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Highlights

e Augmented reality (AR) allows for the investigation of virtual social sup-

port figures.

e Through a user study we investigated the supportive potentials of a virtual
dog in AR.

e The virtual dog was evaluated more positively than other conditions.
e The virtual dog was perceived as more supportive than the virtual human.

e The human was perceived as more interactive than the virtual dog.
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Abstract

Past research highlights the potential for leveraging both humans and animals
as social support figures in one’s real life to enhance performance and reduce
physiological and psychological stress. Some studies have shown that typically
dogs are more e [edtive than people. Various situational and interpersonal cir-
cumstances limit the opportunities for receiving support from actual animals
in the real world introducing the need for alternative approaches. To that end,
advances in augmented reality (AR) technology introduce new opportunities for
realizing and investigating virtual dogs as social support figures. In this paper,
we report on a within-subjects 3x1 (i.e., no support, virtual human, or virtual
dog) experimental design study with 33 participants. We examined the e [edt on
performance, attitude towards the task and the support figure, and stress and
anxiety measured through both subjective questionnaires and heart rate data.
Our mixed-methods analysis revealed that participants significantly preferred,
and more positively evaluated, the virtual dog support figure than the other
conditions. Emerged themes from a qualitative analysis of our participants’
post-study interview responses are aligned with these findings as some of our

participants mentioned feeling more comfortable with the virtual dog compared

*Corresponding author
Email address: nahal.norouzi@ucf.edu (Nahal Norouzi)

Preprint submitted to Journal of LATEX Templates April 11, 2022



10

11

12

13

14

15

16

17

18

19

20

to the virtual human although the virtual human was deemed more interactive.
We did not find significant di [erknces between our conditions in terms of change
in average heart rate; however, average heart rate significantly increased during
all conditions. Our research contributes to understanding how AR virtual sup-
port dogs can potentially be used to provide social support to people in stressful
situations, especially when real support figures cannot be present. We discuss
the implications of our findings and share insights for future research.
Keywords: Augmented Reality, Augmented Reality Dog, Virtual Animals,
Social Support

1. Introduction

The provision of social support in stressful situations has proven to be ben-
eficial in the reduction of stress (Allen et al., 2002; Polheber & Matchock, 2014;
Brooks et al., 2018). Multiple studies have investigated the relationships be-
tween the support figure and the individual receiving the support, the behaviors
of individuals providing support, the type of support figure (e.g., human, ani-
mal), and the outcomes associated with the individual receiving such support.
Most studies suggest that support figures can play a positive role on these out-
comes, for instance, animals or pets have been found to reduce stress and provide
a sense of security due to their non-judgmental nature (Brooks et al., 2018). It is
important to note that the non-judgemental nature does not mean that animals
do not have the ability to judge situations and respond accordingly (Anderson
et al., 2017; Cooper et al., 2003; Viranyi et al., 2004), rather, it is presenting the
notion that animals, and most commonly dogs, are perceived as not inducing a
sense of evaluation apprehension in their human companions, resulting in their
perceived non-judgmental nature (Allen et al., 2002; Vormbrock & Grossberg,
1988; Brooks et al., 2018). Additionally, some findings suggest that real animals,
and more commonly dogs, can be more successful in supportive roles than real
humans (Allen et al., 2002; Polheber & Matchock, 2014; Kertes et al., 2017).

Yet, the use of emotional support animals in public settings has recently
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become a topic of controversy (SPCA, 2018; Schoenfeld-Tacher et al., 2017;
Frishberg, 2019), as some people have abused the privilege of having animals
to provide a needed service, as a convenience for simply bringing their pets
with them wherever they go. Meanwhile, some public spaces prohibit pets
and/or animals due to allergies and increased liability (Masinter, 2015). While
these complications limit beneficial human-animal interactions, they create new
opportunities for exploring the potential use of augmented reality (AR) virtual
support figures.

AR technology has evolved significantly over the years (Dey et al., 2018;
Kim et al., 2018a), with an increasing number of research studies aimed at
understanding human behavior and perception when interacting with embodied
AR agents, such as virtual humans and animals (Norouzi et al., 2020). Many
of the findings on embodied AR agents indicate that human behavior towards
these virtual entities is similar to real life behavior. For instance, previous
findings show that participants avoided a seat that had already been occupied
by a virtual human in AR, in most cases even after they had taken the AR
headset o [((Kim et al., 2017; Miller et al., 2019), and they can reproduce real
life e [edts of social facilitation and inhibition such as performing easier tasks
better and di [cult tasks worse in front of an observer (Miller et al., 2019). By
using AR technology, 3D embodied agents can be rooted in the user’s physical
environment with opportunities to make these agents interactive and responsive
to the user’s needs and its physical environment. The opportunity to interact
and be in the physical world is an important feature, as embodied AR agents
with plausible behaviors within their physical environment have been shown to
more strongly influenced users in multiple aspects such as aledt, co-presence,
reliability, and engagement (Lee et al., 2018; Kim et al., 2018d,b; Norouzi et al.,
2019). These findings oLled support for further research in realizing virtual
support figures in AR and investigating their influence on human behavior and
perception concerning stress and performance.

While real humans and animals have been identified as important sources of
social support (Fontana et al., 1999; Allen et al., 2002; Christenfeld et al., 1997,
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Brooks et al., 2018), it is less clear whether virtual humans and animals might
alond the same benefits. Specifically, understanding the potential of virtual
counterparts becomes more important when no real alternatives are available.
A few studies in virtual reality (VR) have looked at the potential of virtual
humans in the provision of support (Felnhofer et al., 2019; Kane et al., 2012;
Kothgassner et al., 2019); yet, to our knowledge, no studies have compared
the e [edtiveness of both virtual humans and virtual animals as social support
figures in general, and more specifically, when using AR technology. Due to
the novelty of research looking at social support with virtual entities, there are
many open questions that need to be investigated. As a result, we prioritized
the open research questions based on our assessment of their importance. First,
AR technology allows the integration of virtual support figures in users’ daily
lives and rooted in their physical environment with opportunities to take ad-
vantage of embodied agent’s plausible spatial presence (Lee et al., 2018; Kim
et al., 2018d,b; Norouzi et al., 2019) and interactive verbal and nonverbal be-
havior borrowing from previous research (Norouzi et al., 2020). Therefore, in
this work, we focused on AR technology to investigate the potentials of virtual
support figures inspired by the positive findings from picture-based and virtual
reality setups (Ein et al., 2019; Felnhofer et al., 2019). Second, we chose to
focus specifically on virtual dogs as there have been extensive research findings
on real dogs in supportive and therapeutic roles which are the main inspira-
tion for our work (Beetz et al., 2012; Polheber & Matchock, 2014; Wells, 2009).
Third, previous findings suggest that embodied agents presented through di [ert
ent mediums (e.g., robotics, AR, and VR) cannot entirely replicate the positive
influences of a real humans/animals or humanoid avatars (Melson et al., 2005,
2009; Ribi et al., 2008; Kim et al., 2019a; Chesney & Lawson, 2007; Felnhofer
et al., 2019), which led us to the decision of focusing on the influence of our vir-
tual support figures in circumstances where a real support figure is not available,
instead of comparisons with real counterparts. Last, for an initial exploration,
we focused our attention on a target population that is receptive towards real

dogs (i.e., no fear/general dislike of dogs) as we speculated that individuals who
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perceive real dogs negatively might not prefer to receive social support from
a virtual dog. This decision is aligned with previous social support literature
where most studies either recruited pet owners or people who did not have a
negative attitude towards real dogs (Polheber & Matchock, 2014; Kertes et al.,
2017; Allen et al., 2002; Ein et al., 2019) as their population. As such, we pose
the following high-level research questions aimed at assessing the relative e [ed-
tiveness of a virtual human and a virtual dog in the absence of real support, in
the context of outcomes commonly associated with reception of social support,
such as reduced stress, and better performance (e.g., (Allen et al., 2002; Kertes
et al., 2017; Polheber & Matchock, 2014)).

e RQ1: Can Virtual dogs in AR provide e [eckive social support?

e RQ2: Can virtual dogs in AR be perceived as more supporting than virtual

humans in AR?

To answer these research questions, we designed a human-subject study com-
paring the e [edts of a virtual dog support figure, a virtual human support fig-
ure, and no support figure in a cognitively stressful situation. We decided to
choose our setup (i,e., task, presence of a real judge, etc.), behavior and in-
teractivity levels of our virtual support figures, and our measures (e.g., perfor-
mance (Allen et al., 2002)) in correspondence to previous social support studies
(see Sections 2.1, 3.2.1, and 3.2.2 ) to better situate our work in relation to their
findings. In our study, both the virtual dog and human were designed to ex-
hibit supportive/relaxing behavior inspired by findings from Christenfeld et al.
(1997) where real human support figures with positive expressions where shown
to be more beneficial than those with neutral expressions. In order to create a
stressful environment for our participants, we assigned a mental arithmetic task
and followed the Trier Social Stress Test (Kirschbaum et al., 1993) with certain
adaptations, where participant performance was judged by a real human panel

member played by one of the researchers.
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We measured participant heart rate and task performance, and collected
their subjective evaluations, such as support figure evaluation and perceived
stress. Our findings favor the virtual dog, as our participants evaluated it more
positively compared to the other conditions, which corresponds with their in-
creased preference for this condition over the virtual human support figure.
A qualitative analysis of our participants’ post-study interview data is aligned
with these findings as it revealed that a virtual support figures’ non-judgemental
nature might be an important characteristic for its e [edtiveness, which corre-
sponds to previous findings on real support figures (Allen et al., 2002; Polheber
& Matchock, 2014; Fontana et al., 1999). This characteristic can aledt how
comfortable a person is with their support figure as in our study several par-
ticipants attributed their increased comfort with the virtual dog to its lack of
judgment.

Our research makes a unique contribution of gaining a better understanding
of the potential capabilities of a virtual dog in AR in the provision of social
support and reduction of stress for circumstances where no real support figure
is available. The remainder of this paper is structured as follows. Section 2
presents related work in the scope of this paper. Section 3 describes our experi-
mental material and design. Section 4 presents our results, which are discussed

in Section 5. Section 6 concludes the paper.

2. Related Work

In this section, we discuss previous research on social support in real and
virtual settings and the roles of virtual animals related to the scope of our

experiment.

2.1. Social Support in Real Settings

Social support has been defined as the experience where one feels valued and
cared for in a social relationship with others (Taylor, 2011; Wills, 1991). Previ-

ous research investigated the importance of social support, what and who can
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act as a social support figure, and the qualities of an entity that are important
for being perceived as supportive.

Christenfeld et al. (1997) measured how the presence of a friend (compared
to a stranger) and expression of supportive behavior (compared to neutral) can
influence participants’ cardiovascular reactivity during a speech-giving task, and
found a lower reactivity in the presence of a friend and a stranger with supportive
behavior. Fontana et al. (1999) varied the presence and type of support figures
(stranger or friend) in a non-evaluative context, where support figures where
given headphones during the participants’ speech-giving task. Their findings
indicated a lower heart rate reactivity when any of the two support figures
were present compared to being alone. Allen et al. (2002) investigated the role
of pets, spouses, and friends as social support figures in participants’ home
environments. Their findings showed lower heart rate reactivity and better task
performance in non-evaluative settings such as in front of a pet or being alone,
emphasizing how the absence of judgment influences the quality of support.

The non-judgmental and comforting presence of pets and animals during
challenging and stressful tasks were further tested in several studies due to vari-
ous past findings of the stress-bu [ering and companionship nature of pets (Mc-
Nicholas & Collis, 2001; McNicholas et al., 2005; Miller et al., 2009; Barker
et al., 2012). Kertes et al. (2017) investigated the stress-bu [ering nature of pets
on children exposed to stressors, finding reduced perceived stress compared to
being alone or in front of their parent. In an exploratory study, Barker et al.
(2010) identified that interaction with an unfamiliar therapy dog after a stressful
task could also decrease the heart rate and cortisol levels similar to interacting
with one’s pet. Polheber & Matchock (2014) compared the presence and type of
support figure (friend, novel dog) in front of a panel of judges following the Trier
Social Stress Test (Kirschbaum et al., 1993). They reported reduced salivary
cortisol levels for the novel dog compared to a friend or being alone during social
stress. With existing limitations in bringing pets to certain public spaces, Ein
et al. (2019) studied the stress-bu [ering e [edts of pictures of support figures,

such as a picture of a pet, an unfamiliar animal, or a familiar supportive person.
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Their findings show that participants subjectively assessed themselves as more
relaxed in the pet picture condition, although physiological measures of stress
were not changed.

These findings, emphasize the stress bu [ering e [edts of real pets (more com-
monly dogs) and novel dogs. In this paper, we investigate whether similar e [edts
can be observed with a virtual dog in AR and how it compares to virtual human

and no support figure conditions.

2.2. Social Support in Virtual Settings

Findings from previous research (see Section 2.1) suggest that factors such
as the nature of the relationship between individuals and the behavior of the
support figure impact how the interaction is perceived in terms of the quality of
social support. Utilizing these factors, a few researchers examined the e [edtive-
ness of virtual humans as support figures. In a virtual reality study, Kane et al.
(2012) recruited pairs of romantic partners and varied the presence and atten-
tiveness of the support figure partner during a cli 2walking task. Their results
indicated that in the presence of the attentive partner compared to being alone,
participants perceived the task as less stressful. Also, they felt more secure in
front of the attentive partner compared to a non-attentive one, suggesting that
presence of the partner alone is not enough. In a study by Kothgassner et al.
(2019) participants received both verbal and non-verbal social support from ei-
ther a real human, an avatar, an agent, or no support before experiencing a
stressor. They found that participants in the avatar and real human support
figure conditions, were less worried after both the support and task periods,
while those in the agent group experienced more irritation after both sessions.
Similarly, Felnhofer et al. (2019) investigated the e[edts of the attentive pres-
ence and agency of virtual human support figures during the preparation phase
of a stressor in virtual reality, finding that those supported by the avatar expe-
rienced less tension compared to other conditions. These findings with regards
to avatars being perceived as better support figures compared to agents is inter-

esting, since self-disclosure literature with virtual humans agents suggest that
























