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Figure 1: Photos illustrating our AR dog behavior animations: (a) idle seating, (b) sniffing, (c) idle standing, (d) barking, and (e)
falling over. A sequence of photos illustrating a collision of the AR dog and a real human: (f–i) the dog is falling over when a real
human walks over it. All photos were taken through a Microsoft HoloLens.

ABSTRACT

Domestic animals have a long history of enriching human lives
physically and mentally by filling a variety of different roles, such as
service animals, emotional support animals, companions, and pets.
Despite this, technological realizations of such animals in augmented
reality (AR) are largely underexplored in terms of their behavior
and interactions as well as effects they might have on human users’
perception or behavior. In this paper, we describe a simulated virtual
companion animal, in the form of a dog, in a shared AR space.
We investigated its effects on participants’ perception and behavior,
including locomotion related to proxemics, with respect to their AR
dog and other real people in the environment. We conducted a 2�2
mixed factorial human-subject study, in which we varied (i) the AR
dog’s awareness and behavior with respect to other people in the
physical environment and (ii) the awareness and behavior of those
people with respect to the AR dog. Our results show that having
an AR companion dog changes participants’ locomotion behavior,
proxemics, and social interaction with other people who can or can
not see the AR dog. We also show that the AR dog’s simulated
awareness and behaviors have an impact on participants’ perception,
including co-presence, animalism, perceived physicality, and dog’s
perceived awareness of the participant and environment. We discuss
our findings and present insights and implications for the realization
of effective AR animal companions.
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1 INTRODUCTION

Since their domestication, animals have been leveraged by humans
for a wide range of roles from service animals to social companions
and emotional support animals [5, 28, 72]. An important precursor
for this co-existence between humans and animals is that the human
perceptual and decision-making cognitive systems are known to be
receptive to social cues from certain animals and vice versa [21],
which can form a bond and even lead to a shared mental model of
events, behaviors, and relationships with other people, objects, and
environments [24]. In particular, domestic animals such as dogs
are known to form a strong social bond with their owner that mani-
fests itself in protective behaviors or playful and excited attitudes,
depending on their internal state and social cues exchanged between
the animal and its owner [12].

To leverage similar benefits of human-animal interaction, the field
of robotics made great advances aimed at drawing from metaphors
that highlight the similarities between the robot and known animals
in order to communicate affordances and facilitate a more effective,
personal, and emotional interaction and co-existence [26], in various
applications such as companionship [55, 65] and therapy [51].

Similar to physically manifested robotic animals, metaphors re-
lated to human-animal interaction are also being leveraged for appli-
cations in virtual reality (VR) and augmented reality (AR), where
a virtual animal is shown via computer-generated graphics that are
superimposed or integrated into a virtual or physical space [73].
Compared to robotic animals, such virtual animals lack a physical
representation but have the potential to provide a more realistic,
flexible, and dynamic range of visual appearances and simulated be-
haviors. Virtual animals in AR are particularly interesting since they
are not limited by a physical manifestation in the real world—they
could exist virtually anywhere and appear at any time depending
on users’ needs. Some existing initial realizations of such virtual
animals include the Playstation EyePet [57], Microsoft HoloPet [31],
and Magic Leap Porg [45]. Considering the recent advances towards


