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VeeR: Exploring the Feasibility of Deliberately Designing VR Motion that
Diverges from Mundane, Everyday Physical Motion to Create More Entertaining

VR Experiences
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Fig. 1. This work explores the feasibility of using veering techniques to turn mundane, everyday motion, such as (A) a straight-line
movement of a metro train between 2 metro stations, into (B) a more entertaining VR motion experience. This metro route (A) is one
of the actual routes used in our two studies with a combined total of 42 participants, with the VR motion design (B) being based on
actual results of users’ most preferred rate and direction of veering for accelerating, cruising, and decelerating phases.

This paper explores the feasibility of deliberately designing VR motion that diverges from users’ physical movements to turn mundane,
everyday transportation motion (e.g., metros, trains, and cars) into more entertaining VR motion experiences, in contrast to prior
car-based VR approaches that synchronize VR motion to physical car movement exactly. To gain insight into users’ preferences for
veering rate and veering direction for turning (left/right) and pitching (up/down) during the three phases of acceleration (accelerating,
cruising, and decelerating), we conducted a formative, perceptual study (n=24) followed by a VR experience evaluation (n=18), all
conducted on metro trains moving in a mundane, straight-line motion. Results showed that participants preferred relatively high
veering rates, and preferred pitching upward during acceleration and downward during deceleration. Furthermore, while veering
decreased comfort as expected, it significantly enhanced immersion (p<.01) and entertainment (p<.001) and the overall experience,

with comfort being considered, was preferred by 89% of participants.
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1 INTRODUCTION

Transportation is the intentional movement from one location to another, and transportation routes, such as public
transit and freeways, are deliberately designed to be relatively straight with gradual turns for comfort and safety. For
example, the veering rates for metros and cars are generally below 4.5 ° /B42 [3] and 15.0 °/B42 [48] [37], respectively, in
contrast to roller coaster rides with veering rates of 90 °/B42 and higher [13], as shown in Figure 2(b).

This paper investigates the feasibility of deliberately designing VR motion that diverges from users’ physical
movements, with the aim of transforming mundane, everyday motions into more entertaining experiences, as shown in
Figure 2(a). In contrast to previous in-car VR approaches that mirror VR motion exactly to the physical car movement,
our veering approach explicitly designs VR motion that deviates from users’ physical motion. Furthermore, compared to
motion platforms that aim to generate physical motion to match VR motion, we explore the feasibility of using veering
for existing, everyday motion.

While veering has the potential to provide designers with increased flexibility to enhance the immersion and
entertainment of VR motion experiences, deviation from physical motion introduces sensory conflict [24] that could
cause discomfort. The open research question this work aims to answer is whether veering can enhance the overall
experience with comfort taken into account.

We structured this research into two parts, each with an in-situ user study: 1) a formative, perceptual study to
understand users’ preferences for veering while in motion, and 2) an user experience evaluation of diverged VR motion
experiences based on these veering preferences.

The formative study is needed because prior studies that have diverged VR vs. physical motion focused on detection
thresholds (lower-bound) and acceptable thresholds (upper-bound) for redirecting users’ physical heading [35] [38] [5],
while we are interested in users’ preferred veering rate and preferred veering direction for diverging users’ motion in VR
without changes to users’ physical motion.

We conducted a formative perceptual study with 24 participants on metro trains moving in a straight line to
understand user-preferred veering during mundane, everyday motion. Results showed that participants most preferred
a veering rate of 60~ 80 °/B42 for left/right (yaw) and up/down (pitch) directions. Interestingly, this high range of
preferred veering rate is close to the veering rate of theme park roller coaster designs [13], showcasing the potential
for substantial flexibility in VR motion path designs during mundane, everyday motion. In terms of veering direction,
participants most preferred pitching up during acceleration and pitching down during deceleration.

Based on these veering preferences, we designed motion paths for two VR scenes. We then conducted a summative
user experience evaluation study for VR motion experiences on moving metros to compare veering in VR during
physical motion with two baselines: 1) with vs. without veering while experiencing physical motion; and 2) veering
with vs. without physical motion. Results from the 18-person study showed that veering significantly improved
immersion(? 0 01) and entertainment level (? 0 001) with large effect sizes(A i 0 5) vs. the baseline without veering.
Although comfort decreased as expected due to sensory conflict [24], the overall experience, with comfort being taken
into consideration, showed that veering was preferred by 89% of participants. Moreover, when compared to veering
while being stationary, the mundane, everyday motion significantly improved immersion, realism, and entertainment
(?  0001) with large effect sizes (A j 0 5). Perhaps unsurprisingly, 100% of users preferred the experience with physical
motion vs. without.

In summary, our key contributions are as follows:
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Fig. 2. (A) Ranges of linear cruising speeds for various kinds of real-world transportation, where those with higher speeds have yet to
be investigated for VR veering. (B) Ranges of veering rates in everyday use of different vehicles, showing the relative mundanity of
travel by metro and car.

(1) Understanding of users’ most-preferred veering rate and veering direction for VR motion experiences during
mundane, everyday motion.

(2) Applying veering to VR motion design significantly improves immersion, entertainment, and with comfort
being taken into consideration, the overall user experience.

(3) Demonstration of the opportunity to design VR motion experiences similar to theme park roller coaster rides
even when users are physically experiencing mundane, everyday motion, through two in-situ studies with a

combined total of 42 participants.

2 RELATED WORK
2.1 Redirecting Physical Paths in VR

Redirected walking is a VR technique that aims to enable users to walk in a physically limited space while experiencing
the illusion of walking in a much larger virtual environment by influencing the physical heading and walking path taken
by users. Techniques include interactively and imperceptibly rotating the virtual scene about the user [35]. Alternatively,
Matsumoto et al. [27, 28] proposed the use of additional haptic cues (e.g., a physical wall for users to touch) and found
that they could reduce the amount of perceived curvature in real-world path. Suma et al. [46] focused on the dynamic
planning and optimization of the original visual rotation technique to adapt to different users and VEs. The scope of
this redirected walking technique has also been expanded to be applied to different rotation axes including pitch [29]
and roll [50], as well as specific behaviors such as opening doors [19].

Studies have identified the detection thresholds of such rotational deviation and awareness, as influenced by factors
including field of view, gender, distractors [49] and the curvature of virtual paths [25] and have identified detection
thresholds of 7-28 ° /B42 for walking [6] and 4.5 ° /B42 for wheelchairs [7]. Schmitz et al. [41] further proposed the use
of immersion to determine appropriate rotational gains.

In addition to the rotation gains used in redirected walking, researchers have also instrumented techniques to induce

changes in users’ walking pace. Ishikawa et al. [20] achieved this through the visual alteration of pitch in the VE,

3
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whereas Abtahi et al.J] identi ed increasing the virtual avatar's size also increased real-world walking speed. Grechkin
et al. [15] found that these translational gains were independent from redirected walking's curvature gains.

While redirected walking and wheelchairs aim to a ect the physical heading and path taken by users, our veering
approach diverges the virtual motion path without changes to the physical motion path.

2.2 In-car VR Experience

Extensive research has explored in-car VR experiences by generating VR motion that matches real-world car motion
exactly 1:1 to improve comfort and immersion. For example, holoritig for cars creates moving backgrounds, based

on the physical movement, to enhance the experience of 2D movies and games. For more immersive experiences, rail
shooter 44 is a type of action-based video game in which player control is limited to directing where to re a virtual

gun or move their avatar around the screen, without controlling the path their avatar takes. Examples include CarVR by
Hock et al. [L7 that mapped a car's real-world motion on the road to a helicopter in VR, and holoride fnapping

to airplanes, ying superheros, and spaceships. Researchers have also considered using VR to convert the landscape
outside the vehicle into imaginary settings for mindfulnes®] and escapism1€. To mirror the car's movements for

these purposes, Haeling et al.qf made use of 6-DoF head-tracking while McGill et 887 presented PassengXR, an
open-source software toolkit to create extended reality experiences based on the vehicle telemetry obtained from a
reference set of hardware.

One commonly-investigated concern with in-vehicle VR experiences is user comfort. As a result, researchers have
explored means of mitigating VR sickness. For example, Cho and Kjmdlidated the approach of dynamically
distorting the pathways in the VE in order to emulate actual optical ow and signi cantly reduce the sickness level.
McGill et al. [3]] concluded that in seeking the balance between user immersion and comfort, di erent solutions are
required to cater to the preference and susceptibility to sickess of di erent users. Similar work has also been extended
to other modes of transport, such as in Matviienko et al3][investigation of the e ects of steering methods and
trajectory for bicycles, as well as Soyka et alZ&J experiments on VR sickness with turbulent motions within airplanes.
Beyond VR sickness, Li et aRf] also identi ed the means to preserve VR immersion while ensuring awareness of
real-world location and conditions.

Our veering approach di ers in that we explore the feasibility of deliberately diverging VR motion from the physical
motion, to understand its e ect on user experience during mundane, everyday motion.

3 FORMATIVE, VEERING PREFERENCE USER STUDY

We conducted a formative, perceptual study to understand participants' preferences for veering during mundane,

everyday transportation motion, which inherently has three acceleration phageseleratingcruising decelerating

Speci cally, we collect the most-preferred veering rate and veering directions across these three acceleration phases.
As designing and conducting VR experiments while experiencing physical motion is signi cantly more challenging

than in-lab studies, we conducted three 8-person pilot studies to inform various aspects and parameters of the study

design to cap the experiment duration to one hour, to reduce burden on participants and maintain feedback quality.

3.1 Study Design

This study used a within-subjects design with a single independent variable: the physical acceleration phase, and
two dependent variables: most-preferred veering rate and veering directions. Additionally, we collected VR sickness

assessment and qualitative feedback through semi-structured interviews.
4
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