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Abstract
When it comes to locomotion in Virtual Reality (VR), a wide range of different techniques has been proposed in the scienti�c
literature or as commercial products. However, the best choice for a speci�c application is still not immediate, being each
technique characterized by different advantages and drawbacks. The present work reports on the results of a user study-based
comparison between two methods: a locomotion treadmill, which supports omni-directional movements through walking in
place over a hardware device, and Arm Swinging, which recognizes movement from the swinging back and forth of the user’s
arms (e.g., gathered by sensors embedded in hand controllers). Experiments have been carried out in a realistic immersive VR
scenario, which requested users to respond to a �re emergency in a road tunnel by moving and interacting with the environment.

Categories and Subject Descriptors (according to ACM CCS): I.3.6 [Computer Graphics]: Methodology and Techniques�
Interaction techniques

1. Introduction

Locomotion in Virtual Reality (VR) has always been a challenging
issue, in the perspective of guaranteeing users a high immersion
and sense of presence while exploring and interacting with Virtual
Environments (VEs). With the explosion of consumer VR, a large
number of hardware and software solutions have been developed to
takle the above issue, but none of them has prevailed yet.
The aim of the present work is to carry out an evaluation of two
of the solutions that have been proposed so far, by working with
an application developed in order to support both. The application,
named FrØjusVR, is a serious game based on immersive VR tech-
nology that has been originally designed to study the behavior of
the FrØjus tunnel’s users in case of emergency. Within the road tun-
nel scenario, virtual users are presented with a number of interac-
tions to be performed by moving and using their hands.
The reasons behind the choice of this application were twofold.
Firstly, collecting qualitative and quantitive measures on an in-
teractive experience which accurately represents a real-world set-
ting could be more representative than using an ad-hoc scenario
solely intended for locomotion testing. Secondly, being developed
in length, the road tunnel is inherently a valid choice for experi-
menting with the two locomotion paradigms, which are both con-
ceived for overcoming the physical limits of a room environment.
The VR system selected for the study is the HTC R
ViveTM. Com-
parison was performed by letting the users explore the VE using ei-
ther a commercial treadmill or a well-know locomotion technique

based on swinging arms. For the �rst approach, the Cyberith’s Vir-
tualizer treadmill [CH14] was considered, whereas for the second
approach the ViveTM hand controllers were used.

2. State of the art

A number of studies tried to address the problem of developing ever
more effective paradigms for locomotion in immersive VEs, or as-
sessing and comparing existing ones.
According to Wilson et al. [WKMW16], navigation methods based
on haptic devices (like keyboard and joystick) that have been
largely explored by researchers in the past, proved to be inferior in
terms of spatial orientation when compared with techniques based
on tracking with Head-Mounted Displays (HMDs).
As stated by Ruddle and Lessels, the development of wide-area
tracking techniques led to the development of interfaces that let the
user walk through an empty space which corresponds to the virtual
world (or part of it) while having all the proprioceptive informa-
tion related to real walking provided by the system [RL09]. Un-
fortunately, though these methods (referred to as �room-scale�) are
perfectly suitable for relatively small VEs, when it comes to large
environments different approaches have to be pursued in order to
overtake the boundaries posed by the physical space.
One of the most common solutions adopted to cope with space lim-
itations is represented by the �Point & Teleport� technique, also
know as �teleportation� [BRKD16]. The idea is to use laser or
parabolic pointers originating from hand controllers in order to let
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