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ABSTRACT

We report a user study that investigated the effect of redirection in
an immersive virtual environment on spatial orientation relative to
both real world and virtual stimuli. Participants performed a series
of spatial pointing tasks with real and virtual targets, during which
they experienced three within-subjects conditions: rotation-based
redirection, change blindness redirection, and no redirection. Our
results indicate that when using the rotation technique, participants
spatially updated both their virtual and real world orientations dur-
ing redirection, resulting in pointing accuracy to the targets’ recom-
puted positions that was strikingly similar to the control condition.
While our data also suggest that a similar spatial updating may have
occurred when using a change blindness technique, the realignment
of targets appeared to be more complicated than a simple rotation,
and was thus difficult to measure quantitatively.

Index Terms: H.5.1 [[Information Interfaces and Presenta-
tion]: Multimedia Information Systems—Artificial, augmented,
and virtual realities; 1.3.6 [Computer Graphics]: Methodology and
Techniques—Interaction techniques; 1.3.7 [Computer Graphics]:
Three-Dimensional Graphics and Realism—Virtual reality
Keywords: virtual environments, redirection, spatial orientation

1 INTRODUCTION

Physical space limitations are a troublesome impediment to natu-
ral locomotion in immersive virtual environments. Real walking
provides many advantages over less natural travel techniques, in-
cluding a greater sense of presence [15], improved performance on
travel and search tasks [9] [13], and benefits for memory and at-
tention [12]. However, a real walking interface ultimately restricts
the exploration of the virtual environment to the dimensions of the
physical workspace and motion tracking area. To relax these lim-
itations, a number of redirection techniques have been proposed
to decouple the user’s locations in the physical and virtual worlds,
allowing walking through virtual environments that may be con-
siderably larger than the real world space. Suggested redirection
techniques have ranged from manipulating perceptual self-motion
cues, such as applying rotational gains [6] or scale factors to for-
ward movements [4], to more complicated approaches involving
structural manipulation and change blindness [11].

Redirection techniques attempt to imperceptibly physically re-
orient the user without disrupting their spatial awareness in the vir-
tual world. Previous research suggests that when users are redi-
rected in a virtual environment, their orientation relative to the vir-
tual world is updated, as measured by pointing and map tests [5].
However, little research has been done to investigate how redirect-
ing users in a virtual environment impacts their spatial orientation
in the real world. Does the user’s perceived orientation relative to
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the real world also get updated, or do they maintain a distinct model
for real world orientation that is unaffected by manipulations in the
virtual environment? This is an important question for applications
involving physical reflex actions, such as immersive training. For
example, a soldier may need to quickly react to threats in a simula-
tor by moving around or finding protective cover in an environment.
If the user was redirected in the virtual world, but instinctively re-
acted to a residual real world model, then redirection may not be
appropriate for these purposes, and at worst may provide negative
training. Thus, in this paper, we describe an experiment that was
performed to probe the relationship between the real world and vir-
tual world models for spatial orientation using a pointing task dur-
ing which participants were redirected.

2 BACKGROUND AND RELATED WORK

Spatial updating is the process by which people keep track of the
spatial relationship between themselves and the surrounding en-
vironment. During navigation, humans combine visual informa-
tion from their surroundings with body-based information from the
translational and rotational components of movement, also known
as path integration. The user’s awareness of their own body move-
ments, involving proprioceptive and kinesthetic cues, is a critical
aspect of navigational search, and greatly improves spatial updat-
ing compared to situations where only visual feedback is provided
[2] [8]. These body-based cues allow better spatially orientation [1]
and knowledge transfer from VR to the real world [3].

Despite the importance of proprioceptive and Kinesthetic cues
for spatial updating, recent studies in virtual environments have
also shown that purely visual stimuli are sufficient for automatic
spatial updating regardless of any vestibular or kinesthetic infor-
mation [7]. Additionally, research in redirected walking has found
that visual information tends to dominate over vestibular cues when
the magnitude of the conflict is beneath a certain detection thresh-
old [6] [10]. However, previous research has focused primarily on
the users’ spatial orientations within the virtual world. Until vir-
tual reality technology progresses such that a virtual environment is
perfectly indistinguishable from the real world, on some level users
experience presence in both the real and virtual environments si-
multaneously, and this dual presence may influence their behavior.
If the user is maintaining two distinct world models, it is not clear
that visual and kinesthetic cues are uniformly important for spatial
updating in both models, nor is it necessarily obvious that manip-
ulating spatial orientation in the virtual context will affect the real
one.

3 METHODS

A total of 18 people participated in the study. However, the motion
capture data for 2 participants were incomplete due to equipment
failures, resulting in a final sample of 16 people (12 male, 4 fe-
male). The mean age of participants was 28.50 (SD = 8.49). The
distribution of self-identified video game experience consisted of 8
non-gamers, 3 casual gamers, and 5 hard-core gamers. They were
primarily recruited through email and craigslist online classifieds,
and were offered a $20 gift card for participating. We performed
a within-subjects study with three redirection conditions (rotation
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