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Figure 1: We investigate and propose new ways to teleport with a stylus. For example, by default users sketch (a), but at any

time they can flip the stylus to switch to teleport mode (b–c). Users select a target position via raycasting (d). While holding the

button, they can look in the direction they want to face after teleporting (e). Releasing the button executes the teleport (f).

Abstract

With a stylus, users can both sweep sketches across models and
pinpoint locations with precision. Building on this dual capability,
we explore how teleportation can be integrated into stylus inter-
action without disrupting the flow of common stylus usage. We
introduce two key ideas: flipping the stylus as an intuitive mode
switch between drawing and teleportation, and using gaze to set
orientation while the stylus handles positioning. In a user study that
features a teleport-and-orient task, we evaluate six teleportation
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techniques, covering two mode-switching methods (Button and
Flip) and three orientation approaches (StylusRoll, StylusPoint,
and GazePoint). The results offer new insights into the relative
merits and limitations of each technique. Our work contributes to
knowledge about teleportation in VR and fills the gap in seamlessly
integrating teleportation with stylus use in 3D.
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1 Introduction

Designers can engage in Virtual Reality (VR) to work with 2D
and 3D content in ways that go beyond traditional desktop tools–
moving around objects, seeing them from different perspectives,
editing, drawing, and refining precise models. A key part of this pro-
cess is navigation. While users can physically walk in VR, they also
perform Point & Teleport [8, 17, 37] to instantly change position and
orientation, particularly when physical movement is constrained,
for example, when sitting on a chair or using a tethered headset.
Orientation control is especially important when working with
large-scale models or navigating large spaces, which is extensively
supported in current VR design applications, such as Arkio, En-
gageXR, and VXRLabs [1, 16, 55]. In a typical workflow of such, a
designer may teleport inside a large model to focus on a specific
component for sketching and editing. They may also need to ma-
neuver within a room-scale scene containing multiple objects (e.g.,
furniture) and quickly orient themselves around different items of
interest.

This can be performed with a controller that includes a clear
division of labour between object manipulation and teleportation
capabilities through multiple buttons and joysticks [21, 35]. With a
stylus, however, it is more challenging to map the same number of
functions to fewer inputs. A stylus usually has few buttons, while at
least one is reserved to activate manipulation in 3D space. A direct
one-to-one mapping of controller functionality to a stylus would
only make it work for the simplest applications [26]. And while
it is possible to extend a stylus with additional buttons, widgets,
menus, or even non-dominant hand input, they take up space and
can be error-prone [11, 56], rather than supporting the use of the
stylus in a simple or efficient way.

In this work, we investigate StylusPort: teleportation techniques
with stylus-based interaction in VR. Building on prior research on
Point & Teleport techniques using hand- or controller-pointing
with parabolic rays [8, 17, 37], we explore this approach with VR
styluses, and aim to address two research questions:

RQ1 - Mode switching: How can users switch modes between
draw mode and teleportation mode? Previous work in 3D stylus
input indicates high potential to leverage implicit methods (e.g., ges-
ture, posture, and grip) [11]. We explore a flip gesture and compare
it to a button-based mode switch as a baseline.

RQ2 - Orientation control: How can users specify teleporta-
tion orientation with a stylus? We investigate three techniques:
StylusRoll as a means to adjust orientation, extending prior con-
troller [17, 37] and 2D stylus [6] techniques; a dual-pointer approach
StylusPoint, where users specify both position and orientation
through pointing [37]; and a gaze-enabled approach GazePoint,
where users look at the point they wish to face after teleporting,
inspired by prior work on gaze-directed flying [24, 36, 54] and
multimodal gaze + pen work [41, 44, 58].

To address these questions, we conducted a user study (𝑁 = 18)
with two main independent variables: Mode Switching (Button,
Flip) and Orientation Control (StylusRoll, StylusPoint, and
GazePoint). In each task trial, participants (1) switched to telepor-
tation mode, (2) specified a teleport position and confirmed with
a button press, (3) specified orientation until button release, and
(4) switched back to draw mode to complete the trial by drawing a
stroke. The target was a blackboard representing a typical draw-
ing canvas, presented at five possible rotations and two distances,
which is inspired by common use cases in commercial education
applications [16, 55]. Teleport positions were constrained to the
ground plane, while both the ground and object surfaces could be
used to specify orientation.

Our results show that Flip provided faster mode switching and
higher pointing accuracy, thanks to the palm grip, while main-
taining an overall task completion time comparable to Button.
Regarding orientation control, we primarily see differences in time
efficiency, where StylusRoll proved to be the slowest method,
while StylusPoint was found to be faster for orientation than
GazePoint.

Overall, our contributions are: (1) novel teleportation techniques
featuring stylus-flip mode switching and gaze-based orientation
specification; (2) empirical insights from a user study that delineate
performance and user experience trade-offs of these techniques.

2 Related Work

Our work sits at the intersection of VR teleportation, stylus-based
interaction, and gaze-based locomotion.

2.1 Teleportation

Early teleportation prototypes started from viewport control in 2D
interfaces for 3D applications. For instance, Navidget and Immersive
Navidget explored novel 2D and 3D viewport control approaches
when navigating a virtual environment [18, 28]. These early works
indicated that positioning and orientation are two fundamental
components of teleportation that need to be addressed separately.
This orientation approach has inspired later works. Anchored Jump-
ing specifies a ground point to define the facing direction and then
selects the teleport destination [7]. As well, SkyPort evaluated lin-
ear and parabolic pointing and different transition types–instant,
interpolated, and continuous– and concluded that linear aiming
with instant transitions offers high efficiency and accuracy with-
out increasing sickness [35]. Weissker et al. explored teleportation
to mid-air 3D positions by specifying ground position and height
either simultaneously or separately. They reported that simulta-
neous control improves accuracy but leads to a longer time than
controlling position and height separately [59].

2D teleportation–selecting a ground position using a parabolic
ray from the controller or the user’s hand–is a common locomotion
method across prevalent devices and applications. For example,
Meta Quest devices introduce 2D teleportation as a primary loco-
motion type implemented for both controller and hand microges-
ture [21]. These techniques have been iteratively developed and
evaluated in HCI research. Bozgeyikli et al. proposed Point & Tele-
port and compared it with walk-in-place and joystick locomotion.
They also proposed and evaluated an orientation component that
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let users set their facing direction by rolling the hand. Whereas
Point & Teleport was found fun and user-friendly, the orientation
component was considered unintuitive and difficult to control [8].
Similarly, a study on spatial cognition found that teleportation is
less error-prone without orientation [13].

For pointing methods of 2D teleportation, Rupp et al. found that
linear rays make long-distance teleportation more difficult than
parabolic rays [46], while other studies reported that linear rays
are faster and more intuitive in certain contexts [39, 48]. Despite
that, parabolic rays are now the teleportation standard. Funk et al.
investigated parabolic-ray Point & Teleport with several orientation
control techniques: AngleSelect (touchpad-based), Curved Teleport
that visualizes an adjustable curved trajectory, and HPCurved that
combines a parabola with an adjustable curvature. They argued
that while these three techniques with orientation control were
slower than those without, they reduced post-teleport orientation
correction [17]. Mori et al. evaluated four orientation approaches
for Point & Teleport inspired by “natural turning”, including head-
turning, integrated touchpad control, wrist-based orientation, and
post-positioning pointing for orientation. They concluded that
while orientation is useful–especially in extreme conditions–no
single consensus of approach is both intuitive and low-effort [37].
Müller et al. explored undoing teleportation with separate posi-
tion and orientation components, finding that combining both sig-
nificantly improves usability [38]. Finally, most commercial VR
applications implement orientation as a separate step from posi-
tioning [16, 50, 55]. In this work, we address the gap in integrated
positioning and orientation with a stylus.

2.2 Stylus-based Interaction

Whereas mid-air stylus input was explored in early desktop VR sys-
tems [14], the large virtual spaces afforded by modern VR present
new opportunities and challenges for using 3D stylus input in nav-
igation while performing primary tasks such as sketching and ma-
nipulation [25, 45]. Early work addressed this by reducing the need
to move physically and enabling stylus input at a distance through
physical surfaces. For instance, Arora et al. demonstrated the vi-
ability of using a physical drawing surface to support free-form
mid-air sketching in VR [2, 3]. Other works explored multitouch
gestures, such as VRSketchIn, which investigated a design space
of stylus and tablet interaction for 3D sketching in VR that com-
bines unconstrained 3D mid-air with constrained 2D surface-based
sketching [15]. However, 3D sketching without a physical surface is
still a major use case, as evidenced by leading VR applications such
as ShapesXR, GravitySketch, and VXRLabs [49, 50, 55], broadly
used in 3D product design. Other works have explored mid-air 3D
interaction with distant objects using a stylus, such as pointing
and manipulation. Chen et al. found that VR controllers and sty-
luses yield significantly higher precision than bare hands in a 3D
target-tracing task, suggesting that while styluses benefit precise
3D drawing, target selection may be better handled by hand or
another modality due to stylus-induced fatigue [12].

Integrating stylus input with other modalities opens new inter-
action opportunities. Matulic and Vogel explored bimanual pen-
and-touch interactions in VR, showing how asymmetric pen-hand
coordination supports manipulation and navigation [34]. Wagner

et al. investigated combining gaze and stylus input for selecting
and translating shape points in 3D modeling, finding that gaze-
assisted dragging reduced task time and manual effort with slightly
increased errors [58]. We extend the prior multimodal interaction
work by a focus on teleportation.

Similar to the use of physical pens, grip postures also affect
comfort and performance for different tasks, such as coarse and
precise drawing. Batmaz et al. found that a “precision grip” (typical
pen grip) significantly improves accuracy in VR [4]. Li et al. similarly
found that a rear-end “tripod” precision grip allows the largest
range of motion. They specified that while forward-and-downward
pointing is easywith a precision grip, forward-and-upward pointing
is easier with a palm grip (like holding a wand), which also induces
less fatigue during prolonged use [31].

Previous work has explored enriching stylus affordances by us-
ing different grip postures for distinct functions and modes. Cami
et al. evaluated common variations of precision grips and demon-
strated using unoccupied fingers for alternative input modes, such
as touch on a tablet [11]. Song et al. proposed Multi-Touch Pen,
which enables input mode switching through different tapping ges-
tures on a stylus afforded by different grip postures [52]. Cai et al.
presented HPIPainting that detects different grips to contextualize
gesture recognition for triggering commands in VR painting [10].
Li et al. specifically investigated switching between inking and ges-
turing mode when using a stylus. They explored approaches such
as changing stylus tip pressure, holding the stylus still, and press-
ing a button using the non-dominant hand. They found trade-offs
between approaches with no clear winner in speed and accuracy
[32]. Other works evaluated alternative approaches, including non-
dominant hand gestures and inferring from stylus trajectory for
mode switching between inking and other input (e.g., selection),
suggesting that mode switching needs more thoughtful design than
simply adding gestures or using implicit information [47, 51].

In this work, inspired by previous work on input mode switching
for VR [53] and other platforms [43], we explore a novel approach
of switching between drawing and teleportation modes using a
stylus flip action that transitions between precision grips and palm
grips. This exploits the ease of forward-and-upward pointing us-
ing the palm grip, which suits parabola-based Point & Teleport
techniques [31].

2.3 Gaze-based Locomotion

Gaze input has been envisioned in some of the earliest explorations
of VR locomotion. In his seminal work Virtual environment interac-
tion techniques, Mine envisioned gaze-directed flying, where users
are transported towards the direction of their gaze [36]. Similarly,
an early exploration of “walking in place” proposed incorporat-
ing gaze and head direction—essential natural behaviors during
locomotion—as an integrated input modality [54]. Following a sim-
ilar idea of using gaze for viewport control, Lee et al. explored
several gaze-based viewport control techniques combined with
head movement, including snapping to gaze-dwell location, using
gaze saccades as gain functions to amplify head rotation, and gaze
pursuit for aligning the viewport with specific targets [29]. These
works suggest a promise of using gaze as an additional modality
for teleportation in VR.
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Gaze has been explored as a natural and easy-to-use input modal-
ity, both implicit and explicit, to specify points of interest in in-
teraction tasks [22, 23]. One particular use case relevant to our
work is extending direct input devices like touch, gesture, or pen
with additional indirect input modes. Previous works, such as Gaze-
Touch [40], Gaze-Shifting [41], and Gaze+Pinch [42], exploit the
natural eye-hand coordination so users can access both direct and
gaze-assisted indirect input modes, enabling rapid access to distant
objects. In the large virtual spaces of VR, this saves time and effort
induced by manual pointing while retaining the primary role of
the given input modality [33, 57].

These benefits of gaze input have been explored in recent works
on VR teleportation. For instance, Kim et al. explored teleportation
methods using hand-tracking, eye-tracking, and EEG signals. Their
proposed techniques used either hand or gaze for position aiming,
and triggered teleportation using hand gestures or EEG. They found
that gaze-based positioning was faster and more precise than hand
pointing [27]. Lee et al. proposed an approach of specifying tele-
portation orientation by detecting users’ gaze towards directions
that fall out of the central area of their view, constructing it as an
explicit trigger for orientation change [30]. In this work, we explore
the use of gaze for orientation specification in VR teleportation as
an explicit pointer that activates after stylus-based positioning.

3 Design of Stylus-based Teleportation

We describe the design of techniques for switching to teleportation
mode and specifying orientation with a stylus.

3.1 Mode Switching

We assume typical stylus-based interaction where most of the avail-
able buttons are dedicated to default operations (e.g., sketching,
pointing, object manipulation), and incorporate a mode-switching
button for users to enter teleportation mode. In this mode, users
point with the stylus to specify position and press-hold a button to
specify orientation, and release to accomplish the teleport.

3.1.1 Button. Our rationale for the first mode-switching tech-
nique is as follows. We ruled out assigning teleportation to a simple
button press because users need to preview the parabolic teleport
ray before performing a teleport, and continuously displaying this
ray would interfere with primary actions such as sketching. Show-
ing the ray by pressing and holding the button is also not viable–the
button-hold action is already needed for orientation control. In-
stead, it is reasonable for the secondary button, namely the button
not dedicated to primary actions, to act as a mode selector. Our
first teleportation method, Button, adopts this approach: pressing
the button switches from the primary function into teleportation
mode; pressing it again returns to the previous mode. In principle,
additional modes could be added to provide more functionality be-
yond teleportation.Within teleportationmode, the ray visualization
gives clear feedback that the user is in the correct mode.

3.1.2 Flip. For teleportation without relying on a button, we ex-
ploit stylus grip semantics. Prior work shows that different sty-
lus grips afford distinct functions and can support mode switch-
ing [10, 11, 31, 52]. Building on this, we employ the natural distinc-
tion between drawing with the stylus tip and pointing with the

stylus tail: teleportation is active whenever the stylus is flipped.
This Flip method provides a low-cost, button-free mechanism that
leverages finger dexterity and familiar pen usage. A flip action is
illustrated in Figure 1a–c. Flip is detected by monitoring the direc-
tion of the stylus (from tail to tip) relative to the user’s forward view.
A flip is valid when the stylus points more than 120° away from
the camera’s forward vector. The angular threshold was chosen
through in-house testing to minimize unintentional flip events.

For both Button and Flip, a parabolic ray cast from the stylus
previews the teleport destination. The ray trajectory is defined by
the origin (stylus tip or tail, depending on the grip), initial direction
(tail-to-tip or tip-to-tail), velocity (10𝑚/𝑠), gravity (9.81𝑚/𝑠2), and
a maximum fall time (1.5 s). These yield a maximum distance of
about 11.15 m at an optimal pitch angle of 42°. When the parabola
hits the ground, a solid circular cursor appears and marks the tele-
port destination. Users press the primary function button–which
acts as the teleport button in teleportation mode–to confirm the
destination, and release it to execute the teleport.

To support teleporting behind objects, we allow developers to
configure whether specific objects block or permit the parabolic
ray. For example, walls block teleportation, while a blackboard
may allow the ray to pass. This provides a shortcut for crossing
obstacles without detouring. As shown in Figure 3, when the par-
abolic ray penetrates an object, that object temporarily becomes
semi-transparent so users can clearly see the destination.

3.2 Orientation Control

We design techniques where a quick click of the teleport button
triggers a teleport without changing the user’s orientation, while
a long press enables orientation control. This mirrors a two-stage
input design, as also seen in Mori et al.’s P2T, which differentiates
between half- and full-press actions [37]. We set the threshold
between a short click and a hold to 200 ms, slightly above the 150
ms average click duration observed in our in-house testing. In the
following, we illustrate the design of three orientation methods
based on this principle, namely StylusRoll, StylusPoint, and
GazePoint.

3.2.1 StylusRoll. StylusRoll builds on prior work [8, 17, 37]
that maps stylus roll to relative changes in orientation (cf. Figure 2a),
leveraging the unused rotational axis during pointing. When the
user holds the button, the initial orientation is set to the user’s head
direction. Rolling the stylus then rotates this orientation either left
or right according to the stylus’s rotational direction. The technique
supports flexible rolling not only through wrist rotation, but also
through in-hand finger movement. To facilitate large orientation
angles, we align with Mori et al. [37] and apply a 1.5× scaling factor:
1° rolling maps to 1.5° orientation change. This was determined
through pilot testing to balance rolling efficiency and accuracy. The
visual feedback is illustrated in Figure 2a. A 3D arrow is displayed
above the teleport destination to indicate orientation, appearing 20
cm below the user’s eye level. Also, two 1 m horizontal lines extend
from the center and the arrow in the direction.

3.2.2 StylusPoint. StylusPoint introduces an orientation cursor.
Once the teleport button is held, the position cursor on the ground
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Figure 2: Interaction steps for teleportation with three orientation controls (example with mode switch by stylus flip): Stylus-

Roll, StylusPoint, and GazePoint. After the mode switch, the user first confirms a teleport position by pressing and holding

the teleport button. Then, they specify the orientation by either (a) rolling the stylus, (b) pointing the stylus toward the desired

facing direction, or (c) directing their gaze toward the desired facing direction. Releasing the button triggers the teleport. Note

that the blue arrows are for illustrative purposes and are not displayed to users.

becomes fixed. Then, a second parabolic ray–with the same param-
eters as the positioning parabola–is cast to define an orientation
cursor (cf. Figure 2b). The cursor appears at the intersection point
with any surface, including the ground and objects. The orienta-
tion is defined by the horizontal vector from the destination to the
orientation cursor. Upon button release, users are teleported to the
destination and oriented toward the orientation cursor.

As illustrated in Figure 3, when a user aims to teleport behind an
object, the object becomes semi-transparent upon being penetrated
by the positioning ray, thereby allowing the orientation ray to also
pass through. This thereby ensures a consistent behavior between
position and orientation pointing.

The visual feedback of StylusPoint is presented as a 3D ar-
row above the position cursor pointing in the horizontal direction
toward the orientation cursor, which is rendered as a solid circle
and connected to the arrow with a line (cf. Figure 2b). Since the
orientation cursor can be cast on any surface, displaying it along
with a connection line facilitates cursor placement and orientation
perception. To reduce clutter, the orientation parabolic ray is not
rendered.

3.2.3 GazePoint. GazePoint extends StylusPoint with multi-
modal input by using gaze for orientation, instead of a stylus-based
pointing parabolic ray. This method leverages the natural behavior

a b c

Figure 3: When teleporting behind an object, the user po-

sitions the cursor so that the ray intersects the object. The

object then becomes semi-transparent, allowing the orienta-

tion ray to pass through.

of gaze, as users typically look at where they wish to face before
teleporting. After a position is selected via stylus pointing and
confirmed by pressing the button, users specify their post-teleport
orientation using gaze during button holding. A gaze ray is con-
tinuously cast and can intersect with any surface, including the
ground and objects, similar to the orientation ray in StylusPoint.
The orientation is defined by the horizontal vector from the des-
tination position to the gaze cursor. Upon button release, users
are teleported to the selected position and oriented. GazePoint’s
visuals are identical to StylusPoint, illustrated in Figure 2c.
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4 User Study

We evaluate the mode switching and teleportation orientation tech-
niques using a teleport-and-orient task.

4.1 Study Design

We designed a within-subject experiment with two independent
variables: Mode Switching (Button, Flip) and Orientation Con-
trol (StylusRoll, StylusPoint, GazePoint). To reduce order
effects, we counterbalanced all conditions using a Latin Square. Par-
ticipants first experienced the Orientation Control conditions in
a counterbalanced order, and within each Orientation Control
condition, they completed both Mode Switching conditions in
counterbalanced order. Each Mode Switching × Orientation
Control combination consisted of 10 trials (2 target depths × 5
target orientations). We repeated each trial set twice, resulting in a
total of 2 target depths × 5 target orientations × 2 mode switching
× 3 orientation controls × 2 repetitions = 120 trials per participant.

4.2 Task

We designed the task in a VR blackboard drawing scenario where
stationary, seated participants teleport. Participants are immersed
in a long corridor (70𝑚 × 8𝑚) with wooden flooring, walls, and
ceiling. They press a start button with the stylus to begin a trial.
This reveals a transparent blackboard (88% alpha, 2𝑚× 1.5𝑚) which
appears at two possible distances (3𝑚 and 6𝑚) and five rotation
angles (45◦,−45◦, 90◦, −90◦, 180◦). Two red spheres on the black-
board’s front face are positioned 1𝑚 above the floor and 30𝑐𝑚 apart
from each other. A gradient circle with a black center marks the
teleport target 50𝑐𝑚 in front of the blackboard (cf. Figure 3). For
a trial, participants 1) switch mode from draw to teleportation, 2)
direct the positioning parabola to the target circle, 3) press the
teleport button to activate orientation control, 4) orient towards the
midpoint between the two spheres, 5) release the teleport button to
teleport, 6) switch back to draw mode and connect both spheres in
one stroke (successful trial) or draw in mid-air (failed). After 1.5s,
the next trial begins. Figure 4 shows a full trial, Figure 3 shows a
45° trial, and Figure 5 shows a −90° trial.

4.3 Apparatus and Implementation

We implemented with Unity on the Meta Quest 3, which supports
the Logitech MX Ink stylus1. The stylus is 164 mm long, 18.2 mm in
diameter, and weighs 29 g. (cf. Figure 6). Drawing was performed
by pressing the front button. With Button, users switched modes
by clicking the rear button and teleported with the front button.
With Flip, users flipped the stylus to switch modes, and either
button teleported. Teleportation was implemented using the Meta
XR Interaction SDK (v77) Teleport Interaction. The stylus and the
user’s hand models were rendered in the scene.

Because Meta Quest 3 does not natively support eye-tracking,
we fitted a third-party Neon XR eye tracker from Pupil Labs2 (100
Hz). Gaze was smoothed with a 10-sample window to reduce noise.
The eye tracker is reported to have an accuracy of around 1.3− 1.8◦
in a 2D-screen setup (outdoors degrading by 0.2◦ − 0.4◦) [5]. We
conducted a separate accuracy test in VR based on [5] using 9
1https://www.logitech.com/en-us/products/vr/mx-ink.html
2https://pupil-labs.com/products/vr-ar

targets spaced 20° apart from the center at 5 depths (0.5–2.5 m),
finding an average accuracy of 2.68° (SD = 2.24°). The Neon XR
provides offset correction to adjust global positional offset of the
estimated gaze. We therefore presented a single-point target at a
distance of 6𝑚 to participants, adjusting their gaze offset until they
reported accurate eye-tracking.

4.4 Procedure

Participants were briefed on the study context and completed con-
sent and demographics forms. They were shown a video of the
techniques, along with an explanation of the study setup and a
demonstration of how to use the stylus. For StylusRoll, partici-
pants were shown that they could roll the stylus either by using
the fingers or their wrist. Participants were seated on a static chair
to fucus on effects of orientation, minimizing effects of physical
orientation. They donned the XR headset and held the MX Ink sty-
lus in their dominant hand with a precision grip. Participants were
then presented with a training session matching the task design
and received assistance as needed. With GazePoint, they com-
pleted gaze offset correction. Users completed at least six training
trials, and more if deemed needed by the experimenter. After each
condition, they were presented with a post-condition NASA-TLX
questionnaire. After all conditions, the participant was presented
with a final post-study questionnaire, consisting of 7-point prefer-
ence ratings for all conditions along with a short interview. The
study lasted one hour on average.

4.5 Evaluation Metrics

• Switch In Time: time taken from trial start to switching
from draw mode to teleportation mode.

• Positioning Time: time taken to specify a teleportation
position after entering teleportation mode.

• Orientation Time: time taken to specify an orientation
after specifying the position.

• Switch Out Time: time taken to switch back from telepor-
tation mode to draw mode after teleporting.

• Task Completion Time: time taken to complete a task, from
pressing the start button to switching back to draw mode
after teleport. Drawing time is excluded as not of interest to
the research questions.

• Positioning Error: positional offset (meters) between the
teleport and the target center positions.

• Orientation Error: angular offset (degrees) between the
user’s forward orientation and the user direction to the mid-
point of the two spheres.

• NASA-TLX [20] in the form of Raw-TLX questionnaires [9,
19].

• Technique ratings on a 7-point Likert scale (1 – least pre-
ferred, 7 – most preferred) and a brief interview.

4.6 Participants

We recruited 18 participants (10 male, 7 female, and 1 non-binary)
from the local university, mainly Master’s students in Computer
Science. The ages ranged from 18 to 34, all were right-handed,
8 wore glasses, and 1 wore contact lenses. On a 5-point Likert
scale, participants rated themselves as having medium experience
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a b c d

Figure 4: Study example with Flip+StylusPoint: (a) The user taps the button with the stylus to start, (b) they select a teleport

destination, (c) they specify orientation while pressing the button, (d) release to teleport and draw a line to finish.

a b

Figure 5: When teleporting to face a blackboard presented

from its side, it can be difficult to cast the orientation point

onto its thin edge. A practical strategy is to instead place the

orientation point on the ground behind the blackboard.

with VR (𝑀 = 3.17, 𝑆𝐷 = 1.04), tablets/smartphones styluses (𝑀 =

3, 𝑆𝐷 = 0.91), and little experiencewith VR styluses (𝑀 = 1.39, 𝑆𝐷 =

0.78) and teleportation (𝑀 = 1.61, 𝑆𝐷 = 0.78).

5 Results

We conducted a three-way (Mode Switching ×Orientation Con-
trol × Target Depth) Aligned Rank Transform (ART) Repeated
Measures ANOVA for data analysis, as measures were non-normally
distributed after outlier filtering (Inter-Quartile Range based on
Task Completion Time; ≈5.3%), followed by Holm-Bonferroni cor-
rected post hoc tests. For NASA-TLX and preference ratings, we per-
formed Friedman with post hoc Wilcoxon tests (Holm-Bonferroni
corrected). Statistical significances in Figure 7-Figure 11 are shown
as */**/*** for 𝑝 < .05/𝑝 < .01/𝑝 < .001 and error bars show 95%
confidence intervals.

5.1 Time Measures

On Switch In Time (Figure 7a), we found that participants switched
into teleportation mode faster when performing the Flip (𝐹1,187 =
69.25, 𝑝 < 0.001, 𝜂2𝑝 = 0.270) than when pressing the Button.

As for Positioning Time (Figure 7a-b), we found that partici-
pants were faster with Button compared to Flip (𝐹1,187 = 6.59, 𝑝 =

0.011, 𝜂2𝑝 = 0.034). Participants also took longer to position 6𝑚
away compared with 3𝑚 (𝐹1,187 = 35.63, 𝑝 < 0.001, 𝜂2𝑝 = 0.160).

Regarding Orientation Time (Figure 8), we found that partici-
pants specified the orientation faster when using Button (𝐹1,187 =
20.54, 𝑝 < 0.001, 𝜂2𝑝 = 0.099). Orientation Control also had an
effect (𝐹2,187 = 30.56, 𝑝 < 0.001, 𝜂2𝑝 = 0.246), as participants were
slowest when using StylusRoll compared with the others (both

Figure 6: Logitech MX Ink stylus controls. Figure adapted

with permission from [26].

𝑝 < 0.001), while participants were faster when using StylusPoint
compared with GazePoint (𝑝 = 0.008). Additionally, a significant
interaction was found between Mode Switching × Orientation
Control (𝐹2,187 = 4.38, 𝑝 = 0.014, 𝜂2𝑝 = 0.045). Specifically, Stylus-
Roll was significantly more impacted by the grip in Flip than both
StylusPoint and GazePoint (both 𝑝 < 0.034).

When looking at Switch Out Time (Figure 9a-c), we found that
participants were significantly faster when using Flip compared
with Button (𝐹1,187 = 195.62, 𝑝 < 0.001, 𝜂2𝑝 = 0.511). Target
Depth also impacted Switch Out Time as participants were faster
at switching out at the closer distance of 3𝑚 (𝐹1,187 = 4.01, 𝑝 =

0.047, 𝜂2𝑝 = 0.021).
Further, we found significant interactions betweenMode Switch-

ing × Target Depth (𝐹1,187 = 6.67, 𝑝 = 0.011, 𝜂2𝑝 = 0.034). Specifi-
cally, Button was significantly more impacted by depth than Flip
(𝑝 = 0.011).

Finally, on Task Completion Time (Figure 9d-e), we found that
Orientation Control had a significant effect (𝐹2,187 = 9.34, 𝑝 <

0.001, 𝜂2𝑝 = 0.091), as StylusRoll was significantly slower overall
than the others (both 𝑝 < 0.018). Participants were also slower
overall when teleporting to 6𝑚 away (𝐹1,187 = 14.95, 𝑝 < 0.001, 𝜂2𝑝 =

0.074).

5.2 Error Measures

On Positioning Error (Figure 10), we found that participants
were more accurate with Flip (𝐹1,187 = 28.86, 𝑝 < 0.001, 𝜂2𝑝 =

0.134). Target Depth also impacted Positioning Error, as the
performance was more accurate at the close depth of 3𝑚 (𝐹1,187 =
25.87, 𝑝 < 0.001, 𝜂2𝑝 = 0.122). Furthermore, we found significant
interactions between Mode Switching × Orientation Control
(𝐹2,187 = 4.33, 𝑝 < 0.015, 𝜂2𝑝 = 0.044), Mode Switching × Tar-
get Depth (𝐹1,187 = 14.50, 𝑝 < 0.001, 𝜂2𝑝 = 0.072), Orientation
Control × Target Depth (𝐹2,187 = 4.015, 𝑝 < 0.020, 𝜂2𝑝 = 0.041),
and Mode Switching × Orientation Control × Target Depth
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(a) Mode Switching

on Switch In Time.

(b) Mode Switching

on Positioning

Time.

(c) Target Depth on

Positioning Time.

Figure 7: Results of on Switch In Time (a) and Positioning

Time (b-c). Notably, main effects show Flip to switch in faster

(a) while being slower at positioning (b) with positioning at

3m to be faster (c).

(a) Mode Switch-

ing.

(b) Orientation

Control.

(c) Mode Switching × Orien-

tation Control.

Figure 8: Results of Orientation Time. Notably, main ef-

fects show Button to be faster (a). Meanwhile, StylusPoint

is faster than both GazePoint and StylusRoll, with Sty-

lusRoll being the slowest (b).

(𝐹2,187 = 3.97, 𝑝 < 0.021, 𝜂2𝑝 = 0.041). Specifically, StylusRoll
was more impacted by Button than both StylusPoint and Gaze-
Point (𝑝 < 0.041). Positioning error at 6𝑚 was also significantly
more impacted by Button (𝑝 < 0.001), while StylusRoll was
more impacted by Target Depth than GazePoint (𝑝 = 0.017).
Finally, from the three-way interaction, GazePoint was more accu-
rate than StylusRoll when using Flip while teleporting 3𝑚 away
(𝑝 = 0.019).

Regarding Orientation Error (Figure 11a–c), we found that
orientation was more accurate with Flip than Button (𝐹1,187 =

28.02, 𝑝 < 0.001, 𝜂2𝑝 = 0.130) and at 3𝑚 compared with 6𝑚 (𝐹1,187 =
54.54, 𝑝 < 0.001, 𝜂2𝑝 = 0.189). Additionally, we found significant
interactions between Mode Switching × Orientation Control
(𝐹2,187 = 3.22, 𝑝 = 0.042, 𝜂2𝑝 = 0.033) and Mode Switching ×
Target Depth (𝐹1,187 = 6.25, 𝑝 = 0.013, 𝜂2𝑝 = 0.032). However, post
hoc interaction analyses found no significant differences in the
Mode Switching × Orientation Control interaction (all 𝑝 >

0.078). Instead, participants were more impacted by the difference
in Target Depth when using Button than when using Flip (𝑝 <

0.013).

5.3 NASA-TLX, Preferences and User Feedback

The only significant NASA-TLX result was that GazePoint+Button
was perceived less physically demanding (𝜒2 (5) = 15.625, 𝑝 =

0.008,𝑊 = 0.935) than StylusRoll+Flip (𝑝 = 0.044).

(a) Mode Switch-

ing on Switch

Out Time.

(b) Target Depth

on Switch Out

Time.

(c) Mode Switching × Target

Depth on Switch Out Time.

(d) Orientation

Control on Task

Completion Time.

(e) Target

Depth on Task

Completion

Time.

Figure 9: Results of Switch Out Time (a-c) and Task Com-

pletion Time (d-e). Notably, main effects show Flip (a) and

3m (b) to switch out faster, while showing StylusRoll to

be the slowest overall (a) and teleporting at 3m to be faster

overall (c).

The results on preference (Figure 12) indicated that participants
preferred StylusPoint (with both Button and Flip) over Sty-
lusRoll +Button (both 𝑝 < 0.037). The feedback showed that
they found all techniques viable for completing the task, but with
trade-offs between Mode Switching and Orientation Control.

5.3.1 Button vs. Flip. The two Mode Switching methods divided
opinions, reflecting a trade-off between intuitiveness and reliability.
Flip was praised for its intuitiveness and reduced mental load since
there was “no need to memorize [the] current mode” (P3) and “I
used less time [than] figuring out what the two buttons do” (P5).
However, some participants found Flip suffered from “awkward
grips” (P17) and made buttons “not very handy after reversing” (P11).
P7 even worried about the stylus “falling down” when performing
flips. In contrast, Button was seen as “more stable” (P1, P15, P18)
and provided “button feedback (click) so I know the mode has been
switched” (P7).

5.3.2 StylusRoll. StylusRoll was perceived as “precise” (P3,
P11), but most participants (10 out of 18) criticized its physical
demands. The most frequently mentioned problem was the strain
and discomfort in their wrists, especially with “half circle (180°)”
rotations (P1, P8, P13), or with “clockwise rotations” (P8). Although
StylusRoll only maps roll-axis rotation to orientation, some par-
ticipants still rotated the stylus freely along all axes to overcome
the limited wrist rotational range. P9 noted that “I had to give up
the precision for some large angles because my wrist was limited”.
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(a) Mode Switch-

ing.

(b) Target

Depth.

(c) Mode Switching × Orien-

tation Control.

(d) Mode Switching × Target

Depth.

(e) Orientation Control × Tar-

get Depth.

Figure 10: Results of Positioning Error. Notably, main ef-

fects show Flip (a) and teleporting at 3m (b) to be more accu-

rate.

In addition, holding the teleport button while rolling the stylus
sometimes caused accidental releases (P9, P16, P17).

5.3.3 StylusPoint. Controlling orientation by pointing with the
stylus was considered the most “natural”, “intuitive”, and to provide
“great control” (P3, P6, P7, P9, P10, P12, P13, P15, P18). Participants
reported that it was “much easier to hit the right rotation” (P15).
Compared with StylusRoll, participants found that StylusPoint
caused less physical strain, as it was “much more efficient when the
blackboard was reversed” (P7, P16) and “became much easier to line
up the orientation when being able to use all axes of the stylus” (P15).

5.3.4 GazePoint. The gaze-based orientation method received
mixed comments. Some praised it as “the fastest” (P1, P3, P7), in-
volving “less physical strain” for the hand and being “effortless” (P7,
P13, P14, P16, P17). Others found it “fun” (P4, P12, P13, P14), and
“very intuitive” (P3, P4, P13, P16, P17). However, several struggled
with “eye-tracking [that] wasn’t very accurate” (P5, P9, P10, P13, P16,
P17). Participants with glasses especially mentioned “eye fatigue”
(P8, P10, P12) and that “the eye tracker was pressing on my glasses
uncomfortably” (P17).

5.4 Observations

When switching modes via Flip, some participants reported strug-
gling to change between the precision and palm grips. Though
we anticipated a fluid transition that exploits finger dexterity, Flip
was limited by individual differences in hand size and motor abil-
ity across participants. To prevent the stylus from slipping, some
participants maintained the precision grip but rotated their wrist

(a) Mode Switch-

ing

(b) Target Depth (c) Mode Switching × Target

Depth.

Figure 11: Results of OrientationError (a-c). Notably,main

effects show that Flip (a) and 3m (b) resulted in higher accu-

racy.

Figure 12: Preference results. Notably, main effects show

that the StylusPoint variants are preferred by users over

Button+StylusRoll.

largely to point with the stylus tail, or even tried using their other
hand to assist.

We also noted the hardware limitations of the Neon eye tracker.
As amounted component between the lenses and the user, it pressed
against participants’ glasses and caused discomfort. Though some
participants who wore glasses reported eye tracking inaccuracy
in GazePoint, statistical analyses (ANOVA for normal, Kruskal-
Wallis for non-normal) did not indicate significant differences in
any performance metrics between the groups of participants with
or without glasses. Therefore, we claim that despite discomfort,
Neon XR provides reliable eye tracking quality for our study.

6 Discussion

In summary, we can address RQ1: Flip is faster to perform and
results in higher accuracy in subsequent teleportation. To address
RQ2, we can conclude that StylusRoll is the most challenging
for orientation control, while StylusPoint was most preferred by
participants and was more efficient at orientation than GazePoint.

As guidelines for designing teleportation in stylus-based VR
interfaces, we suggest assigning frequently-used functions to grip-
based methods like Flip, which enables rapid switching, while
binding less frequent functions to Button. Among orientation
methods, StylusRoll is the least recommended, while Stylus-
Point becomes the most suitable choice for the system we tested.
GazePoint achieves comparable task performance to StylusPoint,
demonstrating its potential as an alternative orientation method.
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Potentially, a higher-accuracy eye-tracker can improve user perfor-
mance with this method.

In the following sections, we elaborate on these findings and
discuss the study’s limitations and avenues for future work.

6.1 Mode Switching Techniques

A qualitative advantage of Flip over Button is that it does not
rely on extra buttons. In contrast, the Button approach requires
an extra mode-switch button, which may take away space for other
operations. Yet, a button press is simple and efficient in principle
compared with gestures. Interestingly, our results show that switch-
ing between modes through the Flip was faster. We attribute this
to intuitive action of flipping, as a natural behavior that is similar
to pen use in physical contexts, compared with the arbitrary task
of memorizing the current mode along with locating and pressing
a specific button using a digital stylus, which requires dedicated
visual feedback.

Furthermore, while the act of positioning and orientation were
slower using Flip, it achieved higher accuracy with comparable
overall task time. The longer teleportation time occurs because
with Flip, participants needed to switch grips and adapt to the palm
grip–e.g., locating the teleport button–while Button maintained a
static precision grip. The higher accuracy, however, corroborates
Li et al.’s findings on stylus grips in VR: while pointing forward
and downward is easier with a precision grip, pointing forward and
upward is easier with a palm grip [31]. Since parabola-based Point
& Teleport requires raising the stylus higher for distant targets, it
becomes easier to use the palm grip after Flip than continuing with
the precision grip in Button. This is further supported by that
Button was more impacted by depth, with slower switching-out
and lower orientation accuracy for far targets This indicates that
the difficulty of holding the stylus higher with a precision grip
reduces users’ ability to finely control orientation.

6.2 Orientation Control

For the different orientation control methods, our results show that
participants took longer to complete the compound teleport-and-
orient task with StylusRoll than with the other two methods.
This difference mainly occurs when orienting, where StylusRoll
was the slowest for orientation and StylusPoint was the fastest.
We interpret these results as evidence that rolling the stylus to
specify orientation is harder to perform because it requires fine
hand dexterity to manipulate the stylus efficiently or effectively
while holding it. This difficulty is augmented by the need to simul-
taneously press the teleport button, which restricts in-hand finger
rotation and lead to more reliance on wrist rotation. It is in line
with other findings indicating its inherent difficulty [8].

In contrast, pointing via the stylus or gaze offers larger move-
ment spaces and greater freedom, making orientation easier. Simi-
larly, results for positioning errors indicate that StylusRoll pro-
ducedworse accuracywhen used together with Button, suggesting
an additional challenge of rolling a stylus in a precision grip, which
offers more limited rolling motion space than a palm grip.

Regarding GazePoint, although six participants reported eye-
tracking inaccuracy, the orientation task itself does not require
high-precision pointing, since users can physically fine-tune their

orientation afterwards. Consequently, GazePoint outperformed
StylusRoll and showed no significant differences from Stylus-
Point in overall task time. Looking one level deeper, we attribute
this robustness to our design, which allows the orientation ray to
intersect any surface rather than only the ground. By moving away
from the strict assumption that teleport direction must be specified
on the ground—and instead allowing orientation to be defined via
arbitrary spatial objects—we leverage natural gaze behaviour: users
tend to look toward the objects they want to inspect or interact
with.

6.3 Limitations and Future Work

Our explorations are grounded in the common Point & Teleport
approach, which defines teleportation position through hand (sty-
lus) pointing. However, it is also possible to use gaze pointing for
position specification [27], and it remains to be studied whether
both position and orientation could be specified with gaze. We con-
ducted the study using a Meta Quest 3 with a Neon XR eye tracker,
as it was the most appropriate hardware setup available for a stylus.
It caused some discomfort and can be improved with better mounts
or future devices that integrate eye-tracking and stylus. Some of
our proposed techniques support setting orientation through point-
ing at object surfaces in 3D space, which diverges from most prior
work that focused solely on ground-based teleportation, making it
less comparable to prior approaches. Our study was conducted in
a controlled laboratory setting, where participants could use only
a limited set of surfaces for orientation, such as the blackboard,
ground, and walls. Future work is needed to examine how these
techniques translate to more realistic uses of a stylus involving
more interactive objects and crowded environments. Also as Flip
relies on stylus orientation, occasional unintentional flips can occur,
e.g., when drawing on tables. Context-aware cues such as disabling
Flip near surfaces have potential to address this. The study focused
on two subtasks of positioning and orientation, though in many
cases, users may only want to specify the position. It is plausible
that the findings for the two mode-switching methods extend to
purely teleportation positioning, which could be validated by future
work. Further, the study task required participants to specify a sin-
gle teleport position and orientation per trial. While this sufficiently
captures the fundamental teleportation task and likely extends to
scenarios involving multiple successive teleports, further studies
are needed to validate this assumption and generate additional
insights.

7 Conclusion

In this paper, we investigate teleportation for stylus-based inter-
action in VR through two mode-switching (Button and Flip ges-
ture) and three orientation techniques (StylusRoll, StylusPoint,
and GazePoint). We evaluated these techniques in a compound
point, orient, and teleport task. Our key takeaways are: (1) flipping
the stylus to enter teleport mode is intuitive, makes users switch
modes faster, and induces more accurate though slightly slower
teleporting; (2) setting the landing orientation by pointing in the
desired facing direction is easy to understand and more efficient
than adjusting orientation via stylus roll. Pointing works with both
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a stylus-ray and gaze; these were on par in our tests, and more
accurate eye-tracking could improve gaze-based orientation.

The interaction concepts can extend beyond styluses to controller-
and bare-hand-based interaction. Controller teleportation already
benefits from multiple buttons, but flip gestures and pointing for
teleport orientation may offer additional flexibility. Bare-hand-
based teleportation is underexplored, and opportunities may lie
in leveraging flip-like gestural mode-switching and multimodal
integration with gaze. This hints at a broader design space for ad-
vancing how users navigate virtual environments with intuitive
multimodal inputs to explore in the future.
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