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Figure 1: Images showing the procedure to trigger window switching using GlanXR: (a) the user looks at a virtual screen with the
eye-head position within the adaptive threshold range, (b) the user selects a peripheral thumbnail by surpassing this range, which
displays one of the selectable screens shown in (h), (c) the user sustains focus on the thumbnail and makes a slight head rotation
in the opposite direction, and (d) the switch to the newly selected screen. We also show screenshots of the four methods tested in
our experiment: (e) traditional taskbar with icons (located at the bottom of the screen), (f) an expansive multi-screen layout, (g) a
gaze-selected icon interface, and (h) GlanXR.

ABSTRACT

To date, virtual and augmented reality technologies enable users
to view multiple, large virtual screens in their workspaces. How-
ever, users must frequently rotate their heads to shift focus among
these screens. This paper presents GlanXR, a fast and robust hands-
free approach for screen switching in virtual reality. GlanXR incor-
porates a peripheral interface that remains fixed within the user’s
view, in which screens can be dynamically selected based on the
user’s eye-head position beyond an adaptive range. Additionally,
the user triggers the switch to the screen chosen by making an op-
posing head rotation in the direction of the eye-head position to
minimize false triggers. We conducted an experiment including a
fast-switching scenario and a working simulation scenario with 24
participants to assess the effectiveness of GlanXR as compared to
a baseline (taskbar), an expansive multi-screen setup, and a gaze-
based screen selection method. The results indicate that GlanXR fa-
cilitates precise screen-switching, minimizes the necessity for head
rotation, and allows users to maintain a neutral head position.

Index Terms: Gaze, Eye-Head Coordination, Hands-Free Interac-
tion, Screen Switching

1 INTRODUCTION

With recent advancements in virtual reality (VR) and augmented
reality (AR) technologies, users can effortlessly view multiple
large virtual screens using a single portable head-mounted display
(HMD). However, it’s still unclear how to efficiently navigate and
operate across these screens for information retrieval and manipu-
lation within diverse usage scenarios.

Current popular applications, such as Immersed [2] and Virtual
Desktop [1], employ two commonly used methods that align with
everyday physical screen usage: the traditional icon-clicking ap-
proach and the state-of-the-art expansive multi-screen approach.
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However, both approaches have inherent limitations, especially
when used in VR/AR environments, where these drawbacks are
magnified. For the icon-clicking approach, users must move the
cursor down to the taskbar and click on a small icon. This interrupts
workflow, costing time for cursor navigation between the taskbar
and the interface or requiring users to move their hands away from
and back to the keyboard while typing. For the multi-screen ap-
proach, although it offers a hands-free experience, users must rotate
their heads frequently, often maintaining uncomfortable positions
for extended periods. This is likely to induce head and neck fa-
tigue, particularly when considering the additional Head-Mounted
Display (HMD) weight [33, 7, 20, 21]. Therefore, virtual screens
are typically set to larger sizes to ensure acceptable resolution, am-
plifying the required amplitude of head rotation.

In light of the limitations associated with current methods,
screen-switching systems utilizing hands-free interactions present
a potential solution. With gaze sensors in many modern HMDs,
gaze-based methods are becoming increasingly popular as a form
of hands-free interaction. They are frequently utilized when hands
are occupied, such as during driving [19] and cycling [41]. How-
ever, accuracy can be compromised by internal and external factors
[11, 22]. To compensate for the loss of accuracy, these methods
often incorporate additional mechanisms (e.g., dwelling or pursuit)
to ensure accurate selection, but this can reduce task performance.

To help address these issues, we introduce a hands-free approach
named ”GlanXR,” which integrates eye gaze, head rotation, and
eye-head position. Specifically, the eye gaze refers to the combined
gaze using eyes only, and the eye-head position represents the di-
rection in the view where the eye gaze is pointing. In addition, we
take advantage of the rapid and less energy-intensive nature of eye
movement, complemented by the less jittery and more controlled
characteristics observed in head movement [3, 22]. We employ
real-time eye-gaze detection through the integrated eye tracker on
the HMD. When the user’s eye-head position surpasses a dynam-
ically adjusted range, which adapts to eye-gaze movement and is
determined by the root mean square method, the system selects
the thumbnail associated with the peripheral interface in that di-
rection (Figure 1). To mitigate potential visual distraction, we de-
signed the thumbnails on the peripheral interface with soft-edged



semi-transparency. When selected, these thumbnails expand to the
margin of the dynamically adjusted range and smoothly transition
from complete transparency to semi-transparency. This approach
prevents flickering induced by random glancing and aids users in
understanding the range for selecting the thumbnails, thereby re-
ducing the likelihood of large-amplitude eye movements. Our con-
tributions in this paper are summarized as follows:

• The design and implementation of an adaptive hands-free
screen switching method that offers unique advantages in
practical scenarios

• An experiment evaluating different hands-free methods
against a baseline for metrics such as performance, head ro-
tation, and user fatigue, addressing a gap in previous works
focused on efficiency.

• Investigation and analysis of the natural ranges of users’ eye-
head positions, adding to the body of knowledge of gaze-
interactive techniques.

2 RELATED WORK

In pursuit of robust and easy-to-use switching, researchers have di-
rected their attention to the eyes and head—flexible parts of the hu-
man body well-suited for interactions beyond hands. Many studies
have been conducted to demonstrate natural eye and head behaviors
and propose hands-free interactive techniques that take advantage
of those behaviors.

2.1 Eye-Head Position and Coordination
The physical motion limitations of human eyes, as demonstrated by
Lee et al. [23], are approximately 44.9◦ in adduction, 44.2◦ in ab-
duction, 27.9◦ in elevation, and 47.1◦ in depression. However, the
eyes do not typically reach these limitations during normal viewing.
Eye movements primarily govern gaze shifts, but head movements
also contribute, especially when acquiring a target outside the cur-
rent field of view [5, 4, 40, 12].

Recent studies have further explored gaze and head behaviors us-
ing modern technologies such as Head-Mounted Displays (HMDs)
and have observed similar patterns as earlier studies in virtual envi-
ronments [15, 30]. These prior studies have provided guidelines for
designing new hands-free human-computer interaction techniques
that take advantage of gaze navigation and head orientation. How-
ever, it is undeniable that the range of eye-head position and how
much the head contributes may vary due to individual differences
[13, 26, 35, 30]. While gaze and head behaviors have been observed
to vary among different individuals, they have also been found to
be consistent across different contexts [34, 35].

The work by Sidemark and Gellersen [30] demonstrated that the
range of eye-head position is not a complete circular shape but ex-
tends slightly further in the downward direction relative to the cen-
ter of view. Another study by Yi et al. [37] also supports the notion
that the range is not a completely circular shape. However, they
propose that the shape is an ellipse centered below the center of
the view. To further investigate this, we explored the range of eye-
head positions using the data gathered from our experiment in this
study. We also consider a variety of content layouts for daily us-
age of screens and provide an adaptive range as the threshold for
triggering screen switching through eye movements.

2.2 Gaze-Based Interactive Techniques
Substituting gaze ray hitting position directly for a cursor is consid-
ered impractical and potentially irritating in user interaction. The
phenomenon referred to as the “Midas Touch” problem highlights
the challenges associated with using eye movement for command
activation, where every gaze instance triggers a command [17, 3].
Other deficits with tracker accuracy or hardware limitations can
make affect the usability of techniques that rely on very precise
tracking. In light of the challenges in pure gaze-based interactions,

approaches integrating additional mechanisms such as dwelling and
pursuit have been proposed. For instance, Hansen et al. [14] exam-
ined gaze interaction with dwell time activation, comparing typing
performance using mouse clicks and dwell time on keyboards.

Additional studies have explored solutions such as adjustable
dwell time design [25], enlarged buttons [28], glanceable interfaces
[24], or virtual copies[27], to reduce the required dwell time and
enhance precision. However, these efforts have not made dwell-
based gaze interactions satisfactory for daily use. In addition, for
gaze pursuit inputs, Vidal et al. [36] introduced a pursuit interaction
with moving objects by employing a tracking principle that aligns
eye and object movement, eliminating the need for precise gaze
calibration. While recognized as faster and more robust than dwell-
based input, these methods need specially designed interfaces.

Given that the natural eye-head position range is smaller than
the physical limitation of eye rotation, as demonstrated in previous
studies, this phenomenon can potentially prevent the Midas Touch
problem when interacting with eye-gaze without additional time-
consuming mechanisms. With the same consideration, Yi et al. [37]
proposed a gaze-only menu selection approach, utilizing a view-
fixed peripheral menu layout. This design minimizes false triggers
and enhances interaction speed by triggering appearance and selec-
tion based on the user’s gaze proximity to the menu zone. How-
ever, their approach requires calibrations for each user to establish
personalized boundaries for the layout. Enlightened by this work,
we explore an implementation that leverages the same concept but
without the need for pre-calibrations while preserving a preferred
false triggering rate.

2.3 Head Orientation Featured Interactions

As head movement is more controlled and precise, head orientation-
based methods have been suggested as an alternative to address
the limitations of gaze-based methods, offering another avenue for
hands-free interactions. Similar to gaze-based interactions, to pro-
vide a discrete and explicit confirmation mechanism for initiating
a selection with head orientation and to mitigate the Midas Touch
problem, integration of both dwelling [38] and pursuit [9] has been
implemented. Other studies consider additional head factors, such
as gestures and position. For instance, the work by Yu et al., [39],
an approach called DepthMove, enables interactions based on head
motions along the depth dimension. Specifically, users can shift
their heads forward or backward to switch between distinct inter-
faces and engage with head rotations. Nevertheless, interaction in-
volving head movement tends to be slower than gaze interactions
[3, 6, 22], and it may introduce additional stress on the neck. Con-
sequently, we believe that the optimal solution lies in combining the
strengths of both gaze and head motions.

In the realm of hybrid techniques that incorporate head orien-
tation for additional adjustment to gaze-based methods, the state-
of-the-art method involves navigating the pointer by gaze and then
smoothly reaching the target by the head for refined selection
[18, 29, 31]. However, the procedure of refined selection by the
head is likely to decelerate the overall activity. Beyond this method,
innovative approaches such as Eye&Head Convergence [30] have
been proposed. When the target is reached by gaze, the cursor ex-
pands to create a convergence area, and a head pointer emerges,
facilitating confirmation by moving it into the convergence area. In
line with this idea, Sidenmark et al. [32] implemented an upgraded
technique that utilizes gaze for pre-selection and head-crossing as
a trigger. Both methods require the user to navigate gaze and head
orientations precisely and hold one still while the other is moving,
which may result in additional cognitive load, especially for fast
selection scenarios in daily usage. Inspired by the prior works, we
explore an approach that utilizes gaze for selection aligned with
these works but incorporates a straightforward head movement as
the triggering mechanism.



Figure 2: Images showing (a) the base shape of the threshold range,
including halves of two ellipses joining together, (b-d) variations in
threshold values allowing for different shapes of the threshold range,
and (e) the layout of the peripheral interface with four thumbnails.
Note that the threshold range is marked in red only for demonstration
purposes; it is hidden in our implementation.

3 DESIGN AND IMPLEMENTATION OF GLANXR
The primary objectives of GlanXR are to 1) establish a fast and
easy hands-free switching system for virtual screens, 2) reduce the
required amplitude of eye and head movements during interactions
to alleviate fatigue, and 3) offer an easily understandable and less
distracting interface fixed at the periphery. To achieve these, we
first implemented an algorithm to dynamically regulate an adaptive
eye-head position threshold range by continuously collecting real-
time eye-gaze data. If the position exceeds the range, it is detected
as an unnatural eye-gaze movement utilized for screen selection.
Secondly, a head-triggering mechanism was designed to confirm
switching rapidly but robustly. Finally, a peripheral interface was
developed to be less distracting and helpful for users to gain an
overview of the contents and layouts on the screens.

3.1 Adaptive Eye-Head Position Threshold Range
The physical limitations of eye movements form a diamond-like
shape, with shorter extents in the upward direction, while the down-
ward direction is relatively longer [23]. Additionally, the range is
nearly symmetric horizontally and has been considered symmet-
ric for simplification in prior work [37]. Therefore, we design the
base shape of the threshold range as halves of two ellipses joining
together, merging at the top and bottom (Figure 2-(a-d)). To estab-
lish the horizontal, upward, and downward extents of the thresh-
old range and dynamically resize it in real-time, the construction of
datasets containing real-time axes data and the extraction of thresh-
old values are essential.

To achieve these, we begin by gathering real-time combined eye-
gaze data from the integrated eye tracker of the HMD, which is
solely driven by eye movements. We calculate the angle values
between the eye-gaze and the center to extract the eye-head position
on the xy-axis in degrees. Additionally, we split the y-values into
positive or negative for the top and bottom halves of ellipses. Then,
according to the standard equation of an ellipse that is centered at
the origin:

x2

a2 +
y2

b2 = 1 (1)

where the a and b are the axes of the ellipse, respectively, we at-
tempt to calculate the lengths of the axes of the ellipses where each
gathered (x,y) is located. However, these conditions alone are in-
sufficient to determine the lengths of the two axes. To address this,
we applied ratios of approximately 28:44 for the axes when y is
positive and 44:47 when y is negative, according to the physical
limitations of eye movements [23]. This allowed us to establish the
equations for the top-half and bottom-half ellipses:

x2

(44kp)2 +
y2

(28kp)2 = 1 (2)

and
x2

(44kn)2 +
y2

(47kn)2 = 1 (3)

in which the temporal multipliers kp and kn are applied separately
for positive and negative conditions of y. Subsequently, we can
determine the axes of the two halves of the ellipses through:

Vtop =

√
282x2 +442yp2

44
,Htop =

√
282x2 +442yp2

28
(4)

and

Vbot =

√
472x2 +442yn2

44
,Hbot =

√
472x2 +442yn2

47
(5)

where the Vtop and Htop are the vertical and horizontal axis of the
top-half ellipse, the Vbot and Hbot are the vertical and horizontal
axis of the bottom-half ellipse, the yp and yn are the positive and
negative y-value of the eye-head position, and the x is the x-value
of the eye-head position. These computed axes data are collected
into datasets for threshold extraction. In addition, we combine the
Htop and Hbot data into the same dataset and process it to calculate
an averaged single threshold value, serving as the horizontal axis
for both ellipses. This is intended to shape the threshold range as
a closed contour, enabling the other side to automatically resize
based on the ratios when the eye-head position is located on the top
or bottom side (i.e., y is positive or negative).

The root mean square method, employing a time window of 30
seconds, is separately applied to the datasets to extract threshold
values for these real-time data. It is sensitive to the magnitude of
values, making it effective for capturing subtle fluctuations and sig-
nificant variations in the datasets. Additionally, it imparts a smooth-
ing effect, enhancing the stability of the analysis and facilitating
the identification of overarching trends within the datasets. The
time window is defined with further logical testing meant to capture
meaningful patterns in eye-gaze behavior, considering the cognitive
dynamics of fixation sequences during browsing, thus providing a
balance between detecting rapid gaze shifts and assessing sustained
attention. Once the thresholds for the axes are computed by the root
mean square method, the equations for the two halves of the ellipses
in the threshold range can be defined using Equation (1). Moreover,
leveraging this formula, variations in threshold values allow for the
generation and combination of different shapes, such as circles or
complete ellipses.

When the eye-head position exceeds the defined threshold range,
it is identified as an unnatural eye-gaze behavior and is subse-
quently employed to select screens from a peripheral interface.
Since this threshold range can dynamically adapt to the user’s real-
time eye-gaze data, the eyes are not required to rotate to the far
positions from the center. This mitigates potential eye fatigue that
may accumulate when using similar approaches. Furthermore, as
the user’s natural eye-head position range may fluctuate over time
and be influenced by tasks, screen content layouts, and individual
differences, our algorithm can automatically adjust the threshold
range in varying situations, ensuring robust performance.

3.2 Head-Triggering Mechanism
The head-triggering mechanism in our system is implemented to
confirm the switching following the selection by eye-gaze with
head movements. This process involves considering a head rota-
tion as performed when it exceeds a velocity threshold of 20◦/s.
Considering that the head and eyes naturally move in the same di-
rection during gaze-shifts, which may lead to false triggering, the
system explicitly detects head rotations in the opposite direction to
the eye-head position. Moreover, compared to orthogonal direc-
tions, the opposite direction is easier to understand and perform. To



Figure 3: An illustration explains our calculation of the h and w of the
zoomed small rectangles, referred to as purple, with the blue area
representing the radial thumbnail clipped from the rectangle. All of
these were calculated in uv coordinate of the screen space.

further prevent false triggering in the situation where the head is
rotated before the eye-gaze could complete the movement to within
the adaptive eye-head position threshold range, we applied a time
window of 150ms following the head rotation. This duration is de-
termined by leveraging the characteristic of synchronized eye-head
movements, where for targets within view, head movements aver-
agely start 150ms after the eye movement initiation [30]. If the
eye-gaze remains fixated, with a velocity below 100◦/s, beyond the
threshold range for over 150ms after the head is rotated in the op-
posite direction, the switching will be successfully triggered. The
velocity threshold values used are derived from demonstrations in
previous studies [10, 30].

Simply put, the flow to trigger screen switching using our ap-
proach involves two steps: (1) Rotate the eyes toward the screen
intended for switching, allowing the eye-head position to surpass
the threshold range and maintain fixation. (2) Slightly rotate the
head in the opposite direction. In addition, we add a restriction that
screen switching can only be triggered when the head is facing the
current screen in front. This restriction is essential for real-world
usage scenarios where users may look around or interact with other
devices, potentially leading to errors in the system.

This mechanism is designed to leverage the stable and controlled
characteristics of head movements, serving as a robust confirmation
following eye-gaze selections. Moreover, given that our approach
necessitates only a slight head rotation without specific amplitude
requirements, it minimizes stress on the neck and facilitates easy
re-orientation to the front.

3.3 Peripheral Interface
GlanXR features a radial interface, primarily implemented by a
shader programmed using High-Level Shading Language (HLSL),
comprising thumbnails positioned along the circumference of the
peripheral view (Figure 2-e). The thumbnails display the previews
of each screen, aiming to assist users in conveniently and quickly
understanding the current content on each screen. This is particu-
larly helpful when multiple screens simultaneously show different
windows of the same application, as thumbnails can prevent po-
tential confusion when using icons. Moreover, the thumbnails on
the interface can be re-positioned or added/reduced for further cus-
tomization. In our implementation, we include four thumbnails,
which are adequate for usage and provide the highest throughput
[37]. To keep the resting thumbnails away from near-peripheral
vision, thereby preventing visual disturbance while still allowing
peripheral access, these thumbnails are initially positioned within
a range of 35◦ away from the center to the edge (approximately
55◦) of the HMD’s field of view (FoV). Each has a field angle of
60◦and is centered separately in the horizontal and vertical axes of
the view. Furthermore, when a thumbnail is selected, it expands to
the edge of the threshold range. This provides a clearer preview
and enhances the user’s awareness of the current threshold range,
thereby helping prevent excessive eye movements.

To generate previews of the rectangular screens using radial
thumbnails, we first define small rectangles that precisely cover the
thumbnails in the shader (Figure 3). Given that the material co-
ordinate system is scaled between 0-1 along the uv-axis, centered
at (0.5, 0.5), and with half of the field angle (60◦) of each thumb-
nail set to 30◦, the height h and width w of the rectangles can be
calculated as: h = 0.5× tan(30◦)×2 (6)

w = 0.5− r× cos(30◦) (7)

where the r is computed by the threshold range value on the axes
(or 35 ◦ converted to uv space if not selected), undergoing a propor-
tional transformation to the material coordinate system. Also, the h
remains a constant value as the field angle is predetermined, while
the w can vary based on the dynamic threshold range or be fixed at
the peripheral area when the thumbnail is not selected. Then, the
center coordinates of the rectangles can be defined as follows:

center = (0.5,0.5)− (w,h)
2

(8)

With this equation, the centers of the rectangles can remain centered
in the middle of the thumbnails as the threshold range changes in
real-time. Note that the definitions described above are for thumb-
nails located in the horizontal direction; for the vertical direction,
the values of w and h should be swapped. Finally, we sample the
pixels of the screen materials within the range of the small rectan-
gles and clip them with the radial shape of the thumbnails.

Considering the potential distraction posed by the peripheral
interface, further measures are implemented to enhance user ex-
perience. Specifically, the thumbnails are designed to be semi-
transparent with soft edges. Moreover, to address instances where
the user’s eye-head position occasionally and rapidly exceeds the
threshold range, triggering a selection, we apply a SmoothDamp
technique. This enables a gradual fade-in effect that prevents flicker
and provides awareness of the threshold range.

4 USER STUDY

Our primary design considerations for GlanXR were to (1) ensure
faster switching between multiple virtual screens, (2) reduce the
amplitude of head rotations while maintaining a relatively stable
head position, and (3) mitigate distractions to the viewing of screen
contents, as compared to other conditions.

In the experiment, we compared GlanXR to a traditional hands-
on method; a taskbar with icons, and two other hands-free methods;
an expansive multi-screen layout (head-based) and a gaze-selecting
icons interface (gaze-based), as shown in Figure 1-(e-h). Addition-
ally, because clicking icons on the taskbar is a common method for
screen/window switching in both physical and virtual workspaces,
and it does not involve any additional techniques, the taskbar icons
condition in this experiment served as a baseline (control) condi-
tion. Participants were asked to perform assigned tasks in fast-
switching and working simulation scenarios. We examined their
completion time, head and eye behavior, and subjective preference
with the four conditions.

4.1 Equipment
We used an HTC Vive Pro Eye with a FoV of 110◦ and a framerate
of 90 fps, a Lenovo Legion Y740 PC, and a Logi M550 mouse. The
HMD was integrated with a Tobii eye tracker operating at 120Hz.
The experimental environment was developed and driven by Unity
2023.1.12f1. Additionally, for the working simulation scenario, an
additional Intel Realsense D435i camera was employed.

4.2 Participants
Twenty-four naive individuals (9 female, 15 male, mean age 25.21,
SD 4.85, range 19-35) were recruited to participate in the study.



Figure 4: Images showing (a) an example of randomly placed buttons
on a screen, (b) an overview of the virtual screens implemented in
the Working Simulation Scenario, and (c) the stream view of the
keyboard in the virtual environment.

All participants had normal or corrected-to-normal vision and lit-
tle to no experience with hands-free interactions in VR. They were
informed that they were allowed to quit the study at any time. Fur-
thermore, they were asked about any medical history related to their
eyes, neck, or cranial nerves. The experiment was conducted under
the approval of a university Institutional Review Board (IRB).

4.3 Experimental Design
We used a repeated measures within-subjects design in the experi-
ment to test GlanXR against three other conditions in two different
scenarios. For all four conditions in both scenarios, the screens
were centered to the participant’s natural head position and posi-
tioned one meter ahead of the head in the virtual environment dur-
ing initialization. Additionally, the screens were sized as 1.6 meters
wide and 0.9 meters high in a 16:9 aspect ratio, ensuring a clear
view of the contents without being too large in the field of view.
Participants were allowed to adjust their position freely to achieve
a comfortable view. The order of conditions was assigned based on
a balanced Latin square to minimize order effects, while the order
of scenarios was alternated.

In the baseline condition, we simulated a taskbar with icons
representing screens. The size and locations of these icons were
aligned with the actual taskbar in the Windows operating system,
and it was placed at the bottom of the screens. Participants had to
click on the icons using a controller or mouse to switch between
screens. In the expansive multi-screen condition, all screens were
simultaneously displayed. One screen was positioned at the cen-
ter, with the others surrounding it in the up, down, left, and right
directions. The screens were rotated to ensure that their center
points were equally one meter from the initial head position. In the
gaze-selecting condition, a gaze-based interface was implemented,
enabling hands-free screen switching by directing the gaze toward
icons positioned above the screen. Similar icons to those used in
the baseline condition were employed to represent the screens. To
help improve the ease of selection, the icons were intentionally de-
signed to be relatively large and spaced apart. Specifically, the size
of these icons was set to 0.3 by 0.3 meters, and the distance between
the icons and from the icons to the screen was set to 0.1 meters.

Two virtual environments were built to evaluate the conditions
in both fast-switching and working simulation scenarios. The fast-
switching scenario focused on assessing performances during the
screen-switching procedure. The conditions require participants to
engage in continuous fast switching, irrespective of the contents
displayed on the screens. Meanwhile, the working simulation sce-
nario aimed to assess participant performances in real-world usage
of multi-screen virtual workspaces, involving relatively complex
tasks such as reading comprehension and text input.

4.3.1 Fast-Switching Scenario

In the virtual environment for the fast-switching scenario, we log-
ically picked five appropriate applications based on their common

usage in daily work settings and used their screenshots as back-
grounds for the virtual screens to help distinguish between them.
Then, interactive interfaces with buttons were attached to each
screen. The buttons on these interfaces were numbered 1-9, and
their layout was designed to cover the entire screen (Figure 4-a).
In each trial, a panel displays randomly selected target buttons and
screens at the beginning. The panel reappears to show the next
target when clicking the correct button. Furthermore, the buttons
were programmed to rearrange randomly after the correct button
was clicked. Therefore, participants always had to navigate their
gaze across the entire screen to find the target button. After cor-
rectly clicking 50 target buttons, the trial automatically ends.

Participants were asked to switch to the target screen and click
on the target button as fast as possible using a controller. More-
over, the controller was also employed to click the taskbar icons to
trigger screen switching in the baseline condition. This prevents po-
tential bias caused by switching between the mouse and controller,
ensuring a consistent focus on rapid screen switching.

4.3.2 Working Simulation Scenario

In the virtual environment for the working simulation scenario, five
virtual screens were implemented, each showing a questionnaire
page, a Wikipedia page, a weather application, a spreadsheet, and
an email application (Figure 4-b). In addition, an interface that
streams the view of the keyboard by a camera was applied and cal-
ibrated to match the actual position of the keyboard (Figure 4-c).

Concerning input devices, we utilized a standard mouse and key-
board configuration, aligning with typical real-world computing en-
vironments during work. Also, in the baseline condition, the partic-
ipants had to use the mouse to click on the taskbar icons to switch
between screens. As the primary task, participants were required to
answer questions on the questionnaire as fast as possible by gather-
ing information from the other screens. Furthermore, the question-
naire consists of seven entries: four single-choice entries, two nu-
meric input entries, and a text input entry. This design encourages
common computer interactions, such as cursor navigation, clicking,
typing, and content retrieval. Considering that participants might
remember the content, we administered four questionnaires, one
after each trial, with the order counterbalanced.

4.4 Measurements

During the experiment, we gathered the data necessary to calculate
a comprehensive set of dependent measures as follows:

Completion time: The duration from the start of each trial un-
til task completion, where task completion criteria varied between
scenarios: 50 correct button clicks in the fast-switching scenario
and completion of the questionnaire in the working simulation sce-
nario. This measure was employed to assess the time users spent
performing tasks in both scenarios using different methods.

Switching frequency: The number of switches participants make
to complete the task. This provides insights into how precisely par-
ticipants could locate and switch to a target screen.

Average angular speed of head rotations in ◦/s : The averaged
differences in head orientations between frames, measured in de-
grees per second. This measure was applied to determine how much
a participant’s head averagely rotated in each trial.

Average angle difference between head orientation and face-
forward (i.e., head deviation from face-forward) in degrees: We
first gathered the head orientation data from the HMD and then cal-
culated the average angle between the orientation data and a for-
ward vector (0,0,1). This measure represents whether participants
tended to maintain their heads in a natural position facing forward.

Average eye-head position in degrees: The averaged eye-head
position data between frames, which reveals the average amplitude
participants’ eyes moved from the center.



Figure 5: Analysis of the data collected from the Fast-Switching Scenario, including (a) completion time and (b) switching frequency, (c) average
angular speed of head rotations, (d) average angle difference between head orientation and face-forward, and (e) average eye-head position.

Figure 6: Analysis of the subjective ratings for (a) neck tiredness, (b)
eye fatigue, and (c) disturbance, in the Fast-Switching Scenario.

Post-trial subjective ratings: Participants were asked to rate
the following subjective questions with seven-scale ratings from 1
(“Strongly disagree”) to 7 (“Strongly agree”), including 1) My neck
feels tired. 2) I feel eye fatigue. 3) I felt distracted by this method.

The quantitative measures listed above were recorded with the
experimental program and the HMD’s built-in sensors. To estimate
the switching frequency in the expansive multi-screen condition,
we define a switch as occurring when the participant’s head faces a
new screen for more than two seconds.

4.5 Procedure
As each participant joined our experiment, we briefly introduced
the experiment and informed them about the tasks and require-
ments. Then, the participants adjust their chair position and put
on the HMD with assistance from an experimenter. The experi-
ment included four trials in two scenarios (eight trials in total), each
representing a single condition. Before the first trial began, partici-
pants were required to complete eye calibration and a practice trial
for the proposed approach. The practice trial had a three-minute
limit, but participants could terminate it once they felt sufficiently
familiar with the approach. After each trial, participants were asked
to fill out a questionnaire and were allowed to take a two-minute
break. Additionally, before the first trial of the working simulation
scenario started, we required participants to check if the streaming
view of the keyboard was appropriately placed in the environment.
The experiment took around 60 minutes to complete on average.

5 RESULTS

In this section, we describe the results of our experiment concerning
the two scenarios and the four conditions. We first applied Shapiro-
Wilk tests and QQ plots to the collected data, revealing non-normal
distributions. This suggests that the effects of participants’ abilities
and inherent limitations may played a significant role. In particular,
participants were likely to show varying capabilities in tasks such
as inputting and reading speed, familiarity with different methods,
and hand-head-eye coordination. Therefore, non-parametric tests
were used for statistical analysis. Additionally, Friedman tests and
pairwise Wilcoxon post-hoc tests with Bonferroni correction were
conducted, along with the computation of Kendall’s W and r values

to indicate effect sizes. In the figures, the heights of the bars are the
means, with error bars indicating standard deviation. Significance
was determined at a level of 0.05, denoted by ‘∗’.

5.1 Fast-Switching Scenario
5.1.1 Completion Time and Switch Frequency
For the fast-switching scenario, regarding completion time, Fried-
man test revealed significance between the four conditions (χ2 =
26.67, p < 0.001, W = 0.65) (Figure 5-a). Further differences
were found in GlanXR against the baseline (p < 0.001, r = 0.78),
the expansive multi-screen layout (p < 0.001, r = 0.87), and the
gaze-selecting icons interface (p < 0.01, r = 0.79). These findings
show that participants performed the task more slowly when us-
ing GlanXR than the other methods. Regarding switch frequency,
significance was also laid between the conditions (χ2 = 57.96,
p < 0.001, W = 0.35) (Figure 5-b). Post-hoc tests indicated sig-
nificant effects in the expansive multi-screen layout against the
baseline (p < 0.001, r = 0.87), the gaze-selecting icons interface
(p < 0.05, r = 0.75), and GlanXR (p < 0.001, r = 0.87). Addi-
tionally, significance was also observed in the gaze-selecting icons
interface against the baseline (p < 0.001, r = 0.88) and GlanXR
(p < 0.001, r = 0.84). These results revealed that the participants
could locate and switch to the target screen more precisely with
both the baseline method and GlanXR.

5.1.2 Head and Eye Behaviors
To determine how much the hands-free screen switching meth-
ods affected participants’ head rotation and orientation in the fast-
switching scenario, Friedman tests were applied to reveal that there
were significant differences in both of the head’s average angular
speed data (χ2 = 48.74, p < 0.001, W = 0.40) (Figure 5-c) and av-
erage angle difference between head orientation and face-forward
(χ2 = 49.63, p < 0.001, W = 0.34) (Figure 5-d). Further pairwise
Wilcoxon tests showed that for the head’s average angular speed,
significant effects lay in the baseline against the other methods, in-
cluding the expansive multi-screen layout (p < 0.001, r = 0.87),
the gaze-selecting icons interface (p < 0.05, r = 0.57), and GlanXR
(p < 0.001, r = 0.74). Additionally, significant effects were found
in the expansive multi-screen layout vs. the gaze-selecting icons
interface (p < 0.001, r = 0.88) and GlanXR (p < 0.001, r = 0.87).
For the average angle difference between head orientation and face-
forward, significance was found in the expansive multi-screen lay-
out vs. the baseline (p < 0.001, r = 0.87), the gaze-selecting icons
interface (p < 0.001, r = 0.88), and GlanXR (p < 0.001, r = 0.88).
Additionally, significant effects were also observed in the gaze-
selecting icons interface compared to the baseline (p < 0.01, r =
0.56) and GlanXR (p < 0.01, r = 0.75).

These findings suggest that hands-free methods required addi-
tional head rotations compared to the baseline, with the expansive
multi-screen layout requiring the most. Moreover, on average, par-
ticipants maintained a more natural forward-facing head position



Figure 7: Analysis of the data collected from the Working Simulation Scenario: (a) completion time and (b) switching frequency, (c) average
angular speed of head rotations, (d) average angle difference between head orientation and face-forward, and (e) average eye-head position.

Figure 8: Subjective ratings analysis for (a) neck tiredness, (b) eye
fatigue, and (c) disturbance, in the Working Simulation Scenario.

when using GlanXR, among the hands-free methods. Besides head
behaviors, the analysis of average eye-head position data also re-
vealed significance (χ2 = 16.45, p < 0.001, W = 0.61) (Figure 5-
e). Further differences were found in GlanXR against the baseline
(p < 0.05, r = 0.62), the expansive multi-screen layout (p < 0.01, r
= 0.65), and the gaze-selecting icons interface (p < 0.01, r = 0.82).
This indicates that, on average, participants moved their eyes in a
larger amplitude with GlanXR.

5.1.3 Subjective Preference

Through the analysis of the data collected from post-trial question-
naires, significant effects were identified among the four conditions
concerning “neck tiredness” (χ2 = 13.89, p < 0.01, W = 0.58) (Fig-
ure 6-a) and “eye fatigue” (χ2 = 22.07, p < 0.001, W = 0.59) (Fig-
ure 6-b). No significance was observed in relation to “disturbance”
(χ2 = 7.32, p= 0.06) (Figure 6-c). For “neck tiredness”, significant
differences were found in the expansive multi-screen layout vs. the
baseline (p < 0.05, r = 0.69), indicating that participants felt more
stress in their necks when using the expansive multi-screen layout
than the taskbar with icons. For “eye fatigue”, significant differ-
ences were found in the baseline vs. the gaze-selecting icons inter-
face (p < 0.01, r = 0.84) and the baseline vs. GlanXR (p < 0.05, r
= 0.60), showing that both methods using gaze input induced addi-
tional eye fatigue compared to the baseline.

5.2 Working Simulation Scenario
5.2.1 Completion Time and Switch Frequency

Like the fast-switching scenario, we applied a Friedman test to the
collected data. However, no significance was found between the
four conditions (χ2 = 2.35, p = 0.50) (Figure 7-a), revealing that
there was no significant difference in task completion speed when
using the methods in the working simulation scenario. Regarding
switch frequency, significance was observed between the conditions
(χ2 = 43.76, p < 0.001, W = 0.37) (Figure 7-b). Post-hoc tests indi-
cated significant effects in the expansive multi-screen layout against
the baseline (p< 0.001, r = 0.81), the gaze-selecting icons interface
(p< 0.05, r = 0.67), and GlanXR (p< 0.001, r = 0.85). In addition,
significance was also found in the gaze-selecting icons interface
against the baseline (p < 0.001, r = 0.79) and GlanXR (p < 0.001,

r = 0.81). These results suggested that the participants could also
locate and switch to the target screen more precisely with both the
baseline method and GlanXR, as compared to the other two meth-
ods in this scenario.

5.2.2 Head and Eye Behaviors
Regarding head behaviors including rotation and orientation, Fried-
man tests revealed that there were significant differences in both
of the head’s average angular speed data (χ2 = 50.55, p < 0.001,
W = 0.65) (Figure 7-c) and average angle difference between head
orientation and face-forward (χ2 = 53.60, p < 0.001, W = 0.75)
(Figure 7-d). Additional pairwise Wilcoxon tests showed that for
the head’s average angular speed, significant effects were located
in the expansive multi-screen layout against the other methods, in-
cluding the baseline (p < 0.001, r = 0.88), the gaze-selecting icons
interface (p < 0.001, r = 0.88), and GlanXR (p < 0.001, r = 0.88).
For the average angle difference between head orientation and face-
forward, significance was found in the expansive multi-screen lay-
out against the baseline (p < 0.001, r = 0.88), the gaze-selecting
icons interface (p < 0.001, r = 0.88), and GlanXR (p < 0.001, r
= 0.88). These findings indicate that when working in the virtual
workspace with the multi-screen method, participants tended to ro-
tate their heads more and maintain them in a position further from
the forward, compared to the other methods. Furthermore, the anal-
ysis of average eye-head position data also revealed significance
(χ2 = 19.65, p < 0.001, W = 0.87) (Figure 7-e). However, no pair-
wise significant effects emerged after the post-hoc Wilcoxon test
with Bonferroni correction.

5.2.3 Subjective Preference
By analyzing the post-trial questionnaires data from this scenario,
significance was found among the four conditions concerning “neck
tiredness” (χ2 = 13.36, p < 0.01, W = 0.55) (Figure 8-a) and “eye
fatigue” (χ2 = 12.08, p < 0.01, W = 0.59) (Figure 8-b). No sig-
nificance was observed in relation to “disturbance” (χ2 = 4.33,
p = 0.23) (Figure 8-c). For “neck tiredness”, significant differ-
ences were found in the expansive multi-screen layout vs. the base-
line (p < 0.05, r = 0.64) and the expansive multi-screen layout vs.
GlanXR (p < 0.05, r = 0.66), indicating that participants felt more
stress in their necks when using the expansive multi-screen lay-
out compared to the taskbar with icons and the proposed approach.
Moreover, no further significant effects between the methods were
revealed after applying the post-hoc test for “eye fatigue”.

5.3 False Triggering Rate
In line with the work by Yi et al. [37], participants were required to
report errors (i.e., false triggering of switches) in the trials where
GlanXR was applied in both scenarios. A total of 2025 screen
switches were triggered by the 24 participants using GlanXR in
both scenarios, with 24 occurrences (mean 0.5, SD 1.19) being false
triggers. These data were integrated to compute a false triggering
rate of 1.19%.



Figure 9: (a) Our density heat map illustrating the eye-head positions
in degrees of all participants in each frame during the fast-switching
scenario using the expansive multi-screen layout, and (b) The map
by Sidemark and Gellersen [30].

5.4 Range of Eye-Head Position

To investigate the natural distribution range of eye-head positions,
we extracted data on eye-head positions in angles per frame from
the fast-switching scenario using the expansive multi-screen layout,
where participants were most likely to look equally in all directions.
We generated a density heat map based on the data, as shown in
Figure 9. The range involves approximately 25◦ on the left, right,
and top sides, and 35◦ on the bottom side.

6 DISCUSSION

According to the results of task completion time metrics in the
fast-switching scenario, the participants performed slower using
GlanXR than the other methods. We believe that this result was
influenced by the acceptance and understanding levels of the par-
ticipants of GlanXR. Although we provided a three-minute practice
trial, it did not seem efficient enough for most participants to master
the method completely. Therefore, in situations that require rapid
and frequent switching, the robust design of GlanXR is likely to
slow them down. On the other hand, for the working simulation
scenario, there was no significant difference among the conditions,
indicating that for daily use situations, in which screen switching is
less frequent and has a longer interval between the switches, using
GlanXR is as fast as other methods. Furthermore, the expansive
multi-screen layout and the gaze-selecting icons interface were ob-
served to have significantly higher levels than the taskbar (baseline)
and GlanXR. This suggests that participants could not instantly lo-
cate the target screen and required more steps to navigate to it using
the two methods.

Regarding head behaviors, the expansive multi-screen layout re-
quired participants to rotate their heads more and maintain their
head orientation further from forward in both scenarios. It could
potentially cause additional stress on the neck, supported by par-
ticipants’ ratings of “neck tiredness”, which were higher than the
baseline. Preventing false triggering is one of our primary goals in
designing GlanXR, and the observed result of 1.19% is highly sat-
isfactory. This is especially notable considering the large number
of switches performed in the experiment, and it remained relatively
low compared to other hands-free selecting approaches (12% [42],
12% [8], 10% [16], and 3.6% [37]). The ratings for “disturbance”
have also partially confirmed the robustness of GlanXR from the
participants’ perspective, as it did not show many errors that would
make them feel disturbed. Concerning “disturbance”, the subjec-
tive ratings indicated that our adaptive threshold range algorithm,
along with peripheral interface design, could effectively minimize
potential disruptions for users while viewing screen content.

The range of eye-head position plays a crucial role in coordinat-
ing the movement of the eyes and head, and must be carefully con-
sidered in developing interfaces based on eye-gaze and head move-
ments. From our experimental data, illustrated in the density heat

map of eye-head positions (Figure 9-a), the average range was ob-
served to be nearly the same amplitude in the left, right, and top
directions but extended further in the bottom direction. This find-
ing aligns with the demonstration in the study by Sidemark and
Gellersen [30] (Figure 9-b), further justifying our vertically asym-
metrical design of the adaptive eye-head position threshold range,
which employs two halves of ellipses.

Concerning our fundamental design considerations for GlanXR,
despite the results indicating that it did not fulfill all of them, it still
exhibited reasonable performance. Firstly, GlanXR did not signif-
icantly improve participants’ performance concerning faster screen
switching and task completion than the other conditions. However,
it showed comparable speed to the other conditions in the work-
ing simulation scenario, indicating that it would not slow users if
applied to virtual workspace applications in practical situations.
Secondly, GlanXR and the gaze-selecting icons method strongly
outperform the state-of-the-art expansive multi-screens method in
reducing the amplitude of head rotations while maintaining a rel-
atively natural head position. In addition, both have the potential
to minimize users’ neck stress at a level comparable to hands-on
methods while offering hands-free interactions. Thirdly, GlanXR
was not found to significantly disturb participants, even though it
was the only method that involved an interface fixed in the view
among the tested methods. This result suggests that our design,
which focuses on mitigating visual distractions, has performed as
expected. Generally speaking, our findings suggest that GlanXR
has several advantages that could make it a preferable alternative
or reduce fatigue for certain applications. Additionally, a passive
advantage is that peripheral interfaces like this alleviate the virtual
clutter problem due to the reduced number of windows.

7 CONCLUSION AND FUTURE WORK

In this paper, we proposed a novel hands-free screen switching
approach - GlanXR, designed to assist users switch between vir-
tual screens in a easy and robust manner. To achieve this, we uti-
lized rapid and less energy-intensive eye-gaze as a selecting mecha-
nism, coupled with less jittery and more controlled head movement
to confirm the selections. Additionally, we integrated a real-time
adaptive eye-head position threshold range and a periphery fixed
interface featuring interactive thumbnails that deliver previews of
the screens. We conducted a within-subjects user study involv-
ing two scenarios with 24 participants to evaluate the proposed
approach compared to traditional hands-on, head-based, and gaze-
based methods. Results from this study revealed that GlanXR is
robust, ensures precise switches, and is unlikely to disturb natural
gaze behaviors while viewing screen contents. Additionally, both
a gaze-based method and our approach effectively mitigated neck
stress compared to a head-based method without a significant im-
pact on inducing eye fatigue in participants. One future direction
might be to add an adaptive threshold related to the head rotation
speed for the eye fixation time window instead of the fixed 150ms.
The faster the head rotates, the less eye fixation time needed.

Although this work primarily focuses on the research back-
ground and limitations of current screen switching methods, it is
evident that our approach can be adapted to other configurations and
serve as a hands-free interactive protocol. For instance, the thumb-
nails can be easily replaced with buttons for operating commands.
We hope that this work will inspire the development of other hands-
free interfaces that leverage eye-gaze, head movements, and their
interaction to assist fast and robust interactions in VR and AR
workspaces. Additionally, we encourage the exploration of tech-
niques that improve comfort during prolonged VR usage.
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