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Highlights

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

port figures.

• Through a user study we investigated the supportive potentials of a virtual

dog in AR.

• The virtual dog was evaluated more positively than other conditions.

• The virtual dog was perceived as more supportive than the virtual human.

• 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 effective 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 effect 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
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to the virtual human although the virtual human was deemed more interactive.

We did not find significant differences 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. Introduction1

The provision of social support in stressful situations has proven to be ben-2

eficial in the reduction of stress (Allen et al., 2002; Polheber & Matchock, 2014;3

Brooks et al., 2018). Multiple studies have investigated the relationships be-4

tween the support figure and the individual receiving the support, the behaviors5

of individuals providing support, the type of support figure (e.g., human, ani-6

mal), and the outcomes associated with the individual receiving such support.7

Most studies suggest that support figures can play a positive role on these out-8

comes, for instance, animals or pets have been found to reduce stress and provide9

a sense of security due to their non-judgmental nature (Brooks et al., 2018). It is10

important to note that the non-judgemental nature does not mean that animals11

do not have the ability to judge situations and respond accordingly (Anderson12

et al., 2017; Cooper et al., 2003; Virányi et al., 2004), rather, it is presenting the13

notion that animals, and most commonly dogs, are perceived as not inducing a14

sense of evaluation apprehension in their human companions, resulting in their15

perceived non-judgmental nature (Allen et al., 2002; Vormbrock & Grossberg,16

1988; Brooks et al., 2018). Additionally, some findings suggest that real animals,17

and more commonly dogs, can be more successful in supportive roles than real18

humans (Allen et al., 2002; Polheber & Matchock, 2014; Kertes et al., 2017).19

Yet, the use of emotional support animals in public settings has recently20
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become a topic of controversy (SPCA, 2018; Schoenfeld-Tacher et al., 2017;21

Frishberg, 2019), as some people have abused the privilege of having animals22

to provide a needed service, as a convenience for simply bringing their pets23

with them wherever they go. Meanwhile, some public spaces prohibit pets24

and/or animals due to allergies and increased liability (Masinter, 2015). While25

these complications limit beneficial human-animal interactions, they create new26

opportunities for exploring the potential use of augmented reality (AR) virtual27

support figures.28

AR technology has evolved significantly over the years (Dey et al., 2018;29

Kim et al., 2018a), with an increasing number of research studies aimed at30

understanding human behavior and perception when interacting with embodied31

AR agents, such as virtual humans and animals (Norouzi et al., 2020). Many32

of the findings on embodied AR agents indicate that human behavior towards33

these virtual entities is similar to real life behavior. For instance, previous34

findings show that participants avoided a seat that had already been occupied35

by a virtual human in AR, in most cases even after they had taken the AR36

headset off (Kim et al., 2017; Miller et al., 2019), and they can reproduce real37

life effects of social facilitation and inhibition such as performing easier tasks38

better and difficult tasks worse in front of an observer (Miller et al., 2019). By39

using AR technology, 3D embodied agents can be rooted in the user’s physical40

environment with opportunities to make these agents interactive and responsive41

to the user’s needs and its physical environment. The opportunity to interact42

and be in the physical world is an important feature, as embodied AR agents43

with plausible behaviors within their physical environment have been shown to44

more strongly influenced users in multiple aspects such as affect, co-presence,45

reliability, and engagement (Lee et al., 2018; Kim et al., 2018d,b; Norouzi et al.,46

2019). These findings offer support for further research in realizing virtual47

support figures in AR and investigating their influence on human behavior and48

perception concerning stress and performance.49

While real humans and animals have been identified as important sources of50

social support (Fontana et al., 1999; Allen et al., 2002; Christenfeld et al., 1997;51
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Brooks et al., 2018), it is less clear whether virtual humans and animals might52

afford the same benefits. Specifically, understanding the potential of virtual53

counterparts becomes more important when no real alternatives are available.54

A few studies in virtual reality (VR) have looked at the potential of virtual55

humans in the provision of support (Felnhofer et al., 2019; Kane et al., 2012;56

Kothgassner et al., 2019); yet, to our knowledge, no studies have compared57

the effectiveness of both virtual humans and virtual animals as social support58

figures in general, and more specifically, when using AR technology. Due to59

the novelty of research looking at social support with virtual entities, there are60

many open questions that need to be investigated. As a result, we prioritized61

the open research questions based on our assessment of their importance. First,62

AR technology allows the integration of virtual support figures in users’ daily63

lives and rooted in their physical environment with opportunities to take ad-64

vantage of embodied agent’s plausible spatial presence (Lee et al., 2018; Kim65

et al., 2018d,b; Norouzi et al., 2019) and interactive verbal and nonverbal be-66

havior borrowing from previous research (Norouzi et al., 2020). Therefore, in67

this work, we focused on AR technology to investigate the potentials of virtual68

support figures inspired by the positive findings from picture-based and virtual69

reality setups (Ein et al., 2019; Felnhofer et al., 2019). Second, we chose to70

focus specifically on virtual dogs as there have been extensive research findings71

on real dogs in supportive and therapeutic roles which are the main inspira-72

tion for our work (Beetz et al., 2012; Polheber & Matchock, 2014; Wells, 2009).73

Third, previous findings suggest that embodied agents presented through differ-74

ent mediums (e.g., robotics, AR, and VR) cannot entirely replicate the positive75

influences of a real humans/animals or humanoid avatars (Melson et al., 2005,76

2009; Ribi et al., 2008; Kim et al., 2019a; Chesney & Lawson, 2007; Felnhofer77

et al., 2019), which led us to the decision of focusing on the influence of our vir-78

tual support figures in circumstances where a real support figure is not available,79

instead of comparisons with real counterparts. Last, for an initial exploration,80

we focused our attention on a target population that is receptive towards real81

dogs (i.e., no fear/general dislike of dogs) as we speculated that individuals who82
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perceive real dogs negatively might not prefer to receive social support from83

a virtual dog. This decision is aligned with previous social support literature84

where most studies either recruited pet owners or people who did not have a85

negative attitude towards real dogs (Polheber & Matchock, 2014; Kertes et al.,86

2017; Allen et al., 2002; Ein et al., 2019) as their population. As such, we pose87

the following high-level research questions aimed at assessing the relative effec-88

tiveness of a virtual human and a virtual dog in the absence of real support, in89

the context of outcomes commonly associated with reception of social support,90

such as reduced stress, and better performance (e.g., (Allen et al., 2002; Kertes91

et al., 2017; Polheber & Matchock, 2014)).92

• RQ1: Can Virtual dogs in AR provide effective social support?93

• RQ2: Can virtual dogs in AR be perceived as more supporting than virtual94

humans in AR?95

To answer these research questions, we designed a human-subject study com-96

paring the effects of a virtual dog support figure, a virtual human support fig-97

ure, and no support figure in a cognitively stressful situation. We decided to98

choose our setup (i,e., task, presence of a real judge, etc.), behavior and in-99

teractivity levels of our virtual support figures, and our measures (e.g., perfor-100

mance (Allen et al., 2002)) in correspondence to previous social support studies101

(see Sections 2.1, 3.2.1, and 3.2.2 ) to better situate our work in relation to their102

findings. In our study, both the virtual dog and human were designed to ex-103

hibit supportive/relaxing behavior inspired by findings from Christenfeld et al.104

(1997) where real human support figures with positive expressions where shown105

to be more beneficial than those with neutral expressions. In order to create a106

stressful environment for our participants, we assigned a mental arithmetic task107

and followed the Trier Social Stress Test (Kirschbaum et al., 1993) with certain108

adaptations, where participant performance was judged by a real human panel109

member played by one of the researchers.110
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We measured participant heart rate and task performance, and collected111

their subjective evaluations, such as support figure evaluation and perceived112

stress. Our findings favor the virtual dog, as our participants evaluated it more113

positively compared to the other conditions, which corresponds with their in-114

creased preference for this condition over the virtual human support figure.115

A qualitative analysis of our participants’ post-study interview data is aligned116

with these findings as it revealed that a virtual support figures’ non-judgemental117

nature might be an important characteristic for its effectiveness, which corre-118

sponds to previous findings on real support figures (Allen et al., 2002; Polheber119

& Matchock, 2014; Fontana et al., 1999). This characteristic can affect how120

comfortable a person is with their support figure as in our study several par-121

ticipants attributed their increased comfort with the virtual dog to its lack of122

judgment.123

Our research makes a unique contribution of gaining a better understanding124

of the potential capabilities of a virtual dog in AR in the provision of social125

support and reduction of stress for circumstances where no real support figure126

is available. The remainder of this paper is structured as follows. Section 2127

presents related work in the scope of this paper. Section 3 describes our experi-128

mental material and design. Section 4 presents our results, which are discussed129

in Section 5. Section 6 concludes the paper.130

2. Related Work131

In this section, we discuss previous research on social support in real and132

virtual settings and the roles of virtual animals related to the scope of our133

experiment.134

2.1. Social Support in Real Settings135

Social support has been defined as the experience where one feels valued and136

cared for in a social relationship with others (Taylor, 2011; Wills, 1991). Previ-137

ous research investigated the importance of social support, what and who can138
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act as a social support figure, and the qualities of an entity that are important139

for being perceived as supportive.140

Christenfeld et al. (1997) measured how the presence of a friend (compared141

to a stranger) and expression of supportive behavior (compared to neutral) can142

influence participants’ cardiovascular reactivity during a speech-giving task, and143

found a lower reactivity in the presence of a friend and a stranger with supportive144

behavior. Fontana et al. (1999) varied the presence and type of support figures145

(stranger or friend) in a non-evaluative context, where support figures where146

given headphones during the participants’ speech-giving task. Their findings147

indicated a lower heart rate reactivity when any of the two support figures148

were present compared to being alone. Allen et al. (2002) investigated the role149

of pets, spouses, and friends as social support figures in participants’ home150

environments. Their findings showed lower heart rate reactivity and better task151

performance in non-evaluative settings such as in front of a pet or being alone,152

emphasizing how the absence of judgment influences the quality of support.153

The non-judgmental and comforting presence of pets and animals during154

challenging and stressful tasks were further tested in several studies due to vari-155

ous past findings of the stress-buffering and companionship nature of pets (Mc-156

Nicholas & Collis, 2001; McNicholas et al., 2005; Miller et al., 2009; Barker157

et al., 2012). Kertes et al. (2017) investigated the stress-buffering nature of pets158

on children exposed to stressors, finding reduced perceived stress compared to159

being alone or in front of their parent. In an exploratory study, Barker et al.160

(2010) identified that interaction with an unfamiliar therapy dog after a stressful161

task could also decrease the heart rate and cortisol levels similar to interacting162

with one’s pet. Polheber & Matchock (2014) compared the presence and type of163

support figure (friend, novel dog) in front of a panel of judges following the Trier164

Social Stress Test (Kirschbaum et al., 1993). They reported reduced salivary165

cortisol levels for the novel dog compared to a friend or being alone during social166

stress. With existing limitations in bringing pets to certain public spaces, Ein167

et al. (2019) studied the stress-buffering effects of pictures of support figures,168

such as a picture of a pet, an unfamiliar animal, or a familiar supportive person.169
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Their findings show that participants subjectively assessed themselves as more170

relaxed in the pet picture condition, although physiological measures of stress171

were not changed.172

These findings, emphasize the stress buffering effects of real pets (more com-173

monly dogs) and novel dogs. In this paper, we investigate whether similar effects174

can be observed with a virtual dog in AR and how it compares to virtual human175

and no support figure conditions.176

2.2. Social Support in Virtual Settings177

Findings from previous research (see Section 2.1) suggest that factors such178

as the nature of the relationship between individuals and the behavior of the179

support figure impact how the interaction is perceived in terms of the quality of180

social support. Utilizing these factors, a few researchers examined the effective-181

ness of virtual humans as support figures. In a virtual reality study, Kane et al.182

(2012) recruited pairs of romantic partners and varied the presence and atten-183

tiveness of the support figure partner during a cliff-walking task. Their results184

indicated that in the presence of the attentive partner compared to being alone,185

participants perceived the task as less stressful. Also, they felt more secure in186

front of the attentive partner compared to a non-attentive one, suggesting that187

presence of the partner alone is not enough. In a study by Kothgassner et al.188

(2019) participants received both verbal and non-verbal social support from ei-189

ther a real human, an avatar, an agent, or no support before experiencing a190

stressor. They found that participants in the avatar and real human support191

figure conditions, were less worried after both the support and task periods,192

while those in the agent group experienced more irritation after both sessions.193

Similarly, Felnhofer et al. (2019) investigated the effects of the attentive pres-194

ence and agency of virtual human support figures during the preparation phase195

of a stressor in virtual reality, finding that those supported by the avatar expe-196

rienced less tension compared to other conditions. These findings with regards197

to avatars being perceived as better support figures compared to agents is inter-198

esting, since self-disclosure literature with virtual humans agents suggest that199
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people are more willing to self-disclose and are less involved with impression200

management in front of virtual humans (compared to real humans) as they are201

deemed as non-evaluative entities capable of maintaining anonymity (Kang &202

Gratch, 2010; Lucas et al., 2014; Pickard et al., 2016).203

Because real animals, and mainly dogs, have been identified as one of the pri-204

mary sources of social support, and in several cases they have been shown to pro-205

vide more support than real humans (Allen et al., 2002; Polheber & Matchock,206

2014; Barber & Proops, 2019; Kertes et al., 2017), in this work, we aimed to207

understand their ability to provide social support compared to other types of208

support figures (i.e., virtual human agents) and the absence of support. Unlike209

previous work, we chose to conduct our study using augmented reality tech-210

nology to realize the potential of support figures integrated into one’s physical211

surroundings compared to not having a support figure. Also, in our experiment212

we investigated the effectiveness of the support figures directly during the period213

the participants were involved in the task, similar to some of the previous work214

with real support figures (Allen et al., 2002; Fontana et al., 1999), as virtual215

support figures ideally can give users the opportunity of being available any-216

where or anytime they are needed, unlike real support figures. It is important217

to note that even though the state of the art AR technology cannot support218

long-term interaction with such virtual support figures, the AR paradigm itself219

has the potential to facilitate users in real life circumstances by its integration220

in the users’ physical environment.221

2.3. Virtual Animals222

Humans have been interacting with virtual animals or animal-like characters223

in games for decades, with the animals occupying different roles such as com-224

panions or enemies (Miller & Summers, 2009). This relationship has persisted225

with the evolution of technology from Tamagotchi pets1 to popular AR games226

1https://tamagotchi.com/

10

                  



like Pokemon Go2 and prototypes aimed at creating experiences where users227

can raise an AR pet (Allen et al., 2014). Some research contributions aimed at228

capturing users motivations for playing pet games (Chesney & Lawson, 2007;229

Lin et al., 2017). Chesney & Lawson (2007) conducted a survey to assess the230

companionship affordances of virtual pets in the Nintendogs game compared to231

real pets. Their findings indicated that although Nintendogs provided users with232

companionship it was significantly less than real pets. Additionally, Lin et al.233

(2017) found companionship and relaxation among the motivations for playing234

pet games and proposed the need for more emotionally responsive virtual ani-235

mals that can be gradually trained, increasing the users’ sense of immersion in236

the virtual pet games and attachment to the animal.237

Virtual animals have been shown to have a motivating and encouraging role238

in educational and health domains for children. Chen et al. (2007) found that239

the inclusion of a personal and class virtual pet through a tablet increases effort240

towards learning in 11-year old students. Byrne et al. (2012) investigated the241

effects of a mobile phone-based virtual pet game compared to a no pet condition,242

and the pet’s range of positive/negative behavior, in the eating habits of youths.243

They found that participants who interacted with the virtual pet capable of244

both positive and negative behavior were more likely to change their eating245

habits positively. In several experiments, Johnsen et al. (2014) and Ahn et al.246

(2015, 2016) studied the influence of a mixed reality virtual dog on childrens’247

healthy eating and physical activity where children could interact with the dog248

and earn tricks for their pet based on their healthy behavior. Their findings249

suggest that children who interacted with the virtual pet significantly increased250

their physical activity compared to the control group. Similarly, positive effects251

of the encouraging nature of virtual animals have been observed with adult252

populations as well (Lin et al., 2006; Dillahunt et al., 2008; Kern et al., 2019).253

For instance, Kern et al. (2019) created an immersive rehabilitation program254

using VR technology, where participants were accompanied by a virtual dog as255

2https://www.pokemongo.com/en-us/

11

                  



their companion and were tasked with leading their companion dog to its home.256

They found that compared to traditional rehabilitation procedures, their utilized257

program had positive effects in terms of increasing participants’ motivation and258

reducing their task load.259

Outside motivational contexts, with the potential of virtual animals as fu-260

ture companions, Norouzi et al. (2019) studied how a virtual dog’s awareness of261

other people in the environment influenced participants’ perceptions of the dog.262

Moreover, participants changed their perceptions of another person who walked263

through their virtual dog depending on whether the dog showed awareness of264

the person. Their findings suggest that in augmented reality, a virtual dog that265

shows awareness of the incident induced a higher sense of co-presence in partic-266

ipants and negatively affected their perception of the other person, regardless267

of that persons awareness of the virtual dog.268

To our knowledge, no previous work investigates the social support affor-269

dances of virtual animals in any medium. The positive findings of many of prior270

studies in terms of the ability of virtual animals to provide encouragement and271

motivation, which are qualities attributed to real animals (Gravrok et al., 2020;272

Maharaj & Haney, 2015; Barber & Proops, 2019), offer promise for virtual dogs273

as social support figures, especially in AR where the animal can be integrated274

into and become a part the user’s physical environment.275

3. Experiment276

In this section, we describe the experiment we conducted to study the influ-277

ence of the presence and absence of different virtual support figures on partici-278

pants’ performance as well as subjective and physiological stress.279

3.1. Participants280

We recruited 33 university-affiliated individuals (8 female, 25 male, age:281

M = 24.45, SD= 4.36) to participate in our study. Our experimental protocol282

was approved by the institutional review board of our university, and all par-283

ticipants were compensated directly after the study. All participants indicated284
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Figure 1: Annotated photo of our physical setup, showing a participant in the experiment as

well as the experimenter in the lab coat, judging the performance of the participant.

that they had neither a phobia nor a general dislike of dogs before taking part285

in the study. Using a 7-point Likert scale (1 = no familiarity/novice, 7 = high286

familiarity/expert), we asked our participants to rate their familiarity and ex-287

pertise with computers (M = 5.82), virtual reality (M = 5.03), augmented real-288

ity (M = 4.76), virtual humans/avatars/agents (M = 4.57), and virtual animals289

(M = 3.48). Eleven participants (33%) were pet owners and 15 participants in-290

dicated that they had played games, which included animals/pets in companion291

and enemy roles. We also assessed our participants’ attitudes towards pets us-292

ing the Pet Attitude Scale questionnaire (Templer et al., 2004) from the scale293

of 1 (low favorable attitude towards pets) to 7 (high favorable attitude towards294

pets) with an overall reasonably favorable attitude towards pets (M = 5.43).295

3.2. Material296

In this section, we present our implementation of the virtual support figures297

and the design choices for our experimental task and space.298

3.2.1. Support Figure Implementation299

In our experiment, a virtual dog and a female virtual human were chosen300

as the virtual support figures. The virtual dog was a rigged and animated 3D301
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character purchased from the Unity Asset Store3. The normal vectors in the302

original model were slightly adjusted to smooth out some of the edges on the303

virtual dog. The virtual human 3D character was modeled, rigged, and animated304

using Blender and AutoDesk Maya. The Unity Engine version 2018.3.14f1 was305

used to program the behavior of the two virtual support figures and the general306

control of the experiment, such as information logging, timing, and start/stop307

prompts on a Microsoft HoloLens 1 optical see-through head-mounted display308

(frame rate: 60 Hz, field of view: ∼30° × 17°, and resolution: 1268 × 720 per309

eye (Ashley, 2018; Microsoft, 2019)). The baseline and random expressions of310

the virtual support figures were set to be positive and calming. This choice311

was inspired by findings from Christenfeld et al. (1997) where real humans312

with positive expressions were deemed more supportive than those with neutral313

expressions. We applied this finding to the behaviors of both virtual support314

figures for a more equivalent design. We discuss the potential limitations of this315

choice in Section 5.3. The baseline expressions of the virtual support figures316

were set to be slightly smiling.317

Additionally, every 12 seconds throughout the experiment the virtual human318

would either randomly increase its smile (i.e., eyebrows and lips gradually mov-319

ing upward; the value for the corresponding blendshape increased from 30 to 60)320

or nod, and the virtual dog would randomly increase its smile (i.e., lips gradu-321

ally moving upward and the corner of the eyes moving downward resembling a322

slight squint; the value for the corresponding blendshape increased from 40 to323

80) or tilt its head. The changes in blendshape values were chosen based on pilot324

testing to ensure that the resulting facial expressions did not seem exaggerated.325

Overall, the behaviors of our virtual support figures were intentionally less326

interactive than behaviors such as a virtual human clapping or a virtual dog327

playing. This choice was inspired by previous social support literature that uti-328

lized setups where, similar to ours, the support figures were present during the329

study tasks (Fontana et al., 1999; Christenfeld et al., 1997) to attenuate any330

3https://assetstore.unity.com/packages/3d/characters/animals/dog-beagle-70832
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potential distraction brought about by the support figures while maintaining331

their positivity. To ensure that both support figures were in the participant’s332

field of view while they were looking straight ahead (i.e., similar physical de-333

mand), we decided to place the virtual dog higher on several books and a chair.334

This choice allowed us to maintain the size of the virtual dog similar to a real335

dog of its breed (i.e., a beagle). This choice introduces the potential for the336

virtual dog to be perceived as anthropomorphic, which we further discuss in337

Section 5.3. The final state of these expressions and their behaviors are shown338

in Figure 3. A graphics workstation with the specifications of Intel Xeon 2.4339

GHz processors comprising 16 cores, 32 GB of main memory and two Nvidia340

Geforce GTX 980 Ti graphics cards was used for controlling the stimuli pre-341

sented to the participants. An additional laptop was used by the participants342

to answer the questionnaires.343

3.2.2. Experimental Task and Setup344

To create a stressful environment for our participants, we incorporated ex-345

perimental settings similar to the previous social support studies presented in346

Section 2, e.g., the Trier Social Stress Test (Kirschbaum et al., 1993). Serial347

Subtraction by Seven was chosen as the stressful task, which has been shown to348

induce stress and increase heart rate (Ritter et al., 2007). One of three numbers349

(2178, 4895, and 5487) was randomly chosen as the starting number for every350

subject’s serial subtraction task. The experimenter wore a lab coat before the351

start of the first condition and told the participants that she would be judging352

their performance. Also, as illustrated in Figure 1, two cameras, pointed at the353

participants, were placed in the room. A microphone was placed in front of them354

and slightly to their right. The experimenter turned these devices on in front355

of the participants before the start of the first session and sit at a 152 cm by356

76 cm desk across from them and slightly to their right. The experimenter kept357

a neutral expression throughout the task and looked at the participants while358

pretending to type on a laptop in front of her. Participants wore a TICKR FIT359

heart rate monitor on the forearm of their non-dominant hand throughout the360
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(a) Virtual Dog (b) Virtual Human

(c) No Support

Figure 2: Participants’ view while completing a stressful mental arithmetic task in the presence

of an experimenter (panel member) in a lab coat, and a support figure: (a) virtual dog, (b)

virtual human, or (c) no support figure.

experiment, and their heart rate was collected through the Wahoo app, which361

was synchronized with this tracker4.362

3.3. Method363

We chose a within-subjects design with one factor (three levels) for our study364

where the conditions were (see Figure 2):365

• Virtual Dog Support Figure (Dog)366

• Virtual Human Support Figure (Human)367

• No Support Figure (None)368

The choices for our independent variables were influenced by the goal to replicate369

virtual counterparts of the human and dog support figures tested in previous370

4https://www.wahoofitness.com/devices/heart-rate-monitors/

tickr-fit-optical-heart-rate-monitor
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social support studies (Allen et al., 2002; Polheber & Matchock, 2014) with371

the exception that in our study the virtual support figures are strangers to372

the participants. The three conditions and the three numbers chosen for the373

experimental task were randomized to account for order effects and to ensure374

that different conditions were tested with the different start numbers in the375

mental arithmetic task. In our experiment, the effects of the panel member was376

held constant as she was present in all three conditions.377

(a) Baseline (b) Tilt Head (c) Smile

(d) Baseline (e) Nod Head (f) Smile

Figure 3: Screenshots showing the (left column) baseline expressions and (right columns)

behaviors of the virtual support (top) dog and (bottom) human, which were defined to be

slightly positive/supportive.

3.3.1. Procedure378

Participants were accompanied to the lab area and were given the consent379

form. After giving their informed consent, they were guided to the experimental380

space shown in Figure 1. They were asked to answer questionnaires to assess381
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their familiarity with technology. Participants were given instructions on the382

mental arithmetic task, which consisted of serial subtractions by seven start-383

ing from one of the three 4-digit numbers (2178, 4895, and 5487), which were384

randomly chosen for each condition. They were asked to speak the numbers385

out loud, to not to close their eyes during the task, and to keep their attention386

forward to keep both the experimenter and the area where the virtual support387

figures would be placed in their field of view. Participants were asked to con-388

firm that they could see the all of the virtual dog sitting on the books and the389

virtual human from the torso up while they were looking straight ahead. Par-390

ticipants were told that their performance would be judged by the experimenter391

who would measure both speed (i.e., doing more subtractions during the three-392

minute task) and accuracy of their subtractions. The experimenter placed a393

heart rate monitor on the participant’s forearm and asked them to keep their394

arm still either on the armrest or the desk, and to not move the chair during395

the experimental sessions.396

Before experiencing the actual study conditions, participants spent five con-397

secutive 1-minute sessions getting familiar with the idea of the task by doing398

serial subtractions by three starting with numbers selected from a set of five399

randomly ordered 4-digit numbers pre-chosen specifically for the familiarization400

session (1351, 2266, 3689, 5773, and 6512). The experimenter notified partici-401

pants of the end of each minute during the practice session and left the room.402

After the familiarization phase, participants spent 5 minutes alone watching a403

relaxing video5.404

Afterward, the experimenter came back to the room, started the record-405

ing on the two cameras and the microphone, and the participants donned the406

Microsoft HoloLens 1. After ensuring that participants were ready, the experi-407

menter started with one of the randomly assigned conditions—either the virtual408

dog, the virtual human, or no support figure. Then, participants answered a409

few questions on the laptop regarding stress, anxiety, and perceived difficulty.410

5https://www.youtube.com/watch?v=r3fE6FQT82s
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Afterward, participants performed the serial subtractions task for three min-411

utes per condition as described in Section 3.2.2. If participants forgot a number412

and could not continue, the experimenter would repeat the participant’s last413

response. After the end of each condition, with the HoloLens still on, the par-414

ticipants first answered a few questions about stress, anxiety, and perceived415

difficulty. Then they were instructed to remove the HoloLens and to answer416

several questionnaires assessing their attitude towards the support figure and417

their perceived stress. This procedure was repeated for all three conditions.418

After the last condition, participants took part in a short interview. Then, the419

experiment ended with providing monetary compensation to the participants.420

3.3.2. Hypotheses421

Our hypotheses were based on the findings from previous social support422

studies (Allen et al., 2002; Christenfeld et al., 1997; Fontana et al., 1999; Polhe-423

ber & Matchock, 2014; Barker et al., 2010), suggesting that pets or entities that424

do not have an evaluative/judgmental nature but exhibit supportive behavior425

can decrease heart rate, improve performance due to not inducing feelings of426

evaluation apprehension, and positively influence subjective evaluations, such427

as perceived stress levels or task difficulty. Our hypotheses for this study were428

as follows:429

H1 Participants will exhibit better performance in terms of a higher (a) num-430

ber of subtractions and (b) accuracy rate in front of the virtual dog com-431

pared to either being alone or in front of the virtual human.432

H2 Participants’ heart rates will increase either without the support figure or433

with the virtual human, but they will remain more stable in the presence434

of the virtual dog support figure.435

H3 Participants will (a) experience higher levels of perceived support, (b)436

have a higher preference, and (c) deem the task as less difficult in front of437

the virtual dog compared to either being alone or in front of the virtual438

human.439
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H4 Participants will assess their (a) stress and (b) anxiety levels as lower in440

front of the virtual dog compared to either being alone or in front of the441

virtual human.442

3.3.3. Measures443

In this section, we describe the objective and subjective measures used to444

test our hypotheses.445

Objective. To assess the influence of the type and presence of different support446

figures, we collected participants’ heart rate data (bpm) and assessed their task447

performance based on the number of subtractions and accuracy rate during the448

mental subtractions task.449

• Performance (H1): To assess participants performance, we utilized450

two approaches adapted from related measures introduced by Allen et al.451

(2002), which are in line with our serial subtraction task instructions given452

to our participants (see Section 3.3.1). Although the two approaches are453

related, we decided to utilize both as previous research suggested that454

they do not necessarily follow the same pattern (Allen et al., 2002).455

1. We used number of subtractions, as the total subtractions completed456

within the three-minute duration of the task per the instruction of457

keeping speed (i.e., doing more subtractions) as a performance factor.458

2. We used accuracy rate, as the amount of correct subtractions divided459

by the total number of subtractions during the three-minute task per460

the instruction of keeping accuracy of subtractions as a performance461

factor.462

• Mean Heart Rate (H2): From the physiological sensor data, we com-463

puted the mean heart rate of the last 3 minutes of the relaxing period464

and the 3-minute task time for each of the conditions (following a similar465

approach by Fontana et al. (1999)).466
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Subjective. To assess our participants’ subjective perception of the support fig-467

ures and the task at hand we utilized the following questionnaires.468

• Support Figure Evaluation (H3): We made adjustments to a vali-469

dated questionnaires by Gee et al. (2015) for assessing participants’ evalu-470

ation of the support figures (a real dog in their experiment) in the different471

conditions, which consists of multiple questions using a 7-point Likert scale472

(1 = Strongly disagree, 7 = Strongly agree). The adjusted questionnaire473

focuses on factors, such as perceived comfort and likeability of support474

figure which can influence the quality of received support (Kang & Wei,475

2018; Taylor et al., 2004; Kim et al., 2008). Table 1 shows these questions.476

477

• Perceived Difficulty (H3): To assess the participants’ anticipated and478

actual perceived difficulty of the task, we presented them with two 7-479

point Likert scale (1 = Strongly disagree, 7 = Strongly agree) statements480

and asked for their rating exactly before and after each condition. The481

statements were: (a) “I think the task will be challenging.”, and (b) “I482

think the task was challenging.”483

• Preference (H3): After participants had experienced all three condi-484

tions, we asked them to choose their most and least preferred conditions485

based on how comfortable they felt.486

• Perceived Stress and Anxiety (H4): To assess the participants’ antic-487

ipated and actual perceived stress and anxiety during the task, we asked488

Table 1: Perceived Support questionnaire. Answers are reversed for the negative item (marked

with “-”).

ID Question

SFE1 I was completely comfortable with the virtual animal/virtual human/being alone.

SFE2 I really liked the virtual animal/virtual human/being alone.

SFE3 (-) The virtual animal/virtual human/being alone made me uncomfortable.

SFE4 I felt more relaxed when the virtual animal/virtual human/nobody was present.
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them to answer two questions about their stress and anxiety levels right489

before and right after each condition using a 7-point Likert scale. These490

questions were: (a) “How stressed are you at this moment?” (1 = Not491

stressed at all, 7 = Very stressed), (b) “How anxious are you at this mo-492

ment?” (1 = Not anxious at all, 7 = Very anxious).493

• Post-Study Interview: Participants took part in an interview session494

after completing all three conditions and questionnaires. The purpose of495

the interview was to better understand their experience with the different496

support figures. Specifically, they were asked to describe their experience497

in terms of their stress levels, performance, and distraction with regards498

to the different support figures. Stress and performance were chosen as499

they are generally representative of our subjective and objective measures,500

potentially leading to a better understanding of their performance and501

subjective response to our questionnaires. Distraction was chosen as it502

could provide us with insights with regards to the design of virtual support503

figures in the future.504

4. Results505

We followed a mixed-methods data analysis approach for our quantitative506

and qualitative data. Overall, three participants (2 males, 1 female) were re-507

moved from our mixed-methods analysis due to issues with recordings of heart508

rate data or questionnaire data in one of their sessions. We used repeated mea-509

sures ANOVAs for the analysis of both of our subjective and objective quan-510

titative results in line with the ongoing discussion in the field of psychology511

indicating that parametric statistics can be a valid and informative method for512

the analysis of combined experimental questionnaire scales (Knapp, 1990; Ku-513

zon Jr et al., 1996), with a few exceptions relying on a non-parametric Friedman514

test when Shapiro–Wilk test and Q-Q plots rejected the normality of the data.515

In cases were sphericity was not assumed using Mauchly’s test, Greenhouse-516

Geisser corrections were applied. We used paired samples t-tests and Wilcoxon517
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signed rank tests for the pairwise comparisons. Table 3 summarizes all of our518

significant and non-significant findings.519

To analyze our post-study interview questions, we utilized a thematic anal-520

ysis (Braun & Clarke, 2006) approach to better understand our participants’521

perceptions and preferences in relation to the different support figures. The522

qualitative analysis is the result of the collaborative effort of the first and last523

two co-authors. Following the phases of thematic analysis, after the data famil-524

iarization phase, we created codes for the various ideas presented in the data and525

through an iterative process these codes were conceptually grouped together to526

represent themes. A priori hypotheses were not used during the thematic analy-527

sis process to allow the themes to emerge in an inductive way. Table 2 represents528

our themes and codes. We identified three major themes, which include partic-529

ipants’ perception of comfort and support figure judgement, interactivity, and530

influence on concentration. In our results, we present illustrative quotes to help531

further explicate these themes.532

Table 2: Thematic Analysis Codebook.

Themes Code: Definition

Virtual dogs are perceived as more

supportive than virtual humans

Comfort: virtual support figure’s influence on increasing or

decreasing comfort

Stress: virtual support figure’s influence on reducing or induc-

ing stress

Judgement: virtual support figure’s influence on inducing or

taking away perceptions of being judged

Virtual people are perceived as

more interactive than virtual dogs

Smiling/Nodding: virtual support figure’s expressions being

explicitly discussed.

Interactivity: virtual support figure’s expressions being no-

ticed in a general way.

Stagnant: virtual support figure’s expression being missed or

forgotten.

Virtual humans may be perceived

as slightly more distracting than

virtual dogs

Distraction: virtual support figure’s influence on distraction.

Focal/Focus Point: virtual support figure’s influence on con-

centration.

Empty Space: virtual support figure’s influence in relation to

no support figure.
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Table 3: Summary of significant and non-significant results.

Measures Main Effect Pair-Wise Comparison

Performance:

# of Subtractions

χ2 = 5.33, p= 0.07 —

Performance:

Accuracy Rate

χ2 = 2.23, p= 0.32 —

∆ Heart Rate F (2, 18.65) = 2.08,

p= 0.13, η2p = 0.07

—

Support Figure

Evaluation

F (1.55, 13.73) = 4.84,

p= 0.019, η2p = 0.14
Dog vs. None: t(29) =−2.58, p= 0.015, d= 0.55

Dog vs. Human: t(29) =−3.41, p= 0.002, d= 0.84

Preference χ2 = 6.67, p=0.04
Dog vs. None: W = 163.50, Z=−1.54, p= 0.12, r= 0.28

Dog vs. Human: W = 115.50, Z=−2.49, p=0.013, r= 0.45

Perceived Difficulty

(pre-post)

—

None: W = 100.00, Z=−0.89, p= 0.37, r= 0.16

Human: W = 26.00, Z=−2.05, p=0.040, r= 0.37

Dog: W = 110.00, Z=−0.20, p= 0.84, r= 0.03

Perceived Anxiety

(pre-post)

—

None: W = 63.00, Z=−2.44, p= 0.02, r= 0.44

Human: W = 25.00, Z=−2.69, p= 0.02, r= 0.49

Dog: W = 48.00, Z=−1.72, p = 0.06, r= 0.31

Perceived Stress

(pre-post)

—

None: W = 5.00, Z=−3.91, p< 0.001, r= 0.71

Human: W = 12, Z=−3.67, p< 0.001, r= 0.67

Dog: W = 37.50, Z=−2.76, p= 0.006, r= 0.50

4.1. Objective Measures533

Table 4 summarizes the means/medians and standard deviations of our ob-534

jective results for the three conditions. Medians were reported for measures535

with data deviating from normality.536

Performance (H1): Number of Subtractions & Accuracy Rate. We did not find537

significant differences between any of our performance measures (see Table 3).538

These findings suggest that participants’ performance were not different across539

the three conditions; however slightly higher median values (i.e., higher number540

of subtractions) were observed in the Dog condition.541

Mean Heart Rate (H2). Figure 5(a) shows the mean heart rate values of all par-542

ticipants for the three-minute relaxation period before the task and mean heart543
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Table 4: Summary of the means/medians (standard deviations) for the objective measures for

the three conditions. Medians were reported for measures with data deviating from normality

and are marked with “(~)” next to appropriate measures. The term during indicates measures

collected while the task was happening, while the terms pre and post are indicative of measures

collected before and after the mental arithmetic task.

Measures Timing None Human Dog

# of Subtractions (~) During 38.00 (16.53) 37.50 (16.08) 38.50 (14.73)

Accuracy Rate (~) During 91.67 (10.40) 94.10 (9.28) 93.42 (9.98)

Heart Rate Pre 72.06 (9.46) 72.56 (9.65) 73.76 (10.26)

During 76.18 (8.82) 75.36 (8.93) 76.45 (8.94)

rate values for the three minutes during the task for each condition. As a manip-544

ulation check for our study setup, we compared participants’ heart rates between545

each condition and the last three minutes of the relaxation period. We found546

significant differences for all three conditions, None, t(29) =−5.79, p< 0.001,547

d= 0.44, Human, t(29) =−4.00, d= 0.30, p< 0.001, and Dog, t(29) =−3.64,548

p = 0.001, d= 0.28.549

We calculated the change in heart rate between the relaxation period (i.e.,550

the last three minutes) and each condition and then normalized them, so that551

all values would be positive. We did not find a significant main effect of support552

figure type on change in heart rate (see Table 3).553

These findings indicate that participants’ heart rate did increase during the554

task suggesting the potential impact of stress, but the presence or absence of555

the support figures did not impact participants’ heart rate.556

4.2. Subjective Measures557

Table 5 summarizes the means/medians and standard deviations of our sub-558

jective results for the three conditions. Medians were reported for measures559

with data deviating from normality.560

Support Figure Evaluation (H3). We computed average scores for questions561

SFE1 to SFE4 (Cronbach α = 0.8) while reversing the negative item (see Ta-562

ble 1). Figure 4(a) shows the differences in participants’ evaluations of the563
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Table 5: Summary of the means/medians (standard deviations) for the pre and post/during

objective and subjective measures for the three conditions. Medians are reported for measures

with data deviating from normality and are marked with “(~).” The terms pre and post are

indicative of measures collected before and after the mental arithmetic task.

Measures Timing None Human Dog

Support Figure Evaluation Post 5.07(1.34) 4.79 (1.24) 5.72 (0.94)

Preference (~) Post 2.00 (0.79) 1.00 (0.88) 2.00 (0.66)

Perceived Stress (~) Pre 2.00 (1.16) 2.00 (1.67) 2.00 (1.38)

Post 3.00 (1.68) 3.00 (1.79) 2.50 (1.90)

Perceived Anxiety (~) Pre 2.00 (1.24) 2.00 (1.87) 2.00 (1.48)

Post 3.00 (1.84) 3.00 (1.85) 2.50 (2.03)

Perceived Difficulty (~) Pre 5.00 (1.61) 4.00 (1.54) 5.00 (1.45)

Post 5.00 (1.66) 4.50 (1.48) 5.00 (1.57)
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Figure 4: Box plots showing the results for (a) the support figure evaluation questionnaire

and (b) preference. Higher scores are indicative of a more positive evaluation and higher

preference respectively. Statistical significance: ** (p<0.01), * (p<0.05).

support figures. We found a significant main effect of support figure type on564

how positively participants evaluated the support figures (see Table 3). Pairwise565

comparisons indicated that participants evaluated the virtual dog support figure566

more positively compared to the virtual human or no support figure conditions.567

Preference (H3). Figure 4(b) shows participants’ preference scores for each sup-568

port figure type. After the experiment, we asked our participants to choose the569

conditions they most and least preferred based on how comfortable they felt in570

that condition. We ordered the three conditions based on their responses and571

gave a score of 3 to their most preferred condition, a score of 1 to their least572
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Figure 5: Box plots showing the pre and post results for (a) the mean heart rate values (in

bpm) for the three conditions over the last three minutes of pre task (i.e., relaxation period)

and task duration, (b) perceived stress, (c) the perceived anxiety, and (d) the perceived

difficulty question. Lower scores indicate, lower mean heart rate, less stress, less anxiety, and

lower perception of difficulty. Statistical significance: *** (p<0.001), ** (p<0.01), * (p<0.05).

preferred one, and a score of 2 to the condition in the middle.573

Comparing these scores, we found a significant main effect of support figure574

on our participants’ preference (see Table 3). Pairwise comparisons indicated575

that participants significantly preferred the virtual dog over the virtual human576

support figure; however no significant differences were observed between the577

virtual dog and no support figure conditions (see Table 3).578

Perceived Difficulty (H3). Figure 5(d) shows participants perceived difficulty579

pre and post each condition. We compared participants’ response to the per-580

ceived difficulty question pre and post each condition. Comparison of pre-post581

perceived difficulty scores indicated that participants perception of task’s level582
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of difficulty increased in the virtual human condition while no significant differ-583

ences were observed in the virtual dog and the no support figure conditions (see584

Table 3).585

Perceived Stress and Anxiety (H4). Figures 5(b) and (c) show participants’ per-586

ceived stress and anxiety scores measured through the single-item stress ques-587

tion, and anxiety question. Comparing participants’ responses to the single-588

item perceived stress question, we found that participants’ perception of stress589

increased across all conditions regardless of the support figure type (see Ta-590

ble 3). Comparing participants’ responses to the single-item perceived anxiety591

question, we found that participants’ perception of anxiety significantly changed592

only in the virtual human and no support figure conditions with no significant593

changes in the virtual dog condition (see Table 3).594

4.3. Qualitative Results595

In this section, we present the themes that we identified from the thematic596

analysis of our participants’ post-study interview responses. The percentages597

presented in this section are only indicative of what our participants described,598

therefore we can only infer the absence of a given point and not its opposite599

for the remaining participants for any percentages reported in the qualitative600

results.601

Virtual Dogs are Perceived as More Supportive Than Virtual Humans. Overall,602

63% of our participants mentioned that they appreciated the presence of one or603

both of the support figures and indicated feeling less stressed and being more604

comfortable in front of them (10 (33%) for Dog, 4 (13%) for Human, and 5605

(17%) for both). In our qualitative analyses, we noticed a relationship between606

participants’ perception of the support figures’ “judgmental nature” and how607

comfortable they felt in their presence. Eight of our participants (27% of our608

participants) mentioned that they felt they were being judged or watched by609

the virtual human, while they mentioned the non-judgemental nature of the dog610

and thus a higher sense of comfort with it. The judgmental nature of the virtual611
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human was often attributed to its human-like quality of being able to watch and612

assess and not her visual features being perceived as judgemental. Participants’613

perceptions that the dog was less judgmental than the human made them feel614

more comfortable about trying more math problems, even if they made errors.615

P21: “The person [virtual human] has still some level of perception616

so they can judge ... the animal wouldn’t perceive me any differ-617

ently.” P10: “the dog never judged even if I paused.”618

In contrast, one participant who perceived the virtual human as non-judgmental619

and peer-like, felt disconnected with the virtual dog. Also, we noticed that par-620

ticipants that felt more comfortable with the virtual dog, usually associated this621

inclination to liking dogs or animals in general and a few noted the virtual dog’s622

presence as being supportive.623

P20: “I just like animals and they are peaceful.”624

On the other hand, the comfort brought about by the virtual human was625

mostly attributed to her nodding behavior as participants felt like she is reas-626

suring them about their performance.627

P13: “I was more conscious of her [virtual human] approval.”628

Overall, most participants preferred the presence of the support figures com-629

pared to not having any support figure, with the dog being perceived as more630

non-judgemental compared to the virtual human.631

Virtual People are Perceived as More Interactive Than Virtual Dogs. Half of632

our participants (15 (50%) perceived the virtual human as more interactive633

than the virtual dog. On the other hand, nine of our participants (30% of our634

participants) described the virtual dog as less interactive and static. None of635

our participants made any comments about perceiving the virtual dog’s head636

tilt/smiling as anthropomorphic, whereas they often mentioned the virtual hu-637

man’s behavior as being more engaging.638
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P30: “along with the fact that she was there, she was also nodding639

and smiling to like kind of you know keep me going”640

Interestingly, even though we designed the virtual human and dog to have the641

same level of interactivity every 12 seconds (see Section 3.2), some participants642

did not perceive the interactive nature of the virtual dog.643

P25: “... the dog kind of just being there ... the dog was kind of just644

a focal point”645

We think the virtual human’s nodding behavior was perceived as more related646

to the participants’ task. As a result, the virtual dog’s expressions might have647

gone unnoticed since it did not seem to be directly related to the task at hand648

and merely positive.649

Virtual Humans May be Perceived as Slightly more Distracting Than Virtual650

Dogs. Participants also mentioned being distracted by the support figures (4651

(13%) Dog, 9 (30%) Human) at times. Interestingly participants mentioned the652

virtual human’s nodding behavior as a source of distraction. We think that as653

the nodding behavior can be perceived more as a response to the participants’654

task, there is a chance that it attracted their attention and potentially distracted655

them from the task. Although in high-stakes tasks distraction can have negative656

consequences, one of our participants perceived the distraction in a more positive657

light:658

P30: “When the dog started its action I smiled ... I don’t think659

that’s necessarily like a bad thing ... you’re doing a task and seeing660

something like that makes you like happy I guess and it would allow661

you to be more relaxed and think a little more clear.”662

Three participants (10% of our participants) perceived the support figures as663

focus points, helping them to concentrate and pay less attention to the panel664

when no support figure was present. For instance, describing the condition665

where no support figure was present, one of our participants noted:666
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P30: “when I was alone it was hard I felt like really pressured ... It667

was just a lot of emptiness.”668

5. Discussion669

Overall, we observed that the virtual dog has potential as a support figure670

with a positive influence on our participants’ subjective evaluations. In com-671

parison, the virtual human did not provide the same level of support as found672

for the virtual dog. In our study, we did not find any effects of support figure673

type on performance or changes in heart rate. In the following, we discuss our674

findings in more detail.675

5.1. Influence of Support Figure Type on Performance and Physiological Stress676

We did not find significant effects of support figure type of either performance677

measures, rejecting our hypothesis H1. We think more research is required to678

better isolate and assess the effectiveness of the virtual support figures on per-679

formance as some of our participants reflected benefits for both virtual support680

figure types during the post-study interview. For instance, a few participants681

mentioned that the increased sense of comfort and the non-judgemental nature682

of the virtual dog encouraged them to make more subtractions with some par-683

ticipants referring to the dog’s presence rather than its behaviors. Interestingly,684

previous research suggest that the mere presence of real dogs can have stress685

reducing effects (Wells, 2009), which might explain the positive outlook of some686

of the participants in the virtual dog condition even when it’s positive behav-687

iors were overlooked. On the other hand, participants described the behaviors688

of the virtual humans as either negative (e.g., being judged, discouraged, or689

distracted), or positive (e.g., reassured, encouraged) in relation to their perfor-690

mance. This might suggest that part of their attention was given to interpreting691

the virtual human’s behavior, which potentially can lead to more distraction,692

while some participants overlooked the virtual dog’s behaviors and only referred693

to its presence, which may have led to lower distraction levels.694
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Also, we found no significant differences between the heart rate values for the695

different conditions, i.e., not supporting Hypothesis H2; however, we noticed696

that for all conditions participants’ heart rate increased from the last three697

minutes of the relaxation period before each condition. Although our setup was698

inspired by previous social support studies (see Section 2.1) for inducing acute699

stress, based on our experimental conditions we cannot isolate the exact source700

of the increase in heart rate, e.g., whether somatic or cognitive (Trotman et al.,701

2019). We think that in the future, exploring other stressful tasks such as the702

cold pressor task tested by Allen et al. (2002), which does not have the cognitive703

aspect, may help with isolating the source of increase in heart rate.704

5.2. Influence of Support Figure Type on Subjective Evaluations705

Looking at our participants’ support figure evaluation scores, we found sig-706

nificant differences between the virtual dog and the other conditions (see Fig-707

ure 4(a)). Neither the virtual human nor the no support condition was eval-708

uated as positively as the virtual dog. This finding supports our Hypothesis709

H3 and suggests that with our current comparisons, the virtual dog in AR was710

deemed as a more effective support figure which is similar to findings with real711

dogs (Brooks et al., 2018; Polheber & Matchock, 2014). Hypothesis H3 was712

also supported by our participants’ preference of the virtual dog over the vir-713

tual human and backed up by their qualitative comments describing being more714

relaxed and comfortable in front of the dog.715

Moreover, we found a significant increase in participants’ perception of task716

difficulty in front of the virtual human, while this effect was not observed with717

the virtual dog or the no support figure conditions. With research suggest-718

ing virtual agents have the ability to replicate social effects similar to real hu-719

mans (Miller et al., 2019; Wienrich et al., 2018), we think that findings from720

the social inhibition theory with real and virtual humans (Triplett, 1898; Miller721

et al., 2019) may explain this, as serial subtraction is considered as a difficult722

task. In the virtual human condition, the presence of two people (i.e., the panel723

member and the virtual human) who were observing the participants, might724
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have doubled the effects of social inhibition, resulting in the task being per-725

ceived as more challenging. Additionally, eight of our participants perceived726

the virtual human as judgemental while viewing the virtual dog as less judge-727

mental and associated this effect to the virtual human’s ability of being able728

to watch and assess them and not her visual features. This perception might729

have increased the effects of social inhibition, as research on virtual agents730

suggests that the perception of judgemental nature may lead to the need for731

impression management, which can result in involving more of a person’s men-732

tal resources (Lucas et al., 2014; Kang & Gratch, 2010; Pickard et al., 2016).733

However, deeper investigations are required to pinpoint whether the perceived734

non-judgmental nature of the virtual dog is due to the fact that it is realized as a735

dog, with real dogs known for their non-judgmental nature towards their human736

companions (Brooks et al., 2018), or whether any non-human virtual support737

figures can have such a non-judgmental quality. Overall, a larger sample size738

is required to deduce the absence of perceived difficulty for the virtual dog and739

the no support figure conditions with certainty.740

Concerning perceived stress we found significant increases in participants’741

perception of stress measured through the stress question rejecting part of our742

Hypothesis H4. For perceived anxiety, we only observed significant increases743

for the virtual human and no support figure conditions and not for the virtual744

dog condition. These findings, partly support our Hypothesis H4, aligned with745

previous social support and animal-assisted activity research on real dogs sug-746

gesting lower stress levels with these entities (Kertes et al., 2017; Barker et al.,747

2016). We speculate that the mental arithmetic task may have overshadowed748

the effect of support figures as in our setup similar to some past social support749

studies the support figures were present during the task (Allen et al., 2002;750

Christenfeld et al., 1997; Fontana et al., 1999). We think that a larger sample751

size, and exposing participants to the support figures only before the task, may752

provide a clearer picture on the difference of the virtual support figures in terms753

of perceived stress and anxiety.754
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5.3. Limitations and Future Work755

Our study population had certain limitations. For example, our sample size756

of 30, estimated through G*Power (3×1 within subjects design, α = 0.05, Power757

= 0.8) (Faul et al., 2007), allowed us to detect medium effects sizes as low as758

0.37. However, this limitation only applies to one of our comparisons (effect759

size = 0.31). Thus, non-significant effects with a medium effect size (<0.37)760

should be retested with a larger sample size in the future. Also, the majority of761

our participants were male and it is important to note that equal male/female762

distribution would provide a more accurate picture of the effectiveness of the763

virtual support figures.764

Even though our participants mentioned being more stressed in the no sup-765

port figure condition as they were watched by the experimenter (in her role as766

a panel member), it is possible that a completely unfamiliar person who partic-767

ipants had no other interactions with during the study could have exacerbated768

their experienced level of stress. Additionally, as our experimental setup was769

an adaptation of the Trier Social Stress Test (Kirschbaum et al., 1993) we did770

not vary the presence of the panel and therefore did not intend to investigate771

the effects of their presence. However, it is valuable to gauge the level of influ-772

ence presented by the judging panel in such setups when the support figures are773

virtual in the future.774

Also, opting for a forced choice approach for the preference rating may have775

limited our understanding of our participants’ true preferences as we did not776

allow for multiple choices. Although, our participants’ preference ratings are777

aligned with some of our other measures that participants were allowed to state778

their preference for any or no condition (e.g., support figure evaluation, open-779

ended interview responses), it is important to utilize and study less restricting780

approaches in the future and measure the potential differences between forced781

and unforced approaches on user preference.782

Separately, in our experiment, the expressions exhibited by the support fig-783

ures were happening randomly, and potentially performance-related feedback784

could affect the results. Further research is required to investigate the influence785
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of such random expressions with more user-centered ones, such as mimicry and786

playback tested by Zhang & Healey (2018). Also, although our participants787

who found the virtual human to be judgmental, compared to the virtual dog,788

attributed this to the human-like capabilities of this support figure (i.e., the789

ability to watch and assess) and not the specific visual features of this charac-790

ter, we did not pretest the virtual human character for the potential effects of791

factors such as uncanny valley, and judgmental nature on the effectiveness of792

its social support. However, this virtual human character was used in several793

previous publications (Kim et al., 2019c; Lee et al., 2018; Kim et al., 2019b;794

Daher et al., 2017; Lee et al., 2016; Richards et al., 2019; Kim et al., 2018c).795

For instance, in the work by Kim et al. (2019b), this virtual human was tested796

in the role of a caregiver with relatively high scores on several items regarding797

users’ mental and physical health needs and higher than average score in the798

satisfaction questionnaire that included items about comfort and likeability.799

Moreover, the virtual dog exhibited behaviors that sometimes humans may800

associate with smiling and cuteness indicated by several non-peer reviewed and801

one peer reviewed article (Amry et al., 2018; Llera & Buzhardt, 2021; ASPCA,802

2021); however, these articles also echo that the head tilt may be a cause for803

health concerns and dogs’ do not exhibit happiness with smiling the way hu-804

mans do and the perception of a dog smiling can merely be the fact that humans805

anthropomorphised a dog’s expression. Also, we placed the virtual dog on sev-806

eral virtual books to ensure that participants’ viewing angles stay the same807

across support figures. These choices can introduce potential ambiguities with808

regards to the virtual dog being perceived as anthropomorphic or its head tilt-809

ing behavior as a sign of confusion. Although, our participants did not mention810

anthropomorphizing the dog, it is a limitation of our current work as we did not811

directly gauge whether the virtual dog’s behaviors were perceived as anthropo-812

morphic. To this point, the impact of more realistic settings (e.g., dog lying on813

the floor and relaxed) and neutral expressions compared to positive ones, could814

shed light on the contributing characteristics of virtual dogs as support figures.815

Following the guidelines of previous literature, we recruited participants who816
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expressed neither a phobia nor a general dislike of dogs (Barber & Proops, 2019;817

Polheber & Matchock, 2014). This choice may have resulted in our participants818

having a more positive attitude towards pets and animals (i.e., higher PAS819

scores) and our results only apply to a population with affinity towards dogs.820

Still, our sample is more neutral compared to pet-ownership percentages in the821

US (67% of households (APPA, 2021)). We felt that those who dislike dogs822

might not like to choose to receive social support from a virtual dog; hence we823

focused our attention on a population that has a higher chance of experiencing824

any benefit from such an interaction. Similarly, we felt that it would not be825

ethical to recruit individuals with dog phobias; other support figure types can826

be explored for this population.827

Finally, with advances in technology allowing for more personalized interac-828

tions, it is important to explore the realization of virtual support figures based829

on user preferences. For instance, virtual support figures can be presented as830

users’ favorite cartoon characters or super heroes, allowing for investigations on831

the relationships between user preference and concepts correlated with social832

support such as non-evaluative nature of support figures.833

6. Conclusion834

In this paper, we described a human-subject study with a stressful mental835

arithmetic task aimed at understanding the potential of virtual dogs in AR836

as social support figures, and their influence on a person’s task performance,837

perceived stress, and subjective evaluations.838

In our experiment, participants were presented with three conditions: a839

virtual dog support figure, a virtual human, and no support figure. Our mixed-840

methods analysis revealed that participants evaluated the virtual dog support841

figure more positively than the other conditions. Also, the virtual dog received842

higher scores in terms of preference compared to the virtual human support843

figure. Themes emerging from a qualitative analysis of our participants’ post-844

study interview responses shed light on the relationship between sense of comfort845
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and perception of judgement, and the influence of support figure’s interactivity.846

Although we did not find an effect of condition on participants’ heart rate, we847

observed a significant increase of heart rate for all three conditions during the848

task.849
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