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ABSTRACT

It is an open question as to whether people perceive and act in aug-
mented reality environments in the same way that they do in real
environments. The current work investigated participants’ judg-
ments of whether or not they could act on an obstacle portrayed
with augmented reality. Specifically, we presented gaps of varying
widths and depths to participants in augmented reality using the
Microsoft HoloLens. We asked users to indicate whether or not
they believed that they could step across the virtual gaps given their
widths and depths. Averaging across changes in width and depth,
users generally underestimated their abilities to cross gaps. However,
this underestimation was significantly greater when the gaps were
deep. Thus, our findings suggest that users in augmented reality re-
spond with more conservative judgments when presented with risky
stimuli—a response that mimics real world behavior. Their altered
reactions to deeper gaps may provide early evidence for augmented
reality’s capacity to evoke a sense of realism or immersion and its
use in evaluating perception and action.
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1 INTRODUCTION

Our understanding of how users perceive virtual objects in real world
environments with optical see-through augmented reality displays
remains unclear. In these devices, virtual graphics are superimposed
onto the user’s view with optical combiners, which leverage partial
reflections off of glass or plastic. A virtual object—or hologram, as
it is often called commercially—is generated as a two-dimensional
(2D) overlay, rendered with additive light to display color. In this
paper, we will refer to optical see-through augmented reality as
augmented reality or AR for simplicity.

AR holds tremendous potential. Its ability to provide context
to the surrounding world with direct, heads-up information could
revolutionize the way we perform many tasks. For example, a
surgeon may use 3-dimensional (3D) visualizations to guide her
incisions during an operation [16]. Or a student, running late to class,
may use his AR display to quickly find where he left his laptop [1].
For these applications, AR system developers must convincingly
align and display virtual objects in the real world. This necessitates
a firm understanding of the physical and perceptual limitations of
the technology.
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Open questions remain about how the visual properties of virtual
objects influence our perception in augmented reality. Both in the
real world and in virtual reality (VR), when people experience fear
and anxiety, their perceptions of what they can and cannot do are
altered [5, 8,10, 24]. It is unknown if current AR systems can evoke
this same response with fear- or risk-inducing visualizations. Behav-
ioral responses that resemble those expected in the real world would
provide evidence that visual cues in AR are perceived similarly to
the real world. Furthermore, these types of visualizations may be
important for future applications in gaming or the clinical treatment
of emotional disorders. For instance, AR game designers may want
to reliably elicit fear or caution in response to seemingly dangerous
virtual stimuli [12].

Whether or not AR can evoke fear and then affect users’ percep-
tions of space has not been tested. In the current study, we utilized
affordance judgments, which have previously been used to assess
users’ perception of scale (e.g., size, distance, etc.) in virtual and
augmented reality environments. Specifically, we asked participants
to judge their ability to step over AR gaps with a shallow, medium,
and deep pit. Based on the notion that emotional states can change
one’s perceived action capabilities [8,10,25], we predicted that users
would become more conservative with their judgments of which gaps
they could cross as the gap increased in depth, or as the implication
of risk in the visualization increased.

2 BACKGROUND

In prior work, researchers have investigated how users perceive vir-
tual spaces with affordance judgments. Affordances are possibilities
for action that an individual perceives, with respect to his or her own
action capabilities, in a given environment [7]. For example, one
can only walk through a doorway if it is wider than one’s body. An
individual’s perception of affordances is thought to be accurate due
to the constant feedback they receive from the environment with
every action taken. Therefore, judgments made about affordances
can be used to measure the degree to which individuals perceive
virtual spaces similarly to the real world (also known as perceptual
fidelity).

Users of VR may perceive spaces differently, as evidenced by
a tendency of observers to underestimate distances in immersive
virtual environments [6]. However, ergonomic and display improve-
ments for virtual reality devices have reduced this effect over time [2].
Research evaluating the accuracy of distance perception in AR is
comparatively muddled. Some AR research has revealed egocentric
depth underestimation at medium and far-field distances [9,26]. Yet
other work has found accuracy or even overestimation of distance in
comparison to judgments made to real-world targets [11,19]. More
recently, researchers have assessed the perceptual fidelity of AR
and have found underestimation in affordance judgments that are
in near space (i.e., reaching space) but not far space (i.e., space
beyond reaching, but still actionable) [19]. These studies suggest
that users may perceive the scale (e.g., size, distance, etc.) of AR
objects differently depending on where they are presented in space.

For virtual objects placed on the ground, gap affordance studies
provide an opportunity to evaluate the perceptual fidelity of aug-
mented reality in users’ near space. This methodology has been






