotations com-
pared to when they only used their gaze. Note that gaze shifts were
conspicuous when there was no attention task, and prior work has
reported discrimination rates of about 90% for horizontal and verti-
cal 1.0° shifts in the background while following a translating object
[17, 19]. This relatively robust visibility of scene shifts, compared to
the near-chance performance in this experiment with even larger
1.5° shifts, suggests that attention to the shape task affected the
ability to notice the normally salient scene shifts. Participants in
the hand-with-gaze (active manipulation) condition were required
to integrate both haptic (hand) and visual (gaze) inputs to com-
plete the task, engaging in a multisensory processing condition
that likely increased cognitive load. This demand on multisensory
integration may have resulted in reduced sensitivity to changes in
the background environment, as attention was primarily focused on
the task-relevant hand-eye coordination. In contrast, participants
in the gaze only (passive observation) condition engaged only their
visual sense, a task that imposed a lower cognitive load, allowing
for greater attentional resources to detect subtle changes in the
scene, such as rotations [10, 11].

These findings suggest that interaction modality (gaze vs. hand
+ gaze) modulates attentional resources differently, and that VR
designers should tailor system feedback based on expected user
engagement and sensory load.

These findings have important implications for various VR ap-
plications, such as gaming, rehabilitation, interaction design, and
object manipulation [24, 30, 38]. In scenarios that require multitask-
ing, users may not notice smaller background changes, especially
when their attention is focused on tasks that require significant
sensory or cognitive engagement, such as hand interactions. This
suggests design options for using subtle reorientations or viewpoint
adjustments in VR environments without disturbing users. Con-
versely, large changes in the scene were more likely to be noticed,
particularly when users are not actively engaged in multitasking,
suggesting that designers must consider the size and nature of scene
alterations to maintain immersion without causing disorientation.
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Inattentional Blindness in Virtual Reality Multisensory Tasks

Our study showed that participants frequently missed image
transitions while performing a challenging shape identification
task, whether using one or two senses. Scene rotations were easier
to detect during gaze-only trials compared to hand-and-gaze trials,
but even the largest rotations went unnoticed in some cases. This re-
inforces the idea that when users are deeply focused on a demanding
task, their sensitivity to background changes decreases, a phenom-
enon also observed in earlier work by Simons and Jensen (2009),
who reported reduced detection of unexpected objects during more
difficult tasks [37]. Our findings support this: task difficulty plays
a crucial role in inattentional blindness, while others suggest that
individual differences in attentional capacity may not significantly
affect detection rates [36].

Interestingly, failure in the primary task (shape identification)
did not guarantee success in detecting scene shifts, and vice versa.
This suggests that errors in one task were not necessarily due to
participants reallocating attention to the other. Instead, it may be
that both tasks competed for attention, leading to occasional fail-
ures in both domains. The timing of events, such as the appearance
of the shape or the occurrence of image shifts, could have fur-
ther compounded this challenge, as participants were not always
able to anticipate when critical events would occur, causing lapses
in attention. These findings are also consistent with theories of
visual suppression during blinks or saccades, which could have
contributed to missed detections. Recent research has explored the
potential of using cognitive or physical tasks to mask user redi-
rection in VR. For example, Coelho et al. (2022) found that user
redirection was less detectable during physically demanding tasks,
although other studies suggested that moderate exercise can im-
prove cognitive performance and reduce inattentional blindness,
up to a certain intensity threshold [8, 9, 14]. Similarly, Schmelter et
al. (2021) demonstrated that interactive tasks such as *focus, pick
up, throw, shoot, and fight’ could be used as distractors to imple-
ment discrete manipulations during redirected walking [33]. These
findings highlight the possibility of subtly guiding VR users by en-
gaging them in attention-demanding tasks, offering new directions
for designing immersive, distraction-tolerant virtual environments.

This study has several limitations worth acknowledging. The
sample was constrained to N = 8 participants due to COVID-19
recruitment restrictions; however, as discussed in Subjects Section,
statistical power in this design derives primarily from trial-level
observations consistent with psychophysical methodology, and
a formal sensitivity analysis confirmed adequate power for the
primary comparison. Additionally, all participants were graduate
students at York University, which limits demographic diversity.
The use of a seated, controller-based setup also bounds the general-
izability of the findings, as discussed in the future work directions
below.

Future work could examine whether the inattentional blindness
effects observed here generalize to controller-less hand tracking
setups (e.g., pinch-to-grasp), where proprioceptive and attentional
demands may differ from controller-based interaction. Additionally,
as this study was conducted with seated participants, it remains
an open question whether these findings transfer to standing or
locomoting users, where vestibular and whole-body movement sig-
nals may further modulate sensitivity to background scene changes,
particularly in redirected walking applications.
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In conclusion, this study contributes to our understanding of how
multisensory engagement affects attentional focus and perception
in VR. By identifying the conditions under which users are more
or less likely to notice changes in the environment, we can better
inform the design of VR systems that balance immersion with user
awareness, ensuring that critical environmental cues are effectively
communicated without overwhelming the user. Future research
could explore further how different types of sensory input or task
difficulty levels interact to influence user perception and attentional
changes in VR.
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