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Figure 1: Left) Average human-size avatar walking in a large virtual city. Middle) Ground-Level Scaling technique used to
achieve a 10x speed gain. Right) Eye-Level Scaling used to achieve a 10x speed gain, while maintaining a street-level view.

ABSTRACT
Advances in tracking technology and wireless headsets en-
able walking as a means of locomotion in Virtual Reality.
When exploring virtual environments larger than room-scale,
it is often desirable to increase users’ perceived walking
speed, for which we investigate three methods. (1) Ground-
Level Scaling increases users’ avatar size, allowing them
to walk farther. (2) Eye-Level Scaling enables users to walk
through a World in Miniature, while maintaining a street-
level view. (3) Seven-League Boots amplifies users’ movements
along their walking path. We conduct a study comparing
these methods and find that users feel most embodied us-
ing Ground-Level Scaling and consequently increase their
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stride length. Using Seven-League Boots, unlike the other
two methods, diminishes positional accuracy at high gains,
and users modify their walking behavior to compensate for
the lack of control. We conclude with a discussion on each
technique’s strength and weaknesses and the types of situa-
tion they might be appropriate for.
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1 INTRODUCTION
With the release of untethered head-mounted displays and
advances in tracking technology users can physically walk
around to explore room-scale Virtual Reality (VR) applica-
tions. Walking is a familiar mechanism that unlike some
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locomotion techniques, including teleportation [7], walk in
place [23], or omni-directional treadmills [8], does not re-
quire training or additional hardware and does not hinder
users’ spatial awareness.

Virtual Reality offers many opportunities that go beyond
the attempt to closely replicate the experience of reality. In a
virtual environment, we can create magical experiences that
are simply impossible in the real world [10]. With regards
to walking, we could significantly increase users’ perceived
walking speed in VR. Large speed gains in VR:
� Allow rapid and efficient exploration of large virtual
environments.
� Enable users to travel farther in the virtual scene to
overcome the constraints of their physical space.
� Create flexible mappings between the virtual content
and physical props.

To increase the users’ perceived walking speed, a sim-
ple solution is to amplify movements along the horizon-
tal plane [34]. However, only small gains are achievable in
practice without diminishing users’ control accuracy [35].
Seven-League Boots is a variation of this approach that only
amplifies movements along the user’s walking path, with-
out amplifying side-to-side head sways that naturally occur
while walking [14]. In practice, it is challenging to reliably
predict users’ intended walking direction, as a result Seven-
League Boots is not commonly used.
We explore two alternative approaches based on scale

change for walking at high speed gains in large virtual envi-
ronments. We hypothesize that at high gains, scaling might
perform better, as it maintains a 1:1 mapping between the
user’s movements and the movements of the virtual camera.
The first technique, Ground-Level Scaling, in effect increases
the users’ avatar size, allowing them to walk farther in the
virtual environment with each step. In our experimentation
we found that due to the drastic shift in eye level, the details
of the virtual scene are often missed when using Ground-
Level Scaling with large gains. To address this limitation,
we explore a second alternative, Eye-Level Scaling, that en-
ables users to walk through a World in Miniature, while
maintaining a street-level view.

We conducted a user study comparing Ground-Level Scal-
ing and Eye-Level Scaling to an improved version of the
Seven-League Boots at speed gains of 3x , 10x , and 30x . Dur-
ing the evaluation, users were directed to walk to different
targets in a virtual city, while optimizing for both time and
accuracy.
Participants overall preferred the Ground-Level Scaling

technique for walking around in a large virtual environment.
For the interactive task at a gain of 30x , participants found
the two scale change methods more preferable and comfort-
able than the Seven-League Boots and felt most embodied
in Ground-Level Scaling. Moreover, similar to prior work

on 2D Translational Gains [35], we found that when using
Seven-League Boots, control accuracy diminishes at high
gains. Interestingly, participants modify their walking be-
havior to compensate for this lack of accuracy. We conclude
with a discussion on the strength and weaknesses of each
technique. We anticipate that changes in walking behavior
that emerge with the use of each technique, including the
changes in stride length and walking speed, will also impact
the types of VR scenarios that they will be appropriate for.

2 RELATEDWORK
Locomotion Taxonomy
Nilsson’s taxonomy [22] classifies virtual locomotion tech-
niques based on three orthogonal dimensions: virtual move-
ment source, user mobility, and metaphor plausibility, as
shown in Figure 2. In this paper, the locomotion techniques
of interest lie at the intersection of body-centric, mobile, and
magical categories. These techniques allow users to walk in
VR, without the need for training or additional hardware,
while experiencing an outcome that is not plausible in the
real world.

Figure 2: Taxonomy of virtual travel techniques presented
by Nilsson [22]. The methods explored are in the high-
lighted category of body-centric, mobile, and magical.

Speed Gain Techniques
Most body-centric, mobile, and magical locomotion tech-
niques, such as Superhuman Jumps, 2D Translational Gain,
and Seven-League Boots, aim to increase users’ perceived
walking speed in Virtual Reality.

Superhuman Jumps. This technique predicts users’ destina-
tion and allows them to virtually jump to that location [5].
During the jump a fast and blurred animation of the path
from the users’ current location to their destination is shown.
Using Superhuman Jumps users can travel large virtual dis-
tances, while walking short paths in the real world.
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