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Abstract

Emotion communication is an important aspect of social interaction. Affect dis-
play research from psychology as well as social human-robot interaction has fo-
cused primarily on facial or vocal behaviors, as these are the predominant means
of expression for humans. Much less attention, however, has been on emotion
communication through touch, which, though unique among the senses, can be
methodologically and technologically difficult to study.

Our thesis investigated the role of affective touch in the social interaction be-
tween human and robot. Through a process of design and controlled user evalu-
ation, we examined the display, recognition, and emotional influence of affective
touch. To mitigate issues inherent in touch research, we drew from interaction
models not between humans but between human and animal, whereby the robot
assumes the role of companion animal.

We developed the Haptic Creature, a small, zoomorphic robot novel in its sole
focus on touch for both affect sensing and display. The robot perceives movement
and touch, and it expresses emotions through ear stiffness, modulated breathing,
and vibrotactile purring. The Haptic Creature was employed in three user studies,
each exploring a different aspect of affective touch interaction.

Our first study examined emotion display from the robot. We detail the design
of the Haptic Creature’s affect display, which originated from animal models, then
was enhanced through successive piloting. A formal study demonstrated the robot
was more successful communicating arousal than valence.

Our second study investigated affect display from the human. We compiled
a touch dictionary from psychology and human-animal interaction research. Par-
ticipants first rated the likelihood of using these touch gestures when expressing a

variety of emotions, then performed likely gestures communicating specific emo-
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tions for the Haptic Creature. Results provided properties of human affect display
through touch and high-level categorization of intent.

Our final study explored the influence of affective touch. Results empirically
demonstrated the human’s emotional state was directly influenced from affective
touch interactions with the robot.

Our research has direct significance to the field of socially interactive robotics
and, further, any domain interested in human use of affective touch: psychology,

mediated social touch, human-animal interaction.
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Preface

This dissertation is composed of research I conducted during my tenure at the Uni-
versity of British Columbia. Except were noted in this preface, I am the primary
contributor to all facets of this research, which was conducted under the super-
vision of Dr. Karon E. MacLean, who is my co-author on all work presented
herein. The remainder of this preface enumerates additional collaborations, pre-
viously published works, and related ethics approvals.

An early roadmap for this research has been previously published. It outlined
the research approach in Chapter 1; touched upon the related robots in Chapter 2;

and provided a preliminary overview of the Haptic Creature in Chapter 4.

e Steve Yohanan and Karon MacLean. The Haptic Creature project: Social
human-robot interaction through affective touch. In Proceedings of the AISB
2008 Symposium on the Reign of Catz & Dogz: The Second AISB Symposium
on the Role of Virtual Creatures in a Computerised Society, volume 1 of
AISB 2008, pages 7-11, April 2008.

I conceived of and constructed the Hapticat as well as developed the related
user study as presented in Chapter 3. This research was conducted as part of a
course project in collaboration with graduate students Mavis Chan, Jeremy Hop-
kins, and Haibo Sun. Mavis Chan, in particular, provided contributions equal to my
own, both in the Hapticat’s fabrication as well as in all aspects of the user study.

This chapter’s work has been previously published.

e Steve Yohanan, Mavis Chan, Jeremy Hopkins, Haibo Sun, and Karon Mac-
Lean. Hapticat: Exploration of affective touch. In Proceedings of the 7th
International Conference on Multimodal Interfaces, ICMI °05, pages 222—
229, New York, New York, USA, October 2005. ACM Press.
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I was the inventor and chief architect of the Haptic Creature described in Chap-
ter 4. 1 was responsible for all aspects of the robot’s design and development,
including its look and feel, behavior, software, and mechatronics. Such a consider-
able undertaking, however, would not have been successful without the assistance
of manifold individuals under my direction.

Tim Oxenford, an undergraduate, conducted the preliminary mechatronics in-
vestigation and, in the process, constructed an initial automated prototype. Un-
dergraduates Noel Wu, Tinny Lai, and Kenneth Ng furthered this prototype by
stabilizing the platform for actuation, sensing, and communication thereof. They
also advanced the mechanics for the ears, breathing, and purring. Geoffrey Lo,
an undergraduate, conducted a preliminary investigation of accelerometer use as
well as designed the final purring mechanism. Matthew Baumann, a Masters stu-
dent, designed and constructed the final version of the ears and breathing mecha-
nism. Elaine Khaw, an undergraduate, contributed general mechanical engineering
expertise as well as was instrumental in many finishing touches for the Haptic
Creature’s shell. Undergraduate Dana Nielsen tirelessly wired and mounted all the
touch sensors. Undergraduate Sandra Yuen Helsley developed an early software
prototype that lead to the master panel graphical user interface component. Joseph
P. Hall III, a Masters student, provided initial designs of the motor control board,
which were subsequently stabilized by PhD Candidate Ricardo Pedrosa. Jonathan
Chang, an undergraduate, designed and implemented a preliminary version of the
gesture recognition engine and, as such, was the primary contributor to this area of
research, with active support by Karon MacLean and myself. Sachiyo Takahashi,
my wife, sourced and meticulously constructed all versions of the Haptic Crea-
ture’s fur. Finally, fellow PhD Candidates Mario Enriquez and Ricardo Pedrosa
lent their considerable expertise in electronics and mechatronics countless times
throughout the robot’s development.

An early overview of the Haptic Creature has been previously published.

e Steve Yohanan and Karon E. MacLean. A tool to study affective touch:
Goals & design of the Haptic Creature. In Extended Abstracts on Human
Factors in Computing Systems, CHI EA *09, pages 41534158, New York,
New York, USA, 2009. ACM.
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Jonathan Chang’s proof of concept gesture recognition engine has also been

previously published.

e Jonathan Chang, Karon MacLean, and Steve Yohanan. Gesture recognition
in the Haptic Creature. In Astrid Kappers, Jan van Erp, Wouter Bergmann
Tiest, and Frans van der Helm, editors, Haptics: Generating and Perceiving
Tangible Sensations - EuroHaptics 2010, volume 6191 of Lecture Notes in
Computer Science, pages 385-391. Springer Berlin / Heidelberg, 2010.

Dr. Jessica L. Tracy provided significant guidance on the methods and mea-
sures employed in the user study from Chapter 5. This chapter’s work has been

previously published.

e Steve Yohanan and Karon E. MacLean. Design and assessment of the Hap-
tic Creature’s affect display. In Proceedings of the 6th ACM/IEEE Interna-
tional Conference on Human-Robot Interaction, HRI *11, pages 473-480,
New York, New York, USA, March 2011. ACM.

Under my direction, undergraduates Jessica Dawson and Juliette Link took on
the considerable task of coding the video recordings from the user study in Chap-
ter 6. In addition, Dr. Matthew J. Hertenstein kindly provided specific definitions
of several touch gestures used in his studies on human-to-human affective touch.

This chapter’s work has been previously published.

e Steve Yohanan and Karon E. MacLean. The role of affective touch in human-
robot interaction: Human intent and expectations in touching the Haptic
Creature. International Journal of Social Robotics (SORO); Special Issue
on Expectations, Intentions, & Actions, 4(2):163—180, April 2012.

Lang Qin, a Masters student in the Department of Statistics at the University of
British Columbia, provided guidance on the statistical analysis for the user study
in Chapter 7.

All user studies were approved by the University of British Columbia Be-
havioural Research Ethics Board (UBC BREB). The study presented in Chapter 3
was conducted under UBC BREB numbers B03-0490 and B03-0490. The stud-
ies presented in Chapters 5, 6, and 7 were conducted under UBC BREB number
HO01-80470.
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It’s the sense of touch.

Any real city, you walk, you’re
bumped, brush past people. In LA,

no one touches you. ...

We're always behind metal and glass.

Think we miss that touch so much,
we crash into each other just to

feel something.

— from Crash (2004)
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Chapter 1

Introduction

1.1 Stella and Roi

Stella is stretched out supinely on her sofa taking a siesta. One arm is draped
around Roi, a big ball of fur resting expectantly on her chest, who gently moves up
and down with the slow undulation of Stella’s breathing.

Gradually Stella begins to stir, and her breathing grows slightly deeper as a
result. Sensing the change, Roi becomes excited at the prospect of her awakening.
He stiffens his ears, nudges Stella firmly with his head, and begins a pronounced,
brisk “prrrrr. ..~ that vibrates in her chest.

Forced to rise a little sooner then she would have liked, Stella nonetheless gives
Roi a firm hug as she sits up. She places him in her lap and, enjoying the warmth
of his body, instinctually strokes his fur. Roi’s breathing and purring both slow
somewhat. The two sit there together, pleased, while Stella waits for her lingering
drowsiness to fade.

Eventually garnering the energy to pick herself and Roi up, Stella moves them
across the room to sit at her computer. She returns Roi to her lap and rests her hand
against his side. His purring subsides.

Stella checks her Inbox, but the message is still not there. She tries to oc-
cupy her time (and mind) through a variety of meaningless computer activities. At
the same time, she randomly switches between idly fingering Roi’s fur and gently
squeezing his now half-stiffened ears. Stella has waited weeks; she was told she
would receive their response, one way or the other, by today.

The thought of not being accepted for the position has weighed on Stella for
some time; however, her worry seems more acute this afternoon as she has yet
to hear back. She begins to firmly pat Roi’s back, then vigorously rubs his fur.

Roi feels her becoming depressed, so he tries to counter by becoming relaxed. He
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arches his back against her hand, his ears go slack, and his breathing becomes
slow and symmetric. The intensity of Stella’s touch diminishes, while her rubbing
transitions to massaging.

At that moment, the computer notifies her of new mail.

Stella quickly glances at the screen to see that it is the reply she has been
waiting for. Pulling Roi close to herself, Stella is briefly overcome with a sense of
distress: will she get the position or not?

She manages the courage to open the missive, which begins with, “After much
deliberation, we are very pleased to offer you the position of ...”

Stella is instantly excited. She squeezes Roi and lifts him up then nuzzles him.
Roi’s ears stiffen, his breathing quickens, and he emits an energetic purr. After a
brief yet firm hug, Stella places him back in her lap and resumes stoking his fur.

The two sit together, again, pleased.

The preceding scenario demonstrates the interactions that we investigated in
our thesis. Stella and her furry companion, Roi, communicate with each other
through touch. Through these touch interactions, each is able to sense the emo-
tional state of the other. In some cases, the exchange alters the emotion of the

perceiver. We will periodically return to this scenario throughout this dissertation.

1.2 Motivation

Emotional expression is the external display of internal affective state [176, p. 326].
The ability to communicate emotion plays an important role in social contexts by
adding significance to the interaction [22] and allowing for prediction of subse-
quent behavior [13].

Affect display in humans manifests primarily through facial, vocal, or gestural
behaviors [176, p. 26]. While the study of affect display has focused mainly on
vision and audition, the modality of touch has received significantly less attention
(see [76] for the lower magnitude of general research interest in touch vis-a-vis
these two other modalities).

This dearth of research at first appears counterintuitive given the unique role

touch has among the other senses. For example, the skin is the largest organ in

2
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the human body; the first sense organ to form; and plays a major role in early
development [112]. In addition, unlike vision and audition, touch is proximal: it
requires close or direct, physical contact to sense [71].

When viewed through the lens of social interaction, however, inherent diffi-
culties of this domain become more apparent. Studies in interpersonal touch have
shown various confounding factors such as gender, familiarity, social status, and
culture (e.g., [46, 103, 118, 186]). These sorts of studies also have been found to
cause significant levels of participant discomfort (e.g., [180]).

Nonetheless, studies have found that many characteristics of social touch have
emotional meaning [82]. Furthermore, recent studies have demonstrated that hu-
mans are capable of communicating discrete emotions through touch [74, 75].

Emotional expression research in socially interactive robotics has closely par-
alleled counterparts in psychology and sociology and, consequently, has had a sim-
ilar focus on visual and auditory behaviors. The study of affect display in social
human-robot interaction has been primarily on facial expressions (e.g., [23, 95,
141]) and, to a lesser degree, on prosody of speech (e.g., [17, 143, 193]).

Our thesis is hereby motivated by the importance of emotional expression in
social human-robot interaction; however, our investigation is centered on affect
display through the lesser-explored modality of touch.

As we introduce this unique sense to socially interactive robotics, however,
we risk the aforementioned difficulties when studying social touch. Therefore, as
alluded to in our scenario with Stella and Roi, we have chosen to draw from models
of interaction not between humans but between human and animal, whereby the
robot assumes the role of animal. Furthermore, this has the added advantage of
leveraging the rich patterns of non-verbal touch communication that already exist
between human and animal [9, 32] and the long history of bonds between humans

and companion animals [145, 146].

1.3 Research Goals

The overall goal of this thesis was to investigate the role of affective touch in the

social interaction between human and robot. In particular, our research examined
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the display, recognition, and emotional influence of this form of touch. To that end,

we set out to answer the following questions:

1. In what manner might a robot express its emotional state through touch to a

human?
2. Can a human recognize a robot’s emotional state through touch?

3. In what manner might a human express his or her emotional state through

touch to a robot?

4. What are the human’s expectations for the robot’s responses to affective
touch?

5. Does the affective touch interaction between human and robot influence the

human’s emotional state?

As alluded to in the previous section, scant research exists that examines af-
fective touch within the field of socially interactive robotics. The intention of our
thesis, therefore, was to contribute to this body of work, but with the potential for
impact on the broader study of affective touch. Furthermore, our investigation was
foundational. We sought an increased understanding of base emotion communi-
cation through touch in the context of social human-robot interaction. It was also
our hope that this research helps to lay the groundwork for specific applications —

e.g., attachment or therapy.

1.4 Research Approach

The various phases of the thesis research are depicted in Figure 1.1. We highlight
here the overall approach that guided the development of our thesis.
1.4.1 Preliminary Investigation

Our research commenced with an exploratory investigation of the thesis’s general

premise: the role of affective touch in social human-robot interaction.
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We began by developing the Hapticat (Figure 1.1, phase 1), a prototype robot
pet designed to simulate emotional expression through touch by changes in ear
stiffness, manner of breathing, and a vibrotactile purr.

This hand-actuated robot puppet, in turn, was employed in a user study that
examined several facets of affective touch (Figure 1.1, phase 2). Participants pro-
vided their expectations of the Hapticat’s emotional response to various gestures
they might use when touching it. Next, they physically performed a sequence of
these touch gestures to the robot and were asked to recognize its corresponding
emotional display. In addition, participants reported their emotional state as a re-
sult of interacting with the Hapticat.

Results from the study demonstrated that participants’ expectations of the ro-
bot’s response to touch gestures correlated with our mappings. In addition, they
were able to recognize a sizable subset of simulated emotional states rendered by
the Hapticat. Finally, a general (positive) shift in participants’ emotional state was

observed.

1.4.2 Haptic Creature

After initial confirmation of the thesis premise, the next phase of the research was
the development of the Haptic Creature robot (Figure 1.1, phase 3). The goal was
to construct a robust, automated platform with which to explore affective touch in
human-robot interaction.

Like the Hapticat prototype, the Haptic Creature employed the same three de-
grees of freedom to express its emotional state: adjustment of ear stiffness; mod-
ulation of breathing; and presentation of a vibrotactile purr. Additionally, to sense
human touch, the robot was equipped with an array of force sensors and an ac-
celerometer.

For our thesis, with respect to the Haptic Creature platform, the focus was
much more on the ability of the Haptic Creature to express its emotional state to
the human. While the touch hardware and software were developed such that the
robot was able to read and record the sensor inputs, its ability to recognize specific
human touch gestures and related emotional content was not a major focus of our

work.
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The overall development of the Haptic Creature was iterative. We began with
the Hapticat prototype and the results of the preliminary investigation. We then fo-
cused on the robot’s hardware and software infrastructure. Next, we configured the
Haptic Creature’s various emotional expressions. Throughout this process, small

pilot studies were frequently conducted to test various aspects of the system and

results were fed back into the design each time.

The Haptic Creature was used in the suite of user studies described in the fol-

lowing section.
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Figure 1.2: Affective touch interaction loop between human and Haptic Creature.
Solid lines between cells represent a display of affective touch. Dashed lines denote
an internal update of emotional state as a result of the interaction.

1.4.3 Interaction Decomposition

To systematically study the interplay between human and robot in the course of
affective touch, we decomposed the overall interaction into its constituent parts
(Figure 1.2).

As demonstrated in our opening scenario, the interaction involves a synergistic
component whereby Stella’s emotional state modulates in the course of her ex-
changes with Roi, and her touching patterns adjusts as well. Therefore, we wished
to examine each part of the system independently, then later synthesize these in
order to observe changes resulting from the full affective touch interaction loop.

The outcome was three user studies, each examining a different aspect of af-

fective touch interaction.
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Affective Touch Originating from the Robot

The first study (Figure 1.1, phase 4) examined the manner and success of the Hap-
tic Creature in communicating its emotional state through touch to the human (Fig-
ure 1.2, cells 3—4).

Animal models served as the initial reference for the robot’s emotion display,
then its expressions were refined over successive iterations of informal user tests.
Ultimately, the Haptic Creature’s breathing rate and ear stiffness were used to con-
vey its state of arousal, while the asymmetry of breathing and purring communi-
cated its valence.

This configuration was then formally tested in a user study. Participants were
asked to recognize a variety of the Haptic Creature’s affective touch expressions,
which were selected from across the extents of its emotional space.

Results identified that the robot was effective in communicating its state of

arousal but less for valence.

Affective Touch Originating from the Human

The second study (Figure 1.1, phase 5) investigated the manner in which humans
communicate their emotional state through touch to the Haptic Creature (Fig-
ure 1.2, cells 1—2) as well as their expectations of the robot’s reaction to their
affective touch (Figure 1.2, cells 2—3).

We compiled a touch dictionary of plausible gestures. From this list, partici-
pants selected and performed gestures that they would likely use when conveying
a variety of emotions to the Haptic Creature. Participants also predicted the emo-
tional response of the robot as a result of the gestures they had just performed.

Our principal findings regard patterns of gesture use for emotional expression;
physical properties of the likely gestures; expectations for the Haptic Creature’s
response to mirror the emotion communicated; and analysis of the human’s higher
intent in communication. From the latter finding, we developed five tentative cat-
egories of “intent” that overlap emotion states: protective, comforting, restful, af-

fectionate, and playful.
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Influence of Affective Touch

From the original design presented in Section 5.1, we updated the Haptic Creature’s
affect display (Figure 1.1, phase 6) in order to increase recognition of its emotional
expressions.

Next, building upon the previous two studies, our final study (Figure 1.1, phase
7) explored the influence of affective touch interaction on the human’s emotional
state (Figure 1.2, cells 4—1) as a result of the full interaction loop. As noted in
Section 1.4.2, the Haptic Creature’s sensory system was not at a stage where it
could accurately recognize human touch gestures in real time, so we developed a
timing protocol for this study whereby the robot simulated reactions to touch.

We observed a statistically significant shift towards positive valence for the
human’s emotional state when the two-way communication, with both the human
and the robot displaying as well as receiving affective touch, was pleased, but
not when it was miserable. Also, participants reported an average sense that the
Haptic Creature was responding to their touch. We suggest that difference in results
between pleased and miserable emotion communication may have been a result of
the difference in touch gestures employed or the emotional responses rendered by
the robot.

1.5 Summary of Contributions

We summarize here the primary research contributions of our thesis, which we
enumerate under four main categories. Each of these categories is closely aligned
with the research approach presented in the previous section. These contributions

will be reviewed in further detail at the conclusion of the dissertation in Chapter 8.

1. Platform for the Study of Social Human-Robot Affective Touch:

(a) The Haptic Creature robot has been designed and implemented for the
study of human-robot social interaction through affective touch. Our
zoomorphic robot is novel in its sole focus on the touch modality for
both affect sensing and display. The Haptic Creature was employed in

three affective touch user studies.



1.6. Dissertation Roadmap

2. Robot Affect Display through Touch:

(a) The design of the Haptic Creature’s affect display system, which we
grounded in animal models then iteratively refined through human-

centered tests.

(b) Quantifiable and generalizable observations relating to the effective-
ness of the robot’s affect display system, as demonstrated through for-

mal user testing.
(c) Evidence for human expectations for a mirrored emotional response
from the robot.
3. Human Affect Display through Touch:
(a) A touch dictionary compiled from social psychology and human-ani-
mal interaction literature.

(b) Properties of human affect display through touch: gestures likely to be
used to communicate particular emotions; points of contact between

the human and robot; duration and pressure intensity of touch.

(c) Categorization of the human’s higher-level intents, which overlap emo-

tional states: protective, comforting, restful, affectionate, and playful.
4. Influence of Affective Touch:

(a) Empirical demonstration of human emotional state directly influenced
as a result of interacting with the robot through the full affective touch

interaction loop.

1.6 Dissertation Roadmap

The following list provides a concise overview of the remaining chapters in this

dissertation:
e Chapter 2 covers background and related work.

e Chapter 3 presents the Hapticat prototype robot and preliminary user study
that examines the feasibility of the research approach taken in this thesis.

10
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Chapter 4 describes the Haptic Creature, the robot developed for use in this

research.

Chapter 5 details a user study that investigates the Haptic Creature’s ability

to express its emotional state through touch.

Chapter 6 describes a user study that investigates the manner in which hu-

mans communicate emotion through touch.

Chapter 7 describes a user study that examines the influence on the emo-
tional state of the human when communicating emotion through touch be-

tween the Haptic Creature.

Chapter 8 summarizes the thesis presented, reviews its contributions, and

offers future directions for the research.

The Appendices document various supplemental materials employed in this

research.

11



Chapter 2

Related Work

The overall goal of this thesis is to investigate the role of affective touch in the so-

cial interaction between human and robot, and, for our research, we have chosen to

draw from models of interaction between human and animal. Our thesis, therefore,

builds upon research from a variety of disparate domains (Figure 2.1).

Figure 2.1: Research domains related to the Haptic Creature.

Socially Interactive
Robots

Haptic
Creature

Human-Animal
Interaction

In this chapter, we present background and related work that laid the foundation

for our own research. We begin with a discussion of affect, where we focus on

means of display and relevance in social interaction. Next, in Section 2.2, we

examine the modality of touch, namely, social and affective touch. We then move

on in Section 2.3 to consider human-animal interaction. Finally, we conclude the

chapter with a review of those socially interactive robots that, to varying degrees,

share a focus similar to our own.

12
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2.1 Affect

An emotion can be viewed as a mix of experiential, behavioral, and physiological
components whereby the human reacts in a structured manner to an event deemed
significant [176, p. 325]. This view can be further clarified in relation to mood:
an emotion has an identifiable cause and is commonly short-lived, while a mood is
considered over a much longer period of time and often with little understanding
as to its inducement [167, p. 14].

We begin this section with a comparison of relevant models of emotion. This is
then followed by a discussion of the face, which is the primary means of emotional

expression for humans. Finally, we examine the social function of affect.

2.1.1 Discrete versus Dimensional Models

Among the myriad of theories of emotion, we discuss here the two that are most
relevant to our thesis; namely, the discrete emotion theory and the dimensional
model of affect. Our goal is merely to contrast the two theories, which are similar
in their interest in the structure of emotions. We will revisit this topic in relation to
our thesis approach when we introduce the Haptic Creature’s emotional system in
Section 4.3.3. In addition, often debated alongside these theories are the concepts
of basic emotions (e.g., [7, 35, 36, 120]) and the universality thereof (e.g., [38, 43,
81, 131, 132, 142]); however, these topics are outside the scope of our thesis and
will not be directly addressed as a result.

The discrete emotion theory considers emotions categorically. More specifi-
cally, this theory views emotions as irreducible and distinct from one another.

Darwin (1872) [32] was one of the first to consider the discrete nature of emo-
tions as he observed similarities in affect display between animals and humans.
Tomkins (1962, 1963, 1984) [169-171] viewed affect as a primary motivating fac-
tor, both unconditioned and biological, from which he identified nine “primary
affects”: anger, contempt, disgust, distress, fear, interest, joy, shame, and surprise
(alt. startle). Influenced by Darwin and mentored by Tomkins, both Ekman and
Izard independently furthered the theory through empirical studies of recognition
of facial expressions. Izard (1971, 1977) [79, 80] studied Western and Eastern pop-
ulations in their development of 10 discrete emotions, which added guilt to the nine

13
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primary affects of Tomkins. Studies by Ekman, in collaboration with Sorenson and
Friesen (1969, 1971) [38, 42], added preliterate cultures to the participant popula-
tion, which resulted in six distinct emotions: afraid, angry, disgusted, happy, sad,
and surprised. These emotions identified by Ekman are considered to be the pre-
eminent set of discrete emotions; nonetheless, subsequent research has sought to
extend beyond the original six. As two examples, Ekman and Friesen (1986) [41]
documented the distinct expression of contempt — already present in the sets of
both Tomkins and Izard — and Tracy and Robins (2007) [173] identified the ex-
pression of the self-conscious emotion pride.

The dimensional model of affect, on the other hand, considers emotions to be
composed of multiple, often continuous, dimensions. Our focus here is on the sub-
set of theories that consider emotions to be constructed specifically of two bipolar
dimensions, as this is the prevailing view.

One of the earliest descriptions of two bipolar dimensions of affect came from
Schlosberg (1952) [144] who, through a series of facial expression sorting experi-
ments, developed an oval space whose long axis ranged from pleasantness to un-
pleasantness and short axis ranged from attention to rejection. This was subse-
quently followed by Russell’s circumplex model of affect (1980) [130], which was
developed through experiments on emotion label categorization and affect state
self-reports. Russell’s resultant circumplex described emotions where one axis
(valence) ranged from misery to pleasure and the other axis (arousal) ranged from
sleepiness to arousal. Watson and Tellegen (1985) [181] conducted a meta-analysis
of numerous self-reported affect studies to develop their Positive Affect and Neg-
ative Affect structure. While Watson and Tellegen focused on valence, Thayer
(1989) [167] investigated the physiological aspects of arousal and, consequently,
developed a third model in which one dimension ranged from calmness to tension
and the other from tiredness to energy. While these dimensional models may seem
somewhat disparate, Barrett and Russell (1998) [8] originally proposed and Yik et
al. (1999) [192] later formalized an integration of these models that suggests they
are, in fact, closely equivalent.

While the discrete and dimensional models of emotion are presented as some-
what mutually exclusive, it is worth mentioning that there are some alternate ap-

proaches that attempt to consider the two as complementary — e.g., [33, 79, 133,

14
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134]. As one example, Russell and Barrett (1999, 2003) present core affect, which
they define as “that neurophysiological state consciously accessible as the simplest
raw (nonreflective) feelings evident in moods and emotions” [133, 134]. While
grounded in dimensional models, this theory allows for a coincidence with discrete

emotions [134, Figure 1].

2.1.2 Face as Primary Means of Display

Emotional expression is the external display of internal affective state [176, p. 326].
This affect display is manifest primarily through facial, vocal, or gestural behav-
iors [176, p. 26]. Here we briefly discuss facial expressions. While utilizing the
visual modality, we highlight this area as it is the dominant means of affect dis-
play for humans. Similarly, in conjunction with the preceding section on models
of emotion, the face has long been the focus of emotion research and, therefore,
the vast majority of studies in emotion stem from this work. This is true even for
emotion research focused on gestural or haptic mannerisms. Furthermore, much of
the methodology and, in particular, the measures used throughout our thesis follow
from research on facial expressions. We will later examine affect display through
touch in Section 2.2.2.

Incorporated into his broader thesis on evolution and natural selection, Dar-
win’s pioneering work (1872) [32] on emotion expression was one of the first to
recognize the face, both in humans and animals, as a means of affect display.

Returning to Darwin nearly 100 years later, Tomkins (1962) [169, ch. 7] was
the first to focus the research community on the primacy of the face in human
emotion expression. Each of his nine “primary affects” described in the preced-
ing section had a corresponding facial expression. Tomkins drew attention to the
dominance of the face in relation to other parts of the body when comparing initial
development, relative size, and the richness of sensory and actuation features. Fur-
thermore, he also revisited the early work of Duchenne (1862) [34] (also referenced
by Darwin) to examine the musculature of the face vis-a-vis affect display.

Influenced by Tomkins and guided by their own studies on cross-cultural simi-
larities of facial expressions of emotion, Ekman and Friesen (1976) [39, 40] devel-

oped the Facial Action Coding System (FACS). This system, which is in prevalent
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use today, is comprised of individual Action Units (AU) based on facial muscula-
ture, thereby allowing for the measurement of visually distinguishable facial move-
ments. While agnostic with respect to affective content, the system nonetheless
allows for detailed AU positioning that can prescribe, for example, how an actor
may construct a particular emotional expression or how a observer might recog-
nize a discrete affect display — the actor or observer, however, must be extensively
trained in FACS.

2.1.3 Significance in Social Contexts

Our research centers around the social interaction between human and robot. For
emotions and corresponding affect displays to be relevant to our thesis, they must
therefore have a social function. Here we wish to present some of the theories on
the social significance of affect.

One social function of emotion is as a predictor of behavior. Bowlby (1969)
[13] notes that to attribute an emotion in another — even an animal — is to make
a prediction of how the other will subsequently act. Bowlby points to Hebb (1946)
[70], who considers that the personal differentiation of various emotional states
arises not from an inborn sense but, rather, from observing the overt behaviors of
others.

Frijda (1986) [55, Section 8.6] discusses social functions within the context
of emotion regulation. While affect is considered as arising from within, it is the
external environment, particularly the social environment, that can be a significant
regulating factor. He presents social aspects such as deindividuation, or crowd
behavior; emotion mitigation through the support of others; and embedding, which
expands the support group to the broader culture as a whole.

In their functionalist approach to emotions, Campos et al. (1994) [22] consider
three ways in which social signals can influence affect. First, they can regulate
the observer’s behavior through marking the significance of the situation. Social
signals can similarly have an emotional contagion effect, whereby the observer
instinctively mimics and synchronizes the affect display of the expresser resulting

in a convergence of emotional state [69, p. 5]. Finally, social signals can induce
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self-conscious emotions, such as pride or envy, which depend on the approval and

disapproval of others.

2.2 Touch

The modality of touch is unique among the five senses. The skin is the largest
organ of the human body, and touch is the first and most fundamental modality to
develop. This sense begins its influence in the womb; is significant during child-
birth; and continues to play an important developmental role throughout infancy
and early childhood [6, 45, 51, 111]. Furthermore, unlike the other modalities,
touch is proximal: it requires close or direct, physical contact to sense [71].

Given the distinctive nature of touch, it seems surprising that this modality
appears to be a neglected field of study, particularly in comparison with vision
and audition. Frank (1957) [51] was one of the first to acknowledge this relega-
tion, whereby he sought to focus the research community on the psychophysics of
touch; the modality’s role in personality development; as well as the varying cul-
tural patterns associated with touch. Shortly thereafter, Geldard (1960) [57] raised
a similar concern; however, his primary focus was on increasing an understanding
of the low-level mechanics of touch communication — e.g., location, frequency,
duration, intensity. More recently, Hertenstein et al. (2006) [76] reaffirmed Frank’s
original concern when they documented 13 times the number of vision-centric pub-
lications and three times the number of audition-centric publications. Hertenstein
et al. go on to suggest philosophical as well as methodological influences for the
diminished research interest in touch.

In this section, we wish to emphasize the social aspects of touch. We then turn
our focus to the affective qualities of this modality. This is followed by an overview
of research in technologically-mediated social touch. Finally, we conclude with a

discussion of extant issues of experimental research on touch.

2.2.1 Social Touch

Some of the earliest research on social touch was by Spitz (1945) [158], who con-

ducted a systematical investigation into hospitalism, the condition whereby infants
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reared in institutions frequently wasted away [29]. This disorder was thought to
arise from a lack of quality in care and living conditions; however, Spitz docu-
mented a well-equipped institution that had a notably higher rate in comparison to
a poorer hospital. He determined that the significant difference between the two
was the amount of human contact. Each child at the poorer nursery had full-time
physical care by either the mother or an able surrogate, while infants at the richer
institution lacked human touch a majority of the time.

Another seminal finding on the importance of social touch came from Harlow,
in collaboration with Zimmermann (1958) [67, 68]. The prevailing view at the
time was that the main role of the caregiver was the satiation of the infant’s pri-
mary drives — e.g., hunger, thirst, pain. The two conducted a series of studies in
which infant monkeys were separated at birth from their mothers, then raised by
two inanimate surrogates that differed solely on the degree of tactile comfort they
provided. In one study, all the monkeys had access to both surrogates, but one
group was fed by a soft cloth mother and another was fed by a rigid wire mother.
Results clearly demonstrated that, regardless of the which mother provided food,
the monkeys spent a much greater amount of time in physical contact with the
cloth mother and sought this same surrogate much more frequently when in the
presence of a fear stimulus. From this, Harlow and Zimmermann were able to de-
velop their theory of contact comfort, which considers a primary role of nursing
to be in maintaining direct, physical contact between the infant and the mother,
thereby increasing affectional bonds.

Jourard conducted several studies that investigated interpersonal touch in rela-
tion to body-accessibility, “the readiness of a person to permit others to contact his
body”. In one study (1966) [83] conducted with unmarried United States college
students, Jourard found that parents and same-sex friends were allowed less fre-
quent access to touching; sons allowed parental (particularly paternal) touch much
less than daughters; and hands, arms, and head received much more physical touch
than lower extremities and more sexual body parts.

In 1974, Heslin presented an initial taxonomy of touching. Discussed by Heslin
and Alper (1983) [77], his taxonomy specifies five “situations/relations” of inter-
personal touch: functional/professional, social/polite, friendship/warmth, love/in-

timacy, and sexual arousal. The taxonomy does not include negative touch types,
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as Heslin considered them rare occurrences. In addition, its ordering infers a con-
tinuum of increasing levels of intimacy.

Jones and Yarbrough (1985) [82] conducted one of the larger social touch stud-
ies by recording everyday touches observed by participants at a Western university
over an extended time frame. The data collected features such as location and
initiator of touch, social occasion, presence of others, as well as the purpose and
type of touch. They also recorded demographic information such as gender, fa-
miliarity, age, and social status of the other individual. From their results, Jones
and Yarbrough constructed 18 types of touch — 12 of which they considered clear
and unambiguous — which, in turn, they formed into seven main touch groups:
positive affect, playful, control, ritualistic, hybrid, task-related, and accidental.

One of the more studied aspects of social touch is that of its influence, espe-
cially on the recipient, and, particularly, in securing compliance. An early series of
studies by Kleinke (1977) [93] demonstrated that individuals who received a light
touch, when compared those who were not, were more inclined to honor a request
to return a dime recently found in a public phone booth. Touch wielded similar
influence on requests for signing a petition (Willis and Hamm, 1980) [186], sam-
pling food products (Smith et al., 1982) [155], as well as participating in a course
activity (Guéguen, 2004) [64]. Crusco (1984) [30] was even able to document that
a waitress’s slight touch upon returning a diner’s change was capable of increasing

the amount of tip she received.

2.2.2 Affective Touch

In Section 2.1.3, we established the social significance of emotion communication.
Further, we have just discussed the importance of touch in social contexts. While
the face is considered the primary means of affect display (Section 2.1.2), it is
inherently a visual mechanism. Here we wish, instead, to discuss the relevance
of affective touch, which we consider to be touch that communicates or evokes
emotion.

Frank (1957) [51, p. 216] briefly suggests that emotional reactions to interper-
sonal communication may assert more influence than the actual content. Along

with other modes of affect display, the nature of touch — e.g., light versus heavy

19



2.2. Touch

touch — can heighten or color the message’s tone, which Frank proposes may be
the aspect to which the recipient is ultimately responding.

In considering the use of touch in nursing, Barnett (1972) [6] presents emotion
communication as one theoretical concept of touch. She enumerates the affec-
tional, sexual, and proximal nature of touch. In addition, Barnett references touch
as inherent to the human experience — e.g., through cooperation, societal aware-
ness, and personal disclosure.

As we noted in the preceding section, Jones and Yarbrough (1985) [82] de-
veloped distinct meanings from their study of social touching patterns. Many of
these touch meanings had positively valenced affective qualities such as affection,
support, inclusivity, appreciation, and playfulness.

More recently, the work by Hertenstein et al. examined the ability of touch
to communicate discrete emotions. In their first study (2006) [76], when touch
was localized to the arm, participant dyads were able to accurately convey and
recognize several distinct emotions common to facial expressions — anger, fear,
and disgust — as well as several prosocial ones — love, gratitude, and sympathy. In
their second controlled study (2009) [74], touch was allowed anywhere considered
appropriate to communicate a specific emotion, and results included the accurate

communication of two additional emotions: happiness and sadness.

2.2.3 Mediated Social Touch

Here we briefly discuss research on the convergence of touch and technology for
use in social interaction. While our thesis investigates social touch interactions
between human and robot, mediated social touch explores human-to-human inter-
action whereby technology is leveraged as means of connecting the humans. The
vast majority of work in mediated social touch has taken the form of conceptual
prototypes, some more developed than others, expecting to connect individuals re-
mote from one another. A more extensive review of this topic can be found in
Haans and IJsselsteijn (2006) [65].

Several of these prototypes sought to explore new or augment existing means
of interpersonal communication. HandJive by Fogg et al. (1998) [49] was a rapidly
developed prototype intended for haptic entertainment in which the designers the-
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orized about new forms of communication similar to jazz improvisation or social
dance. ComTouch by Chang et al. (2002) [25] augmented traditional voice commu-
nication, such as a mobile phone, by translating hand pressure of the sender into
vibrational intensity to be felt by the receiver. HIM (Haptic Instant Messaging)
by Rovers and van Essen (2004) [129] was a system that allowed for vibrotactile
information to be passed along with the standard textual data of instant messages.
A significant number of prototypes for mediated social touch have focused on
the simulation of physical presence, often coupled with intimacy. As part of their
Feather, Scent, and Shaker series, Strong and Gaver (1996) [163] conceived of a
device that, when intentionally shaken, would broadcast the vibrations to its paired
recipient. InTouch by Brave and Dahley (1997) [16] used mechanically coupled
rollers to give a sense that two people are interacting with a shared object. Sensing
Beds by Goodman and Misilim (2003) [60] utilized heated cushions to simulate a
partner’s body warmth. Hug Over Distance by Mueller et al. (2005) [115] was a
pneumatic vest that simulated the receipt of a hug from a remote partner.
Following from an exploration of intimacy, and more directly related to our
thesis, is the work on mediated affective touch. LumiTouch by Chang et al. (2001)
[26] prototyped a pair of picture frames that translated squeezing on one to emo-
tionally colored lights on the other frame. Hansson and Skog (2001) [66] theorized
LoveBomb as a simple device to convey love (heartbeat-like vibrations) and sor-
row (irregular vibrations) among strangers in a public setting. Bailenson et al.
(2007) [5] conducted a series of formal studies on the communication and recogni-
tion discrete emotions through a force-feedback joystick. Similarly, utilizing a pair
of rotating haptic knobs, Smith and MacLean (2007) [156] explored and formally
user tested the dimensions of intimacy, personal space, and personal relationship

in their effects on the communication of emotion.

2.2.4 Methodological Issues in the Study of Touch

One purported reason for the relative lack of research on touch, particularly social
touch, is the array of inherent confounding factors. Here we highlight some of

the more prominent issues. While in many cases the researchers specifically mea-
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sured for these factors, often in combination, their existence points to the added
considerations necessary in the study of this modality.

By far the most considered confound in social touch research has been the
differences between genders. Nguyen et al. (1975) [118], for example, found that
men and women had similar understandings of touch by a friend of the opposite sex
but differed on its implied meaning. One result from their study showed that both
genders generally agreed on which touches conveyed sexual desire; however, they
were diametrically opposed as to the consideration of this as playful, warm, and
loving — in comparison to men, women had by far a lesser sense of the affectionate
nature of these touches. Another example in gender difference was a study by
Fisher et al. (1976) [46] that demonstrated receiving a seemingly inadvertent touch
by a librarian in the process of checking out books had a favorable response in
women, while males showed no significant change in response.

The factor of status/dominance can also play a significant role in social touch.
Henley (1973) [72, 73] conducted an early observational study of touch in public
settings that demonstrated nonreciprocal social touch can serve as a reminder of so-
cial status: the toucher reminds the touchee of the recipient’s lower status. A subse-
quent study by Summerhayes and Suchner (1978) [165] qualified Henley’s results
to show a general diminishing effect of nonreciprocal social touch: if the touch is
initiated by someone of a lower social standing, then the status of the higher-status
recipient is reduced. Summarizing their results from a similar study as “it is better
to give than to receive”, Major and Heslin (1982) [103] furthered Summerhayes
and Suchner by demonstrating that, not only is the social status of the touch recip-
ient diminished, but the status of the initiator is considered increased. Employing
a different methodology, Florez and Goldman (1982) [48] compared interpersonal
touch between dyads composed of blind and sighted individuals. The status fac-
tor was consistent regardless of the sightedness of the participant — the toucher
was perceived more highly than the touchee — even though the blind participants
recorded greater overall positive evaluations to touching.

As introduced in Section 2.2.1, Jourard’s studies on body-accessibility found
the location of the touch to be a significant factor [83, 84]. A study by Burgoon
(1991) [21], while also investigating dominance along with other factors, exam-

ined observers’ perceptions to interpersonal touch. One outcome was that touch
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to specific body locations — e.g., arm, shoulder, waist — more strongly conveyed
status. In a similar study, Lee and Guerrero (2001) [97] found body location to
be significant in observations of interpersonal touch between colleagues within the
context of a work environment. As one example, touches to the face, forearm, and
shoulder were all perceived as being flirtatious or affectionate; however, the latter
two locations were considered more formal types of touch.

In some cases, studies in social touch have demonstrated participant discom-
fort. A study by Walker (1975) [180] found participants notably uncomfortable
after touch interactions in a simulated psychology encounter group. As a further
example, Whitcher and Fisher (1979) [185] found that the touch of a nurse prior to
surgery resulted in a significant increase in anxiety for males, even though women

participants responded positively.

2.3 Human-Animal Interaction

The previous section presented touch as a unique sense modality that is relevant
both in social and emotional contexts, yet has been underappreciated by the re-
search community likely due to difficulties inherent in the study of touch. In our
thesis, however, we attempt to mitigate these methodological issues by considering
the interaction not between humans but, rather, between humans and animals, with
a particular focus on companion animals.

We begin this section with a discussion of anthropomorphism in relation to
animal emotions. We then cover several major areas of human-animal interaction

research.

2.3.1 Anthropomorphism and Animal Emotions

In the sciences, the debate over the influence of anthropomorphism — the attri-
bution of human traits to that which is non-human — has been ongoing for well
over a century. For our thesis, the relevant discussion has been within the fields
of comparative psychology and animal behavior. Wynne (2007) [190] — in a con-
temporary reaffirmation against anthropomorphism in scientific study — presents

a detailed history of the debate, which we summarize in the following paragraph.
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Anthropomorphism in the study of animals began in the late 19th century with
the work of Darwin (1872) [32] and, subsequently, Romanes (1882) [128]. Soon
after, Morgan (1894) [113] sought to apply greater scientific control over its appli-
cation in animal psychology — see [28] for a refutation of the common reading that
Morgan was wholly against anthropomorphism. In the early 20th century, however,
anthropomorphism was summarily rejected by Watson [182] in his establishment
of behaviorism. Similarly, though outside the realm of psychology, the founding of
ethology by Tinbergen [168] and Lorenz in the 1930s sought to relegate anthropo-
morphism from their discipline as well. More recently, however, some have called
for a reevaluation. Returning to Romanes and Morgan, Burghardt (1985, 1991)
[19, 20] called for a “critical anthropomorphism” that drew its data from a myriad
of sources, including anecdotes and personal observations, yet remained grounded
in scientific methodology. With a focus on the study of animal emotions, Bekoff
(2000) [11] also suggested a “biocentric anthropomorphism” that allowed for the
use of anthropomorphic vocabulary to make animal behaviors more accessible to
the researcher.

Moving from the anthropomorphism debate, we draw attention to work within
neuroscience that points to emotionality in animals; particularly, mammals.

One of the more widely discussed is that of the “triune brain” originated by
MacLean (1970, 1990) [101, 102]. The triune brain is a model that divides the
brain into three evolutionary layers: the primitive “reptilian” (basal ganglia) level
serves innate behaviors and basic motor functions; the secondary “paleomam-
malian” (limbic system) layer handles attention, emotion, and memory; and the
outer “neomammalian” (neocortex) layer deals with perception, reasoning, and
language. While the model simplifies the inherent complexity of interconnected
brain functions, its structure points to a commonality between humans and other
mammals vis-a-vis emotions. The higher-functioning neocortex is found to differ
significantly among mammals, with humans having the most developed version;
however, the limbic system, which is integral to emotion functions, is very similar
across mammals [123].

In another example from neuroscience research, Panksepp (1998) [122] iden-
tified specific areas of the brain coupled with the related chemicals employed in

the construction of basic emotions. Panksepp considered these neuro-factors to be
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common among all mammals, and he divided the basic systems between positive
emotions — SEEKING/expectancy, LUST/sexuality, CARE/nurturance, PLAY/joy
— and negative ones — RAGE/anger, FEAR/anxiety, PANIC/separation.

Our thesis is further predicated upon humans commonly attributing emotions
to animals, especially companion animals. The aforementioned scientific debate
points to the natural tendencies within humans to anthropomorphize. In fact, Burg-
hardt’s use of the qualifier “critical” was to distinguish scientific exploration from
the naive form of anthropomorphism found in humans’ everyday interactions with

animals. The zoologist and animal behaviorist, Kennedy (1992) [90, p. 5] stated,

[A]nthropomorphic thinking about animal behaviour is built into us.
... It is dinned into us culturally from earliest childhood. It has pre-
sumably also been ‘pre-programmed’ into our hereditary make-up by
natural selection, perhaps because it proved to be useful for predicting

and controlling the behaviour of animals.

2.3.2 Influence of Human-Animal Interaction

Companion animals have been shown to provide a variety of epidemiological,
physiological, and social benefits. The most frequently cited work was by Fried-
mann et al. (1980) [53] that found pet owners had an increased one-year survival
rate for coronary heart disease patients. Friedmann and Thomas (1995) [54] later
conducted a similar investigation, with similar results, for survivors of a recent
heart attack. With a focus on prevention, both Anderson et al. [3] and Patronek and
Glickman (1993) [124] demonstrated that pet ownership provided measures against
cardiovascular disease. A study by Shiloh et al. (2003) [154] found that petting an
animal was able to reduce stress-induced anxiety. Beck and Katcher (2003) [10]
consider the positive effects shown in these studies result from the interplay be-
tween humans’ evolutionary relationship with animals — biophilia [89, 188] —
and the social support of companion animals. The social nature of pets is furthered
by Serpell (1996) [145, ch. 8] where, among many examples, he highlights com-
panion animals as patient, mute listeners serving the role of therapist yet superior

in their added acceptance of touch interaction.
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Companion animals, however, can also have many deleterious effects. The
time, energy, and finances invested in the care of a pet can be extensive [2, 24].
Companion animals can be the cause of chronic allergies and respiratory conditions
[1]. Furthermore, in cases of poor hygiene, animals can carry disease and parasites
[63, 159]. Absent proper care, pets can inflict damage on the home or cause noise
disturbances [12]. Worse, unfamiliar humans or improperly socialized pets can
result in aggressive animal behavior [104]. While bond formation can be a positive
aspect of pet ownership, the subsequent loss of a companion animal can cause
grieving on par to the loss of a human companion [59].

While the above studies demonstrated that companion animals play a signifi-
cant role — both positive and negative — in the lives of humans, broader research
in this field has been found lacking.

Beck and Katcher (2003) [10] point to several areas in need of more rigorous
investigation. For example, they note that physiological and psychological studies
on the benefits of companions animals — many referenced above — have been
countered by similar studies showing no or even negative effect; therefore, more
research is needed to resolve the conflict. Beck and Katcher also state that healthy
populations, especially children, should be considered, as some studies demon-
strate positive influences on communication skills and nurturing.

Wilson and Barker (2003) [187], on the other hand, critique the methodology
employed in human-animal interaction studies. They point to problems with en-
suring proper research controls, sample selection, and measurement of outcome
variables. Furthermore, Wilson and Barker note important factors commonly not
considered in research studies: the size and breed of the animal; the animal’s han-
dler; the setting of the interactions; and the subsequent withdrawal of the animal at

the conclusion of the study.

2.4 Socially Interactive Robots

Fong et al. define socially interactive robots as “robots for which social interaction
plays a key role” [50, p. 145]. Goodrich and Schultz further clarify this social
interaction to include “social, emotive, and cognitive aspects of interaction” in

which “the humans and robots interact as peers or companions” [61, p. 205].
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While these definitions help to distinguish socially interactive robots from with-
in the much larger field of human-robot interaction, the resultant domain is itself
still fairly broad. Consequently, for our thesis we limit the field of study to robots

that possess the following characteristics:
e The robot is designed to interact with humans in a social context.
e The robot incorporates emotion into the interaction.
e The robot utilizes the touch modality.
e The robot is, to some degree, zoomorphic.

With these additional constraints in consideration, we present here (alphabeti-
cally) an overview of robots that share a focus similar to our own. Next, we will
survey social interaction research in which these robots have been employed. Fi-

nally, we will differentiate our Haptic Creature from these related robots.

AIBO is an autonomous, quadruped robot the size and shape of a small dog but
highly robotic in appearance. Developed and sold commercially by the Sony
Corporation, it was envisioned as an “entertainment robot” pet with emer-
gent behavior [56]. AIBO has sensors for distance, sound, vision, accelera-
tion, vibration, and temperature. The robot’s touch-sensing capabilities are
through tactile sensors mounted on its head, chin, back, and paws. AIBO
expresses its emotional state through colored lights on its face, physical pos-

turing, and vocalizations.

Huggable is a semi-autonomous, teleoperated plush robot in the form of a child’s
teddy bear. Developed by Stiehl in the Personal Robots Group at the MIT
Media Lab, it is a research platform to investigate the design and applica-
tion of robotic companions [98, 162]. The Huggable has sensors for vision,
sound, inertia, joint angle, and internal temperature. The robot perceives
touch through an extensive, full-body network of force, electric field, and
temperature sensors [160]. The Huggable expresses itself through head, ear,

and arm movements as well as sounds through a speaker located in its mouth.
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NeCoRo is an autonomous, plush robot with an extremely life-like cat appear-
ance. Developed by Shibata with the Omron Corporation and commercially
available, it was envisioned as a gentle, natural interface between humans
and machines [117, 166]. NeCoRo has sensors for sound, object movement,
body orientation, and body movement. The robot perceives touch through
tactile sensors in its head, chin, and back. NeCoRo generates expressions

through a wide range of cat-like vocalizations as well as physical posturing.

Paro is an autonomous, plush robot closely modeled after a baby harp seal (Fig-
ure 2.2). Developed by Shibata in partnership with the Japanese National In-
stitute of Advanced Industrial Science and Technology (AIST) and available
commercially, it was designed as a “mental commitment” robot [153] for
emotional attachment. Analogous to animal-assisted therapy, Paro has been
targeted for robot-assisted therapy in hospitals and extended care facilities
[179]. The robot has sensors for light, sound, temperature, posture, and it
senses touch through tactile sensors mounted across its body. Paro expresses
its emotional state through facial expressions, animal-like vocalizations, and

physical posturing.

Figure 2.2: Paro robot.

Pleo is an autonomous, quadruped robot representing a miniature baby Cama-
rasaurus dinosaur (Figure 2.3). Developed and sold commercially by Ugobe,
it was designed, similar to AIBO, as a robotic pet with emergent behavior
[175]. Pleo has sensors for sound, vision, tilt, vibration, leg force feedback,

and mouth object detection. Utilizing capacitive sensors, the robot is able
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to sense touch on its head, chin, shoulder, back, and legs. Pleo expresses its

emotional state through posturing and vocalizations.

Figure 2.3: Pleo robot. (Photo: Jiuguang Wang, with permission)

Probo is a teleoperated, plush robot representing a small, imaginary creature with
elephant-like features (Figure 2.4). Developed by Saldien and Goris at the
Vrije Universiteit Brussel, it is a research platform for the study of human-
robot interaction and robot-assisted therapy [140]. Probo’s current sens-
ing capabilities are limited, but it will eventually have sensors for vision,
sound, and touch. The robot expresses its emotional state through nonsen-
sical speech [193] and facial expressions, with the unique distinction of an

actuated trunk.

A

Figure 2.4: Probo robot. (Photo: Vrije Universiteit Brussel, with permission)
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2.4.1 Social Interaction Research

Some of the robots introduced in the previous section were developed specifically
for commercial purposes; however, all the robots have been employed to some de-
gree in research on social interaction. Many of these studies drew from participant
pools of either children or the elderly; in a few of the latter cases, the participants
had psychological disorders — e.g., dementia. Therefore, a minority of the re-
search concentrated on normal, adult populations. Studies commonly took place
in controlled environments — e.g., observation labs, classrooms, nursing homes.
In cases where free-play was part of the study procedure, the interaction durations
were often short, on the order of 5-10 minutes. Most relevant to our thesis, of
course, are the aspects of touch examined. From this subset of studies, many fo-
cused only on high-level properties, such as frequency of touch rather than, for
example, manner, location, or intent. More importantly, all touch studies were lim-
ited to human-initiated touch; none investigated touch originating from the robot.

AIBO and Paro have received considerably more research attention than the
other robots.

The vast majority of studies with AIBO have focused on children [85, 107-109,
183], while a few have also compared results with adults or the elderly [91, 174].
Participants often reasoned about and interacted with the robot and, for compari-
son, a live animal or related plush animal toy. Results generally showed that, while
participants considered AIBO to be man-made, they interacted with the robot as if
it were a real animal.

Paro has most frequently been studied with the elderly [137, 150, 174, 177]
and, sometimes, children [152]. Paro has also had some cross-cultural coverage
[149]. Many of the studies with Paro have been qualitative or through surveys
[149, 151, 174]; however, some have employed physiological or neurological mea-
sures [88, 110, 137, 177, 178]. While investigations with AIBO have concentrated
on perceptions of the robot and the types of interaction with it, studies with Paro
have generally focused on the psychological and social effects of the interaction.
In studies with elderly populations, results have demonstrated increased social in-
teractions; improvements in mood; and a reduction of stress among nursing home

patients.
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NeCoRo and Pleo, both commercial robots, have had relatively minor research
applications.

A study incorporating open-ended play with NeCoRo found that prior experi-
ences with felines affected subjective views of the robot [153]. NeCoRo has also
been employed in the development of robot psychology practices [100]. In one pre-
liminary investigation, nursing home residents with dementia had increased levels
of pleasure and interest when interacting with NeCoRo, but not with a passive,
plush toy cat. Conversely, residents’ agitation levels decreased with the plush toy,
but not NeCoRo [99].

Pleo was employed in a study that demonstrated naive instructors intuitively
used affective speech when guiding the robot through a task [92]. A study that
investigated expectation setting found that participants primed with high expecta-
tions for Pleo’s touch sensing capabilities were more disappointed after interacting
with the robot than participants primed with low expectations [121]. In one of the
only long-term studies among these related robots, Pleo was observed in casual
play within families’ homes over the course of 2—10 months [44]. Participants fre-
quently considered Pleo more as an alternative to a live pet, and less so as a toy, yet
never as a companion. However, participants long-term interest waned as Pleo’s
interactivity fell short of expectations; the alternative pet was thus relegated to toy
status.

Surprisingly, the Huggable and Probo, both developed specifically as social
touch research platforms, so far have had limited utilization in formal user studies.

The Huggable, the most mechatronically advanced among these robots, has
mostly focused on gesture recognition algorithms [94, 161] — cf. our gesture
recognition work [27] — and a pilot investigation of platform teleoperation by
novices [98].

Probo similarly has been used in only one research study, which examined

participants’ ability to recognize the robot’s facial expressions [139].

2.4.2 Differentiating the Haptic Creature

In Chapter 4, we will present the design and development of our Haptic Creature

robot. This robot differs from those presented above in two distinct ways.
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Perhaps the primary differentiation of the Haptic Creature is its strong con-
centration on the modality of touch for affect display. The Huggable is the only
other device possessing full-body sensing — much more advanced than even our
own — Paro and AIBO both have only limited interaction points for touch input;
and Probo, though planned, currently does not have any touch sensing capabili-
ties. More importantly, however, is that each of the other robots focuses much less
on touch for affect display originating from robot itself; rather, they rely more on
visual — facial or postural — and auditory expression. The Haptic Creature, on
the other hand, relies solely on touch when communicating its affective state to the
human.

A second differentiating aspect of the Haptic Creature is the level of zoomor-
phism. The robots mentioned in Section 2.4 all, to varying degrees, have clearly
defined features and overall shape. While a consideration of the Haptic Creature
was that it be recognizable as animal-like, it was consciously designed to have a

more minimalistic appearance.

2.5 Summary

In this chapter, we have presented foundational research related to our thesis, which
is to investigate the role of affective touch in the social interaction between human
and robot.

We first demonstrated the general social importance of emotion communica-
tion. We then discussed the specific social importance of touch and this modality’s
potential to communicate emotions. However, we also pointed to methodological
reasons that may explain why this unique sense has received less research attention
relative to vision and audition. We therefore presented research in human-animal
interaction as an alternate domain, in the hopes of obviating some of these con-
founding factors in social touch studies. Finally, we presented the small set of so-
cial robots that overlap the various domains discussed. In relation to these robots,
we covered relevant social interaction research and, then, differentiated our Haptic

Creature robot.
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In the next chapter (3), we present the preliminary user study that explored the
feasibility for our thesis. This is followed by Chapter 4, where we introduce our
Haptic Creature robot. Subsequent chapters (5—7) present the various interaction

decomposition user studies.
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Chapter 3

Preliminary Investigation

In this chapter, we begin our investigation into social human-robot affective touch.
This encompasses the first two phases of our research, as shown in Figure 1.1,
which served as an exploratory investigation of the general premise of our thesis:
the role of affective touch in social human-robot interaction.

We begin this chapter with a description of the Hapticat, our prototype robot
pet designed to simulate emotional expression through touch. Next, in Section 3.2,
we document a preliminary study in which this hand-actuated robot was employed
to examine several facets of affective touch. Specifically, we investigate humans’
expectations of the Hapticat’s emotional response to specific touch gestures; the
ability of the robot to communicate its emotional state through touch; and humans’
affective responses to interacting with the Hapticat.

In the study, participants reported their expectations of the Hapticat’s emotional
response to various gestures they might use when touching it. They then physically
performed a sequence of these touch gestures to the robot and were asked to iden-
tify its corresponding emotional display. Participants also reported their emotional
state as a result of interacting with the Hapticat.

In Section 3.3, we present the study results, which demonstrated that partic-
ipants’ expectations of the robot’s response to touch gestures correlated with our
predetermined mappings for gently petting, rubbing ears, pinching body, poking
body, resting hands on top, and leaving it alone, but not for shaking, vigorously pet-
ting, hugging, and tickling. The Hapticat was effective at displaying its simulated
emotional state for playing dead, asleep, upset, and content; however, participants
often perceived happy as content. When compared with a nonactive Hapticat, an
overall (positive) shift in participants’ self-reported emotional state was observed

when the robot presented active haptic responses. For the individual responses,
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there was a statistically significant difference for both the asleep and upset emo-

tional renderings.

3.1 Hapticat Design and Implementation

In the opening scenario from Chapter 1, Stella participated in a variety of tactile
interactions with her furry companion. She could feel Roi’s weight, warmth, furry
exterior, vibrations from purring, and subtle movements as he adjusted positions.
Furthermore, Stella’s direct interactions with Roi — e.g., stroking or nuzzling —
caused many of his tactile features to adjust.

For our initial investigation in affective touch, we chose to ground the robot’s
behavior in those of a cat. We note, however, that we were not attempting to
produce a realistic artificial cat — see [166] for the pursuit of a realistic cat robot.
Rather, we were using a set of cat-like qualities as a starting point.

This approach had several advantages. Most importantly for our work, it gave
us the freedom to include other tactile and affective features not inherent to fe-
lines, as well as eliminate features as we saw fit. Secondly, our robot need never
approximate realism. As a result, we had hoped to obviate the pitfalls of Mori’s
uncanny valley [114], which posits that humans have strongly negative responses
when robots attempt, but ultimately fall short of, realistic appearance and behavior.
The final advantage was that both complexity and cost were greatly reduced, which
allowed for rapid iteration of designs.

Our end result was the Hapticat, a prototype robot pet designed to study affect
display through touch (Figure 3.1).

Two overall considerations guided our decisions for the design of the Hapticat.
First, we carefully considered which distinct actuations to implement. Cats provide
a variety of tactile interaction; however, we were not limited solely to cat-like
qualities, so our initial set of choices was rather large. Following from this initial
consideration, our second consideration was to avoid the robot being perceived
simply as a “bag of tricks”: a random and unrelated set of actuations. Rather, we
wanted to provide a holistic, integrated experience.

We finally limited the actuation to a small set that we could quickly implement

and would work well in concert with one another. Our goal was that, as for a cat,
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3.1. Hapticat Design and Implementation

Figure 3.1: The Hapticat. (Photo: Martin Dee, with permission)

several of these actuations employed together at varied settings would provide an
expressive means of affect display.

The prototype itself was composed of five major features: a body, two ear-like
appendages, a breathing mechanism, a purring mechanism, and a warming element
— Figure B.1 displays details of the prototype internals. The Hapticat had a total of
four degrees of freedom, which are provided by the ears, the breathing mechanism,
the purring mechanism, and the warming element. The prototype’s actuation and

the implementation of its major features are described in the following sections.

3.1.1 Prototype Actuation

The prototype was controlled through Wizard of Oz techniques [105]. That is, by
watching the actions of the human with the robot, we manually actuated the ears,
breathing, and purring mechanisms to simulate an automated response in the Hap-
ticat. We chose to use this approach as an expeditious and economical method to
evaluate our proof-of-concept before introducing sensors and computer-controlled

actuators.
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3.1.2 Body

The form factor of the body was intended to be organic yet relatively non-zoomor-
phic. Several styles were produced, with the final body design being reminiscent
of a rugby ball. The individual parts making up the body were: an outer shell, an
inner filling, and a tail.

While the focus of our research was on touch, we also did not want the general
appearance of the Hapticat to detract from the interaction. Therefore, the outer
shell was designed to be pleasing both visually as well as haptically. A variety
of materials and colors were examined for use. The original design was to use
synthetic fur, but we eventually settled upon polyester fleece for its ease of con-
struction, comfortable feel, and lower cost. The color of the shell was solid, light
brown adding to its organic appearance.

The design goal for the inner filling was to provide a balance between comfort-
able feel as well as proper mass for the body. The system was comprised of several
small cloth bags filled with polystyrene (‘“bean bag”) pellets that were sealed with
twine. The bags were constructed in a variety of sizes to better fit the different parts
within the shell. To adjust the weight and feel of the prototype without changing
the overall size, we added uncooked rice to several of the bags.

During pilot tests of the prototype, it became clear that we needed a means to
conceal the hoses and cords attached to the actuators within the body. As a result,
the cords were bound together then wrapped with the same fleece material used for

the outer shell, giving the impression of a non-functioning tail.

3.1.3 Ears

Although the main role for ears is normally hearing, in animals they also provide
a means for expression: their erectness and orientation convey information [32].
With our focus on touch, however, we chose to use stiffness as a haptic analog
for these visual properties. Additionally, ears provide a physical interaction point
where a human can grasp or stroke them.

Atop the body of the Hapticat were two small appendages visually resembling
ears (Figure 3.1). While their location was different from where one might expect
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3.1. Hapticat Design and Implementation

Table 3.1: Hapticat mechanisms ranges.

Mechanism Range

Ears Limp, Medium, Stiff
Breathing None, Slow, Medium, Fast
Purring None, Slow, Medium, Fast
Warming None, Low

ears on an animal, this position provided easy access when the Hapticat was on a
human’s lap. Table 3.1 presents the various ranges the ears can represent.

The outer, visible portion for each ear was a skin made of a lightweight, white
cloth sewn into the body. The actuation mechanism was a closed-air system com-
prised of one balloon for each ear clamped to plastic tubing. The tubing, in turn,
ran out the body via the tail to a manually controlled syringe that regulated the flow

of air in the system.

3.1.4 Breathing Mechanism

Designed to bring a living quality to the Hapticat, breathing provided both visual
and haptic feedback to the human. One could see as well as feel the body expand
and contract with each actuation of the mechanism. Table 3.1 lists the various
ranges that can be represented by the breathing mechanism.

The breathing mechanism was a closed-air system built with a latex bladder
clamped to plastic tubing that exits the body through the tail. Outside the tail on
the opposing end, the tubing had a coupler that attaches to a makeshift bellows
used to inflate and deflate the bladder.

3.1.5 Purring Mechanism

Purring in the Hapticat was designed to mimic a cat’s purr; however, its focus was
on the vibratory, rather than audible, qualities of the purr. The prototype’s purring
could be felt when in contact with the human’s body. Table 3.1 presents the various

ranges that can be represented by the purring mechanism.

38



3.2. User Study

Purring was actuated by means of a small (1 watt) brushed DC motor with an
offsetting weight attached to the shaft. The motor was mounted in a tight housing
for protection as well as to amplify the vibration. This housing, in turn, was en-
closed in the center of the Hapticat’s body. The motor’s power lines ran out the
body, through the tail, to custom electronics that attach to a computer via the paral-
lel port. The states were regulated by custom software written in C++ to drive the
motor [148].

3.1.6 Warming Element

In an attempt to radiate warmth from the Hapticat, a household heating pad was
inserted between the outer shell of the body and the inner filling. An unintended
positive side-effect was that the pad helped to pull the look and feel of the body
together. Previously, the coarse granularity of the inner bags could be seen and felt
as lumps; the pad provided a more cohesive shape.

The heating pad had four settings: none (off), low, medium, and high. We
elected to only use none and low (Table 3.1); in pilot tests of the prototype, the
others settings proved too warm. It should be noted that once the pad was warm it
took a considerable amount of time — several minutes — for the heat to dissipate
when turned off. For this reason, we left the warming element off during the user

study.

3.1.7 Response Settings

The Hapticat was capable of producing five discrete responses: playing dead,
asleep, content, happy, and upset. These responses were rendered by selecting a
setting for each mechanism from within its respective range (Table 3.1). Table 3.2

lists the specific setting chosen for each response.

3.2 User Study

With construction of the Hapticat complete, we wished to further our investigation
of social human-robot affective touch through empirical testing. To that end, we

conducted a user study designed to answer the following research questions:
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Table 3.2: Hapticat mechanisms settings for responses.

Mechanism
Response Ears Breathing Purring
Playing Dead Limp None None
Asleep Limp Slow None
Content Medium Medium  Slow
Happy Stiff Medium  Medium
Upset Stiff Fast Fast

1. Do the actions we have designated to activate the Hapticat’s responses match
those expected by the human?

2. Can the Hapticat communicate to a human the emotional responses we had

implemented?

3. Does the response of the Hapticat initiate any notable emotional response

from a human?

The following sections describe the study in more detail.

3.2.1 Participants

A total of 13 participants (23% female), ranging in age from 20-39, volunteered
to take part in the user study. All participants were graduate students in the De-
partment of Computer Science at a Canadian university. Each received CAD$5.00
as compensation for their participation in the study. Nearly half of the participants

reported little to no experience with haptic devices.

3.2.2 Study Setup

The setup for the user study consisted of the Hapticat presented to the participant
sitting in a chair in front of a partition. The prototype was connected to the haptic
actuators located on the other side of the partition such that the participant could
not see the experimenters manipulating the Hapticat. Since this was a Wizard of

Oz study, it was necessary to conceal these experimenters to maintain the illusion
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Figure 3.2: Setup for preliminary investigation.

that the Hapticat was responding independently. The participant was able to see
the experimenters when entering the room; however, the participant’s back was to
the partition so the experimenters were not viewed during the study. At no time
was the participant able to see the Hapticat’s actuating mechanisms.

One experimenter controlled the breathing while the other controlled both the
purring and the ears. The study facilitator sat with the participant in front of the
partition. He discretely held a small signaling device — a switch controlling a LED
behind the partition — to communicate to the other experimenters when to start the

response of the Hapticat. Figure 3.2 illustrates the study setup.

3.2.3 Procedure

The study took approximately 30 minutes to complete for each participant. It was
divided into three parts: mapping actions to Hapticat responses, observation of

affective response, and a questionnaire. We detail each part here in turn.
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Mapping Touch Actions to Hapticat Responses

During the first part of the study participants were asked to look at the Hapticat,
which was originally placed beside them. Without touching or interacting with it,
participants were asked to answer a questionnaire regarding the responses expected
after performing a particular action (Section B.3). The list of actions participants
evaluated was: gently petting, vigorously petting, rubbing ears, pinching body,
poking body, hugging, tickling, resting hands on top, shaking, and leaving it alone.
The possible Hapticat responses were renderings meant to convey playing dead,

asleep, content, happy, and upset.

Hapticat and Participant Affective Responses

The basic approach for the second portion of the study was observational; however,
we also took the opportunity to gather data to compare with our observations. The
Hapticat was placed on the participants’ laps, and the facilitator asked them to
perform a sequence of touch actions (from a subset of the previously mentioned
actions). After experiencing a response from the Hapticat for each touch action
performed, participants answered two questions.

First, participants were asked what the perceived response of the Hapticat was
from the list: playing dead, asleep, content, happy, or upset. Second, participants
were asked their emotional response to the Hapticat by reporting a level of agree-
ment to the statement, “I had a positive emotional response to the device”. Re-
sponse to this statement was ranked on a five-point Likert scale: strongly disagree
(-2), disagree (-1), neutral (0), agree (1), or strongly agree (2).

This part of the study was conducted using a within-subjects design, where the
independent variable was the Hapticat’s haptic response: either active or nonactive.
Each participant performed the touch action sequence twice. Counter-balancing
was achieved by seven of the participants always receiving the active response in
the first sequence of touch actions, while six of the participants received the active
response during the second sequence. Furthermore, the presentation order of the

actions was randomized for each sequence.
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At no time were participants told that the Hapticat was controlled by the in-
dividuals behind the partition. Debriefings with participants afterwards confirmed

that they did not suspect this.

Post-Study Questionnaire

During the final part of the study, participants completed a post-study questionnaire
(Section B.4). This questionnaire gathered information regarding demographics,
background on pet ownership and interaction with animals, and comments regard-

ing the Hapticat and the user study.

3.3 Results

This section details the statistical results obtained from the user study. As described
in Section 3.2.3, the data gathered were intended for comparison with our obser-
vations during the study. The following subsections describe the results in more
detail: mapping actions to the Hapticat’s responses, recognizing the Hapticat’s re-

sponse, the emotional response of the participant, and facilitator observations.

3.3.1 Mapping Touch Actions to the Hapticat Responses

In the first part of the study, participants were asked to look at, but not interact with,
the prototype. They were then asked to generate a list of mappings from actions
performed to the expected responses from the Hapticat.

We found that our mappings from the actions to the Hapticat responses gen-
erally matched the responses expected by the participants. For example, 77% of
participants expected the gesture leave alone to cause the robot to become asleep,
and 93% expected pinching to cause upset. On the other hand, for shaking, 77%
of participants expected the Hapticat to response would be upset while our map-
ping was playing dead. Table 3.3 lists our mappings, and Figure 3.3 charts the
breakdown of the participants’ responses.

There were four mappings that participants did not show an obvious agreement
with ours: shaking, vigorously petting, hugging, and tickling. In the case of shak-
ing, 77% of the participants expected the Hapticat to be upset, while only 33%
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Table 3.3: Expected mappings from action to Hapticat response.

Action Response
Shaking Playing Dead
Leave Alone Asleep
Rubbing Ears Content
Gently Petting Happy
Vigorously Petting Happy
Poking Upset
Pinching Upset
Hugging Content
Tickling Happy

Resting Hand on Top  Asleep

agreed with our mapping, playing dead. In the other three cases — vigorously pet-
ting, hugging, tickling — the majority of participants agreed with our mappings;
however, due to our small sample size, we can not definitively say that our map-
pings were correct. Of note, though, looking closer at the demographics of our
sample population, we discovered that the majority of the responses that agreed

with ours were from pet owners.

3.3.2 Recognizing Hapticat Affect Display

In the second part of the study, participants physically interacted with the proto-
type. They were then asked to specify which response was being expressed by the
Hapticat.

Participants were able to easily recognize three of the five responses we hap-
tically rendered. For the response of playing dead, 85% of the participants recog-
nized our rendering, 77% of the participants recognized our rendering of asleep,
and 62% of the participants recognized our rendering of upset.

There appeared to be some difficulty differentiating between our renderings of
happy and content. When the participant rubbed the Hapticat’s ears, our rendered
response was content; a majority of the participants recognized the response as
being content (62%) but 31% stated the response they felt was either asleep or
happy. Similarly, when the participant petted the Hapticat, our rendered response

44



3.3. Results

Participant Mapping H Playing Dead
O Asleep
O Content

100 @ Happy
90 7 Upset

50

&
o
] T i T i I

Percentage of Particlpants

|l A
<O o ) <O )
,3‘53:\ & <& ®'§ @‘§ &
& Al < 2 Q
G"\‘:‘\ \SQ‘Q\ {\‘&\ \‘}é\
w & cd £
39

Action

Figure 3.3: Participants’ mappings of action to Hapticat’s response.

was happy; however, most of the participants recognized the response as being
either content (46%) or happy (39%). Figure 3.4 charts the participants’ perception
of the Hapticat’s response.

3.3.3 Participant Affect Report

After specifying the Hapticat’s response to an interaction, participants were then
asked to report any change in affect.

Participants reported a slightly more positive emotional response when the
Hapticat responded haptically to most actions when compared to a nonactive Hap-
ticat during the same action (Figure 3.5).

In addition, Table 3.4 shows a comparison of the means for the active haptic
and nonactive responses during each action (a response of 0 indicates a neutral
response).

When participants experienced the haptic rendering of asleep, they had a statis-
tically significant more positive emotional response compared to no active render-
ing (1(24) =5.196, p < 0.05). Similarly, participants had a statistically significant
more positive emotional response to the haptic rendering of upset compared to no
active rendering (¢(24) = 0.490, p < 0.01).

45



3.3. Results

Perceived Responses to Rendered Responses

M Playing Dead
(O Asleep
O Content
e Happy
..E 90 Upset
" _
g 80 —
o 70
=
& 60 - — ‘7—
S5 50 -
[=b] p::e
o 40 -
£ 4 a
8 20 E Z
& 10 - N
0 - Z B
Playing Dead Asleep Content Happy Upset

Rendered Response

Figure 3.4: Participants’ perception of Hapticat’s responses to actions.

The renderings of content and happy did not show a statistically significant
greater positive emotional response compared to no active renderings to the same
actions at p = 0.05, but we note that the means for both the content and happy ren-
derings are slightly higher than for no active renderings. The rendering of playing
dead also did not show a statistically significant different emotional response com-
pared to no active renderings at p = 0.05, but we note that the mean was slightly

lower than for no active renderings.

3.3.4 Observational Data

Much of the study was intended to observe participants’ responses to the Hapticat.
Our goal was to see if humans had a change in affect while interacting with the
prototype when it rendered active haptic responses.

Throughout the study, the facilitator was able to observe the reactions of par-

ticipants through their posture, facial expressions, and verbal comments. It was
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Figure 3.5: Participants’ affective response to active haptic and nonactive render-
ings.

particularly interesting to watch their reactions the first time the Hapticat began to
respond to their actions. Nearly all exhibited strong positive reactions. One par-
ticipant began to laugh so hard that tears came to her eyes, and she was unable to
report her responses until she took a short break to regain her composure.

The vast majority of participants remained apparently excited and engaged with
the Hapticat for the duration of the study. However, one participant felt slightly
disturbed by the Hapticat and commented about this throughout the trials. Whether
positive or negative, we were encouraged to observe a change in a participants’

emotional states.

3.4 Discussion

When mapping the response of the Hapticat to a particular action, we found par-
ticipants generally agreed with our mappings. It was interesting to see how the
participants would respond since we did not reveal the Hapticat to be any particu-

lar species.
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Table 3.4: Participants’ mean affective state for active and nonactive Hapticat re-
sponse.

Response M SD F )4 t
Playing Dead -0.31 0.63 1.13 0.299 -0.66
-0.51 0.56 — — —
Asleep 1.1I5 0.69 544 0.028 5.20
0.00 041 — — —
Content 077 0.73 0.00 0948 333
-0.15 0.69 — — —
Happy 092 095 042 0525 237
0.08 0.86 — — —
Upset 0.08 1.44 10.01 0.004 0.49
-0.15 0.90 — — —

In answer to “I had a positive emotional response to
the device”, the scale ranged from -2 (strongly dis-
agree) to 2 (strongly agree), with 0 signifying neutral.

We suspect that participants’ responses were largely based on their previous
experience with animals. An example of this was the agreement with our mappings
being strongest for those who are pet owners in the cases of vigorously petting,
hugging, or tickling the Hapticat.

In the case of shaking the Hapticat, we conclude that we may have incorrectly
mapped the Hapticat’s response. While we mapped shaking the Hapticat to playing
dead, our participants thought it would be upset instead. Our rationale in choosing
playing dead was that if one was particularly cruel to a creature, it would react more
strongly than being upset by effectively “playing possum”. Our results clearly
show, though, that participants did not make the same connection. One participant
commented that if their pet was so uncomfortable in a situation, it would simply
run away.

Our use of the purring, breathing, and ear mechanisms in the Hapticat effec-
tively rendered three of the five responses we defined. There was some confusion
between the happy and content responses. The difference between the renderings
was in the speed of the purring and a half stiff or fully stiff ear; the breathing of the

Hapticat remained the same for both responses.
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It is possible that the differences between the renderings were too subtle for
participants to differentiate them. Particularly since there was no training phase
in the study in which to demonstrate the differences, participants likely had to pri-
marily rely on transfer from their knowledge of the responses of animals. However,
we also suggest that the emotions of content and happy may be too similar for the
participants to conceptually differentiate the two.

Our participants reported a slightly greater positive emotional response when
they felt the active haptic rendering of the Hapticat when compared to the nonactive
rendering (Figure 3.5). While we found statistical significance in only two of the
five renderings, all but one caused a greater mean positive emotional response from
our participants when active haptics were applied than without (Table 3.4). Only
playing dead caused a slightly negative emotional response in our participants.
We suggest that when the creature was clearly in an active state, the switching to
inactive was interpreted as “dead” as opposed to simply “off”, thus eliciting the

negative emotional response.

3.5 Summary

Our Hapticat prototype robot pet enabled us to quickly test the feasibility of social
human-robot interaction through affective touch. Furthermore, we were encour-
aged to continue on with our thesis based on the empirical and observational results
of our preliminary investigation.

Our next step was to move from a prototype to a fully automated robot. This
work will be presented in the following chapter (4).

Once the robot was completed, we were then able to delve deeper into various
components of the full affective touch interaction loop (Figure 1.2). Chapter 5 will
present research on affect display originating from the robot, while Chapter 6 will
discuss affective touch originating from the human. Finally, Chapter 7 will present

work pertaining to the influence of affect display through touch.
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Chapter 4

The Haptic Creature

In this chapter, we discuss the design and development of our Haptic Creature
robot, which encompasses the third phase of our research (Figure 1.1). Our ap-
proach was to leverage research in human-animal interaction through use of a
robotic creature that mimics a small animal, such as a cat or dog, sitting on a
person’s lap. The Haptic Creature (Figure 4.1) interacts with the human through
the modality of touch. An array of touch sensors over its body, coupled with an
accelerometer, allow the robot to sense being touched and moved. It displays its
emotional state through adjusting the stiffness of its ears, modulating its breathing,

and presenting a vibrotactile purr.

Figure 4.1: The Haptic Creature. (Photo: Martin Dee, with permission)

The development of the robot was iterative. We began with the results of our
preliminary investigation (Chapter 3); however, as various aspects of the Haptic

Creature advanced, pilot test were frequently conducted to demonstrate what as-
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pects worked and what did not. Results were fed back into modifications then pilot
tested again. In particular, this iterative process drove the design of the Haptic
Creature’s emotional expressions, to be described in Section 5.1 of the next chap-
ter.

We begin this chapter by presenting the considerations followed in the design
of the Haptic Creature. The remaining two sections of the chapter present the

robot’s various hardware and software components.

4.1 Design Considerations

The Haptic Creature robot continues directly from our Hapticat prototype as dis-
cussed in Section 3.1. The Haptic Creature differs from related robots in its strong
concentration on the modality of touch for affect display in addition to its minimal-
istic appearance (Section 2.4.2).

Here we outline the considerations followed in the design and development of
the robot.

1. The Haptic Creature should be perceived as animal-like but not repre-
sent a specific animal nor attempt to be overly realistic.
Similar to our consideration for the Hapticat, this removed any limitations
on characteristics inherent to any one species. More importantly, however,
this reduced the human’s expectations of the robot that, in turn, allowed for

a shift in focus from the form to the interaction.

2. The Haptic Creature’s actuation mechanisms must work in concert with
one another.
While not limited to the characteristics of one particular species, the robot’s
various means of expression must still seem to be part of a coherent whole
in order to provide an engaging experience. Some features may dominate
others — e.g., breathing versus ear stiffness — but they should all appear as

belonging together.

3. The Haptic Creature should interact solely through the touch modality.
The robot must sense the human solely though touch and, similarly, its ex-
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pressive capabilities must be limited only to haptic means. This, however,
has the implied restriction that visual and auditory artifacts must be mini-

mized wherever possible.

. The Haptic Creature should have a pleasant feel.

Since the focus of the interaction is touch, the overall feel of the robot should
not be unpleasant — e.g., minimize sharp edges, ensure fur is comfortable
to touch. This includes the robot’s weight, which should approximate that of

a similarly sized animal.

. The Haptic Creature’s contact points should be maximized.

The form of the Haptic Creature was often guided to facilitate human haptic
interaction. For example, the robot’s ears were elongated to better afford
grasping. Similarly, its backside was expanded to increase surface area and

rounded to accommodate the natural position of the human hand.

. The Haptic Creature should have no discernible facial features.

As presented in Section 2.1.2, the face is the primary means of emotion
expression for humans. Furthermore, as presented in Section 2.3.1, humans
have a tendency to anthropomorphize animal emotions. Therefore, our focus
on affective touch required the removal of any confounds related to interpre-
tations of emotion from the face. As demonstrated by the myriad of emotion
recognition studies utilizing images of facial expressions, even a static face
can convey emotion. Furthermore, the robot’s fur has the potential to adjust
when touched. If we were to employ a static face, the shifting of the fur
could unexpectedly modify the face, resulting in the perception of expres-

sions changes.

. The Haptic Creature should be robust.
The robot must be able to withstand direct, physical interaction in semi-
supervised environments with successive untrained individuals over extend-

ed time periods.
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4.2 Hardware

The robot weighs 2.5kg (5.51bs). Its body is 33cm (13in) long — 13cm (5in) from
snout to back, 20cm (8in) from back to rump — and its tail (which masks the
communication and power cables) is 100cm (39in) in length. The robot is 10cm
(4in) wide at its snout and 20cm (8in) wide at the broadest part of its back.

Figure 4.2: The Haptic Creature without exterior fur. Visible are the fiberglass
shell; touch sensor mesh; the two ear bulbs [E]; and the rib cage [R].

The Haptic Creature’s exterior is constructed of a synthetic (faux) fur. The
thread length for the majority of the fur is approximately 2cm (.8in) nap, with
a much shorter nap for the underbelly to provide a contrast in texture. Directly
beneath the fur is a hand-moulded fiberglass shell (Figure 4.2). This shell serves
both as a stable structure with which to affix the touch sensors as well as to protect
the electronics and mechatronics mounted to a removable acrylic chassis within
(Figure 4.3).

The Haptic Creature has three degrees of freedom through which it commu-

nicates its emotional state: a pair of ears, which vary in stiffness; lungs, which
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simulate breathing; and a purr box, which renders a vibrotactile “purr”. The robot
has an array of force sensors across its body to sense touch and an accelerometer to
sense movement. These features are all controlled by means of a microcontroller
that communicates with a host computer. Each of these will be described in the

following sections.

Figure 4.3: The Haptic Creature mechatronics. Visible, from left to right, are
the motor control board [M] and the mechanisms for the ears [E], purr box [P],
accelerometer [A], and lungs [L]. Not visible, underneath chassis, is the FSR board,
which houses the microcontroller.

Two features were initially developed for the Haptic Creature but not utilized
in the current version. First, in an attempt to provide a more flesh-like feel, a
prototype skin was fabricated from silicon rubber (Smooth-On “Dragon Skin”).
This skin was to layer between the fur and the fiberglass shell; however, it interfered
with the touch sensors and was cumbersome to integrate into the system. Second,
to give a sense of warmth, we designed for the use of heating elements but found

the Haptic Creature’s mechatronics generated adequate heat.
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4.2.1 Ears

The Haptic Creature has two ears, each capable of changing stiffness independent
of the other. The ears do not change position or move in any way; rather, they must
be physically squeezed to sense their level of stiffness.

Each ear (Figure 4.2 [E]) is a self-inflating rubber bulb with a one-way valve at
its tip (AMG model 106-792). The bulb’s opposing end is connected via a silicon
tube to an air outtake valve driven by a Hitec HS-645MG analog servo (Figure 4.3
[E]). A servo was chosen for the ear mechanism because it provided a low cost,
off-the-shelf solution for simple yet accurate position control.

When the valve is fully closed, squeezing the bulb allows no air to be released,
so the ear is at maximum stiffness. Conversely, when the valve is fully opened, then
air is allowed to freely escape when the bulb is squeezed, so the ear is at minimum
stiffness. The servo’s full range of motion to adjust the valve from open to closed is
45 steps; however, as determined through informal pilot tests, at most five different

levels of stiffness are observable throughout this range.

4.2.2 Lungs

The lungs comprise the mechanism that simulate breathing within the Haptic Crea-
ture. It is comprised of a Hitec HSR-5980SG digital servo that drives a cantilevered
jack (Figure 4.3 [L]) to which is attached the robot’s rib cage (Figure 4.2 [R]).

Like the ear mechanism described above, a servo was chosen for its ease of
position control. Furthermore, the particular servo model here was selected for its
speed and high torque necessary for the lung actuation. A trade-off for utilizing
a servo, however, was that its discrete steps could at times could be felt. While
efforts were undertaken to dampen the effects, the movement was not as smooth as
we would have preferred.

The mechanism’s full range of motion, from fully exhaled (minimum volume)
to fully inhaled (maximum volume), is 3 cm (1.2 in) laterally and 3 cm (1.2 in)
vertically, which corresponds to 100 steps of the servo. However, this far exceeds
natural, realistic breathing, so the range is limited to 1.4 cm (0.5 in) laterally and

1.4 cm (0.5 in) vertically, which corresponds to 45 steps of the servo.
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4.2.3 Purr Box

The purr box is the mechanism within the Haptic Creature that generates the vibro-
tactile purr. It is comprised of a motor with an eccentric mass attached to its shaft
(Figure 4.3 [P]).

The DC motor is a 20 watt Maxon RE 25 (model 118752) 25mm in diameter
with graphite brushes. The eccentric mass is fabricated from a C1018 steel disk and
weighs 12g. It is 10mm thick with an 18mm outer diameter and 9mm of material
remaining.

We tested several less expensive motors; however, all generated unwanted au-
dible artifacts, and, after extended use, many degraded in performance. The Maxon

RE 25, while more costly, was both silent and robust.

4.2.4 Touch and Movement Sensing

Touch sensing is achieved through a mesh of 56 Interlink force sensing resistors
(FSR) — 47 round (1.3cm / 0.5in), 9 square (3.8cm / 1.5in) — mounted to the
Haptic Creature’s fiberglass shell (Figure 4.2). Covering the extent of the robot’s
body, the sensors are placed at approximately Scm (2in) intervals on-center, front
to back and left to right. Each ear has a sensor on its front and outer side. Figure 4.4
diagrams a two-dimensional representation of the touch sensor layout.

Movement is sensed via a Freescale XYZ-axis accelerometer (model MMA-
7260QT), set to 6g sensitivity, and mounted on a Pololu breakout board (model
766).

In Section 8.3.5, we reflect further on general considerations for touch sensing

technologies.

4.2.5 Communication and Control

Communication with the Haptic Creature for low-level control of its mechatronics
are managed by a Microchip PIC18F87J50 microcontroller as part of the Microchip
Full Speed USB Demonstration Board (model MA180021). Control commands are
sent by the host software to the microcontroller via USB 2.0 in order to set servo

positions or motor speeds as well as query touch or accelerometer values.
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Figure 4.4: Touch sensor layout, flattened. = Snout; & = Front;
O = Front (Side); © = Front (Ear); ® = Back; @ = Back (Side);E:Rump;
0] = Underbelly.

The overall system includes a motor control board (Figure 4.3 [M]) and a FSR
board (Figure 4.3 underneath chassis). The motor board comprises the basic elec-
tronics that drive all the motors — two ear servos, the lungs servo, and the purr
box motor — as well as the (unused) heating elements. The FSR board comprises
the touch sensing circuitry in addition to housing the microcontroller. This board
is capable of connecting 60 sensors, each of which is addressable via one of four
multiplexers (MUX). The FSR board also provides simple circuitry to linearize
sensor response (Figure 4.5). Detailed schematics and layout for the two boards

can be found in Appendix A.1.

4.3 Software

Figure 4.6 depicts a high-level view of the Haptic Creature architecture, which
is actually composed of two software systems. Low-level mechatronics control

is handled by the microcontroller firmware. All other processes are handled by
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Figure 4.5: FSR linearization circuit.

the host software. The two systems communicate through a specified protocol
(Appendix A.3) transmitted over USB 2.0.

The microcontroller firmware was written in C (MPLAB C for PIC18 v3.31);
however, since its function is simply low-level motor control and sensor reading,
its code comprises a very small portion of the robot’s software system.

The host software, on the other hand, encompasses the vast majority of the
Haptic Creature software, which consists of 390 classes written in Java (v1.6.0).
The host system was developed simultaneously on Gentoo Linux and Apple Mac
OS X (v10.6) — and occasionally tested for compatibility on Microsoft Windows
XP. Due to the portability of the Java Virtual Machine (JVM), no special modifica-
tions were necessary to run on any of these operating systems.

Figure 4.7 presents an overview of the primary classes of the host software
system. This system is divided into several layers, each of which is categorized as
either behavioral or mechatronic.

The Central Nervous System (CNS) layer constitutes the Haptic Creature’s
high-level behavior. A Scheduler manages the execution of the Recognizer,
Emoter, and Renderer, which allows each to have an execution frequency inde-
pendent of the other. To simplify debugging of the current implementation, how-
ever, the update rate was set the same for all components, 30Hz, which was the
required rate of the highest-frequency class, the Recognizer. Any class called
to execute when no work was required resulted in a NOP (No Operation), so this

approach incurred little additional overhead.
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Channel

Figure 4.6: Overview of the Haptic Creature architecture. Human (left) interacts
with the Haptic Creature (right) solely through touch. This input passes through
the various components of the robot, eventually resulting in an appropriate haptic
response to the human.

The Physical Abstraction layer provides a sensing and actuation interface that
separates the Haptic Creature’s behavior — specifically, the Recognizer and Rend-
erer — from its mechatronics. For example, as we will describe in greater detail
in Section 4.3.4, the Renderer manipulates an ear abstractly through a volume
parameter rather than directly with a servo position. This has the advantage of
allowing the mechatronics of the ear to change — e.g., substituting a motor for the
servo — without any need to modify the Renderer class.

The remaining two layers comprise the low-level sensing and actuation frame-
work for the host software system. The Transducer Bridge layer provides abstract
representations of the Haptic Creature’s transducers, thereby presenting a uniform
interface to each specific transducer type — currently, Accelerometer, Motor,
PressureSensorMesh, and Servo. The Transducer Implementation layer then

provides the corresponding implementations specific to a particular mechatronics

59



4.3. Software

Scheduler
Behavior .
Recognizer Emoter Renderer
Skin Ear
Lung
PurrBox
Sensing
PressureSensorMesh Servo
and
Actuation Accelerometer Motor
Low-Level

PressureSensorMeshImpl Servolmpl

AccelerometerImpl MotorImpl

Figure 4.7: Host software architecture depicting primary classes with membership
in one of four software layers. The Central Nervous System layer manages the
robot’s high-level behavior, while the remaining layers — Physical Abstraction,
Transducer Bridge, and Transducer Implementation — provide increasing levels
of specificity for the robot’s sensing and actuation..
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platform. This framework decouples the classes in the Physical Abstraction layer
from the low-level implementation of each transducer, thereby allowing the under-
lying implementation to vary without affecting other parts of the system. Currently,
the robot’s low-level mechatronics are managed solely by our PIC microcontroller
platform; however, this framework easily affords the swapping and even intermix-
ing of a variety of alternate low-level solutions.

In the remainder of this section, we describe each of the Haptic Creature’s com-
ponents (Figure 4.6) — Sensing, Gesture Recognition, Emoter, Physical Renderer,
and Actuation — while also providing further detail form the primary classes of
the host software (Figure 4.7).

4.3.1 Sensing

The Sensing component, as the name implies, handles those aspects of the robot
that deal with sensing information from the real world. Specifically, it interfaces
with the touch and movement sensors via the control hardware (Section 4.2.5).
This component does little interpretation of the data, save simple filtering and nor-
malization.

The Skin class (Physical Abstraction layer) represents the entirety of the cur-
rent sensing infrastructure and is composed of two classes from the Transducer
Bridge layer. The PressureSensorMesh encapsulates the touch sensor data, which
is normalized within the range [0, 1023] and referenced via a row and column in-
dex. The Accelerometer encapsulates the movement data, which is normalized

within the range [-512, 512] and referenced via an axis index.

4.3.2 Gesture Recognizer

The Gesture Recognizer component queries the Sensing component and constructs
an initial model of the physical data. Its function is to manage the variety of sensor
information so as to provide a cohesive view. One example would be the array
of pressure sensors that, when monitored, allowed determination of direction and
speed of movement along with pressure intensity.

The Gesture Recognizer component, in turn, builds a higher-order model of

the input data. An example would be distinguishing between a moderate stroke
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and a firm massage. Both require monitoring the direction, speed, and pressure
intensity across a range of sensors; however, this component also interprets these
values such that an evaluation of the intention of the user can be determined.

A functioning version of the Gesture Recognizer component was not crucial to
our thesis, because it was possible to conduct the related study (Chapter 7) simu-
lating its capabilities. Furthermore, a fully functioning version would have been
a major undertaking that was beyond the scope of our thesis, so we implemented
only the infrastructure as a placeholder for future work.

The Recognizer class (Central Nervous System layer) represents the host soft-
ware for the Gesture Recognizer component. At present, this class manages the
interface to the Sensing component, so it can query for sensor data. However,
the Renderer class does not apply any additional processing beyond the ability to
record the data in an external file for development and testing purposes.

This recorded sensor data was utilized in an offline, proof of concept Gesture
Recognition Engine (GRE) developed by Chang et al. (2010) [27]. The results of
the user study presented in Chapter 6 — particularly the likely gestures; profiles of
human touch gestures; and higher-level intents — will directly inform the future

development of this component.

4.3.3 Emoter

The Emoter component represents the underlying emotional state of the Haptic
Creature. This state is affected either externally through information from the Ges-
ture Recognizer component or by means of its own internal mechanisms — e.g.,
temporal considerations. One example could be that a gentle stroke elicits a pleased
state, then the Emoter component gradually decays into a neutral state shortly after
this interaction ceases.

This component itself has no knowledge of the Gesture Recognizer implemen-
tation and only cursory knowledge of the Physical Renderer component (necessary
for change notification). This allows the model to focus on the domain-specific in-
formation of the system without being directly concerned with how it is getting its

information or how its state is being presented.

62



4.3. Software

The Emoter class (Central Nervous System layer) represents the host software
for the Emoter component. As the Gesture Recognizer component was not yet
fully developed, the current implementation of the Emoter class was not affected
by its inputs from the Gesture Recognizer component. Also, while the Emoter
class receives regular timing notifications from the Scheduler class, it does not
yet implement temporal considerations. The current version of the Emoter class
focuses solely on the encapsulation of emotional state, which we describe in more
detail next, and change notification thereof.

The results of the user study presented in Chapter 6 — particularly the higher-
level intents as well as expectations of the Haptic Creature’s emotional response —
will directly inform the advancement of the Emoter component. Future directions

for this component are detailed in Section 8.4.1.

Affect Space

In Section 2.1.1, we presented the discrete and dimensional models of emotion,
which are the predominant theories in psychology. For the Haptic Creature, we
chose to design its emotion model following from the dimensional approach, as
it provided a straightforward framework with which to parameterize the robot’s
behavior. Furthermore, precedent for this approach already exists within socially
interactive robotics (e.g., [18, 138, 157]).

We designed the Haptic Creature’s emotion model in accordance with the two-
dimensional, bipolar affect space adapted from Russell [130, 136, 192] (Figure 4.8).
Conceptually, the horizontal dimension describes the robot’s valence — unpleasant
vs. pleasant — while the vertical dimension represents the robot’s arousal — deac-
tivated vs. activated. Its current emotional state, therefore, is defined by specifying
apoint (v, a) in this affect space, where each dimension is within the range [-1.0,
1.0].

4.3.4 Physical Renderer

The Physical Renderer component is in charge of the higher-order, physical man-
ifestation of the internal state of the Haptic Creature. This component listens for

changes in the Emoter component, then translates the results into an orchestrated
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Figure 4.8: The Haptic Creature’s affect space. A two-dimensional, bipolar model
of emotion (adapted from Russell). Valence ranges from unpleasant to pleasant.
Arousal ranges from deactivated to activated. Quoted names are Russell’s emotion

labels.
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manipulation of the effectors. One example might be that when the robot moves
into a pleased state, its breathing response adjusts to very soft, rhythmic in/out
motions while it produces a similar “purr” that can be felt.

The Renderer class (Central Nervous System layer) represents the host soft-
ware for the Physical Renderer component. This class provides two distinct func-
tions: emotion transitioning and expression control.

When the Emoter component updates the Haptic Creature’s emotional state,
the Renderer class must smoothly transition from the emotion actively being ex-
pressed to the new emotion. The speed at which this occurs is determined by
the valenceReactiveness and arousalReactiveness properties, which spec-
ify the time (milliseconds) to transition for the respective affect dimensions. This
functionality should not be confused with the temporal considerations presented
with the Emoter component above. Rather, these properties exist simply to control
how quickly the Renderer responds to changes in emotional state, thus ensuring
organic physical transitions.

For a particular emotion, the Renderer class also must manage the physical
expression. This is accomplished through a suite of software manipulators, one for
each of the Haptic Creature’s effectors: EarManipulator, LungManipultor, and
PurrBoxManipulator. Each manipulator is configured via rendering parameters,

which we detail next.

Rendering Parameters

The manner in which the Haptic Creature displays a particular emotional state is
described through a series of key expressions located at specific points in the affect
space. A key expression provides a detailed description of the behavior in the form
of specific values for each actuator’s rendering parameters. If the robot’s current
emotional state does not coincide with a key expression, then the parameters are in-
terpolated from nearby key expression. This interpolation also allows for tweening
values so that the robot may smoothly transition from one emotional state to an-
other. The individual rendering parameters used to define the behavior for each of

the Haptic Creature’s actuators will be described here in turn. The specific values
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used for these parameters, and modifications thereof, are described in Sections 5.1
and 7.1.

Ears The two ears can be controlled independently of each other in the single
dimension of stiffness. They vary in firmness in a manner not visually per-
ceptible but can be felt when the human squeezes them. Ear stiffness is
specified by means of a volume parameter, which ranges from 0% (limp) to
100% (stiff).

Lungs The Haptic Creature’s lungs modulate its manner of breathing through four
parameters. Rate is defined as breaths-per-minute (bpm). Bias controls the
symmetry of each breath by specifying the percentage that is dedicated to the
inhalation phase, from 0% (all exhale) to 100% (all inhale) — for example,
a bias of 25% would allocate 1/4 of each breath to the inhale and 3/4 to the
exhale. Rest (milliseconds) allows for a pause at the end of inhalation and/or
exhalation for each breath, and is defined independently for each. Volume

defines the minimum and maximum position for each breath.

Purr Box The Haptic Creature’s purr box controls the presentation of a modu-
lated vibrotactile purr. Waveform determines the type of wave generated:
pulse, sawtooth, reverse sawtooth, sine, triangle, or null. On duration and
off duration (milliseconds) define the wave’s duty cycle. Amplitude,
specified as percentages from 0% to 100%, define the wave’s minimum and

maximum amplitude.

4.3.5 Actuation

The Actuation component is tightly coupled with the Physical Renderer component
and is charged with directly controlling the robot’s effectors. Specifically, this com-
ponent interfaces with the various motors via the control hardware (Section 4.2.5).
It does little interpretation of the information, save adjusting normalized data ap-
propriately for the individual hardware devices.

The Ear, Lung, and PurrBox classes (Physical Abstraction layer) comprise

the current actuation infrastructure. Each of these classes encapsulates an ap-
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propriate actuator abstraction from the Transducer Bridge layer: Ear—Servo,
Lung—Servo, PurrBox—Motor.

The Servo class controls the position of a servo motor via an angle property
([0.0, 180.0]). The Motor class controls the speed of a motor via a speed property
([0.0, 1.0]) and the direction of rotation via a rotation property (CW, CCW).
The current implementation of the control hardware, however, does not allow for
specification of rotation, so this property is unused at present. The Purr Box is the
only hardware currently controlled through the Motor class and, at present, does

not have need of the rotation property.

4.4 Summary

In this chapter, we presented the design and development of the Haptic Creature
robot, a platform for our investigation of affective touch in social human-robot in-
teraction. This robot was subsequently employed in three user studies. The study in
Chapter 5 examined the manner and ability of the Haptic Creature to communicate
its emotional state through touch. The study presented in Chapter 6 investigated af-
fective touch originating from the human. Finally, the study in Chapter 7 examined

the emotional influence on the human of affective touch interactions.
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Chapter 5

Robot Affect Display

With the results from our preliminary study (Chapter 3) and subsequent devel-
opment of the Haptic Creature robot (Chapter 4), we move on in this chapter to
present the first of the three interaction decomposition user studies as introduced
in Section 1.4.3.

This study examined the manner and success of the Haptic Creature in com-
municating its emotional state through touch to the human (Figure 5.1, unshaded
cells 3—4). Referring back to our introductory scenario in Chapter 1, the work
presented here can be seen in Roi’s varied emotional expressions — e.g., his pro-
nounced purring when excited; his slow, rhythmic breathing when relaxed; or his
half-stiffened ears when happy — and his ability to convey these to Stella.

Expression Recognition

CREATURE

—

Recognition Expression

Figure 5.1: Affective touch interaction loop between human and Haptic Creature.
Adapted from Figure 1.2 to highlight affect display from robot.
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The work presented in this chapter encompasses two phases of our research
(Figure 1.1): the iterative development of the Haptic Creature’s manner of affect
display (third phase), and the robot affect display user study (fourth phase). We
begin this chapter with the design of the Haptic Creature’s affect display. In Chap-
ter 4, we described the underlying system for the robot’s affect display, while here
we will present how this has been configured for specific emotional expressions.
Animal models served as the initial reference, then the robot’s expressions were
refined over successive iterations of informal user tests. Ultimately, the Haptic
Creature’s breathing rate and ear stiffness were used to convey its state of arousal,
while the asymmetry of breathing and purring communicated its valence.

The user study, which is presented next in Section 5.2, was designed to assess
the overall effectiveness of the Haptic Creature’s affect display while providing
insight towards specific areas for improvement. Participants were asked to rec-
ognize a variety of the Haptic Creature’s affective touch expressions, which were
selected from across the extents of its emotional space. Also, through self-report,
participants recorded their emotional state at various points throughout the study.

We continue on to the results of the study in Section 5.3. The robot was shown
to be effective in communicating its state of arousal but less for valence, with no
influence of gender or experience with animals. We also found that participants’
arousal decreased as a result of the interaction.

We conclude the chapter with a discussion of the results, where we recommend
the use of breathing depth along with modified parameters for breathing rate, breath

asymmetry, and purring, as a means of improving valence communication.

5.1 Affect Display Design

Section 4.3.3 described the Haptic Creature’s emotion model as represented by
an affect space composed of two dimensions: valence and arousal. In turn, Sec-
tion 4.3.4 introduced key expressions coupled with actuator rendering parameters
as a means of defining the Haptic Creature’s behavior. For the study presented in
this chapter, the Haptic Creature’s affect display was described by means of nine
key expressions located within its affect space (Figure 5.2, diamonds): three levels

of arousal — high, medium, and low — each matched with three levels of valence
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Figure 5.2: The Haptic Creature’s affect space adapted from Figure 4.8 to highlight
key expressions. Diamonds signify locations of the nine key expressions that define

the robot’s affect display.
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— negative, neutral, and positive. Table 5.1 presents the key expressions’ settings
for each rendering parameter.

Animal models served as the initial reference for the robot’s emotion display;
however, the goal has never been to create a direct replacement for any particular
animal. These models provided a useful starting point for many of the actuator
parameter settings, but were tuned through informal user tests where participants
provided guided verbal feedback as to their general thoughts on the robot’s affect
display. Refinements were made that altered the range of expressions or its manner.
This procedure was repeated over several iterations.

Subsequently, we conducted a mini-study with nine participants to examine
how the robot performed under more experimental conditions. Results and feed-
back again informed more alterations.

The remainder of this section details the design of the actuator rendering pa-

rameters used in the user study profiled in this chapter.

5.1.1 Ears

The ears were utilized solely to convey arousal, with stiffness proportional to
arousal level: low was represented by limp ears and high by fully stiffened ones.
Both ears always presented the same stiffness.

This approach was intended as a non-visual analog to an animal perking its ears
in an alerted state [32]. Most pilot participants understood this concept, although

at least one imagined non-stiff ears to connote positive valence.

5.1.2 Lungs

The Haptic Creature’s breathing was tuned to convey both arousal and valence.
Arousal was rendered through breathing rate, with faster rates corresponding
to high arousal. The rates were normalized to those of domestic cats, dogs, and
rabbits [4, 31, 127]; however, in cases of extreme arousal the breathing rate for
these animals can exceed 100 breaths-per-minute (bpm). Piloting allowed us to
adjust downward the top rate to a convincing level, while not overtaxing the robot’s

lung mechanics, to arrive at a range of 15-70 bpm.
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Table 5.1: Key Expressions: arousal and valence categorization, actuator rendering
parameters.

Actuator  Parameter Key Expression

Distressed  Aroused Excited

Ears Vol % 100 100 100
Lungs Rate bpm 70 70 70
Bias % 25 37 50
Vol % 30-90 30-90 30-90
Purr Box Wave Sine
On/Off ms 728 /128
Ampl % 0-33
Miserable  Neutral Pleased
Ears Vol 50 50 50
Lungs Rate 42.5 42.5 42.5
Bias 25 37 50
Vol 20-85 20-85 20-85
Purr Box Wave Sine
On/ Off 706 / 706
Ampl 0-26
Depressed Sleepy Relaxed
Ears Vol 0 0 0
Lungs Rate 15 15 15
Bias 25 37 50
Vol 0-70 0-70 0-70
Purr Box Wave
On / Off
Ampl

Key Expressions ordered in correspondence with the Haptic Crea-
ture’s affect space (Figure 4.8). Lungs Rest parameter, both in-
halation and exhalation, always 0 milliseconds.
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(h) Sleepy:
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Rate = 15.0 bpm;
Bias = 50%;
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Figure 5.3: Change in lung volume over four-second time period for key expres-
sions in Table 5.1. Shaded regions highlight breath inhalation phase — bias > 50%
favors inhalation; bias = 50% is symmetric; and bias < 50% favors exhalation.
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Figure 5.4: Change in purr amplitude over four-second time period for key expres-
sions in Table 5.1.

The valence component of the lung display was determined by the symmetry of
breathing: equal durations (50% bias) for inhalation and exhalation corresponded
to positive valence, while a quicker inhalation (down to 25% bias) signified nega-
tive valence. Domestic animal respiration is actually the opposite: for a negative
state, such as stress or disease, inhalation will be notably slower. We chose to
diverge from the animal models because a quick motion outward by the rib cage
striking the human’s hand was intended to impart a negative feeling.

A graphical representation of the change in lung volume for the various key

expressions can be seen in Figure 5.3.

5.1.3 Purr Box

The main intent of purring was to convey positive valence, as in a cat in a pleased
state, though with only the vibratory component. A purr was present in the pleas-
ant and pleasant-activated conditions. Purring was originally in the pleasant-
deactivated condition but piloting exposed a confound with arousal: participants
consistently ranked the arousal dimension much higher whenever purring was pres-
ent, especially in the low arousal case.

The Hapticat prototype described in Chapter 3 was able to convey negative

emotions through its purr. Intended to represent the vibration of a growl, it had a
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staccato-like pulse wave of higher amplitude than its positive valence purr. Though
the purr box in both versions are mechanically related, the physical composition of
their bodies differ enough such that using similar parameters in the current Haptic
Creature did not appear to convey negative valence: both types of purring were
interpreted as positive. As a result, it was decided to focus only on using purring
for positive emotions for this study; however, investigation of a negative valence
purr is a topic for future work (see Section 8.4.2).

The purr was also used to convey arousal, though with less priority. An increase
in arousal was manifested by a slightly increased amplitude for the purr wave along
with a marked decrease in the delay between waves. Too great an amplitude, how-
ever, was found unpleasant by pilot participants with smaller body types, so the
intensity was iteratively tuned to a noticeable range that was not overpowering.

A graphical representation of the change in purr volume for the various key

expressions can be seen in Figure 5.4.

5.2 User Study

Our study was designed to assess the overall effectiveness of the Haptic Creature’s
affect display while providing insight towards specific areas for improvement. Its
approach evolved from a succession of pilot studies as briefly described in Sec-
tion 5.1.

We initially employed Barrett and Russell’s affect measure [8], which asks
participants to rank twelve emotion adjectives on a five-level Likert scale. This
measure proved to be effective at capturing the perceived arousal and valence of
the robot; however, the nuances of the data made it difficult to discern if participants
were perceiving the specific state intended — e.g., excited, depressed.

Traditional studies on recognition of emotion in facial expression, on the other
hand, administer forced-choice responses from a list of emotion labels. These have
the advantage of pinpointing a specific emotion, however, they tend to focus on the
discrete nature of the emotion [35].

We developed a hybrid approach that uses both forced-choice emotion labeling
as well as assessment of perceived levels of arousal and valence. The intent was to

allow coarse grain categorization from the labels while also provide fine grain data
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Figure 5.5: Setup for robot affect display study.

from the dimensional responses (see Section 5.2.4), with the added advantage that

the dual responses provide confirmation of each other.

5.2.1 Participants

Data from 32 individuals (50% female) were used in the study. Recruited via fliers,
online classifieds, and mailing lists, each was compensated CAD$10 for participa-
tion. Ages ranged from 19 to 50 (M = 27.5, SD = 9.37), and all self-identified as
native English speakers (81% from North America). None had previously partici-

pated in studies with the Haptic Creature.

5.2.2 Study Setup

The study was conducted in a soundproof observation studio that housed a desk
and an adjustable office chair. Atop the desk was a 17-inch (1280 x 1024 pixels)
LCD monitor, a keyboard, and a computer mouse. All study software, including
control of the Haptic Creature, was written in Java and executed on an Intel-based
PC running the Gentoo [58] Linux operating system (Section 4.3).
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The study participant sat in the chair and faced the monitor on the desk. The
mouse was placed on the side that she self-identified as her mouse hand. The Hap-
tic Creature initially was situated in the participant’s lap with the robot’s backside
initially facing the participant’s non-mouse hand; however, the participant was al-
lowed to adjust the Haptic Creature’s position throughout the study, as she saw fit.
The participant wore earmuffs to mask any extraneous sounds that may be gener-
ated by the robot (Figure 5.5).

5.2.3 Stimuli

The Haptic Creature presented nine different emotional renderings in the study,
which corresponded directly with the nine key expressions of the affect display
design (Figure 5.2, diamonds). These stimuli were chosen because they provide
good separation by displaying minimum, maximum, and average states for both

arousal and valence.

5.2.4 Response Format

The participant provided two categories of responses each time she assessed the
robot’s emotional state: (1) a specific emotion label, and (2) the perceived va-
lence and arousal levels. In addition, the participant also reported a separate con-
fidence score for both responses, which was recorded on a five-level Likert scale
that ranged from not at all confident (guessed) to very confident.

For the emotion label selection, the participant made a forced-choice response
from a provided list of 16 items (Table 5.2). Six options were Ekman’s basic emo-
tions [35]: afraid, angry, disgusted, happy, sad, and surprised. Nine were from
Russell’s circumplex model of affect [8, 130] and Affect Grid [136]: aroused, de-
pressed, distressed, excited, miserable, neutral, pleased, relaxed, and sleepy. The
emotion words were presented in alphabetized order with a final option, none of
these to address shortcomings of forced-choice responses for perceived emotions
[52, 131].

The decision to include both Ekman and Russell emotion labels was to increase

the overall richness of available choices by combining words from research on
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Table 5.2: Emotion label list for assessing the Haptic Creature’s emotional state.

Afraid* Angry* Aroused Depressed
Disgusted* Distressed Excited Happy*
Miserable  Neutral Pleased Relaxed

Sad* Sleepy Surprised* None Of These’

Unmarked labels are from Russell; * from Ekman;
T avoids artificial agreement.

discrete emotions (Ekman) with those from research on the dimensional nature of
emotions (Russell).

To specify perception of the robot’s valence and arousal, the participant made
selections on a seven-level version of Lang’s Self-Assessment Manikin (SAM) rat-
ing scales [96]. Instructions for using the SAM scales were adapted from Bradley
and Lang (2007) [15]; however, the order of each scale was reversed such that
the valence scale was labeled “Unhappy versus Happy” and the arousal scale was
labeled “Calm versus Excited”. This adjustment in ordering ensured consistency
among all scales used in the study, which were all ordered negative-to-positive or
low-to-high. Furthermore, during pilot testing, the original ordering resulted in
occasional data entry errors, while the reversed version appeared to present partic-
ipants a more natural ordering.

The SAM images were from PXLab [78] and measured 69x74 pixels. To in-
crease visibility of the facial expressions, we used the portrait versions of the va-
lence images [164, p. 105], rather than the more traditional full figure. An example
of the SAM images used can be seen in Section C.5 (p. 267).

The SAM format proved more efficient to administer compared to our original
use of the Barrett-Russell measure, and its pictorial representation of affect avoided

confusion with the emotional labeling response.

5.2.5 Procedure

The study took approximately 60 minutes for the participant to complete. The
facilitator was not present in the room with the participant while the study was

being conducted. This section presents details of the various steps in the study.
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Instructions

Instructions provided an overview of the research being conducted; an explana-
tion of the Haptic Creature and information on interacting with it; and the study
protocol, including a detailed explanation of the response format. The complete

instructions are documented in Section C.4.

Practice Session

During a short (approximately 180 seconds) familiarization session, all nine stimuli
were demonstrated by the robot in a different random order for each participant.
Each stimulus was presented for 20 seconds along with a visual countdown timer.
The participant was instructed to interact with the Haptic Creature but was not

required to assess its emotional state.

Haptic Creature Affect Assessment

The main portion of the study consisted of the Haptic Creature rendering the nine
simulated emotional states and, for each, the participant recording her emotion la-
bel and arousal/valence SAM scale assessments. No time restriction was imposed,
and the robot displayed its current emotional state until a response was recorded.
Stimuli were presented in three sets, with each set consisting of the nine stimuli
repeated two times. Thus, each unique stimulus appeared six times for a total of
54 trials — 9 stimuli x 2 repetitions x 3 sets. The order of stimuli in each set was

randomized for each participant, and a two minute rest break came between sets.

Participant Affect Report

Before the initial set and upon completion of each set the participant reported her
own current emotional state. Responses were collected by means of the SAM
scales — no emotion word choices were presented.

Post-Study Questionnaire

A questionnaire collected participant demographic information, background with

various animal types, general feedback on the Haptic Creature, and strategies em-
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ployed in assessing its emotional state. The Participant ranked her experience in-
teracting with a variety of animal types on a five-level scale: none, up to 1 year,
2-3 years, 4-5 years, and more than 5 years. The complete questionnaire is docu-

mented in Section C.6.

5.3 Results

We first present results related to the ability of the Haptic Creature to success-
fully communicate specific intended emotions as demonstrated by (a) participants’
choice of emotion labels as best descriptors of particular states, and (b) their rat-
ings of valence and arousal. We then describe our data with regards to participants’
self-reported affect states and implied changes thereof. Finally, we present select

results from the post-study questionnaire.

5.3.1 Recognition Scoring

As presented in Section 5.2.4, for each emotion presented by the Haptic Creature,
participants made a forced-choice response from among 16 items (Table 5.2) — 15
emotion labels plus none of these.

Russell’s emotion labels are dimensional in nature so have direct mappings
to the stimuli presented (Figure 5.2). Ekman’s labels, on the other hand, do not
have a direct mapping but may overlap with Russell’s labels. To address this, the
perceived arousal and valence ratings were analyzed for each label choice. La-
bels where both the arousal and valence did not statistically differ were considered
equivalent. Figure 5.6 displays the mean perceived arousal and valence ratings
broken down by each emotion label choice. The emotion label equivalencies are
shown in Table 5.3 — only Ekman’s surprised was not found to be equivalent with
any of Russell’s emotion labels.

A recognition score was then computed by counting all the occurrences when
an emotion label choice matched the intended emotion presented by the Haptic
Creature. Any Ekman label that corresponded to a Russell label was counted as if
the Russell label was chosen. This recognition score, in turn, was converted to a

percentage.
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Figure 5.6: Mean perceived arousal and valence ratings by emotion label chosen.

Overall recognition scores for the 32 participants ranged from 17% to 52%
(M =30%, SD = 10%). A 2x3 between-groups ANOVA was conducted to exam-
ine differences in recognition scores between gender and experience with animals.
There was no statistically significant interaction effect, F(2,26) = 1.11, p = .35,
111% = .08. Both the main effect for gender, F(1,26) = .57, p = .46, 771% = .02, and
the main effect for animal experience, F(2,26) = .01, p = .99, ng = .00, were not
statistically significant.

The animal experience factor was computed through the animal background
information gathered in the post-study questionnaire as described in Section 5.2.5.
The relevant animal types for the present analysis were cats, dogs, and rabbits
because they most closely resemble the morphology and interaction of the Haptic
Creature. The ratings of the three animal types were summed, and participants
were then ranked into one of three experience categories: low (3-6), moderate
(7-11), and extensive (12-15).

In addition to participants’ recognition scores, the frequency of emotion label
choices was examined for each stimulus presented. The binomial statistical test
was conducted for each condition in order to determine that the expected choice

was selected at a frequency significantly greater than chance. We set chance at
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Table 5.3: Equivalency mappings between Russell and Ekman emotion labels.

Russell Ekman

Depressed Sad

Distressed  Afraid
Angry
Disgusted

Pleased Happy
— Surprised

25% following from Hertenstein et al. (2006) [75], in which participant emotion
selection was considered to be differentiated among positive and negative valence
as well as high and low arousal.

These results are presented in Table 5.4. As with the recognition scores, any
Ekman label that corresponded to a Russell label (Table 5.3) was counted as if the
Russell label was chosen. For reference, Table 5.5 presents the frequency break-

down for any of these aggregate emotion labels presented in Table 5.4.

5.3.2 Perceived Arousal and Valence Ratings

Participants also ranked the perceived arousal and valence for each rendering pre-
sented by the Haptic Creature. Figure 5.7 charts the means for each by condition.
These data were evaluated by means of one-way repeated measures ANOVA for
the condition factor. Through post hoc analysis, we examined any resultant homo-
geneous subsets.

For arousal, the one-way repeated measures ANOVA with Greenhouse-Geisser
correction for violations of sphericity yielded a statistically significant difference
among the nine conditions, F(6.37,1216.87) = 839.29, p < .0005, np2 = .82. Mul-
tiple comparisons via Tukey’s HSD computed five homogeneous subsets as shown
in Table 5.6. The expected outcome, however, was for three: one for each level of

arousal.
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Table 5.4: Frequency of emotion label chosen for each condition.

Condition Condition Condition

Label % Label % Label %
Distressed Aroused Excited
Distressed” 70” Distressed? 56  Distressed” 43
Excited 10  Excited 17  Excited 28
Aroused 8  Aroused 15 Aroused 12
Surprised 7  Pleased* 6  Pleased* 11
Miserable$ Neutral Pleased
Distressed” 23  Neutral 25 Pleased® 44
Pleased* 18  Pleased* 24  Distressed” 26
Aroused 16 Distressed 14  Aroused 9
Neutral 15 Aroused 13 Excited 6
Excited 9  Relaxed 8

Depressed Sleepy Relaxed

Sleepy 33 Sleepy 42" Sleepy 49
Relaxed 31 Relaxed 30 Relaxed 31¢
Depressed® 14  Depressed® 17  Depressed® 10
Neutral 11 Neutral 7

Conditions ordered in correspondence with the Haptic
Creature’s affect space (Figure 4.8). Labels in bold-
face represent expected choice for respective condition.

Only frequencies greater than 5% are listed.

* De-

pressed includes Sad. T Distressed includes Afraid, An-
gry, and Disgusted. * Pleased includes Happy. $ The
expected label for Unpleasant was Miserable (2%).
“p<.05.%p<.0005.
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Table 5.5: Frequency breakdown for aggregate emotion labels in Table 5.4.

Condition  Label Aggregation
Distressed Distressed (70%) Angry (29%) + Distressed (24%)
+ Afraid (17%)
+ Disgusted (0%)
Aroused Distressed (56%) Distressed (20%) + Afraid (18%)
+ Angry (16%) + Disgusted (2%)
Pleased (6%) Pleased (3%) + Happy (3%)
Excited Distressed (43%) Afraid (19%) + Distressed (14%)
+ Angry (9%) + Disgusted (1%)
Pleased (11%) Happy (7%) + Pleased (4%)
Miserable Distressed (23%) Distressed (11%) + Angry (6%)
+ Afraid (4%) + Disgusted (2%)
Pleased (18%) Pleased (11%) + Happy (7%)
Neutral Pleased (24%) Happy (15%) + Pleased (9%)
Pleased Pleased (44%) Pleased (25%) + Happy (19%)
Distressed (26%) Afraid (16%) + Distressed (8%)
+ Angry (2%) + Disgusted (0%)
Depressed Depressed (14%) Sad (7%) + Depressed (7%)
Sleepy Depressed (17%) Sad (9%) + Depressed (8%)
Relaxed Depressed (10%) Depressed (6%) + Sad (4%)
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Figure 5.7: Mean ratings for perceived arousal (a) and perceived valence (b).

Inspection of the table reveals that subset 1 contains all the low arousal con-
ditions; while subsets 2—3 contain all medium conditions and overlap on pleasant;
and subsets 4-5 contain all high conditions and overlap on unpleasant-activated.

We computed the effect size for the non-overlapping conditions of subsets 2—3
(d = .27) and subsets 4-5 (d = .38). Both produce “small” effect sizes, implying a
statistical but not a practical difference. Therefore, we consider subsets 2-3 to be
one as we also consider subsets 4-5.

For valence, the one-way repeated measures ANOVA with Greenhouse-Geisser
correction for violations of sphericity also yielded a statistically significant differ-
ence among the nine conditions, F(5.79,1105.63) = 29.62, p < .0005, nl% =.13.
Multiple comparisons via Tukey’s HSD computed the expected outcome of three
homogeneous subsets (Table 5.7); however, they do not represent one for each level
of valence. The only discernible pattern from table is that the first three conditions

are high arousal conditions, not at all related to valence conditions.
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Table 5.6: Homogeneous subsets for mean rating of perceived arousal.

Subset
Condition N 1 2 3 4 5

Relaxed 192 143
Sleepy 1.55
Depressed 1.67

Neutral 3.77
Pleased 4.04 4.04
Miserable 4.09

Aroused 5.39
Distressed 5.67 5.67
Excited 5.75

Sig 34 18 1.00 .15 1.00

Subset for a = .05. Rating scale ranged from 1-7
(calm—excited). Subsets 2 and 3 overlap at 4.04. Sub-
sets 4 and 5 overlap at 5.67.

Table 5.7: Homogeneous subsets for mean rating of perceived valence.

Subset
Condition N 1 2 3
Distressed 192 2.67

Aroused 3.35

Excited 4.05
Miserable 4.11
Depressed 4.24
Neutral 4.33
Sleepy 4.38
Pleased 4.50
Relaxed 4.54
Sig 1.00 1.00 .06

Subset for o¢ = .05. Rating scale
ranged from 1-7 (unhappy—happy).
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Table 5.8: Participant arousal and valence self-reports at specified times.

Arousal Valence
Time N M SD n*> M SD n?
Baseline 32 388 136 — 5.16 99 —
After Setl 322 145 .17 4.88 98 .08
After Set2 3.03* 126 .35 478 91 .13
After Set3 3.09* 1.35 .28 478 1.01 .17

Arousal rating scale ranged from 1-7 (calm—excited). Va-
lence rating scale ranged from 1-7 (unhappy—happy).
* Statistically significant difference (p < .05) from base-
line.

5.3.3 Participant Affect State

By means of the SAM scales (Section 5.2.4), participants also reported their own
emotional state four times during the study: before the initial Haptic Creature affect
assessment set and upon completion of each set.

Separate one-way repeated measures ANOVA for arousal, F(3,93) = 6.12,
p=.00,n; = .17, and for valence, F(3,93) = 3.10, p = .03, 11; = .09, both found a
statistically significant difference among these four self-assessments. Adjusted via
the Holm-Bonferroni method, multiple comparisons were conducted between the
baseline measurement and each subsequent report. The means, standard deviations,

effect sizes, and statistically significant differences are presented in Table 5.8.

5.4 Discussion

The primary goal of this study was to investigate how well the Haptic Creature
communicates its emotional state through touch. In specific, we considered if the
current settings for the robot’s rendering parameters represent their intended affec-
tive state.

As highlighted in Figure 5.7 as well as in Tables 5.6 and 5.7, overall the Haptic
Creature seemed capable of communicating its level of arousal but less effective at

conveying valence. Details of these results provide information on ways to appro-
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priately modify rendering parameters in order to improve the robot’s overall ability
to communicate.
In addition, we began to explore how the interaction affects the emotional state

of the human, with results showing a decrease in participant arousal.

5.4.1 Emotion Label Selections

An examination of Table 5.4 shows the Haptic Creature correctly communicated
four of nine conditions: unpleasant-activated (70%), pleasant (44%), deactivated
(42%), and neutral (25%). The least successful condition was unpleasant as its
emotion label, miserable, occurred only 2%. This has always been the most diffi-
cult for pilot participants to discern, and this also seems to be the case in the formal
study. The perceived valence and arousal for miserable in Figure 5.7 appears valid

for when the label was chosen; however, it was not chosen very often.

5.4.2 Effectiveness of Conveying Arousal

Visual inspection of the robot’s perceived arousal in Figure 5.7(a) shows a clear
stair-step pattern from conditions of high activation down to those of low activation.
The statistical analysis in Section 5.3.2 also confirms there are three homogeneous
groups corresponding to the three arousal states.

Breathing rate and ear stiffness were the main features meant to vary with
arousal while being held constant along the valence axis. It appears that the set-
tings for actuator rendering parameters related to arousal represented their intended

affect state.

5.4.3 Ambiguity in Communicating Valence

Figure 5.7(b), on the other hand, does not reveal the same stair step pattern as for
the perceived valence. We expected low ratings for negative valence conditions
increasing up to those of positive valence. This ambiguity is similarly evident in
the emotion label selections where, regardless of the condition’s valence, distressed
dominates the high activation states and sleepy dominates the low activation ones
(Table 5.4).
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5.4.4 Breathing’s Contribution to Valence

Breathing symmetry was one feature intended to convey valence. In the post-study
questionnaire 71% of participants rated breathing symmetry as something they
consciously used to assess the Haptic Creature’s emotional state while, in con-
trast, breathing rate and depth ranked 100% and 94% respectively. Furthermore,
structured open-ended questions allowed participants to explain how they differ-
entiated levels for arousal and valence. As expected, breathing rate predominated
the answers for arousal. Surprisingly, however, it also appeared frequently in re-
sponses to valence: some mentioned fast breathing as positive valence but others
felt it was negative.

Inspection of the perceived valence in Figure 5.7(b) shows a decrease in all
high arousal states — bars 1, 4, and 7 — when the breathing rate was fastest, and
a similar pattern can be seen in the first three conditions of Table 5.7. This implies
negative valence may have been inferred from rapid breathing. This aligns with
models of domestic animal breathing, where increased respiration rates can imply
sickness or distress; however, it is also noted that it can be the result of excitement
or exercise [127].

Depth was one additional breathing factor mentioned by participants as con-
veying valence. For this study, however, the Haptic Creature’s depth of breathing
changed based on arousal: the amount of displacement remained constant at around
70%-75% but both the minimum and maximum amplitude increased as arousal in-
creased. Participants appear, instead, to have been using depth as cue for valence,
with some suggesting shallow implied negative and deep conveyed positive va-
lence.

These responses provide useful insight for modifications to actuator rendering
parameters to improve the robot’s affect display, particularly in respect to valence.
Leveraging breathing rate for not only arousal is one approach. Using depth of
breathing to convey valence rather than arousal is another possible modification.

In addition, since participants did indicate breathing symmetry as something
they considered, the related parameters can be adjusted. Controlled via the bias pa-
rameter, the current approach to symmetry always presents faster inhalation when

breathing is asymmetric. It is possible, however, to also do the opposite, where the
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inhale of a breath is slower than its exhalation. This approach could augment the
current one by widening the expressive range for breathing symmetry. Any mod-
ifications to rate, depth, or symmetry of breath would, of course, require further
evaluation as to their effectiveness.

Finally, as noted in Table 5.1, the rest parameter was currently unused. This is

yet another parameter that could be manipulated to affect the valence component.

5.4.5 Purring’s Contribution to Valence

Purring was another mechanism the Haptic Creature used to display its emotional
state. Its main goal was to convey valence though, where present, the purring also
varied with arousal. In particular, purring was rendered only in the pleasant and
pleasant-activated conditions of this study. Inspection of Table 5.4 for these two
conditions indicate that purring was effective in conveying the pleasant state but
not pleasant-activated. In addition, distressed prevailed in the latter condition yet
was also frequent in pleasant.

Questionnaire responses reflect that some participants considered the purr, since
it was vibrotactile rather than audible, to connote shaking or shivering. This is es-
pecially apparent in the pleasant-activated condition as some felt as if the purr was
too strong; they noted that the increase in the intensity of the purr corresponded to
an increase in excitement but also noted that if it was too strong it implied unhappy
or fearful emotions.

This was a surprising result since, as discussed in Section 5.1, pilot participants
rarely found any purr to imply negative valence, even ones intentionally designed
as such. Nonetheless, shaking or shivering provides a very useful metaphor from

which to develop negative valence purring.

5.4.6 No Influence by Gender or Animal Experience

While the primary goal of this study was to examine the Haptic Creature’s effec-
tiveness in communicating its emotional state, the study also investigated differ-
ences in recognition as a result of gender or prior experience with animals. The
latter case in particular stems from the thought that humans with greater experi-

ence with animals might fare better (or, perhaps, worse) when assessing the robot’s
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emotional state. As the results in Section 5.3.1 show, however, there were no sta-

tistically significant differences noted for either gender or animal experience.

5.4.7 Interaction Decreases Participant Arousal

One of the research goals of this thesis is to investigate the influence of affective
touch. The study presented in Chapter 7 directly explores this; however, this study
afforded a chance to begin examining the question by asking participants to rate
their own affective state at various points.

Most notably, results in Section 5.3.3 show a statistically significant decrease in
arousal with large effect size. It should be noted, however, that there was no control
group — all those reporting interacted directly with an active Haptic Creature —
so the results at this point can not completely confirm the changes were a direct

result of interacting with the robot.

5.5 Summary

In this chapter, we presented the design of the Haptic Creature’s affect display be-
havior along with a user study that tested this design. The robot’s breathing rate and
ear stiffness were successful in conveying arousal. For valence, however, breath-
ing asymmetry was not successful and purring only partially. Recognition of the
Haptic Creature’s emotional state was not influenced by gender or experience with
animals. The broader implications of this work will be discussed in Section 8.1.2.

We move on in the next chapter (6) to our investigation of affective touch in the
opposite direction: originating from the human and directed to the robot. Combin-
ing knowledge gained from these two preceding studies, Chapter 7 examines the

influence of affective touch on the human’s emotional state.
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Chapter 6

Human Affect Display

Whereas our first interaction decomposition study explored the manner in which
the Haptic Creature communicates its emotional state through touch to the human,
our second investigated the manner in which the human communicates emotional
state through touch to the Haptic Creature (Figure 6.1, unshaded cells 1—2) as
well as the human’s expectations of the robot’s reaction to the affective touch in-
teraction (Figure 6.1, cells 2—3 highlighted arrow). In our introductory scenario
from Chapter 1, this form of human affect display can be observed when Stella lifts
up and nuzzles Roi when she is excited; quickly pulls him close to herself when

distressed; or firmly pats Roi’s back when she becomes depressed.

Expression Recognition

CREATURE

Recognition Expression

Figure 6.1: Affective touch interaction loop between human and Haptic Creature.
Adapted from Figure 1.2 to highlight affect display from human as well as emo-
tional influence on robot.
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The work presented in this chapter encompasses the fifth phase of our research
(Figure 1.1), namely, the human affect display user study.

The overall focus of this study was on a robot’s ability to recognize human
touch gestures and, further, determine emotional content. We wished to provide
guidance for algorithmic recognition of human touch gestures while also expand-
ing general knowledge of human affective touch. We began with a dictionary of
probable touch gestures, which was then filtered by those likely to be used in hu-
man affect display. Of the likely affective touch gestures, we were interested in
low-level components — points of contact, duration, intensity — as well as possi-
ble higher-order intent when gestures are used in combination.

A secondary goal of this study was to investigate the human’s expectations
from the affect display. When the human communicates emotion to the robot
through touch gestures, what are the human’s general expectations of an appropri-
ate emotional response from the robot. This goal is directed at our broader interest
in the emotional influence of affective touch.

We begin this chapter with the compilation of our touch dictionary. We con-
tinue in Section 6.2 with details of a user study where, from this dictionary, par-
ticipants selected and performed touch gestures that they would likely use when
conveying a variety of emotions to the Haptic Creature. Participants also predicted
the emotional response of the robot as a result of the gestures they had just per-
formed.

Our principal findings regard patterns of gesture use for affect display; physical
properties of the likely gestures; expectations for the Haptic Creature’s response to
mirror the emotion communicated; and analysis of the human’s higher intent in
communication. From the latter finding, we developed five tentative categories of
“intent” that overlap emotion states: protective, comforting, restful, affectionate,

and playful.

6.1 Touch Dictionary

In the context of our work, we consider a touch gesture broadly as the placement

of a part or parts of one’s body in direct physical contact with another’s body, often
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coupled with movement, in order to convey meaning or intent. As a means of
shorthand, “gesture” will frequently be substituted for “touch gesture”.

Our investigation required a set of plausible touch gestures for interacting with
the Haptic Creature. Review of relevant literature did not yield a comprehensive
list in any one source, so we set out to compile our own fouch dictionary. The
result has 30 items and is presented in Table 6.1.

We began with literature sources from human-animal interaction [87] [86] [9],
human-human touch [184], and human-human affective touch [75] [74]. We then
generated three separate gesture lists, one from each of these research domains.

Next, we removed impractical or inappropriate gestures. For example, the ges-
tures high five and fingers interlock were removed because the robot possesses no
hands or fingers. With the exception of kiss, we removed all mouth-related ges-

tures, such as lick or bite, as these were deemed unsuitable or unlikely.

Table 6.1: The touch dictionary.

Gesture Label Gesture Definition

Contact Without Any undefined form of contact with the Haptic Creature that
Movement .... has no movement. For example: laying one’s hand a top the

Haptic Creature, or resting one’s arm alongside it.

Cradle ........ Hold the Haptic Creature gently and protectively.

Finger Idly .... Gently and randomly pull at the hairs of the Haptic Crea-
ture’s fur with your fingers.

Grab ......... Grasp or seize the Haptic Creature suddenly and roughly.

Hit ........... Deliver a forcible blow to the Haptic Creature with either a

closed fist or the side or back of your hand.

Hold ......... Grasp, carry, or support the Haptic Creature with your arms
or hands.

Hug .......... Squeeze the Haptic Creature tightly in your arms. Hold the
Haptic Creature closely or tightly around or against part of
your body.

Kiss .......... Touch the Haptic Creature with your lips.

(table continues)
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Table 6.1: Continued.

Gesture Label Gesture Definition

Lift ........... Raise the Haptic Creature to a higher position or level.

Massage ...... Rub or knead the Haptic Creature with your hands.

Nuzzle ....... Gently rub or push against the Haptic Creature with your
nose or mouth.

Pat ........... Gently and quickly touch the Haptic Creature with the flat
of your hand.

Pick .......... Repeatedly pull at the Haptic Creature with one or more of
your fingers.

Pinch ......... Tightly and sharply grip the Haptic Creature’s fur between
your fingers and thumb.

Poke ......... Jab or prod the Haptic Creature with your finger.

Press ......... Exert a steady force on the Haptic Creature with your flat-
tened fingers or hand.

Pull .......... Exert force on the Haptic Creature by taking hold of it in
order to move it towards yourself.

Push .......... Exert force on the Haptic Creature with your hand in order
to move it away from yourself.

Rock ......... Move the Haptic Creature gently to and fro* or from side to
side.

Rub .......... Move your hand repeatedly to and fro* on the fur of the
Haptic Creature with firm pressure.

Scratch ....... Rub the Haptic Creature with your fingernails.

Shake ........ Move the Haptic Creature up and down or side to side with
rapid, forceful, jerky movements.

Slap .......... Quickly and sharply strike the Haptic Creature with your
open hand.

Squeeze ...... Firmly press the Haptic Creature between your fingers or

both hands.

(table continues)
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6.1. Touch Dictionary

Table 6.1: Continued.

Gesture Label Gesture Definition

Stroke ........ Move your hand with gentle pressure over the Haptic Crea-
ture’s fur, often repeatedly.
Swing ........ Move the Haptic Creature back and forth or from side to

side while suspended.

Tap ........... Strike the Haptic Creature with a quick light blow or blows
using one or more fingers.

Tickle ........ Touch the Haptic Creature with light finger movements.

Toss .......... Throw the Haptic Creature lightly, easily, or casually.

Tremble ...... Shake against the Haptic Creature with a slight rapid mo-
tion.

Entries listed in alphabetical order of Gesture Label. * Though no partici-
pants in the present study expressed difficulty with the definition wording “to
and fro”, this has been replaced with “back and forth” in subsequent studies

based on pilot participant feedback.

We then merged these reduced lists. Frequently, gestures from different sources
overlapped in kind but not name, so we reduced each to a single, common label
across all. For example, our gesture label contact without movement was refer-
enced with slightly different wording in all works.

Finally, though not mentioned in our original source materials, the gestures
cradle and rock were added after informal discussions with pilot participants noted
their absence from the touch dictionary.

The original source materials additionally provided definitions on how to per-
form a small set of the touch gestures. Appropriate existing definitions were used;
however, all others were adapted from The New Oxford American Dictionary
[106]. In all cases, “Haptic Creature” was substituted for the receiver of the touch.
Others wishing to utilize our touch dictionary need only replace the definition’s

touch recipient similarly.
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6.2 User Study

The user study was conducted as a within-subjects, single-factor design. The sole
factor, the emotion communicated by the human to the robot, had nine levels:
distressed, aroused, excited, miserable, neutral, pleased, depressed, sleepy, and
relaxed. These emotions were taken directly from the two-dimensional model of
emotion (Figure 4.8) and represent minimum, maximum, and average states for
both valence and arousal.

The participant answered questions about and performed touch gestures that
the participant would use to convey each of the nine emotions. In each emotion
communicated level, the participant also predicted the emotional response of the
robot to the gestures the participant had just performed and reported any conse-

quent change in the participant’s own emotional state.

6.2.1 Participants

Data from 30 individuals (50% female) were used. Recruited via fliers, online
classifieds, and mailing lists, each was compensated CAD$10 for participation.
Ages ranged from 18 to 41 (M = 24.33, SD = 6.47), and all self-identified as native
English speakers (90% from North America). None had previously participated
in studies with the Haptic Creature. Overall experiences with pets and general

attitudes towards them are presented in Section 6.3.4.

6.2.2 Study Setup

The study was conducted in a soundproof observation studio that housed a desk
and a non-adjustable office chair. Atop the desk was a 17-inch (1280 x 1024 pix-
els) LCD monitor, a keyboard, and a computer mouse. Also situated on the desk
was a video camera mounted to a tripod positioned directly behind and above the
computer monitor. All study software, including control of the Haptic Creature,
was written in Java and executed on an Intel-based PC running the Gentoo [58]
Linux operating system (Section 4.3).

The study participant sat in the chair and faced the monitor on the desk. The
mouse was placed on the side that he self-identified as his mouse hand. The Hap-
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Figure 6.2: Setup for human affect display study.
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6.2. User Study

tic Creature initially was situated in the participant’s lap with the robot’s backside
initially facing the participant’s non-mouse hand; however, the participant was al-
lowed to adjust the Haptic Creature’s position throughout the study, as he saw fit.
The Haptic Creature was nonactive throughout: it did not move, or in any way
communicate with the participant, or respond to touch gestures. As a result, no
extraneous sounds were generated by the robot. Nonetheless, the participant wore

earmuffs to provide a consistent setup across all our studies (Figure 6.2).

6.2.3 Procedure

The study took approximately 60 to 75 minutes for the participant to complete.
The participant was presented with a detailed set of instructions; asked to report
his current emotional state; and then taken through the main part of the user study.
Once completed, a questionnaire was administered. The facilitator was not present
in the room with the participant while the study was being conducted.

The main part of the study was composed of the following steps:

e arating of the likelihood of employing touch gestures;

the performance of select affective touch gestures;

a prediction of the Haptic Creature’s emotional response; and
e areport of the participant’s current affective state.

The main part of the study was repeated over the nine emotion communicated
factor levels. Each participant was presented with all levels in randomized order,
and a brief (30 second) rest break was given at the end of all but the final factor
level.

Each step of the procedure is detailed below.

Instructions

Instructions provided the participant with an overview of the research being con-
ducted; an explanation of the Haptic Creature and information on interacting with
it; and the study procedure, including a detailed explanation of the response for-

mats employed. The complete instructions are documented in Section D.3.
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Touch Gestures Likelihood Rating

The participant was presented with an emotion to communicate to the Haptic Crea-
ture and asked to rate the likelihood of using gestures from the touch dictionary
(Table 6.1).

Each gesture label and its corresponding definition was presented one at a
time in randomized order. Responses were recorded on a five-point rating scale:
Very Unlikely (1), Unlikely (2), Neither Unlikely nor Likely (3), Likely (4), Very
Likely (5).

When determining a response, the participant was asked to imagine the Haptic
Creature to be his pet, one with which he had a close and comfortable relationship.
He was directed to think about and imagine that he was feeling the given emotion
then consider the given touch gesture. The participant was further instructed that
he was not feeling the given emotion because of the Haptic Creature. Rather, he
was to consider conveying the emotion as if the robot was an impartial observer or

companion.

Likely Touch Gestures Performance

The participant physically performed a subset of the gestures on the Haptic Crea-
ture. Criterion for inclusion in this subset was any gesture the participant ranked
as likely to be used for the given emotion (i.e., > 4) in the previous step.

Touch gestures from the subset and their corresponding definitions were pre-
sented one at a time in randomized order. As in the previous step, the partici-
pant was directed to imagine feeling the given emotion then consider the presented
touch gesture.

Each gesture performance was captured through video and by the robot’s touch
sensors and accelerometer. An analysis of the video recordings will be presented in
Section 6.3.2. The sensor data recordings are intended for future use in refinement
of the Haptic Creature’s gesture recognition engine [27] and, therefore, will not be

discussed here.
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Table 6.2: Emotion label list for predicting the Haptic Creature’s emotional re-
sponse. Identical to list used in the robot affect display user study (Table 5.2).

Afraid* Angry* Aroused Depressed
Disgusted” Distressed Excited Happy*
Miserable  Neutral Pleased Relaxed

Sad* Sleepy Surprised® None Of These’

Unmarked labels are from Russell; * from Ekman;
T avoids artificial agreement.

Haptic Creature Emotional Response Prediction

The participant predicted the emotional response of the Haptic Creature as a result
of the gestures he had just performed. He chose one of 16 items from a provided
list (Table 6.2). Six options were Ekman’s basic emotions [35]: afraid, angry, dis-
gusted, happy, sad, and surprised. Nine were from Russell’s dimensional model
of affect: aroused, depressed, distressed, excited, miserable, neutral, pleased, re-
laxed, and sleepy. The emotion words were presented in alphabetized order with
a final option, none of these, to address shortcomings of forced-choice emotion
responses [131] [52].

Consistent with the list used in our study presented in Chapter 5, the decision
to include both Ekman and Russell emotion labels was to increase the overall rich-
ness of available choices by combining words from research on discrete emotions

(Ekman) with those from research on the dimensional nature of emotions (Russell).

Participant Affect Report

At the beginning of the study and each time after predicting the robot’s emotional
response, the participant reported his current emotional state. This was recorded
by means of seven-level versions of Lang’s Self-Assessment Manikin (SAM) rat-
ing scales for valence and arousal [96]. Instructions for using the SAM scales
were adapted from Bradley and Lang (2007) [15]; however, the order of each scale
was reversed such that the valence scale was labeled “Unhappy versus Happy” and
the arousal scale was labeled “Calm versus Excited”. This adjustment in ordering

ensured consistency among all scales used in the study, which were all ordered
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negative-to-positive or low-to-high. Furthermore, during pilot testing, the origi-
nal ordering resulted in occasional data entry errors, while the reversed version
appeared to present participants a more natural ordering.

The SAM images were from PXLab [78] and measured 69x74 pixels. To in-
crease visibility of the facial expressions, we used the portrait versions of the va-
lence images [164, p. 105], rather than the more traditional full figure. An example
of the SAM images used can be seen in Section D.4 (p. 298).

This data was collected to inform a forthcoming study on the full affective
touch interaction loop study, which will be presented in Chapter 7 and is not ana-

lyzed here as a result.

Post-Study Questionnaire

At the conclusion of the study, the participant completed a comprehensive ques-
tionnaire. This questionnaire collected demographic information; pet experience
and attitudes; general impressions of the Haptic Creature; and details related to the
emotions communicated and touch gestures performed. The complete question-

naire is documented in Section D.5.

6.3 Results

Our results begin with participants’ ratings for the likelihood that they would use
various touch gestures when displaying specific emotions. Next we detail the prop-
erties of touch interactions which we observed between participants and the robot.
This is followed by participants’ reported expectations of the Haptic Creature’s
emotional response to the gestures they performed. We conclude with a summary

of relevant responses to the post-study questionnaire.

6.3.1 Touch Gesture Likelihood

For each emotion communicated level, participants ranked the likelihood of using
gestures from our touch dictionary as described in Section 6.2.3. Given the large

number of conditions and gestures considered, we were precluded from conducting
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statistical analysis on this dataset; however, results were incorporated in the meta-

analysis for human intent (Section 6.4.3). We present the results in two tables.

Precedence of Gesture Use

Table 6.3 provides the mean likelihood rating for each gesture under each emotion
communicated level. In addition, a total score was computed for each gesture by
summing all respective mean likelihood ratings. The table is sorted in descending
order of this total score: gestures at the top of the table can be considered overall
more likely to be used to communicate emotion compared with those at the bottom.
Furthermore, individual cells are shaded to draw attention to likely emotions for
each gesture: those which are likely to communicate one or more emotions are
highlighted in boldface, while the remaining gestures are not considered likely to
be used. Table 6.3 therefore presents a complete view of the responses, while
giving an overall sense of precedence for touch gesture use for affect display.

From this, one can observe that gestures which are likely to communicate one
or more emotions are predominantly affectionate in nature: stroke, hug, hold, rub,
pat, cradle, massage, scratch, rock, nuzzle, tickle, squeeze, lift, kiss, swing, and
toss. In addition, the two low activity gestures are included: contact without move-
ment and finger idly. On the other hand, the remaining (unlikely) touch gestures are
mostly aggressive: pull, press, tap, pick, push, poke, tremble, grab, pinch, shake,
slap, and hit.
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Table 6.3: Mean likelihood touch gestures would be used to communicate given emotions.

Emotion
Gesture Distressed Aroused  Excited Miserable Neutral  Pleased Depressed Sleepy Relaxed Total
Stroke 297 3.40 3.07 32.53
Contact 2.90 2.37 2.00 32.27
Hug 2717 31.58
Hold 3.13 . . 31.43
Rub 2.67 3.03 3.03 30.44
Pat 2.80 E 2.63 3.07 3.10 29.90
Cradle 2.77 2.80 2.60 3.10 29.46
Massage 2.43 2.47 28.33
Scratch 2.80 2.80 28.03
Finger Idly 2.67 2.70 2.33 2.73 27.23
Rock 247 2.97 2.80 2.70 2.83 3.10 2.90 3.00 290 25.67
Nuzzle 2.00 293 3.37 2.50 2.67 2.67 2.93 287 2544
Tickle 1.57 3.20 1.80 2.77 - 2.03 2.63 333 25.00
Squeeze 2.77 3.00 2.57 2.33 2.67 243 2.27 233 2397
Lift 2.00 3.13 1.67 2.53 3.37 1.60 1.53 243 2226
Pull 2.67 2.83 2.77 2.53 2.07 2.37 223 2.27 2.07 21.81
Press 2.87 2.53 2.57 243 2.57 2.33 223 2.13 213 21.79
Kiss 1.47 293 2.87 1.80 2.10 3.37 2.10 2.40 273 21.77
Swing 1.90 2.83 1.80 2.07 3.00 1.73 1.73 2.10 20.89

(table continues)
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Table 6.3: Continued.

Emotion
Gesture Distressed Aroused  Excited Miserable Neutral  Pleased Depressed Sleepy Relaxed Total
Tap 2.70 2.47 2.90 1.90 2.63 2.20 2.00 1.93 2.00 20.73
Pick 2.70 2.37 247 2.23 2.33 2.20 2.33 1.73 2.10 20.46
Push 2.83 1.63 1.63 2.93 1.83 1.80 2.30 2.07 1.53 18.55
Poke 2.07 2.50 2.67 2.10 1.97 1.80 1.90 1.60 143  18.04
Toss 1.67 2.60 3.30 1.73 1.97 227 1.37 1.23 1.80 17.94
Tremble 2.67 2.27 2.30 2.50 1.53 1.50 2.30 1.37 1.37 17.81
Grab 247 2.50 2.97 2.00 1.70 1.83 1.70 1.30 1.30  17.77
Pinch 243 2.07 2.10 2.17 1.83 1.80 1.83 1.53 1.53  17.29
Shake 247 2.07 2.80 1.80 1.23 1.40 1.50 1.17 140 15.84
Slap 1.90 1.40 1.47 1.87 1.37 1.30 1.50 1.17 1.17  13.15
Hit 1.77 1.27 1.40 1.70 1.23 1.10 1.33 1.03 1.03  11.86

Gestures listed in descending order of 7otal score, which was computed for each gesture by summing its mean likelihood ratings.

Likelihood scale ranged from Very Unlikely (1) to Very Likely (5). Gestures highlighted in boldface have at least one mean
likelihood rating greater than 3.00. Emotion cell shading key: (3.00,3.50) |[3.50,4.00) |[#0035:00]
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Likely Gestures Within Affect Space

Table 6.4, on the other hand, organizes the emotion communicated levels in corre-
spondence with the layout of the affect space depicted in Figure 4.8. For the given
emotion, only likely gestures are included and presented in descending order of
their respective mean likelihood rating for that emotion. This table allows easier
comparison of likely gestures both within a specific emotion communicated level
as well as across the affect space’s two dimensions — valence (horizontal) and
arousal (vertical). In turn, this exposes several patterns of interaction.

When moving from negative valence to positive, the number of likely gestures
increases for the emotion communicated. Taking the high arousal levels as the
most extreme example, distressed has only one likely gesture, while aroused has
eight, and excited has 13.

When focused on the arousal dimension, the finger idly touch gesture is likely
only for low arousal emotions, while cradle and contact without movement are
likely for low-to-neutral (non-high) arousal emotions.

When considering the valence dimension, the massage and scratch touch ges-
tures are likely for neutral-to-positive (non-negative) valence emotions. Specific to
positive valence emotions, the fickle gesture is likely for all three; nuzzle is likely
for neutral-to-high (non-low) arousal emotions; while kiss and rock are likely only
for pleased; and swing and foss are likely only for excited.

Finally, emotions that are high-to-neutral in arousal while negative in valence
— distressed and miserable — are dominated by sustained gestures. While the
other emotion communicated levels also contain sustained touch gestures, these

two have a preponderance of them.

6.3.2 Touch Gesture Profile

All touch gestures performed on the Haptic Creature were recorded on video and
subsequently coded via the procedure described in Appendix D.6. Given the large
number of conditions and gestures considered, we were precluded from conducting
statistical analysis on this dataset; however, results were incorporated in the meta-
analysis for human intent (Section 6.4.3). The resultant data is presented in two

separate tables.
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Table 6.4: Touch gestures likely to communicate given emotions. L is gesture’s
mean likelihood rating for given emotion (Table 6.3).

Emotion Emotion Emotion
Gesture L Gesture L Gesture L
Distressed Aroused Excited
Hold 3.13 Rub 370  Lift 4.00
Hug 3.60 Hug 3.87
Massage 3.53  Tickle 3.80
Stroke 350 Rub 3.80
Pat 3.50 Swing 3.73
Scratch 3.33  Squeeze 3.60
Tickle 3.20  Scratch 3.50
Lift 3.13  Stroke 3.40
Pat 3.37
Nuzzle 3.37
Hold 3.37
Toss 3.30
Massage 3.27
Miserable Neutral Pleased
Contact 3.70  Contact 4.57 Hug 4.30
Hug 3.37  Stroke 3.93  Stroke 4.13
Hold 3.37 Hold 3.83 Rub 3.97
Cradle 3.10  FingerIdly 3.80 Tickle 3.87
Stroke 3.07 Pat 3.73  Pat 3.87
Rub 3.07 Rub 3.47 Hold 3.80
Scratch 3.27  Cradle 3.70
Massage 3.27  Nuzzle 3.50
Cradle 3.23  Massage 343
Scratch 3.40
Lift 3.37
Kiss 3.37
Rock 3.10
Contact 3.10
Depressed Sleepy Relaxed
Contact 440  Contact 4.60  Contact 4.63
Hug 3.63 Cradle 3.80  Stroke 4.33
Hold 3.53  Stroke 3.73  Massage 4.03
Cradle 3.53 Hold 3.60 Cradle 3.93
Stroke 347 Hug 3.57 Pat 3.83
Finger Idly 3.30 Massage 3.17 Hold 3.80
Pat 3.07 Pat 3.10  FingerIdly 3.73
Rub 3.03 FingerIdly 3.07 Rub 3.70
Rub 3.03  Scratch 3.67
Hug 3.47
Tickle 333

Emotions ordered in correspondence with the Haptic Creature’s
affect space (Figure 4.8). Gestures for each emotion are listed
in descending order of L — gestures where L < 3.00 have been
omitted.
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Gesture Points of Contact

Table 6.5 lists the frequencies for contact locations computed for each likely touch
gesture. We calculated the number of times a particular body element — e.g.,
fingers, palm, chest — touched the robot. Similarly, for the Haptic Creature we
counted the number of times a distinct part of its body was touched by participants.
Although video coding distinguished between left and right side of the body, our
listed frequencies combine the two. For example, touches by the left forearm and
right forearm of participants were considered together simply as “forearms” with-
out regard for side. The frequencies of contact points were then computed as a
percentage of the total number of times a touch occurred for the particular gesture.

From the perspective of the human (touch initiator), it is not surprising that the
palm-side of the fingers and hands were employed for every likely touch gesture.
Of note, though, would be that the back-side of the fingers were also employed for
finger idly, scratch, and tickle, making these the most finger-centric gestures. Also
of interest is that four sustained gestures — hug, hold, cradle, and contact with-
out movement — along with the repetitive gesture, rock, all utilized the forearm.
Moreover, the first three of these sustained gestures also came into contact with the
chest.

For the Haptic Creature (touch receiver), the back is touched for every likely
gesture. With the exception of massage, the robot’s back is the sole point of contact
for repetitive touch gestures where it is not picked up: finger idly, pat, rub, scratch,
stroke, and tickle. While for all nine gestures where the Haptic Creature is picked
up — cradle, hold, hug, kiss, lift, nuzzle, rock, swing, and toss — its underbelly
was touched. Finally, the robot’s rump was only touched for the toss gesture.
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Table 6.5: Human (initiator) and Haptic Creature (receiver) points of contact fre-
quency for given touch gestures.

Human Haptic Creature

Gesture Contact Point %  Contact Point %

Stroke Fingers: Palm-Side 53 Back 72
Hands: Palm-Side 40

Contact Fingers: Palm-Side 38 Back 57
Hands: Palm-Side 28  Side: Aft 12
Arms: Fore: Rear 18

Hug Fingers: Palm-Side 23 Back 25
Arms: Fore: Rear 18  Side: Aft 25
Hands: Palm-Side 17 Underbelly: Aft 14
Chest 13 Underbelly: Fore 12

Hold Fingers: Palm-Side 30 Side: Aft 28
Hands: Palm-Side 20 Back 21
Arms: Fore: Rear 17  Underbelly: Aft 17
Chest 13 Underbelly: Fore 11

Rub Fingers: Palm-Side 50 Back 75
Hands: Palm-Side = 42

Pat Fingers: Palm-Side 50 Back 73
Hands: Palm-Side 42

Cradle Fingers: Palm-Side 27  Side: Aft 28
Hands: Palm-Side 19 Back 22
Arms: Fore: Rear 19  Underbelly: Aft 14
Chest 14

Massage Fingers: Palm-Side 52 Back 67
Hands: Palm-Side 37 Side: Aft 14

(table continues)
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Table 6.5: Continued.

Human Haptic Creature
Gesture Contact Point %  Contact Point %
Scratch Fingers: Palm-Side 41 Back 75
Fingers: Back-Side 26
Hands: Palm-Side 25
Finger Idly Fingers: Palm-Side 51 Back 83
Hands: Palm-Side 26
Fingers: Back-Side 14
Rock Fingers: Palm-Side 39  Side: Aft 31
Hands: Palm-Side = 24 Back 19
Arms: Fore: Rear 15 Underbelly: Aft 17
Nuzzle Fingers: Palm-Side 34 Back 23
Hands: Palm-Side 19  Side: Aft 21
Underbelly: Aft 14
Tickle Fingers: Palm-Side 49 Back 65
Fingers: Back-Side 24
Hands: Palm-Side 21
Squeeze Fingers: Palm-Side 53 Back 39
Hands: Palm-Side 31 Side: Aft 33
Lift Fingers: Palm-Side 62  Side: Aft 33
Hands: Palm-Side 32  Underbelly: Aft 25
Back 19
Kiss Fingers: Palm-Side 45 Side: Aft 24
Hands: Palm-Side 25 Back 18
Underbelly: Aft 12

(table continues)
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Table 6.5: Continued.

Human Haptic Creature

Gesture Contact Point %  Contact Point %

Underbelly: Fore 11

Swing Fingers: Palm-Side 56  Side: Aft 29
Hands: Palm-Side 29 Underbelly: Aft 17
Back 16

Underbelly: Fore 13

Toss Fingers: Palm-Side 56 Side: Aft 22
Hands: Palm-Side 33  Underbelly: Aft 19

Rump 14

Back 13

Gestures are listed in descending order of Total score; top to bot-
tom, left to right. Only gestures with at least one mean likelihood
rating greater than 3.00 are listed. (Total scores and likelihood
ratings are presented in Table 6.3.) Only frequencies greater than
10% are listed.

Gesture Duration and Intensity

Table 6.6 presents the mean duration and mean pressure intensity of likely touch
gestures when communicating specific emotions. Durations were calculated in sec-
onds from the beginning to end of the touch interaction; sustained gestures, such
as hug, were considered for the entirety of the interaction, whereas repetitious ges-
tures, like stroke, compute the average for a single repetition. Pressure intensities
were computed by converting the intensity coding scale (Appendix D.6) to numeric
values — light (1) to strong (3) — then generating a mean. Inter-rater reliability
was determined via Cronbach’s ¢, which yielded .97 for duration and .83 for in-

tensity.
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Table 6.6: Mean duration, D (seconds), and mean pressure intensity, I (1 [light] to

3 [strong]), of likely touch gestures when communicating given emotions.

Gesture Emotion D 1
Stroke  Aroused .02 2.30
Excited 0.82 2.36
Miserable 1.21 2.24
Neutral 1.31  2.05
Pleased 1.07 2.17
Depressed 1.60 2.10
Sleepy 1.57 1.94
Relaxed 1.57 1.94
Hug Aroused 6.40 228
Excited 5.85 236
Miserable 7.82 2.15
Pleased 7.15 2.39
Depressed 7.79 2.21
Sleepy 7.28 213
Relaxed 6.67 2.31
Rub Aroused 1.11  2.64
Excited 0.53 2.63
Miserable 1.14 2.68
Neutral 1.60 2.48
Pleased 0.77 2.65
Depressed 1.17 2.67
Sleepy 1.35 2.60
Relaxed 1.18 2.71
Cradle  Miserable 9.29 2.05
Neutral 9.25 2.08
Pleased 7.61 222
Depressed 8.39 2.08
Sleepy 822 2.01

Gesture  Emotion D 1
Contact  Miserable 5.29 1.69
Neutral 524 1.59
Pleased 3.72  1.86
Depressed 5.59 1.77
Sleepy 524 1.65
Relaxed 5.83 1.69
Hold Distressed 7.11  2.27
Excited 5.63 227
Miserable 7.28 2.17
Neutral 7.21 227
Pleased 6.34 2.10
Depressed 6.40 2.17
Sleepy 7.90 2.07
Relaxed 736 2.13
Pat Aroused 047 1.85
Excited 0.36 1.76
Neutral 0.50 1.65
Pleased 0.51 1.76
Depressed 0.68 2.00
Sleepy 0.79 1.60
Relaxed 0.71 1.66
Massage Aroused 1.13  2.60
Excited 0.71 2.54
Neutral 0.97 251
Pleased 0.87 2.54
Sleepy 1.17 242

(table continues)
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Table 6.6: Continued.

Gesture  Emotion D 1 Gesture  Emotion D I
Relaxed 896 2.14 Relaxed 0.96 248

Scratch  Aroused 0.65 2.38 Finger Neutral 1.13 194
Excited 036 2.43 Idly Depressed 1.21 2.05
Neutral 0.68 2.20 Sleepy 1.33  1.85
Pleased 045 2.22 Relaxed 1.14 1.86

Relaxed 0.74 2.19

Rock Pleased 239 229 Nuzzle Excited 3.12 2.38
Pleased 278 2.25

Tickle Aroused 042 2.13 Squeeze  Excited 231 247
Excited 0.64 2.08
Pleased 0.45 2.11
Relaxed 0.52 1.89

Lift Aroused 492 2.65 Kiss Pleased 3.50 2.19
Excited 449 2.56
Pleased 460 2.65

Swing  Excited 2,12 2.56 Toss Excited 1.94 256

Gestures are listed in descending order of 7ozal score (presented in Table 6.3); left
to right, top to bottom. Durations for sustained gestures are for the entirety of the

touch, whereas durations for repetitious gestures represent a single repetition.

We begin by examining the general differences across the various touch ges-
tures. The repetitive gestures tickle, pat, and scratch, generally had the shortest
durations, while finger idly, rub, and stroke, overall had the longest. The repetitive
touch gestures pat, finger idly, and tickle, generally had the lowest pressure intensi-
ties, whereas rub and massage had the highest. The sustained gestures /ift and con-

tact without movement overall had the shortest durations, while cradle generally
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had the highest. The sustained touch gesture contact without movement generally
had the lightest pressure intensity, whereas /ift overall had the strongest.

Next, we examine the differences within the touch gestures when consider-
ing the emotions communicated. Many patterns appear in relation to changes in
either arousal or valence independently. On the other hand, some cluster in the
upper-right (around excited) or bottom-left (around depressed) of the affect space
(Figure 4.8).

Stroke generally increased in duration and decreased in intensity as arousal
decreased. Rub was shorter in duration clustered around pleased, excited, and
aroused. Pat increased in duration in relation to a decrease in arousal. Massage,
on the other hand, decreased in duration in relation to a positive shift in valence,
while also clustered higher intensity around pleased, excited, and aroused. Scratch
decreased intensity in relation to a decrease in arousal. Tickle had longer dura-
tion in positive valence emotions, while higher intensity clustered around pleased,
excited, and aroused. Hug clustered longer duration and lower intensity around
miserable, depressed, and sleepy, while shorter duration and higher intensity clus-
tered around pleased, excited, and aroused. Hold had notably shorter duration for
pleased and excited, while lower intensity clustered around sleepy, relaxed, and
pleased. Cradle decreased in duration as arousal decreased, except for positive

valence emotions.

6.3.3 Haptic Creature Emotional Response

For each emotion communicated level, participants predicted the Haptic Creature’s
emotional response to the touch gestures they had just performed. Predictions were
recorded through a forced choice from among 16 items (Table 6.2) — 15 emotion
labels plus none of these.

From this list, Russell’s nine emotion labels are dimensional in nature so have
direct mappings to the emotions communicated (Figure 4.8). Ekman’s six labels,
on the other hand, do not have a direct mapping but may overlap with Russell’s la-
bels. As aresult, we applied an equivalency mapping determined from the previous
study (Table 5.3).
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We computed the frequency with which each emotion label was chosen for
each emotion communicated level. The binomial statistical test was conducted
for each condition in order to determine that the top predicted emotional response
was selected at a frequency significantly greater than chance. We set chance at
25% following from Hertenstein et al. (2006) [75], in which participant emotion
selection was considered to be differentiated among positive and negative valence
as well as high and low arousal.

These results are presented in Table 6.7. Any Ekman label that corresponded
to a Russell label was counted as if the Russell label was chosen. For reference,
Table 6.8 presents the frequency breakdown for any of these aggregate emotion

labels presented in Table 6.7.

6.3.4 Questionnaire Responses

Here we summarize the results of participants’ responses to pertinent parts of the
post-study questionnaire: experience with pets and attitudes towards them; diffi-
culty understanding emotion words and touch gestures; intensity level when touch-
ing the robot; and expectations of the robot’s response. Unless otherwise noted, all

participants (N = 30) responded to each question.

Pet Experience and Attitudes

General experience with pets was determined via the Companion Animal Bonding
Scale (CABS) [126], which has a range of 8-40 — higher scores correlate with
higher degrees of bonding. Overall, 9 participants (30%) had no pets; 8 (27%)
completed only the retrospective scale, which measures childhood experience; 1
(3%) completed only the contemporary scale; and 12 (40%) completed both. Par-
ticipants completing the retrospective CABS had scores that ranged from 15 to 40
(N =20, M =25.20, SD = 6.78), while those completing the contemporary CABS
had scores that ranged from 17 to 39 (N = 13, M = 27.08, SD = 6.54).

General attitudes towards pets was determined through the Pet Attitude Scale—
Modified (PAS-M) [116], which has an overall range of 18—126 — higher scores
correlate with more positive attitudes towards pets. Participants’ scores ranged
from 44 to 126 (M = 96.83, SD = 19.83).
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Table 6.7: Frequency of emotional response predicted for Haptic Creature based
on emotion communicated.

Communicated Communicated Communicated

Predicted % Predicted % Predicted %

Distressed Aroused Excited

Distressed” 35? Pleased* 30 Excited 47b
Surprised 14  Aroused 23 Aroused 20
Excited 23 Pleased* 20

Miserable Neutral Pleased

Depressed® 31  Relaxed 53"  Pleased*  57¢
Distressed” 31 Neutral 13 Excited 20
Pleased* 17  Pleased* 13

Depressed Sleepy Relaxed

Depressed® 37¢ Sleepy 43¢  Relaxed 50”
Relaxed 20  Relaxed 33 Pleased* 23
Neutral 17 Neutral 17 Sleepy 13

Communicated emotions ordered in correspondence
with the Haptic Creature’s affect space (Figure 4.8).
Predictions for corresponding emotions communicated
are highlighted in boldface. Only frequencies greater
than 10% are listed. * Depressed includes Sad.
T Distressed includes Afraid, Angry, and Disgusted.
¥ Pleased includes Happy. ¢ p < .05. ? p < .01.
¢ p <.0005.
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Table 6.8: Frequency breakdown for aggregate Predicted emotion labels in Ta-

ble 6.7.

Communicated Predicted

Aggregation

Distressed

Aroused
Excited

Miserable

Neutral
Pleased
Depressed

Relaxed

Distressed (35%)

Pleased (30%)
Pleased (20%)

Depressed (31%)
Distressed (31%)

Pleased (13%)
Pleased (57%)
Depressed (37%)

Pleased (23%)

Distressed (21%) + Afraid (7%)
+ Angry (7%) + Disgusted (0%)

Pleased (20%) + Happy (10%)
Happy (13%) + Pleased (7%)

Sad (17%) + Depressed (14%)

Distressed (14%) + Afraid (7%)
+ Angry (7%) + Disgusted (3%)

Pleased (10%) + Happy (3%)
Happy (37%) + Pleased (20%)
Sad (23%) + Depressed (14%)

Pleased (16%) + Happy (7%)
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Emotion Label and Gesture Definition Difficulties

Participants were presented with the list of emotions words they were asked to com-
municate during the study and asked if they had any difficulty understanding them.
The results were 21 participants (70%) reported No and 9 (30%) Yes. Of those
expressing difficulty, aroused was overwhelmingly reported as being ambiguous,
often in relation to excited.

Similarly, participants were presented with the list of gestures they were asked
to perform during the study and asked if they had any difficulty understanding the
words or their definitions. The results were 26 participants (87%) reported No and
4 (13%) Yes.

Interaction Intensity

Participants were asked to reflect on their general intensity when interacting with

the Haptic Creature:

When physically performing touch gestures to the Haptic Creature, do
you feel that generally you either held back or were more intense than

if it was a living creature?

For example, when you performed Hit or Shake or Hug generally were

you either less intense or more intense than if it was a living creature?

Participants’ responses regarding the overall intensity of their touch with the
robot were 12 (42%) Held Back; 13 (42%) Same; and 5 (16%) More Intense.
These responses did not directly influence any other analysis of touch intensity
(e.g., Section 6.3.2). Rather, the data allows a high-level view as to how partici-

pants approached touching the robot.

Robot Emotional Response Expectations

Participants were asked about their overall expectations for the robot’s change in
emotional state based on the emotions they were communicating. The results were
12 participants (40%) reported Response Similar To What 1 Was Communicating;
13 (43%) Response Sympathetic To What I Was Communicating; and 5 (17%) Not

Sure.
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6.4 Discussion

The overall goal of the present study was to gain a deeper understanding of affective
touch when it originates from the human.

In this section, we discuss the result of our user study. We begin by reflect-
ing on the overall design of the study. This is followed by comments on how the
Haptic Creature itself influenced participant responses. We continue with a com-
bined analysis of the various results that we use to generalize into categories of
human intent. We proceed with discussion about participants’ overall expected
emotional response of the Haptic Creature. Finally, we conclude with comments
related to how we might apply knowledge gained from the study towards improv-

ing the robot’s hardware and software.

6.4.1 Reflections on Study Design

Overall, this first effort to quantitatively and qualitative assess human affective
touch produced a dataset of gesture frequencies and physical characteristics which
will be highly useful for our own further research as well as others. Our triangu-
lating approach combined self-reported choices from a well-validated collection
of touch terms, with unbiased and systematic observation of actual gesture per-
formance, giving us additional confidence in data reliability. The study design,
however, could be further improved in terms of efficiency, participant effort, and
granularity of results.

First, this study could have been conducted as two studies: the gesture likeli-
hood rating alone, then, separately, performance of likely gestures and specifying
the robot’s expected emotional response. The present study could potentially run
long depending on how the participant responded to the likelihood ratings: the
more gestures rated likely or very likely, the more gestures that would have to be
performed. Dividing the study in two parts would remove the dependency; sepa-
rate participant pools would be acceptable, and the result would reduce the time
of participation. Also, from the standpoint of statistical strength, the set of ges-
tures performed in the second study would have been the same for all participants,

having emerged as a net result of the first study.
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The second issue regards the compromise between resource expense of video
analysis and useful granularity. We found video coding extremely useful for deter-
mining contact points, especially for the human; however, measurement of contact
intensity scaling was too coarse-grained (3 levels) and often difficult to accurately
determine visually. Similarly, the time granularity (1 second) was also too coarse.
For sustained touches — e.g., contact without movement or hug — this often was
not an issue. On the other hand, information for repetitive gestures — e.g., stroke
or rub — has the potential of incomplete capture. A time window much less than
1 second would obviate this latter issue, but would require a much greater time
investment for video coding. A potential alternate approach to simplify pressure
intensity ratings would be to view a touch gesture performance as a whole, then
make an overall interpretation. Furthermore, accurate and reliable touch sensor
data could augment or even replace the video coding procedures — the Haptic
Creature’s sensors, however, were not yet at a state where they could be solely

relied upon for this purpose.

6.4.2 Influence of Robot Context and Morphology

Two key properties of the Haptic Creature likely influenced participant responses.

First, the context of the robot in the study was that of a close pet. Participants,
not surprisingly, gravitated toward friendlier gestures and away from aggressive
ones as a result of this imagined relationship.

Second, the size and form factor of the robot allowed for some gestures — e.g.,
lift or swing or toss — that would be difficult to imagine if the Haptic Creature was
much larger (unless the touch was localized to smaller appendages). Consequently,
this rendered unlikely other gestures that might be natural for smaller or larger
robots. Similarly, the manner of interaction might have varied accordingly. For
example, a pat or massage might vary in intensity and location for robots of notably

different sizes and morphology.

6.4.3 Human Intent through Affective Touch

In our discussion of background research on social touch (Section 2.2.1), we pre-

sented a study by Jones and Yarbrough [82]. They examined human-human touch
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in daily interactions and, from the results, developed 12 “characteristics of mean-
ing”. While the scope and focus of our research differs somewhat, we nonetheless
have been guided in spirit by their work as we also seek to infer greater meaning
from the touch gestures.

Our results provide two different perspectives on affective touch originating
from the human. Tables 6.3 and 6.4 give insight into the likelihood of touch ges-
ture use, while Tables 6.5 and 6.6 provide details on the manner of this interaction.
Through comparing these views, it is possible to move towards a higher-level un-
derstanding of the human’s expressive intent. To that end, we performed a meta-
analysis of the results.

Our first step was to examine likely gestures shared among emotions, with a
specific focus on proximity to one another within the affect space. This was taken
from Table 6.4 and detailed in Section 6.3.1 with respect to likely gestures within
the affect space. For example, the massage gesture was not likely to be used in
negative valence emotions since it only occurs for neutral and positive valence
emotions.

The next step inspected commonalities and difference in the duration and in-
tensity of these gestures. This was taken from Table 6.6 and discussed in detail
Section 6.3.2 with respect to duration and intensity. For example, the massage
gesture has a shorter duration for positive valence emotions when compared with
its neutral valence counterparts. We also took into consideration if proximate ges-
tures were repetitious versus sustained as well as if they had similarities in points
of contact (Table 6.5).

Our examination produced five tentative categories of “intent” which overlap
emotion states: protective, comforting, restful, affectionate, and playful. These are

individually designated in Figure 6.3 and each described here in turn.

Protective This intent corresponds to emotions that are high-to-neutral in arousal
while negative in valence: distressed and miserable (Figure 6.3, wavy). Un-
like the other intents, it is dominated by sustained gestures, many of which
require the human to hold the Haptic Creature enclosed in the forearms and

in close proximity to the chest: hold, hug, cradle.
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Figure 6.3: Human intent through affective touch. The regions are (counterclock-
wise from upper-left): protective (wavy); comforting (shaded); restful (small dots);
affectionate (stripes); playful (large dots). Neutral emotion was not considered in

analysis.
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Comforting This intent corresponds to emotions that are both neutral-to-low in
arousal while negative in valence: miserable and depressed (Figure 6.3,
shaded). It has sustained gestures similar to protective; however, comforting
also includes several repetitious ones: stroke, rub, finger idly, and pat. With
the exception of stroke, these repetitious gestures display higher pressure in-
tensities here than other intents in which they also exist. On the other hand,
the sustained gesture hug has lower intensity, along with longer durations,

compared with other intents.

Restful This intent corresponds to low arousal emotions: depressed, sleepy, and
relaxed (Figure 6.3, small dots). It has sustained gestures similar to both the
protective and comforting intents but differs in two ways. First, when mov-
ing from negative valence to positive, restful includes the repetitive massage
gesture followed then by scratch and tickle. Second, when compared with
higher arousal states, common gestures generally have lower intensities —
stroke, massage, scratch, tickle — or longer durations — stroke, rub, pat,

scratch.

Affectionate This intent corresponds to positive valence emotions: relaxed, pleased,
and excited (Figure 6.3, stripes). Distinguished by their strong reliance on
the use of fingers, tickle, scratch, and massage, exist predominantly in this
intent. Also included are the more intimate nuzzle, kiss, and rock gestures.
When compared with other intents, the durations for hug, hold, and massage,

were generally lower, while the intensity for hug was greater.

Playful This intent corresponds to the emotions pleased, excited, and aroused
(Figure 6.3, large dots). Overlapping with affectionate, this intent differs
in that it places greater emphasis on the gestures [ift, swing, and toss, which
correspond to the Haptic Creature being extensively moved in space. Ad-
ditionally, squeeze, a gesture of relatively high intensity, exists solely in the
excited emotional state. Gestures common among other intents often have
shorter durations — stroke, rub, pat, scratch — or higher pressure intensities

— stroke, massage, scratch, tickle — in this intent.
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It is encouraging that some of these intents bear resemblance to categories
from Jones and Yarbrough. For example, their “support” category is similar to our
protective and comforting intents, while their “affectionate” and “playful” cate-
gories have direct counterparts in our intents — though they differentiate “playful”
through “playful affection” and “playful aggression”.

Regardless, the advantages of finding a higher-level interpretation of touch data
are considerable.

First, the process of higher-level categorization helps to illuminate the human’s
general nature when choosing these gestures for these emotions: it not only implies
the how but also the what. For example, the human might choose to communicate
either miserable or depressed through comforting, using a set of gestures that are
suitable for both of those emotions — as well as other gestures that are more spe-
cific.

Secondly, this knowledge can inform the ability to make sense of the human’s
low-level actions. For the robot to display an appropriate reaction, it needs to be
able to reason beyond “the human squeezed me” and even past the implications
that “the human is excited”. Therefore, the Haptic Creature’s emotion controller
must find patterns in the touch that imply intent. For example, properties of the
protective or comforting intents differ from those of the playful one; not only by the
set of gestures employed but, more abstractly, by the observed physical properties
of the human’s touches. An intriguing practical extension of this is that, given an
adequate model, it may not be necessary to fully recognize a gesture. Rather, by

noting certain shared properties of the touch, the robot may directly infer the intent.

6.4.4 Mirrored Emotional Response Expected from Haptic Creature

As reflected in Figure 1.2, we are ultimately interested in the complete interaction
cycle between human and robot. While the previous section discusses the human’s
emotional intent when communicating with the robot through touch, here we antic-
ipate the full affective touch interaction loop by examining the human’s expectation
of the robot’s emotional response.

The results in Table 6.7 show participants’ overall expectation was for the Hap-

tic Creature to respond in-kind. That is, they expected the robot would mirror the
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emotion they were communicating. Notable deviations are aroused and neutral,
which have a pattern of shifting positive valence and lower arousal. Also, mis-
erable has no mirrored relation: the expected emotional response is split equally
between higher and lower arousal while remaining negative in valence.

These general results, however, are contradicted somewhat by two additional
data points. First, though the post-study questionnaire results (Section 6.3.4) some-
what confirms the in-kind response, it also shows nearly the same percentage of
participants expecting a sympathetic response. This may explain the notable devi-
ations mentioned in previous paragraph. Second, another interesting contradiction
is based on participants’ specification for likely gestures, in particular for nega-
tively valenced emotions. By always employing non-cruel, non-aggressive ges-
tures in negative emotions, participants may not truly expect the Haptic Creature
to take on the same emotional state as themselves. Rather, this actually may imply
their expectation (possibly unconscious) for a sympathetic rather than a mirrored

response.

6.4.5 Implication for Haptic Creature Design

Overall knowledge of which gestures are used helps advance the development of a
robot wishing to interact with humans through touch. For example, touch sensing
hardware can be specified and tuned for specific touch gestures, and recognition
software similarly can concentrate on primary gestures while having little concern
for those never to be used. For this section we focus on the study results as it
impacts our Haptic Creature; nonetheless, the results can be generalized to other
social robots which have the possibility of utilizing touch.

The Haptic Creature’s back and (aft) sides appear to be the predominate point
of interaction with the human. As a result, the touch sensors need to be more
densely populated in these areas in order to pick up the variety of gestures. In
addition, several likely gestures exist whose motion has a shearing component —
e.g., stroke, rub, massage, so the type of sensors employed must be sensitive to this
type of movement. Similarly, though it is not explicitly demonstrated in the data,
the robot’s curved surface, especially its back, poses added challenges for some

touch sensor technologies.
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As described in Section 6.3.1, the ordering of gestures in Table 6.3 provides
insight into the overall likelihood a particular gesture may be used to communicate
emotion relative to the other touch gestures. The table is sorted in descending order
of total likelihood score, such that gestures at the top of the table can be considered
overall more likely to be used to communicate emotion compared with those fur-
ther down. When examining this ordering, one surprising finding was that some of
the lighter touches — e.g., finger idly, nuzzle, tickle — have a lower likelihood of
communicating emotional state when compared to some of the more pronounced
touches — e.g., stroke, rub — which appear near the top of the table. While we still
feel that these lighter touches are important to recognize, it is beneficial to know
where trade-offs may be made.

Finally, as noted, the more violent gestures such as Ait, slap, and shake have a
very low likelihood of being used. Nonetheless, gestures with equal movement of
the robot exist in likely touch gestures such as lift, swing, toss, and rock. Therefore,
it is critical that the robot have the ability to sense movement in addition to pressure

from touch, thereby confirming our decision to employ a three-axis accelerometer.

6.5 Summary

In this chapter, we presented a user study that investigated human affective touch
displayed to the robot. We detailed the compilation of our touch dictionary, which
participants subsequently used to both specify and perform likely gestures when
communicating a variety of emotions to the Haptic Creature. Participants also
recorded their expectations for the robot’s emotional response as recipient of the
touch gestures.

Overall results showed a preference for less aggressive touch gestures, even
for negative valence emotions. We reported the specific gestures likely to be used
when communicating each emotion, as well as the physical profile of these ges-
tures. From these low-level details, we then developed a high-level categorization
of the human’s intent. In addition, we found that participants generally expected
the Haptic Creature’s emotional response to mirror that of the one they communi-

cated. The broader implications of this work will be discussed in Section 8.1.3.
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The results of both the study we described here as well as the one from the pre-
vious chapter (5) directly influenced the design of our final user study. Presented
in the next chapter (7), this last study examined the complete affective touch inter-

action loop and its influence on the emotional state of the human.
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Chapter 7

Influence of Affective Touch

The final of our three interaction decomposition studies explored the influence on
the human’s emotional state as a consequence of affective touch communication
with the robot. This study built upon the previous two, which were each intention-
ally focused on one-way affective touch display, either from the robot to the human
(Chapter 5) or from the human to the robot (Chapter 6).

Expression Recognition

g

1 K2 :
HUMAN . CREATURE
: 4 3 \

ﬁ - ‘

Recognition Expression

Figure 7.1: Affective touch interaction loop between human and Haptic Creature.
Adapted from Figure 1.2 to highlight emotional influence on human.

The study presented here examined two-way communication, with both the hu-
man and the robot displaying as well as receiving affective touch; we then observed
any resultant change in the human’s emotional state (Figure 7.1, cells 4—1 high-
lighted arrow). This full interaction loop is illustrated throughout our introductory

scenario in Chapter 1. For example, when Roi senses a change in Stella’s breath-
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ing as she awakens, he thereby becomes excited and, in turn, renders an appropriate
touch response. Similarly, as Stella becomes depressed, she firmly pats and rubs
Roi’s fur; in an attempt to mitigate her emotional state, Roi becomes relaxed, which
he manifests in slackened ears and slow breaths.

The work presented in this chapter encompasses the last two phases of our
research (Figure 1.1): a subsequent refinement of the Haptic Creature’s manner of
affect display (sixth phase), and the affective touch influence user study (seventh
phase).

The goal of the user study was to broaden knowledge on the effects of social
touch by including the consideration of emotion. Specific to social human-robot
interaction, we were interested in the necessity of a response from the robot. If
the robot’s emotional reaction has little effect on the human’s emotional state, then
scant consideration need be made in the design of the robot’s response — if taken
to the extreme, no response would be necessary at all. Conversely, if there exists
a notable effect on the human’s emotions, then care must be taken in the design of
the robot’s reaction. While not the direct focus of our thesis, if the full affective
touch interaction loop demonstrates influence on the human’s emotional state, then
a properly designed interaction can positively impact the applications of social
human-robot interaction — e.g., therapy or attachment.

We begin with an update to the design of the Haptic Creature’s affect display. In
order to strengthen the robot’s valence communication, these changes were based
on the results of the user study from Chapter 5. We continue in Section 7.2 with
details of our user study. Participants performed predetermined sequences of affec-
tive touch gestures for the Haptic Creature. They then reported any changes to their
emotional state that resulted from both nonactive and simulated active responses
from the robot. In all cases, the Haptic Creature’s active emotional response mir-
rored that of the participants’ intended emotion. By a comparison between nonac-
tive (control) and active (treatment) robot responses — when human touch gesture
sequences were identical — changes in participant emotions therefore can be at-
tributed to the robot’s reaction. We conclude with results of the study and related
discussion thereof.

We empirically demonstrated a change in the human’s emotional state as a

result of the full affective touch interaction loop. In particular, we observed a sta-
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tistically significant positive shift in valence when the two-way interaction commu-
nicated pleased, but no statistically significant change for miserable. In addition,
study participants expressed an average sense that Haptic Creature was responsive
to their touch. After first considering the effects of demand characteristics, we sug-
gest that the lack of a notable change in the human’s emotional state for miserable
may be the result of the differences in the touch gestures employed by the human

as well as the emotional responses presented by the robot.

7.1 Updated Robot Affect Display

The Haptic Creature’s emotion renderings were modified from the original affect
display design presented in Section 5.1. These changes were based upon the related
user study results discussed in Sections 5.3 and 5.4, then refined through informal
pilot testing. The updated actuator rendering parameters are presented in Table 7.1
(cf. Table 5.1).

The remainder of this section details the modifications of the actuator rendering

parameters in relation to the original design.

7.1.1 Ears

The Haptic Creature’s two ears can be controlled independently of each other in
the single dimension of stiffness.

The original affect display design utilized ear stiffness as one means with which
to convey the Haptic Creature’s state of arousal. Since this dimension was clearly
communicated by the robot (Section 5.4.2), the original values were left unchanged
(Table 7.1, Ears Vol).

7.1.2 Lungs

The Haptic Creature’s lungs modulate its manner of breathing through four param-
eters. Rate is defined as breaths-per-minute (bpm). Bias controls the symmetry of
each breath by specifying the percentage that is dedicated to the inhalation phase,
from 0% (all exhale) to 100% (all inhale) — for example, a bias of 25% would
allocate 1/4 of each breath to the inhale and 3/4 to the exhale. Rest (milliseconds)
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Table 7.1: Key Expressions: arousal and valence categorization, updated actuator
rendering parameters.

Actuator  Parameter Key Expression

Distressed  Aroused Excited

Ears Vol % 100 100 100
Lungs Rate bpm 70.1 62.8 56.8
Bias % 60 50 40
Vol % 20-80 25-85 30-90
Purr Box Wave Pulse
On/Off ms 570/ 486
Ampl % 0-31
Miserable  Neutral Pleased
Ears Vol 50 50 50
Lungs Rate 49.2 42.3 35.6
Bias 60 50 40
Vol 20-80 25-85 30-90
Purr Box Wave Pulse
On / Off 909 /775
Ampl 0-31
Depressed  Sleepy Relaxed
Ears Vol 0 0 0
Lungs Rate 28.8 21.6 15.0
Bias 60 50 40
Vol 20-80 25-85 30-90
Purr Box Wave
On / Off
Ampl

Key Expressions ordered in correspondence with the Haptic Crea-
ture’s affect space (Figure 4.8). Lungs Rest parameter, both in-
halation and exhalation, is always 0 milliseconds. Highlighted key
expressions are miserable and pleased factor levels of user study.
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allows for a pause at the end of inhalation and/or exhalation for each breath, and
is defined independently for each. Volume defines the minimum and maximum
position for each breath.

In the original affect display design, the Haptic Creature’s breathing rate in-
creased proportionally with its arousal, whereas the robot’s individual inhale / ex-
hale rates were symmetric for positive valence, becoming increasingly asymmetric
— shorter inhale — when moving towards negative valence.

As the Haptic Creature was effective in conveying its state of arousal, the over-
all range for its breathing rate (15-70 bpm) was not modified. However, as dis-
cussed in Section 5.4.4, participants also expected faster breathing rates to convey
negative valence.

As a result, the robot’s rate of breathing was adjusted to vary for both emo-
tion dimensions. Specifically, the lowest rate was set for the pleasant-deactivated
key expression then incrementally increased (by ~6 bpm) moving from positive to
negative valence, then from low to high arousal, until completing at the unpleasant-
activated key expression. This modification can best be understood by referring to
the Lungs Rate column in Table 7.1; note the systematic increase from the bottom-
most key expression to the top.

Also discussed in Section 5.4.4 was participants’ expectations for depth of
breathing to change, not as originally designed with arousal, but with valence.
The updated affective display design therefore rendered shallower breathing when
the Haptic Creature conveyed negative valence, becoming deeper when moving
towards positive valence (Table 7.1, Lungs Vol).

Finally, breath symmetry was also modified. The previous design used sym-
metric breathing to convey positive valence, while gradually quickening the inhale
(smaller bias value) when moving to negative valence. The updated affect display
design, however, used symmetric breathing to connote neutral valence, with slower
inhale (higher bias value) signifying negative valence and, conversely, faster inhale
representing positive valence (Table 7.1, Lungs Bias). A graphical representation

of these three key expressions can be seen in Figure 7.2.
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Figure 7.2: Change in lung volume over four-second time period for key expres-
sions miserable, neutral, and pleased in Table 7.1 (cf. Figure 5.3). Shaded regions
highlight breath inhalation phase — bias > 50% favors inhalation (a); bias = 50%
is symmetric (b); and bias < 50% favors exhalation (c).

7.1.3 Purr Box

The Haptic Creature’s purr box controls the presentation of a modulated vibro-
tactile purr. Waveform determines the type of wave generated: pulse, sawtooth,
reverse sawtooth, sine, triangle, or null. On duration and off duration (mil-
liseconds) define the wave’s duty cycle. Amplitude, specified as percentages from
0% to 100%, define the wave’s minimum and maximum amplitude.

The primary use of purring in the original affect display design was to con-
vey positive valence of non-low arousal emotions — pleased and excited. The
high arousal state was originally separated from medium arousal by presenting a
slightly increased amplitude for the purr wave coupled with a higher duty cycle. As
discussed in Section 5.4.4, these parameters had mixed results, whereby pleased
was recognized but excited was confounded with its negative valence equivalent,
distressed.

We continued our use of purring for positive valence emotions; however, we
modified the Haptic Creature’s affect display in order to draw a better distinction
between the two emotions where it was present.

First, we changed the purr wave from sine to pulse. The latter wave provided a

more salient vibration, as much less time was spent while the mechanism ramped
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Figure 7.3: Change in purr amplitude over four-second time period for key expres-
sions in Table 7.1 (cf. Figure 5.4). Only pleased was utilized in this study.

up to full amplitude. Second, the duty cycle was made the same for both emo-
tions (54%); however, to differentiate between the two, the period was shortened
for excited. Finally, the amplitude range was modified to be the same for both
emotions; therefore, this actuator parameter no longer served as a means of differ-
entiating arousal. While the net result of these changes was that the purr for the
two emotions differed solely in the waveform period, pilot tests demonstrated that
the two remained distinct without excited improperly conveying negative valence.

A graphical representation of these key expressions can be seen in Figure 7.3.

7.2 User Study

Our user study was conducted as a within-subjects, single-factor design. The sole
factor, the emotion communicated between human and robot, had two levels: mis-
erable and pleased. Both of these levels, in turn, had a binary condition for the
robot’s response: an active, in-kind emotional response served as the treatment,
while a nonactive response represented the study control.

These two factor levels correspond to emotions of opposing valence — miser-
able = negative and pleased = positive — but fixed at medium arousal (see Fig-
ure 4.8). Therefore, we manipulated only the valence dimension, whereas arousal

remained unchanged.
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In our previous two user studies, we explored the full extent of the affect space,
for both the Haptic Creature’s affect display as well as the human’s. In this study,
however, we chose to focus solely on valence, which afforded a more economical
study design; by greatly reducing the number of repeated trials, we reduced the

chances of participant fatigue while simultaneous increasing the statistical power.

7.2.1 Participants

Data from 32 individuals (50% female) were used in the study. Recruited via fliers,
online classifieds, and mailing lists, each was compensated CAD$10 for participa-
tion. Ages ranged from 19 to 50 (M = 26.53, SD = 7.22), and all self-identified as
native English speakers (84% from North America). None had previously partici-
pated in studies with the Haptic Creature.

7.2.2 Study Setup

The study was conducted in a soundproof observation studio that housed a desk and
a cushioned lounge chair. Atop the desk was a 17-inch (1280 x 1024 pixels) LCD
monitor, a keyboard, and a computer mouse. Also situated on the desk was a video
camera mounted to a tripod positioned directly behind and above the computer
monitor. All study software, including control of the Haptic Creature, was written
in Java and executed on an Intel-based PC running the Gentoo [58] Linux operating
system (Section 4.3).

The study participant sat in the chair and faced the monitor on the desk. The
mouse was placed on the side that she self-identified as her mouse hand. The
Haptic Creature initially rested atop a small cushion on the floor to the immediate
left of the participant’s chair. Once the study began, the robot was then placed in
the participant’s lap with its backside initially facing the participant’s non-mouse
hand; however, the participant was allowed to adjust the Haptic Creature’s position
throughout the study, as she saw fit. The participant wore earmuffs to mask any

extraneous sounds that may be generated by the robot (Figure 7.4).
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Figure 7.4: Setup for influence of affective touch study.
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Table 7.2: Miserable human touch gestures.

Gesture Label Gesture Definition

Contact Without Moving at a medium speed, rest your hand lightly on top of
Movement .... the Haptic Creature.

Hug .......... Slowly squeeze the Haptic Creature close against your chest
with your arms applying moderate pressure.

Hold ......... Slowly support the Haptic Creature with your arms or hands
applying moderate pressure.

Cradle ........ Moving slowly, hold the Haptic Creature protectively ap-
plying moderate pressure.

Stroke ........ At a slow speed, repeatedly move your hand in the same
direction over the Haptic Creature’s fur with moderate pres-
sure.

Rub .......... Repeatedly move your hand slowly back and forth over the

Haptic Creature’s fur with moderate pressure.

7.2.3 Human Affective Touch Gestures

During the study, the participant interacted with the Haptic Creature through se-
quences of affective touch gestures. The participant was instructed to perform spe-
cific touch gestures from two predefined sets; one was presented for the miserable
emotion communicated factor level (Table 7.2), and a separate sequence was pro-
vided for the pleased emotion communicated factor level (Table 7.3). These two
gesture sets were derived from the original touch dictionary presented in Table 6.1.
Utilizing the related results from the human affective touch study in Chapter 6, we
detail here the criteria used for determining these two touch gesture sets as well as
the augmentation to the definitions for use in the current study.

A touch gesture was included in a specific set based on its likelihood of com-
municating the respective emotion by the human. The top six likely touch gestures
from Table 6.4 were chosen for both sets, with the exception that rock was sub-
stituted for hold in the pleased set in order to increase variety between the two
sets.

The definition for each gesture was augmented from the original touch dictio-

nary in two ways. First, to lend clarity, the repetitious gestures — pat, rock, rub,
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Table 7.3: Pleased human touch gestures.

Gesture Label Gesture Definition

Hug .......... Moving at a medium speed, squeeze the Haptic Creature
close against your chest with your arms applying firm pres-
sure.

Stroke ........ At a medium speed, repeatedly move your hand in the same
direction over the Haptic Creature’s fur with moderate pres-
sure.

Rub .......... Repeatedly move your hand at a medium speed back and
forth over the Haptic Creature’s fur with firm pressure.

Tickle ........ Quickly touch the Haptic Creature repeatedly with light fin-
ger movements.

Pat ........... At a quick speed, repeatedly touch the Haptic Creature
lightly with the flat of your hand.

Rock ......... Repeatedly move the Haptic Creature back and forth at a
medium speed while supported in your arms with firm pres-
sure.

stroke, and tickle — all had the word “repeatedly” added. Second, both a speed
component — “slow(ly)”, “medium”, or “quick(ly)” — and a pressure component
— “light(ly)”, “moderate”, or “firm” — was included.

Each human affective touch gesture’s speed and pressure were determined by
examining the duration and intensity between the communication of miserable and
pleased as presented in Table 6.6, which was an outcome of the human affective
touch study from the previous chapter. Comparing the two resultant gesture sets of
Tables 7.2 and 7.3, one can see that the speed was generally slower and the pressure
was generally lighter for the miserable gesture set than for the pleased set. Any
touch gesture included in both sets therefore differed in specification of its speed
and/or pressure components.

The participant was never informed as to any specific emotional display in-

tended by any touch gesture performed.
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(b) Participant affective touch gesture performance timing.

Figure 7.5: Timing protocol for a single touch gesture interaction.

7.2.4 Stimuli

Throughout the control condition, for either factor level, the Haptic Creature re-
mained inactive. On the other hand, when the participant performed a sequence
of affective touch gestures during the treatment condition, the Haptic Creature ren-
dered a mirrored emotional response. For example, when the participant performed
the miserable touch gestures, the robot actively responded by displaying its miser-
able emotional state. We chose to have the Haptic Creature respond in-kind based
on results from our human affect display study, where participants generally ex-
pected this form of response (Section 6.4.4). The corresponding actuator rendering
parameters for each factor level are highlighted in Table 7.1.

The Haptic Creature’s sensory system was not at a stage where it could accu-
rately recognize human touch gestures in real time. For the treatment condition,
however, it was a necessary that the participant had the impression the robot was
directly responding to her touch. To that end, we developed a timing protocol,
refined by means of a pilot study, to simulate a responsive Haptic Creature. This

details of this protocol are diagrammed in Figure 7.5 (a).
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For the participant to sense a change in the active robot, the Haptic Crea-
ture would transition from its neutral emotional state to its mirrored emotional
response. The total duration of a single touch gesture interaction lasted 48 sec-
onds. Over the first 10 seconds, the robot gradually decayed from the last mirrored
emotional state to neutral — for the first touch gesture of the sequence, the robot
began in neutral. The Haptic Creature then remained at this emotional state for an
additional two seconds. Finally, the robot shifted to the mirrored response for the
remaining 36 seconds. This same cycle was repeated for each touch gesture in the
sequence.

This timing protocol effectively inferred to our pilot participants that the Haptic
Creature was responding directly to their touch. Details of the complete protocol

for the affective touch interaction are presented in Section 7.2.7.

7.2.5 Response Format

The participant provided two categories of responses during the course of the user
study: (1) a self-report of her current emotional state, and (2) an assessment of the
Haptic Creature’s emotional response to her touch.

The participant’s affect state was recorded by means of nine-level versions of
Lang’s Self-Assessment Manikin (SAM) rating scales for valence and arousal [96].
Instructions for using the SAM scales were adapted from Bradley and Lang (2007)
[15]; however, the order of each scale was reversed such that the valence scale was
labeled “Unhappy versus Happy” and the arousal scale was labeled “Calm versus
Excited”. This adjustment in ordering ensured consistency among all scales used in
the study, which were all ordered negative-to-positive or low-to-high. Furthermore,
during pilot testing, the original ordering resulted in occasional participant data
entry errors, while the reversed version appeared to present participants a more
natural ordering.

The SAM images were from PXLab [78] and measured 69x74 pixels. To in-
crease visibility of the facial expressions, we used the portrait versions of the va-
lence images [ 164, p. 105], rather than the more traditional full figure. An example
of the SAM images used can be seen in Section E.4 (p. 348).
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Table 7.4: Emotion label list for assessing the Haptic Creature’s emotional re-
sponse. Identical to lists used in the robot affect display and human affect display
user studies (Tables 5.2 and 6.2, respectively).

Afraid* Angry* Aroused Depressed
Disgusted® Distressed Excited Happy*
Miserable  Neutral Pleased Relaxed

Sad* Sleepy Surprised* None Of These’

Unmarked labels are from Russell; * from Ekman;
T avoids artificial agreement.

When assessing the Haptic Creature’s emotional response, the participant se-
lected one of 16 items from a provided list (Table 7.4). Six options were Ekman’s
basic emotions [35]: afraid, angry, disgusted, happy, sad, and surprised. Nine
were from Russell’s dimensional model of affect: aroused, depressed, distressed,
excited, miserable, neutral, pleased, relaxed, and sleepy. The emotion words were
presented in alphabetized order with a final option, none of these, to address short-
comings of forced-choice emotion responses [131] [52].

Consistent with the list used in our studies presented in Chapters 5 and 6, the
decision to include both Ekman and Russell emotion labels was to increase the
overall richness of available choices by combining words from research on discrete
emotions (Ekman) with those from research on the dimensional nature of emotions
(Russell).

7.2.6 Demand Characteristics Considerations

Significant effort was made to ensure participants were unlikely to infer the un-
derlying purpose of our study and consequently adjust their behavior. Our overall
methodology borrowed from the Directed Facial Action Task (DFA) experiments
of Ekman, Friesen, and Levenson (summarized in [37]), which examined the influ-
ence of voluntary facial movements on human emotional state.

In these studies, participants were not asked to pose a specific emotion. Instead,
they were given detailed instructions for a facial configuration that corresponded
to a specific emotion as per the Facial Action Coding System (FACS) we briefly
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introduced in Section 2.1.2. For example, rather than being asked to pose anger,
participants were merely instructed to: first pull your eyebrows down and together,
next raise your upper eyelids, now .... Furthermore, in one study, participants
were asked to indicate a corresponding emotion solely from the facial configuration
instructions; however, few were able to correctly infer the associated emotion.

For the consideration of demand characteristics in our study, we began by in-
tentionally limited direct references to emotion. We then explicitly checked for
demand characteristics in our pilot study. Finally, during the formal study, we pro-
vided two methods that probed for the possible existence of demand characteristics.

We describe these steps in further detail here.

Limitation of Direct References to Emotion

In compliance with ethics guidelines, some transparency was necessary for recruit-
ment and prior consent. This took the form of one-sentence descriptions of the
overall research goals — to examine the communication of emotion through touch
between humans and robots — as well as of the study goals — fo examine the
influence of this form of interaction.

During both the pilot and formal study, however, references to emotion moved
from a focus on touch interaction to participants’ assessments of their affective
state and that of the robot. That is to say, throughout the study procedure (Sec-
tion 7.2.7), participants were never informed that the human touch gestures were
in any way meant to convey emotional content nor, more importantly, the specific
display of miserable or pleased. Similarly, while the preliminary instructions pro-
vided brief, general information that the Haptic Creature communicated its emo-
tional state through touch, the familiarization session never made general mention
of emotion let alone specific reference to the two factor-level emotions. Rather, the

facilitator simply referred to the robot’s various renderings as “expressions”.

Examination through Pilot Study

While the previous step was a proactive measure to reduce the chances of de-
mand characteristics, we used the pilot study for verification. Pilot participants

were asked at the conclusion of their session if they saw any patterns in the hu-
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man touch gestures or any inherent emotional content. All noted the repetition of
some gestures; however, this was not unexpected because the active and nonac-
tive conditions employed the exact same gestures, and there also was some gesture
commonality between the two factor levels — e.g., stroke, hug. Pilot participants,
though, were only able to recognize that a few gestures were repeated but not the
differences in their speed or intensity. That is to say, many were able to note that
hug was presented on multiple occasions but not that some versions were moderate
pressure and others firm. More importantly, none of the participants expressed any
interpretations of specific emotional content — miserable, pleased, or otherwise

— in the human touch gestures.

Probing During Formal Study

While the pilot study results presented above suggested diminished possibility of
demand characteristics, we nonetheless decided to include two methods in the for-
mal study that probed further.

First, during the control condition, when the Haptic Creature was nonactive,
participants predicted the Haptic Creature’s emotional response to their immedi-
ately preceding touch gesture performances. These responses provided a means
to examine participant inference of specific emotional content for human touch
gesture sequences during the course of the study. In order to predict the robot’s
emotional response, participants would need to make an assessment of the preced-
ing touch gestures without being directly asked.

If a significant number of participants made the same prediction, then there
is a high likelihood these participants shared a similar assessment as to the emo-
tional content of the performed gestures. Furthermore, if this predicted emotion
aligned with the emotion communicated factor level, then there exists the possi-
bility for demand characteristics. Our desired outcome, therefore, is the converse.
We expected no clear consensus as to the robot’s predicted response; however, if a
consensus exists, then the predicted emotion differed from the emotion intended to
be communicated.

This manner of probing was necessarily indirect in order to avoid drawing un-

due attention to emotional intent: we did not want participants to actively contem-
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plate specific emotional content of the human touch gestures during the study. The
procedure for this first method will be detailed in the next section, and the results
of participants’ responses will be presented in Section 7.3.2.

Our second method to probe for demand characteristics was similar to the ex-
amination used in the pilot. We provided participants of the formal study with a
set of questions at the completion of the study that asked about similarity of the
touch gesture sets as well as any implied emotional content in the sequences. The
specific questions and subsequent results will be presented in Section 7.3.3.

A full discussion of the results from these two methods will be presented in
Section 7.4.2.

7.2.7 Procedure

The study took approximately 60 minutes for the participant to complete. The par-
ticipant began with a detailed set of instructions; continued through a familiariza-
tion session; and then completed the main part of the user study. Once completed,
a questionnaire was administered. Except during the familiarization session, the
facilitator was not present in the room with the participant while the study was
being conducted.

The main part of the study was composed of the following steps:
o the performance of a sequence of affective touch gestures;

e areport of the participant’s current affective state; and

e an assessment of the Haptic Creature’s emotional response.

Following from our within-subjects, single-factor study design (Section 7.2), the

main part of the study was conducted a total of four times:
2 emotion communicated (factor) X 2 robot response (condition).

That is to say, each repetition consisted of an emotion communicated between the
participant and the robot as well as the robot’s resultant response, both of which
were held constant for the duration of the repetition. The emotion communicated

was either miserable or pleased. In the treatment condition, the Haptic Creature
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provided an active emotional response rendering that was the same emotion as the
study factor, while in the control condition, the Haptic Creature was nonactive and
did not render any emotional response.

Each participant completed all four separate repetitions, the order of which was
counterbalanced via a balanced Latin squares design. To avoid transfer effects, a
brief (70 second) rest break was given after the familiarization session and at the
end of all but the final repetition. During each rest break, a random sequence of
abstract shapes was displayed to the participant on the LCD monitor. This ap-
proximated the procedure for eliciting neutral affect, as developed by Gross and
Levenson [62]. Details on the generation of the shape sequences can be found in
Section E.6.

Each step of the study procedure is detailed in the following sections.

Instructions

Instructions provided the participant with an overview of the research being con-
ducted; an explanation of the Haptic Creature and information on interacting with
it; and the study procedure, including a detailed explanation of the response for-

mats employed. The complete instructions are documented in Section E.3.

Familiarization Session

After the participant read the study instructions, the facilitator entered the observa-
tion studio to conduct a familiarization session that was divided into two phases,
each of which took approximately five minutes to complete. The participant was
free to ask questions at any point and was also prompted by the facilitator at the
completion of each phase.

The first phase introduced the participant to the emotional renderings of the
Haptic Creature. The goal of this phase was to provide an opportunity for the
participant to become comfortable with the active version of the robot as well as
to familiarize her with the Haptic Creature’s range of expressions to be presented
throughout the study.

In this phase, the robot successively rendered the following sequence of emo-

tions: neutral, pleased, neutral (again), and miserable. The presentation of neutral
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between the other two emotions was to approximate the stimuli protocol (Sec-
tion 7.2.4) whereby the Haptic Creature transitioned from neutral to the mirrored
emotional response. Each emotion was presented for 20 seconds, and the exact
sequence was repeated twice. The facilitator signaled whenever the expression
changed but did not refer to them by their emotion labels so as not to prime the
participant.

The second phase provided an introduction to performing the human affective
touch gestures. The goal of this phase was to provide the participant with gen-
eral proprioceptive practice, while also clarifying the slight procedural difference
between performing repetitious versus sustained gestures.

The participant practiced two gestures: stroke (repetitious) followed by hug
(sustained). For both gestures, the facilitator initially demonstrated and the partic-
ipant then performed all three levels for speed and pressure. In cases where the
participant’s movements appeared outside the norm, the facilitator would provide
guidance, either verbally or through physical demonstration. However, the partici-
pant was instructed to always gravitate towards an interaction that felt natural.

The two types of gestures differed in how the speed and pressure components
were enacted. In particular, for sustained gestures, the speed component described
the rate at which the participant moved the Haptic Creature into position, while
the pressure component was enacted once the robot was in position. For exam-
ple, when performing a hug for the miserable factor level, the participant would
“slowly” bring the Haptic Creature to her chest, then, once there, would apply a
“moderate” squeeze. The facilitator explained these distinctions before practicing

each gesture type.

Affective Touch Gestures Performance

The majority of the user study was the performance of affective touch gestures by
the participant for the Haptic Creature. The sequence of gestures was generated
from the list for the current factor level (Table 7.2 or 7.3). The participant was pre-
sented with all six human touch gestures from the list, displayed on the computer
screen one at a time and in randomized order. To highlight the speed and pressure

components, both were underlined in the gesture definition (Figure 7.6 (a)).
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The participant was never instructed that the touch gestures were intended to
convey emotion. Nor was she told how many touch gestures would be presented
for each sequence, or that there were two gesture sets, each of which would be
repeated twice over the course of the study.

The overall interaction for each touch gesture lasted 48 seconds (Figure 7.5 (b)).
Participants read the touch gesture label and definition when displayed. This step
took between 4 seconds and 10 seconds, depending on the particular gesture and
any need to reposition the Haptic Creature — e.g., from a hug on the chest to a
stroke on the lap. Participants had been instructed to begin performing the touch
gesture as soon as possible (without hurrying) and continue performing until the
next gesture was presented. The performance, therefore, took the remainder of the
interaction (38 seconds to 44 seconds).

The participant was never informed of any specific timing; however, a low-
attentional, visual cue signified the next touch gesture would be presented shortly.
This notification, whereby the background lightened for the current gesture label
(Figure 7.6 (b)), appeared during the final 8 seconds of the gesture performance.
Early pilot testing enforced on the participant more rigid timing constraints; how-
ever, these often proved confusing and stressful to follow. As a result, we developed
this simpler, more natural approach.

The Haptic Creature’s response to a human touch gesture followed the timing

protocol as described in Section 7.2.4.

Participant Affect Report

After the initial rest break following the familiarization session and each time after
performing a sequence of touch gestures, the participant reported her current emo-

tional state using the corresponding response format presented in Section 7.2.5.

Haptic Creature Emotional Response Assessment

The participant assessed the emotional response of the Haptic Creature as a result
of the gestures she had just performed. In the treatment condition — when the
robot was active — the participant was asked to describe the Haptic Creature’s

emotional response, while in the control condition — when the robot was nonactive
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‘At a slow speed, repeatedly move your hand in the same
direction over the Haptic Creature's fur with moderate
pressure.”

(a) Gesture label on dark background above gesture definition with speed and pressure components
underlined.

Stroke

‘At a slow speed, repeatedly move your hand in the same
direction over the Haptic Creature's fur with moderate
pressure.”

(b) Lightened gesture label background used as low-attentional visual cue to notify participant that
next touch gesture will be displayed shortly.

Figure 7.6: Example of onscreen human touch gesture instructions — stroke from
miserable touch gesture set. Subfigure (a) depicts instructions as presented for
majority of the interaction. Subfigure (b) displays the visual cue presented near the
end of the interaction.

— the participant was asked to predict the Haptic Creature’s emotional response.
Regardless of the condition, the response format remained the same, as presented
in Section 7.2.5.

Post-Study Questionnaire

At the conclusion of the study, participants completed a comprehensive question-
naire. This questionnaire collected demographic information; pet experience and
attitudes; general impressions of the Haptic Creature; details related to the touch
gestures performed by the participant; and views on the responsiveness of the Hap-

tic Creature. The complete questionnaire is documented in Section E.5.

148



7.3. Results

7.3 Results

We begin our presentation of the user study results with changes observed in partic-
ipants’ emotional state as a result of the affective touch interactions. These results
are followed by participants’ predicted and perceived emotional responses of the
Haptic Creature. We then conclude with a summary of relevant responses to the

post-study questionnaire.

7.3.1 Participant Affect State

For one repetition of the main part of the study, participants performed a sequence
of touch gestures for the Haptic Creature. All gestures in this sequences were
intended to convey the same specific emotion: either all miserable or all pleased.
For the duration of a sequence, the Haptic Creature was either active, in which it
presented a mirrored emotional response to each human touch gesture, or the robot
was nonactive. At the end of a sequence of interactions, participants then recorded
their current emotional state.

To examine the emotional effect on the human from affective touch interac-
tions with the Haptic Creature, we computed a paired sample ¢-test between the
nonactive (control) and active (treatment) robot response conditions. By a com-
parison between the control and treatment robot responses — when human touch
gesture sequences were identical — changes in participant emotions therefore can
be attributed to the robot’s reaction. A separate statistical test was conducted for
both emotion communicated factor levels: miserable and pleased.

Though we recorded data and computed results for the two emotion dimen-
sions, we only considered statistical significance for the valence measure, since
this was the dimension manipulated in the study — arousal was held constant. Fur-
thermore, to control for Type I error as a result of the multiple valence comparisons,
we applied a Bonferroni correction (o = .05/2 = .025) to determine statistical sig-
nificance. The complete results are presented in Table 7.5.

The results demonstrate a statistically significant shift towards positive valence
(with large effect size) for participants in the pleased factor level. Participants’
change in valence for the miserable level, however, was not found to be statistically

significant.
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Table 7.5: Change in participant emotional state for both levels of emotion com-
municated factor.

Emotion  Measure M SD t(31) p n?

Miserable Valence .41 1.37 1.68 .102 .08
Arousal .75 2.11 2.01 .053 .12

Pleased Valence .59 1.07 3.13 .004* 24
Arousal .56 134 237 .024 .15

* Significant at p < .025 (two-tailed). Statistical sig-
nificance only considered for Valence measure, not
Arousal.

To explore further, we plotted the participants’ change in valence as a function
of their perception of the valence response of the Haptic Creature. The robot’s
perceived valence was determined through the results presented in the next section
(7.3.2): the emotion label chosen during the treatment condition was considered
solely for its valence ranking. For example, participants’ selection of distressed,
miserable, or depressed for the perceived emotional response of the Haptic Crea-
ture were all categorized as negative valence for our purpose. We chose to isolate
this dimension because the Haptic Creature’s responses differed only in valence —
miserable versus pleased. This therefore allowed us to visualize any trends in the
correspondence between participants’ valence perception of the Haptic Creature’s
emotional response and the actual change in valence for their own emotional state.

Figure 7.7 displays two graphs, one for each factor level. Several observations
may be made from these graphs.

First, as will be discussed in greater detail in the next section, a majority of
participants perceived positive valence being expressed by the robot regardless of
factor level, whereas no participants perceived negative valence for the pleased
factor level, while a handful did for miserable.

Second, the same number of participants (14) reported no change in valence
(yellow circles) for either factor level. On the other hand, slightly more partici-
pants (15) had a positive valence shift (green upward triangles) for pleased than

for miserable (13). Conversely, slightly more participants (5) had a negative va-
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(a) Participant change in valence (y-axis) in relation to participant perceived valence response of
Haptic Creature (x-axis) for miserable factor level.
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(b) Participant change in valence in relation to participant perceived valence response of Haptic Crea-
ture (x-axis) for pleased factor level.

Figure 7.7: Participant change in valence in relation to participant perceived va-
lence response of Haptic Creature. Subfigure (a) represents the miserable inter-
action. Subfigure (b) represents the pleased interaction. Each subfigure marker
represents one participant: /A = positive valence shift; () = no change; and 7 =
negative valence shift. Undefined perceived valence response is when the partici-
pant chose either Surprised or None Of These.

lence shift (red downward triangles) for miserable than for pleased (3). Moreover,
for miserable, the magnitude of negative valence shift was large (-3 and -2) for
these additional participants.

Third, for the pleased factor level, the majority of participants with a posi-
tive valence shift occurred when a corresponding positive valence response was
perceived from the Haptic Creature. For the miserable factor level, however, the
majority of participants with a negative valence shift surprisingly occurred when

positive valence response also was perceived.

7.3.2 Haptic Creature Emotional Response

After performing a sequence of human touch gestures, participants also assessed
the Haptic Creature’s emotional response to the interaction. Though these gestures

performed by participants were intended to convey a specific emotion — miserable
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or pleased — the participants were never provided this information; rather, for each
gesture in a sequence, participants were given simply the label and corresponding
definition on how the gesture was to be performed (Section 7.2.3).

In the control condition, when the robot was nonactive, participants noted their
expectation of the Haptic Creature’s response. In the treatment condition, when
the robot was active, participants specified their perception of the actual emotional
response. For both conditions, responses were recorded via a forced choice from
among 16 emotion labels (Table 7.4) — 15 emotion labels plus none of these.

From this list, Russell’s nine emotion labels are dimensional in nature so have
direct mappings to the emotions communicated (Figure 4.8). Ekman’s six labels,
on the other hand, do not have a direct mapping but may overlap with Russell’s
labels. As a result, we applied the equivalency mapping determined from our first
study (Table 5.3).

We separately computed the frequency with which each emotion label was
chosen for the two emotion communicated levels under both conditions. For each
of these four computations, we then calculated frequency subtotals for the three
valence categories: negative, neutral, and positive. The binomial statistical test
was conducted in order to determine that the top valence category was selected at a
frequency significantly greater than chance. We set chance at 33%, in consideration
of a selection being from one of the three valence categories.

Presented in Table 7.6 are the results for the participant prediction of the Haptic
Creature emotional response, which occurred during the nonactive robot response
(control) condition. Presented in Table 7.8 are the results for the participant percep-
tion of the Haptic Creature emotional response, which occurred during the active
robot response (treatment) condition. Any Ekman label that corresponded to a Rus-
sell label was counted as if the Russell label was chosen. For reference, Tables 7.7
and 7.9 present the frequency breakdown for any of these aggregate emotion labels
presented in the two previous tables.

Here, we will highlight the predicted and perceived emotional response results
separately. In both cases, our focus is again on the valence dimension, which is
best reflected in the table subtotals.
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Table 7.6: Frequency of participant prediction of Haptic Creature emotional re-
sponse to human touch gestures for both levels of emotion communicated factor.
Assessment occurred during the nonactive robot response (control) condition.

Predicted Haptic Creature Emotional Response

Emotion Label % Label % Label %
Miserable* Distressed Aroused Excited

Miserable Neutral 25 Pleased 9

Depressed 13  Sleepy 22 Relaxed 25

13 47 34

Pleased’ Distressed 9 Aroused Excited 6

Miserable Neutral 28 Pleased 13

Depressed 9 Sleepy 3 Relaxed 13

18 31 32

Emotion response labels ordered in correspondence with the
Haptic Creature’s affect space (Figure 4.8). * None Of These
= 6%. " None Of These = 19%.

Table 7.7: Frequency breakdown for aggregate emotion labels in Table 7.6.

Emotion  Label Aggregation

Miserable Depressed (13%) = Sad (13%)

Pleased Depressed (9%) = Sad (6%) + Depressed (3%)
Pleased (13%) = Pleased (7%) + Happy (6%)
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Table 7.8: Frequency of participant perception of Haptic Creature emotional re-
sponse to human touch gestures for both levels of emotion communicated factor.
Assessment occurred during the active robot response (treatment) condition.

Perceived Haptic Creature Emotional Response

Emotion Label % Label % Label %
Miserable* Distressed 19  Aroused 3  Excited 6
Miserable Neutral 13 Pleased 37

Depressed Sleepy 3 Relaxed 16
19 19 594

Pleased Distressed Aroused 9 Excited 13
Miserable Neutral 6 Pleased 41

Depressed Sleepy 6 Relaxed 25
21 79>

Emotion response labels ordered in correspondence with the
Haptic Creature’s affect space (Figure 4.8). * Surprised = 3%.
“p<.01.%p<.005.

Table 7.9: Frequency breakdown for aggregate emotion labels in Table 7.8.

Emotion  Label Aggregation
Miserable Distressed (19%) = Distressed (13%) + Afraid (6%)
+ Angry (0%) + Disgusted (0%)
Pleased (37%) = Pleased (31%) + Happy (6%)
Pleased Pleased (41%) = Happy (22%) + Pleased (19%)
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Predicted Responses

First, we examine only the predicted responses. In our human affect display study
from the previous chapter, we also presented participants’ predictions of the Haptic
Creature’s emotional response to the touch gestures they had just performed (Sec-
tion 6.3.3). For that study, we had an interest in participants’ overall expectation
for the robot’s response. Our goal here, however, is to determine if participants
inferred the intended emotional content from the human touch gestures.

In the previous study, the participants were instructed as to the emotions that
they were intending to communicate through the touch gestures. On the other hand,
in the current study, the participants were intentionally not informed of the specific
emotions intended for the human touch gestures. As introduced in Section 7.2.6
and to be discussed further in Section 7.4.2, we will use these results will to probe
for the effects of demand characteristics.

Overall, no clear trend emerges. Participants seemed to less frequently expect
the touch gestures they had just performed would evoke a negative response from
the Haptic Creature; however, there is no strong preference for the remaining two
valence levels either. The only exception was that neutral was selected with 47%
frequency for the miserable factor level. These results seem to indicate that partici-
pants overall were unsure of the emotional content of the touch gestures sequences

they had just performed, which coincides with our desired outcome.

Perceived Responses

Second, we consider only the perceived responses, which allows us to examine the
success of the Haptic Creature in communicating its intended emotional state. As
we will discuss in Section 7.4.4, these results may have implications on partici-
pants’ overall emotional response to the interaction.

We can see that participants tended to interpret the physical expressions of the
robot to be positive valence regardless of factor level. In the case of pleased, this
was not only the expected result, but positive was selected at a very high percent-
age (79%). For miserable, however, only 19% perceived the expected negative va-
lence. Though low, this percentage was somewhat encouraging because the other

factor level (pleased) recorded 0%. In fact, the negative valence perceived in mis-
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erable seems to be at the expense of positive: the neutral percentages do not differ

markedly between factor levels, but positive decreased by 20 percentage points.

7.3.3 Questionnaire Responses

Here we summarize the results of participants’ responses to pertinent parts of the
post-study questionnaire: experience with pets and attitudes towards them; inten-
sity level when touching the robot; impressions of the Haptic Creature’s respon-
siveness; and examinations for demand characteristics. Unless otherwise noted, all

participants (N = 32) responded to each question.

Pet Experience and Attitudes

General experience with pets was determined via the Companion Animal Bonding
Scale (CABS) [126], which has a range of 8-40 — higher scores correlate with
higher degrees of bonding. Overall, 7 participants (22%) had no pets; 18 (56%)
completed only the retrospective scale, which measures childhood experience; 3
(9%) completed only the contemporary scale; and 4 (13%) completed both. Par-
ticipants completing the retrospective CABS had scores that ranged from 10 to 34
(N =22, M =24.64, SD = 6.76), while those completing the contemporary CABS
had scores that ranged from 16 to 37 (N =7, M = 27.00, SD = 8.45).

General attitudes towards pets was determined through the Pet Attitude Scale—
Modified (PAS-M) [116], which has an overall range of 18—126 — higher scores
correlate with more positive attitudes towards pets. Participants’ scores ranged
from 66 to 122 (M = 97.19, SD = 14.27).

Interaction Intensity

Participants were asked to reflect on their general intensity when interacting with

the Haptic Creature:

How would you rate your overall intensity when performing touch ges-

tures for the Haptic Creature in comparison to a living creature?

For example, did you frequently hold back, or were more intense, with

the Haptic Creature than if it was a living creature?
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Responses were provided through a single-question Likert scale, which ranged
from Much Less Intense (1) to Much More Intense (7). Participants’ scores ranged
from2to5 (M =3.75, SD = 0.98).

Robot Responsiveness

We constructed a seven-level Likert scale to determine impressions of the Haptic

Creature’s responsiveness to human touch:
1. The Haptic Creature was responsive to my touch gestures.

2. The Haptic Creature responded differently for each touch gesture I per-

formed.
3. The Haptic Creature recognized I was interacting with it.

4. The Haptic Creature understood which touch gesture I was performing for
it.

5. The Haptic Creature responded in a manner similar to the touch gestures |

was performing for it.

The five-question scale was composed of two subscales: questions 1, 3, and
5, were meant to gauge impressions of the robot’s general responsiveness, while
questions 2 and 4 were intended to reflect impressions of the robot’s discriminant
responsiveness. That is to say, the first subscale probed participants’ general sense
that the Haptic Creature was interacting with them, and the second subscale exam-
ined how discerning the robot appeared to the components of the interaction.

For both scales, a higher score was meant to imply a higher sense of respon-
siveness from the robot. The general responsiveness scale has an overall range of
3-21, and participants’ scores ranged from 3-17 (M = 12.31, SD = 3.32). The
discriminant responsiveness scale has an overall range of 2-14, and participants’
scores ranged from 2—-11 (M = 7.44, SD = 2.37). Overall, these results show mean
scores for both responsiveness scales were near their respective midpoints.

Participants were allowed to provide open-ended comments along with their

responsiveness ratings. Of those that responded (12%), all stated that moving their
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Table 7.10: Frequency of participant designation of similarities among the four
gesture sequences performed for the Haptic Creature during the study.

Gesture Sequence Similarity %

All 4 sequences seemed different 12

3 of the sequences seemed similar to each other, 3
while 1 seemed different

2 of the sequences seemed similar to each other, 41
while the other 2 seemed different

2 of the sequences seemed similar to each other, 22
and the other 2 seemed similar to each other

Do Not Know 22

Correct gesture sequence similarity response high-
lighted in boldface.

hands when performing the gestures did not allow them to note any changes in the
robot’s state. Participants provided similar responses during informal debriefings

with the facilitator.

Demand Characteristics

Two sets of post-study questions probed for demand characteristics.

First, participants specified any similarities among the touch gesture sequences
they performed. Over the entirety of the study, a total of four sequences of human
touch gestures were performed: both the miserable touch gesture set (Table 7.2)
and the pleased touch gesture set (Table 7.3) were presented twice. Participants
recorded any similarities they recognized among these four sequences. Their re-
sponses are summarized in Table 7.10. As can be seen, only 22% correctly inferred
the repetition of both human touch gesture sets twice.

Second, participants rated the implied emotional content of the two human
touch gesture sequences. In the questionnaire, each touch gesture sequence was
presented as a generic list, without any labeling with regards to similarity or emo-

tional intent.
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Participants were asked to rate the valence and arousal components for the
miserable human touch gesture set, as well as noting difficulties in performing any
gestures from the list. Their responses are summarized in Table 7.11. Of those
participants that noted any difficulty with performing these gestures (22%), the
majority of comments stated confusion in the difference between cradle and hold.

In the exact same manner as the previous list, participants also rated the pleased
human touch gesture set. Their responses are summarized in Table 7.12. Of those
participants that noted any difficulty with performing these gestures (22%), many
of the comments stated issues with the proper way to enact rock.

The valence and arousal interpretation of the two human touch gesture sets
demonstrate that, when presented with each list en masse, participants recorded
that the miserable touch gestures seemed to convey relaxed — positive valence
with low arousal — while the pleased set appeared to convey excited — positive
valence with high arousal. Of note, the participants considered that the two sets
differed solely by arousal: the frequency of calm and excited are flipped. The
valence dimension having the greater relevance to our present study, the results
imply that participants correctly recognized the valence for the pleased human

touch gesture set but not the miserable one.

7.4 Discussion

The goal of the present study was to examine the influence on the human’s emo-
tional state as a consequence of affective touch interaction with the robot. In this
section, we discuss the results of our user study. We begin by reflecting on the
overall design of the study. This is followed by an investigation of any demand
characteristics that might have influenced the results. We then continue with a con-
sideration of participants’ impressions of the Haptic Creature’s responsiveness to
their touch gestures. We conclude by contrasting the difference in results between

the study’s two emotion communicated factor levels.
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Table 7.11: Frequency of participant valence and arousal rating of miserable hu-
man touch gesture sequence.

Dimension Emotion Label %

Valence Unhappy 3
Neutral 25
Happy 69
Do Not Know 3
Arousal Calm 56
Neutral 31
Excited 10

Do Not Know 3

Correct emotion label response
highlighted in bold face.

Table 7.12: Frequency of participant valence and arousal rating of pleased human
touch gesture sequence.

Dimension Emotion Label %

Valence Unhappy 3
Neutral 23
Happy 74
Do Not Know 0
Arousal Calm 13
Neutral 28
Excited 59

Do Not Know 0

Correct emotion label response
highlighted in bold face.
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7.4.1 Reflections on Study Design

The general approach for this study, as for our previous ones, was a controlled eval-
uation of affective touch. This approach has the great benefit of limiting confound-
ing factors, thereby strengthening any causal relationships exhibited. However, a
controlled evaluation also has the potential to render artificial the situation under
investigation. Here, we reflect specifically on the environment of the user study
and the experimental control of the affective touch interactions.

Section 7.2.2 detailed the study setup, which was in an observation studio.
This afforded a controlled environment that was quiet and free from distractions.
Furthermore, based on feedback from pilot participants, we installed cushioned
lounge seating to ensure comfort as well as roughly approximating sitting on a
couch at home.

That said, an observation studio is far from a familiar setting. Since we sought a
large, diverse adult participant pool, it would have been both logistically prohibitive
and methodologically problematic to situate the study in locations individually fa-
miliar to each participant. Several of the related socially interactive robotics studies
discussed in Section 2.4.1 provided somewhat controlled environments but in more
familiar settings by restricting the participant pool. For example, some studies with
children took place in a controlled room nearby the students’ classroom [91] or, in
cases of elderly populations, the studies took place directly in their care home
[99, 177]. Many other studies, however, were conducted in observation studios not
unlike our own — contrast these with those studies that monitored neural activity,
whereby participants were in a hospital room attached by wires to medical devices
[88, 110].

One distinguishing aspect of our study setup was the use of ear muffs to mask
any extraneous sounds that may be generated by the robot. While participants
rarely if ever complained about the ear muffs — in this study or previous ones —
we readily admit that they are not natural and an unfortunate trade-off to minimize
auditory artifacts in a study focused on touch.

Worthy of greater scrutiny, however, is the study procedure for the affective
touch interactions (Section 7.2.7). The set of human affective touch gestures and

the manner in which they were performed — speed, intensity, duration — were
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all specified for the participant. The robot’s active response was similarly timed
(Section 7.2.4). The procedure, therefore, included no free-play.

Considerable tuning occurred as a result of the pilot studies in order to ensure
that the touch instructions were provided to participants in manner that did not
distract greatly from the interaction. Timings for the interaction were similarly
tuned to maximize the time a gesture was performed while minimizing fatigue.
Participants generally did not have issue with performance instructions; however,
a few repetitive gestures — e.g., pat — were sometimes noted as being awkward
to perform for the duration.

At a higher-level, the sum of the parts does not necessarily represent a wholly
natural interaction between the human and the robot. That is to say, while care was
taken in the individual steps — the selection of appropriate gestures, the way in
which they were presented and enacted, the manner of the robot’s response — the
overall direction of the participant throughout likely interfered with the interaction.

This guidance was necessary to retain experimental control, allowing us to
limit the factors affecting the participants emotional state. However, it also limits

the naturalness of the interaction.

7.4.2 Effects of Demand Characteristics

As presented in Section 7.2.6, considerable effort was made to ensure participants
were unlikely to infer the underlying purpose of the study and consequently adjust
their behavior. We intentionally limited direct references to emotions throughout
the study. Furthermore, we specifically tested for demand characteristics in our
pilot study. Though care was taken, we further empirically validated our approach
in two ways, both of which centered on the emotional content of the human touch
gestures.

While our intent was to remove as much outward discussion of emotion from
the study, we anticipated that participants would, in some cases, make inferences.
Our goal in avoiding demand characteristics, therefore, was to ensure that partic-
ipants did not infer specific, intended emotions from the presented human touch
gestures. That is to say, participants may believe that the touch gestures they per-

formed convey emotions, but they should not know the specific emotions intended.
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The discussion we present below supports our conclusion that demand character-

istics likely did not play a significant role in participants’ emotional state changes.

Predicted Emotional Response of Haptic Creature

In the control condition, when the Haptic Creature was nonactive, participants pre-
dicted the Haptic Creature’s emotional response to their immediately preceding
touch gesture performances. This response was requested in order to preserve sym-
metry between the control and treatment conditions: we did not want participants to
ponder the presence (or absence) of this particular question after some gesture per-
formances but not others. More importantly, though, responses provided a means
to examine participant inference of specific emotional content for human touch
gesture sequences during the course of the study.

In our human affective touch study presented in the previous chapter, partici-
pants generally predicted the Haptic Creature to present a mirrored emotional re-
sponse to their affective touch gestures (Table 6.7). Guided by this result, we ex-
pected participants in the current study to predict the robot’s response as a mirror of
their assessment of the emotional content of the human touch gestures performed.
That is to say, if a participant predicted the Haptic Creature would provide a nega-
tive valence response, then the participant had inferred negative valence content in
the touch gestures.

As noted in the results presented in Table 7.6, a near-majority (47%) of par-
ticipants felt the miserable human touch gestures would result in a neutral valence
response from the Haptic Creature. While this suggests the possibility of demand
characteristics for this interaction, it should be noted that neutral does not match
the intended valence content of the miserable human touch gesture set, which is
negative valence. More importantly, however, there was no clear consensus for the
robot’s valence response for the pleased human touch gesture set, which were used
for the interaction that resulted in a statistically significant change in participants’

emotional state.
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Post-Study Evaluation

Two questions in the post-study survey probed for demand characteristics, the re-
sults of which were presented in Section 7.3.3.

The first question asked participants about overall similarities among the hu-
man touch gesture sequences. Results demonstrated that participants did not gen-
erally detect the two distinct touch gesture sets, each repeated twice (Table 7.10).

In the second question, participants rated the emotional content of each human
touch gesture set. Participants did not correctly identify the negative valence com-
ponent of the miserable human touch gestures (Table 7.11) but did infer positive
valence in the pleased ones (Table 7.12).

While this latter result initially may imply demand characteristics, when taken
in context it becomes less so. In the questionnaire, each set of human touch gestures
was presented in its entirety, so participants were unrestricted in considering the
complete list. This, however, is not the same as their presentation during the study,
which was one at a time in random order. Furthermore, as mentioned earlier in this
section, when actually prompted during the study, participants showed no general
agreement as to the specific emotional content of the pleased gestures.

Finally, though unrelated to our preceding validations, it is worth noting that
informal debriefings with the facilitator uncovered that a number of participants
thought the random shapes sequence (displayed during the rest break) might be in-
tended to influence their behavior. When the facilitator prompted these participants
to provide any meanings they inferred from the display, none could be provided.
This further justifies our use of an externally validated video technique: had the
video sequence not been previously validated [62], there would be potential con-

founds for improperly altering the participant’s emotional state.

7.4.3 Middling Responsiveness Impression

As noted in the results of the robot responsiveness scales recorded in the post-study
questionnaire (Section 7.3.3), the scores averaged near the midpoint for both sub-
scales. There was a slightly favorable sense that the Haptic Creature was generally
responding to the touch interaction, whereas a slightly less favorable sense that it

selectively understood the various human touch gestures. Also of note, however,
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is that the ranges in scores for each subscale included rankings at or close to their
respective boundaries. Clearly, some participants felt the Haptic Creature was ex-
tremely responsive yet others felt the robot was not responsive at all.

In preparation for the formal user study, we conducted several small pilot ses-
sions, of which one aspect concentrated on development and timing of the active
emotional responses from the Haptic Creature (Sections 7.1 and 7.2.4). Piloting
results indicated participants perceived the robot was responding to the their touch,
so our expectation was similar for participants of the formal study.

Upon reflection, the rigor of the formal procedure may have interfered some-
what with participants’ ability to recognize changes in expression from the Hap-
tic Creature. The majority of the pilot sessions were considerably more casual.
Though the human touch gesture sets, timings for their performance, and robot
emotional responses were generally common between the piloting and formal stud-
y, the less automated nature of the former may have allowed participants more flex-
ibility to ponder the Haptic Creature’s expressions. (Cf. the next section, which
discusses a potential lack of discernability between neutral and miserable that may
also have impacted the sense of the robot’s responsiveness.)

Furthermore, the somewhat noncommittal scores may have been a result, not
of the Haptic Creature’s behavior, but, rather, of participants’ performance of the
touch gestures. In our first interaction decomposition study (Chapter 5), partic-
ipants perceived the Haptic Creature’s emotional state without actively touching
with it: they simply rested their hands on the robot, which allowed for constant
contact with the Haptic Creature. In the current study, however, the participants’
movements required them to repeatedly break contact and occasionally touch non-
active locations of the robot. While the Haptic Creature’s overall emotional state
may be inferred throughout the touch gesture interaction, the subtleties of its tran-
sitions from neutral may have been less recognizable as a result of the participants’
active touch.

Though we had hoped participants would have had a stronger sense that the
robot was responsive, the results would have been more problematic had they been
the opposite, where the robot did not seem in any way to be responding to the

human touch gestures.
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7.4.4 Differences between Factor Levels

Here we reflect on the differing results in changes to participant emotional state
between our two emotion communicated factor levels. In particular, the statis-
tically significant shift to positive valence when communicating pleased, but no
statistically significant change for miserable. We are greatly encouraged to have
empirically demonstrated a change in the human’s emotional state as a result of af-
fective touch interaction with the robot. Nonetheless, much can be learned through
a further investigation into the success of one instance over the other. To that end,
we consider those elements that differed between the two factor levels: the human

touch gestures performed and the emotional response of the robot.

Human Affective Touch Gestures

We begin with an examination of the human touch gesture performances. The car-
dinality of each gesture set (six) was equal. Similarly, the timing when performing
a particular gesture (48 seconds) was the same for all. The human touch gestures
themselves, however, clearly differed between sets.

As noted in Section 7.2.3, generally the instructed speed was slower and the
instructed pressure was lighter for the miserable human touch gestures than those
for pleased. Furthermore, the composition of the two sets differed: contact without
movement, hold, and cradle were present only in miserable; tickle, pat, and rock
were present only in pleased; while hug, stroke, and rub were present in both sets
but with differing speed and pressure profiles.

Given that both sets were derived from the results of our second study (Chap-
ter 6), we have a degree of confidence in their general formulation. Moreover,
from the post-study questionnaire responses, participants did not express difficulty
in performing one set versus the other. However, latent influences may potentially
exist as a result of the discrepancies between these two human touch gesture sets.

To effectively control for the influence of the performed human touch gestures,
our present study would have had to use the same set for both factor levels. This
procedure, however, would have rendered the full affective touch interaction loop

inconsistent. That is to say, we required that the emotion communicated from the
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human (to the robot) to be the same as the emotion communicated from the robot
(to the human).

Robot Emotional Response

A second influence that may have contributed to the difference in results between
the two factor levels is the response of the robot, both in the rendering parameters
as well as the participants’ perception thereof.

As noted in the results presented in our first interaction decomposition study
(Section 5.3.1), the Haptic Creature was successful when it communicated pleased
(44%), whereas miserable (2%) was arguably the robot’s least recognized emotion.
Based on those results, we modified the rendering parameters for this study, with
the goal of increasing the robot’s overall effectiveness in emotion expression.

Referring back to the rendering parameters presented in Table 7.1, the more
pronounced differences between the two emotional expressions were in breaths-
per-minute and purring: for miserable, no purring existed and the breathing rate
(49.2 bpm) was 38% faster than pleased (35.6 bpm), which presented a purr. With
these updated parameters, less than 20% of participants were able to recognize the
negative valence of miserable, while, in contrast, nearly 80% of participants cor-
rectly recognized the positive valence of the pleased response. Moreover, there was
no perception whatsoever of negative valence for pleased: any incorrect recogni-
tion was that of neutral valence.

Our modified actuator rendering parameters, consequently, were successful in
representing positive but not negative valence. A likely possibility therefore exists
that the participant’s emotional response was impacted by the robot’s ability to
clearly communicate — or, conversely, the participant’s ability to perceive — the
intended valence state.

A separate consideration of the robot’s response is the affect display transitions.
Intended to impart a sense that the robot was responding to the participant’s touch,
the Haptic Creature modulated its emotional state between neutral and the emotion
corresponding to the current factor level (Section 7.2.4). The breathing rate for
neutral (42.3 bpm) is equidistant between the two communicated emotions: 19%

slower than miserable and 19% faster than pleased.
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While possible that this transition in breathing rates — slower to faster versus
faster to slower — impacted the participant’s emotional response differently for
each factor level, we suggest that purring may have been more substantial. In par-
ticular, the presence of a purr in pleased provided a more salient transition between
neutral.

Both in piloting as well as the familiarization session of the formal study, par-
ticipants expressed occasional difficulty in differentiating the neutral emotion from
miserable. On the other hand, pleased was more clearly separated when contrasted
with either of the other two expressions. The 19% difference in breathing rate be-
tween neutral and the other two emotions is arguably less perceptible than the 38%
difference between miserable and pleased. Moreover, the presence of purring for
positive valence helped set apart pleased from neutral. Conversely, miserable, was
potentially too similar in rendering to that of neutral.

Therefore, purring likely contributed to pleased being more correctly recog-
nized compared with miserable. Furthermore, this difference in recognition may
have contributed to the difference in results between emotion communicated factor
levels.

The potential similarity between neutral and miserable may also have con-
tributed to participants’ impressions of the Haptic Creature’s responsiveness. That
is to say, a lack of discernability between the two expression would give little in-
dication of a transition, thereby diminishing the sense that the robot responded
directly to human touch gestures for the miserable factor level.

Here we propose two alternate approaches in an attempt to control for the in-
fluence of the robot’s emotional response.

One approach would be to transition not from neutral but, rather, from an ap-
propriate low arousal expression to the current emotion communicated factor-level
emotion. One example would be to transition from sleepy — the low arousal equiv-
alent of neutral — regardless of the factor level. A second example would be to
transition from the low arousal emotion corresponding to the current factor level:
depressed for miserable, relaxed for pleased.

As we discussed earlier when attempting to control for influences of the hu-
man touch gestures, this manner of change would alter the intent of the study. The

present study manipulates the valence of the interaction but not the arousal dimen-
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sion. If the Haptic Creature were to transition between low arousal and medium,
the impression of responsiveness may increase, but the dynamics of the interaction
will have also been changed beyond its original intent.

A more useful approach, however, would be to further strengthen the recog-
nizability of the miserable emotion expression while, at the same time, its ability
to be distinguished from neutral. Our improvements to pleased were successful in
that no negative valence was inferred; however, miserable still has much room for

improvement to clearly convey its intended valence.

7.5 Summary

In this chapter, we presented our third and final interaction decomposition study.
Built upon the results of our two previous studies (Chapters 5 and 6), we investi-
gated the influence on the human’s emotional state as a consequence of affective
touch communication with the robot. We also documented an update to the Haptic
Creature’s affect display from the original design presented in Section 5.1, in an
attempt to increase the recognition of the expression used in our study.

Overall results demonstrated a statistically significant positive shift in the hu-
man’s valence when the two-way interaction communicated pleased, but not when
miserable was communicated. We also reported that participants had an average
sense of the Haptic Creature’s responsiveness to their touch: there was a slightly
favorable sense that the robot was responding but a slightly less favorable sense
that it selectively understood the various human touch gestures. We suggested two
explanations for the differences in results between the two emotions communi-
cated. One possibility was the differences between the human touch gesture se-
quences performed. A second possibility was in the Haptic Creature’s emotional
responses, particularly participants’ discernability of the robot’s general respon-
siveness as well as its ability to convey negative valence. The broader implications
of this work will be discussed in Section 8.1.4.

We conclude this dissertation in the next chapter (8), where we revisit our re-

search contributions as well as discuss future directions for our work.
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Chapter 8

Conclusion

We opened this dissertation with a scenario that highlighted the interactions inves-
tigated in our thesis (Section 1.1). Stella and her furry companion, Roi, communi-
cated with each other through touch. Through these touch interactions, each was
able to sense the emotional state of the other and, in some cases, the emotion of the
perceiver was altered.

As noted in our discussion of related work, while touch is a unique modality, it
has received limited research interest in psychology relative to vision and audition,
and this relegation is particularly acute in the investigation of emotion communi-
cation. Similarly, affect display research in the field of socially interactive robotics
has paralleled this approach in psychology.

The overall goal of our thesis was to investigate the role of affective touch in the
social interaction between human and robot. In particular, our research examined
the display, recognition, and emotional influence of this form of touch.

We began with the development of the Haptic Creature robot. Then, we de-
composed the overall affective touch interaction into its constituent parts, which
guided the development of three user studies. The first investigated the manner
and success of the Haptic Creature expressing its emotional state through touch.
Our second study examined affective touch originating from the human. Our final
study incorporated the results from the first two to explore the emotional influence
of affective touch on the human.

We begin this chapter by reflecting upon the various research contributions
presented in this dissertation. Then, in Section 8.2, we critique the approach that
guided our research. This is followed by Section 8.3, which introduces consid-
erations in the design of affective touch interactions. In Section 8.4, we discuss
directions for future research. This dissertation then concludes with some final

thoughts.
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8.1 Research Contributions

In this section, we review the research contributions claimed in this thesis.

8.1.1 Platform for the Study of Affective Touch

Chapter 4 presented the Haptic Creature robot, which we developed for use in
our research. As discussed in Section 2.4, there currently exists a small set of
zoomorphic social robots that, to varying degrees, utilize touch and emotion as
part of the interaction with human. However, as we later noted (Section 2.4.2),
none have such a singular focus on the integration of touch and emotion as our
Haptic Creature.

While the other robots have touch sensing capabilities, all are augmented with
visual and auditory sensing as well. Moreover, all use visual and auditory means
for emotion expression from the robot, and only a few include touch. In contrast,
the Haptic Creature is the only robot to rely solely on the touch modality for both
sensing and affect display.

The Haptic Creature is unique in its use of ear stiffness, modulated breathing,
and vibrotactile purring to outwardly express its emotional state through touch.
Furthermore, the Haptic Creature also has a more minimalist shape than related
robots. Though animal-like, the Haptic Creature’s features are less defined as oth-
ers, thereby increasing the concentration on the underlying interaction by dimin-
ishing the focus on the form.

The Haptic Creature was advanced iteratively, with results from pilot and for-
mal studies being fed back into its development. Therefore, the platform served
not only as a means to study affective touch in social human-robot interaction but
also a testbed for the application of knowledge gained from these studies. Further-
more, none of the aforementioned related robots have been so extensively utilized

in affective touch interaction studies.

8.1.2 Affective Touch Originating from the Robot

In Chapter 5, we discussed the design of the Haptic Creature’s display of affective

touch. We began with animal models then modified these through successive in-
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formal user tests. After multiple iterations on the design, we conducted a formal
user study to evaluate it effectiveness. This was the first study of its kind to explore
affective touch originating from the robot.

Overall results demonstrated that the configuration of the robot’s affect display
system was more successful at communicating arousal as compared with valence.
Increased ear stiffness and increased breathing rate were correctly recognized as
increased arousal. The robot’s vibrotactile purr was successful at communicating
positive valence, but it had the unintended effect of conveying negative valence
when its intensity was increased.

Though not intended in the tested configuration, there was an indication that
breathing rate could also convey valence; specifically, faster rates implying nega-
tive valence as opposed to slower rates inferring positive valence. Similarly, there
was also an indication that depth of breathing could communicate valence, where
shallower breathing implies negative valence and deep breathing implies positive
valence.

In addition, as part of our study of human-initiated affective touch (Chapter 6),
we found that participants frequently expected the Haptic Creature to respond with
a similar emotion to the one that they were conveying. This has important impli-
cations in the development of believable affective touch interactions between the
human and robot.

These results guided the reconfiguration of the Haptic Creature’s affect dis-
play prior to its use in our study of the influence of affective touch interaction
(Chapter 7). In Section 8.3.2, we provide generalizations for robot affective touch

gestures from the results presented here.

8.1.3 Affective Touch Originating from the Human

In Chapter 6, we presented a study of human affective touch directed towards the
Haptic Creature, which was imagined by participants as a close pet. From research
in psychology and human-animal interaction, we compiled a dictionary of probable
touch gestures. Participants rated the likelihood of using these gestures for com-
municating a variety of emotions. From each emotion, participants then performed

likely gestures for the Haptic Creature.
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The outcomes of this study have broad implications on socially interactive
robotics when touch, especially affective touch, is part of the interaction. Here,
we present a brief overview of these contributions. In Section 8.3.4, we then ex-
pand upon them in consideration for the recognition of human affective touch.

Our first contribution was the compilation of a set of plausible touch gestures
for interacting with the robot (Table 6.1).

From this touch dictionary, we were able to determine the overall ranking of
gestures likely to convey emotions in human-initiated touch (Table 6.3) . With this
same data, we were also able to partition the likely gestures based on the emotion
communicated (Figure 6.4).

Next, by observing participant performances of likely gestures, we were then
able to extract features of human affective touch (Section 6.3.2) — points of contact
between the human and robot; duration and pressure intensity of touch.

Finally, by comparing these views, we were able to construct an understanding

of the human’s higher-level intent through affective touch (Section 6.4.3).

8.1.4 Affective Touch Interactions Influence on the Human

In Chapter 7, we combined knowledge from the two preceding studies to explore
the full affective touch interaction loop between the human and robot. In partic-
ular, we investigated the influence of the human’s emotional state — specifically,
valence — from this interaction.

Participants performed predetermined sequences of affective touch gestures for
the Haptic Creature. They then reported any changes to their emotional state that
resulted from both nonactive and simulated active responses from the robot. In all
cases, the Haptic Creature’s active emotional response mirrored that of the partici-
pants’ intended emotion. By a comparison between nonactive (control) and active
(treatment) robot responses — when human touch gesture sequences were iden-
tical — changes in participant emotions therefore can be attributed to the robot’s
reaction.

The results of our study empirically demonstrated a statistically significant pos-
itive shift in valence for the human when the two-way interaction was pleased.

However, a statistically significant change was not observed when the emotion
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communicated between the human and robot was miserable, which we believe
may be the result of the differences in the touch gestures employed as well as the
emotional responses presented by the robot.

While research has been conducted on the influence of social touch (Sec-
tion 2.2.1) — e.g., intimacy, bonding, compliance — there has been little focus
on its emotional influence, and none within socially interactive robotics.

The broader implications of our results from this study fall into three cate-
gories.

First, the general fact that a change in emotional state was observed is encour-
aging. The greater influence of an active versus nonactive robot substantiates the
importance of both parties, the human and the robot, in the interaction.

Second, the lack of an observed emotional change in the human for the mis-
erable interaction, though unexpected, sheds light on possible features necessary
for rich interactions. One explanation we have for the lack of change in the human
is the possibility of a lack of a perceived change in the robot. That is to say, the
robot’s change in response to affective touch from the human may not have been
as noticeable for miserable as it was for pleased. Therefore, following from our
first implication in the preceding paragraph, it is not enough to simply have a ac-
tive robot but one that is perceived as responsive — and assumed to be responding
appropriately.

Finally, there now exists the possibility to directly influence the human’s emo-
tional state as a result of affective touch interactions with the robot. In general,
this requires care be taken with the robot when designing for the interaction so that
the human is not inadvertently influenced. More importantly, though, if coupled
with the knowledge gained from our second study, which aids in an understanding
of the human’s emotional state and higher-level intent, the robot’s behavior can be
properly designed to intentionally influence the human’s emotional state. This, for

example, has applications to therapy (see Section 8.4.6).
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8.2 Reflections on Research Approach

In this section, we review various aspects of the research approach that guided
the development of our thesis and consider the strengths and possible limitations

thereof.

8.2.1 Human-Animal Interaction

In Section 2.2.4, we introduced methodological issues inherent in the study of hu-
man social touch. As a means to mitigate these issues, we then went on in Sec-
tion 2.3 to consider the interaction between humans and companion animals. This
approach overall was beneficial to our thesis; however, several alternate considera-
tions must be mentioned. However, before presenting these, it is worth noting that
much of the affective touch research in social human-robot interaction has so far
gravitated towards zoomorphic robots (Section 2.4).

Though not explicitly stated, our work began with an assumption that issues
with human-to-human social touch are similarly manifest in touch between a hu-
man and a humanoid robot. As one example, the gender of the human and the
robot could be a confounding factor. While we generally believe a humanoid robot
would pose similar issues, we did not actually investigate this directly. Therefore,
it is possible that many of the methodological issues of human to human touch
research are not necessarily as problematic with a humanoid robot.

Following from this consideration is the ability to generalize our results, which
utilized a zoomorphic robot, to that of a humanoid robot or, further, to non-robotic
technologies. The size, weight, shape, and passive feel of the Haptic Creature
directly influenced the manner of the interactions. In addition, the context of the
Haptic Creature, that of a companion animal, also was an influence.

In terms of the robot’s morphology, our hypothesis is that interactions with
much smaller or much larger zoomorphic robots would change more in manner
and less in kind. That is to say, the human’s points of contact, speed of movement,
and pressure intensity for touch would change in accordance with the robot’s size,
but the set of likely affective touch gestures would remain relatively similar. For
example, stroke is a highly likely gesture for expressing pleased, which we believe

would still be employed regardless if the robot’s size was much smaller, like a
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mouse, or much larger, like a horse. However, for the mouse-sized robot, the speed
might be quicker and the intensity much lighter than when interacting with a horse-
sized robot. Furthermore, the points of contact would differ in that the human might
use a fingertip on the smaller robot, while a full hand could be expected to stroke
the larger robot. We further hypothesize that these generalizations will likely hold
for humanoid and even non-robotic technologies.

One area for differences, however, is in the Haptic Creature’s affect display.
While we are able to generalize parameters of our robot’s effective behaviors, its
emotional expression is limited by its present actuation mechanisms. Most no-
tably, the Haptic Creature’s difficulty in conveying negative valence could be less
a result of poorly configured actuation parameters and due more to the need for an
appropriate actuator. Furthermore, while the breathing affords the Haptic Creature
the ability to push against or pull away from the human, the robot is otherwise
restricted in its inability to move in relation to the human.

Potential differences in results also are likely to emerge in the context of the in-
teraction. A human’s relationship with another human companion bears some sim-
ilarities to that with an animal companion, but the relationship also differs. Both,
for example, offer means of social support, but in differing ways: humans consider
human companions more for instrumental aid and intimacy, while pets are viewed
more as reliable and in need of nurturance [147]. Therefore, interactions between a
human and humanoid robot companion may bear some similarity between interac-
tions with a zoomorphic robot companion, but it may be more difficult to construct
a scenario where the human views the zoomorphic robot as anything other than a
pet. That is to say, a humanoid robot could much more easily be presented in a

scenario as a peer or even adversary.

8.2.2 Duration of Emotional Interaction

In Section 2.1, we differentiated emotion, which is viewed as short-lived, from
mood, which is considered over a much longer period of time. This brief temporal
nature of emotion is reflected in the various user studies conducted as part of this

thesis.
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In the robot affect display study (Chapter 5), the participant assessed the Haptic
Creature’s emotional state in a matter of seconds. In the human affect display study
(Chapter 6), each affective touch gesture the participant performed for the Haptic
Creature was often very brief. And in the influence of affective touch user study
(Chapter 7), the sequence of affective touch interactions between the participant
and the Haptic Creature lasted only a few minutes.

This approach generally parallels related emotion research in psychology. While
time frames (unfortunately) are often not explicitly presented as part of the exper-
imental procedures, seminal research on facial expression recognition implies that
the participant made judgments after viewing the stimuli for very brief periods
(e.g., [38, 79, 172]). Similar short stimuli presentation can also be inferred in the
affective touch studies of Hertenstein et al. (e.g., [74, 75]). Furthermore, much of
the research on the influence of social touch presented in Section 2.2.1 investigated
very brief touch stimuli.

While these help to justify our use of short periods of interaction, an argument
could be made for increasing the interval with which the human interacted with the
Haptic Creature. The nature of the studies would change if the interactions went
from less than a minute to over an hour; however, increasing each interaction to
several minutes likely would not affect the current study goals.

Specific to our research is the nature of the interaction. The manner in which
the Haptic Creature displays its emotional state was grounded in animal models
and iteratively improved through both informal and formal user studies. That said,
the Haptic Creature represents no specific animal and is, in fact, a robot. We felt
it important to always recruit participants that had no familiarity with the Haptic
Creature, but the newness of the interactions might have contributed to lower than
anticipated emotion recognition scoring. If the participant was allowed longer du-
rations of emotional interaction, then recognition potentially could be improved.
As an example, the time it takes a participant to consider the Haptic Creature’s
current emotional expression — the stiffness of the ears, the manner of breathing,
the properties of the purr — while making comparisons to the robot’s previous

expressions might be better served with longer periods of interaction.
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8.2.3 Three-Dimensional Models of Affect

In Section 2.1.1, we introduced the dimensional models of affect and focused on
the subset of theories that consider emotions to be constructed specifically of two
bipolar dimensions. It is worth noting, however, that three-dimensional models
also exist.

Prior to Russell’s two-dimensional circumplex [130], he and Mehrabian [135]
proposed a model composed of pleasure, arousal, and dominance. Plutchik [125]
also developed a three-dimensional circumplex model whereby placement on the
circle represents degrees of similarity among the emotions, and the third axis rep-
resents their level of intensity.

As discussed in Section 4.3.3, we designed the Haptic Creature’s emotion
model in accordance with the two-dimensional, bipolar affect space adapted from
Russell [130, 136, 192]. Utilizing only valence and arousal, Russell’s model does
not consider the third dimension, dominance, as introduced in his earlier work with
Mehrabian (mentioned above). Furthermore, the SAM scales by Bradley and Lang,
which were used in each of our interaction decomposition studies, have versions
that include measurement of dominance [14].

In our research, we chose to emphasize basic emotions inherent in two-di-
mensional models of affect, while also following precedent for this approach that
already existed within socially interactive robotics — e.g., [18, 138, 157]. It is
possible, though, that the consideration of this additional dimension could have en-
hanced the Haptic Creature’s ability to express its emotional state. The dominance
dimension represents the emotion’s controlling aspect. For example, it differenti-
ates sleepy (submissive) from comfortable (dominant) or distressed (submissive)
from belligerent (dominant).

Dominance is considered the weakest of the three dimensions in that it is highly
correlated with pleasure and, to a lesser degree, arousal; on the other hand, pleasure
and arousal, the two dimensions we utilize in this thesis, show very little correlation
[135]. Bradley and Lang [15], however, note that dominance’s high correlation
with the pleasure dimension is manifest in responses to symbolic stimuli (e.g.,

photos), and they speculate that dominance may be more apropos in assessments
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of social interaction. Given that social interaction is a major focus of our thesis,

the inclusion of dominance therefore would be a relevant consideration.

8.2.4 Embodiment of Emotion

When introducing the face as the primary means of human affect display in Sec-
tion 2.1.2, we noted that the vast majority of studies in emotion stem from this
work. This is true even for emotion research focused on gestural or haptic be-
haviors — e.g., the affective touch studies by Hertenstein et al. discussed in Sec-
tion 2.2.2. Our approach, therefore, borrowed frequently from this body of work.
Much of this research, however, often does not account for more recent theo-
ries concerning embodied cognition, where “cognitive processes are deeply rooted
in the body’s interactions with the world.” [189]. Of particular interest would be
theories of embodied emotion, which examine the mutual relationship between the
physical mannerism of affect display and the perception of emotion [119]. While
these theories can be applied to affect display through facial expressions, the em-
bodiment of emotion seems all the more relevant to affective touch given the body’s

pronounced physical interaction.

8.3 Considerations in Designing for Affective Touch

In the previous two sections, we summarized the research contributions of our
thesis as well as critiqued our overall approach. Mindful of these discussions, we
wish to consolidate and generalize the research as a whole.

We provide here considerations in the design of affective touch interactions.
These are based on outcomes from our controlled user studies as well as countless
informal observations and general lessons learned over the many years the research
was conducted. While our thesis was clearly focused upon socially interactive
robotics, we feel that many of the considerations may be extensible to humans

interacting with technologies other than robots.
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8.3.1 Interaction Context and Robot Morphology

The circumstances under which the interaction takes place and the robot’s physical
form are important factors to consider when designing for affective touch. Both
have an impact on the other design considerations we present.

The interaction context we chose for our research was that between a human
and a companion animal, and the Haptic Creature’s look and feel facilitated this
relationship. As we discussed in Section 6.4.2, these two properties appeared to
influence the human’s preference for affectionate touch gestures over aggressive
ones as well as the manner in which these gestures expressed emotion.

If, for example, the context was that of a caregiver and an infant, a parent and
a child, lovers, adversaries, or peers, then the robot’s morphology should accord
with the relationship. In turn, the context and form dictate the acceptable affec-
tive touch interactions. This consideration can be seen reflected in our coverage
of human social touch research (Section 2.2.1); the frequency, manner, location,
acceptability, and influence of touch was often dependent upon factors such as the

relationship, age, gender, and familiarity of those interacting.

8.3.2 Robot Affective Touch Gestures

While unlikely that most robots will possess actuation mechanisms similar to our
Haptic Creature, the results from our configuration and testing of the robot’s affect
display could be extended for other robots (cf. Sections 5.1, 5.4, and 7.1). These
generalization roughly fall into three categories: stiffness, vibrotactile feedback,
and modulated force feedback.

As shown with the Haptic Creature’s ears, stiffiness in any robot effector could
be a useful means of conveying arousal. Increased stiffness could imply higher
arousal, while decreased stiffness could convey lower arousal.

The Haptic Creature’s purr box demonstrated that vibrotactile feedback could
be used as a means to convey valence and, to a lesser degree, arousal. The pres-
ence of a vibration could imply positive valence, while an increase in its frequency
could correspond to an increase in arousal — e.g., differentiating pleased from

excited. Furthermore, results from our first study strongly indicated that a signif-
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icant increase in amplitude, thereby connoting shaking or shivering, could convey
negative valence (Section 5.4.5).

The Haptic Creature’s breathing presented a limited form of repetitious, modu-
lated force feedback. Four parameters controlled the breathing: rate, volume, bias,
and rest. Generally speaking, the rate corresponds to the frequency of the repeti-
tious movement, and the volume corresponds to the amplitude of the force. Bias
and rest, in turn, can be used to introduce an abberation by modifying the symme-
try of a repetition. Bias controls precedence for the force pushing out in relation to
the force pulling back, while the rest parameter controls pauses independently at
either end of the repetition.

The frequency of the movement can be used to convey both arousal and, to a
lesser extent, valence. A higher frequency could imply higher arousal states, while
it also can convey greater negative valence. This is accomplished by having the
magnitude of the arousal axis be larger than that of the valence axis. For example,
in our configuration for the final study (Table 7.1), the difference between two
arousal levels was ~20 bpm — e.g., relaxed was approximately 20 bpm slower
than the higher arousal pleased — whereas the difference between two valence
levels was ~6 bpm — e.g., relaxed was approximately 6 bpm slower than the less
positive valence sleepy.

The amplitude of the force could be used to convey valence. Increased ampli-
tudes could imply more positive valence states, while decreased amplitudes could
convey more negative valence.

The symmetry of the repetitious movement was less salient in our work. In both
studies, we used the bias parameter to convey valence — the rest parameter was
never utilized. Our current configuration for the final study used symmetric breath-
ing to connote neutral valence, with faster exhale (force pushing out) signifying
negative valence and, conversely, faster inhale (force pulling back) representing
positive valence (see Figure 7.2).

As we noted in Section 8.2.1, the Haptic Creature lacked the ability to move
its entire body in relation to the human. While this limited aspects of its emotional
expression, it does bear some similarity to other consumer technology. With the
exception of certain game controllers — e.g., joysticks, driving simulators — force

feedback is an uncommon and often limited feature in many current consumer
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technologies, and it is even more rare for the device to move in relation to the
user. The generalizations from the Haptic Creature’s breathing, therefore, may
also apply to these other types of devices wishing to apply more limited forms of

force feedback.

8.3.3 Robot Response

As we stated in Section 8.1.4, care should be taken with the robot when design-
ing for the interaction so that the human is not inadvertently influenced. Our final
study demonstrated a change in the human’s emotional state as a result of the full
affective touch interaction loop. A key factor in this study was the emotional re-
sponse of the robot. Therefore, there is significant responsibility in regards to the
robot’s response to affective touch interactions. Here, we present three properties
that should be considered: appropriateness, discernability, and latency.

Following from our consideration of the interaction context mentioned above,
the manner in which the robot responds must be appropriate for the affective touch
interactions.

Our research results demonstrated that the human generally expects the robot
to respond with an emotional state that mirrors his or her own (Section 6.4.4).
For example, if the human was pleased, and expressed this to the robot, then the
appropriate robot response would also be pleased.

This form of response, however, was within the context we had defined: the
interaction between a human and companion robot. If the goal was to modify
the human’s emotional state, the appropriate response likely would be different.
For example, if the goal is to decrease the arousal for an excited human, then an
appropriate response from the robot might be to show it is relaxed — both are
positively valenced, but the latter is the low arousal equivalent.

An appropriate response from the robot is only useful, however, if it is also
discernible. The results from our final study suggested that the human may not
have been able to adequately discern the robot’s transition to its miserable state
(Section 7.4.4); it too closely resembled the preceding neutral emotion rendering.

An additional observation from our final study deals with the latency of the

robot’s response. That is to say, the suitable timings whereby the human does not
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sense an undue lag between when an affective touch gesture was performed and the
robot rendering a response. While our research did not focus on providing specific
timing guidelines, we did spend considerable effort examining acceptable latency
in the development of our final study.

The full affective touch interaction loop (Figure 1.2) is far from instantaneous.
The expression of an emotion through touch — by either the human or the robot —
often can take at least a few seconds, particularly for gestures requiring repetition.
There then follows an appraisal period by the recipient, and a subsequent affective
touch response. This, again, can take at least a few seconds.

What we found when piloting our final study was a fair amount of leniency on
the part of the human after initiating an affective touch gesture. The rule of thumb
we eventually adopted was that the robot’s response needed to appear somewhere
within an approximate window of 3-8 seconds after the human initiated touch. The
robot was viewed as unnatural if it responded instantaneously (near the first point
of contact), while it was viewed as unresponsive when it took considerable time
to renderer a change in emotional state. If, however, the response was discernable
within this rough time window, then the interaction generally seemed natural to the
human.

As a rule of thumb, we freely admit that this 3-8 second timing is likely not an
ideal across all interaction contexts. Nonetheless, the observation has two practical
implications: the response time for the robot is neither immediate nor is it precise.
There is ample computing time — on the order of several seconds — with which
the robot can reason about the human’s touch gesture. Similarly, there is also an

ample window within which the robot can initiate its response.

8.3.4 Recognizing Human Affective Touch

While the focus of our thesis was not on algorithmic techniques for recognizing
human affective touch, we indeed wished to guide such work. Here, we discuss
considerations for the recognition of human affective touch. It is important to note,
however, that the context of the affective touch interactions was between a human

and robot companion; therefore, various aspects may differ in divergent situations.
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Our touch dictionary (Table 6.1) should prove useful both in the development
of a touch gesture recognizer as well as in conducting future studies on human-
initiated touch, not restricted solely to affective touch. The dictionary provides a
comprehensive common ground for the research and application of touch gestures.

The overall ranking of gestures likely to convey emotions (Table 6.3) helps to
guide the expectations of the robot by focusing recognition on likely gestures and,
consequently, diminishing the concentration on those less likely to be used. Within
our interaction context, the human tended to employ more affectionate gestures,
while shying away from more aggressive one.

Furthermore, we observed that some of the lighter touches — e.g., finger idly,
nuzzle, tickle — have a lower likelihood overall of communicating emotional state
when compared to some of the more pronounced touches — e.g., stroke, rub. This
has implications on decisions for touch sensing technologies employed, as less
sensitive sensors may prove adequate; however, they may need to be more robust.
Similarly, the features of human affective touch (Section 6.3.2) — points of contact
between the human and robot; duration and pressure intensity of touch — not
only impact the design and positioning of sensors but also guide the recognition of
gestures and their emotional content. See Section 8.3.5 for further considerations
on touch sensing technologies.

Finally, our categorization of the human’s higher-level intents (Section 6.4.3)
can guide the robot’s overall understanding of the human’s behavior, which is of
particular use for the robot’s emotion controller. The low-level knowledge of the
touch gestures employed is necessary, as is the intended emotional content; how-
ever, this is linked more to the immediate interaction. The inherent overlap of
touch gestures with adjacent emotions, coupled with the dynamics of the interac-
tion changing over time, require a higher-level model of the human’s intent.

There are two approaches to the use of our higher-level intent categorization.
While these approaches can be employed separately, they are not mutually exclu-
sive and, therefore, can be complimentary when used together.

The first approach concerns the general features of human-initiated affective
touch, particularly the duration and intensity (Section 6.3.2). This obviates the
need for direct recognition of a touch gesture; rather, it focuses on commonalities

of touch gesture profiles within a particular intent. As a few examples, the touch
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gestures in the restful intent often have lower intensities and longer durations; the
playful intent utilizes gestures that move the robot around extensively in space; and
the affectionate intent is generally comprised of gestures that are higher in intensity
and shorter in duration.

The second approach, on the other hand, is concerned with combinations or
sequences of likely affective touch gestures (Section 6.3.1); therefore, unlike the
previous approach, it requires somewhat reasonable gesture recognition. This ap-
proach leverages the commonalities among touch gestures likely employed within
a particular intent. To clarify by way of an example, stroke is likely to be used in
miserable, depressed, and sleepy emotional states (among others). If this gesture
transitions to massage, then it becomes more probable that the human is in the

restful intent as opposed to comforting, which does not include massage.

8.3.5 Touch Sensing Technologies

In Section 4.2.4, we documented the Haptic Creature’s touch sensing hardware.
While the focus of our thesis was not on the robot’s ability to recognize touch
gestures (Section 4.3.2), much of this groundwork was laid along with the thesis.
Here we wish to highlight lessons learned in the development of the robot’s touch
sensing capabilities.

The touch sensors we used, FSRs, were advantageous in that they were in-
expensive and easy to work with: the average cost per sensor was approximately
CAD#$5.00, and the supplemental circuitry was uncomplicated (Figure 4.5). How-
ever, these sensors have several shortcomings, which help to illuminate general
considerations for affective touch interactions.

Fitting an FSR to a curved surface is problematic. Bending the sensor imposes
static load on the circuit, as if someone is constantly touching it. While the FSR
may still be usable in many of these situations, the end result is that the overall
range of the sensor will be diminished in compensation for the constant load.

Our solution was to employ multiple smaller sensors in place of one larger
sensor. The severity of the curve is therefore reduced, often completely eliminating
the static load.
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An positive side-effect for this approach was that positional resolution increased.
A single FSR provides data on force but not where this force is applied on the sen-
sor. Positional information is obtained by knowledge of the physical location of
the senor on the robot. Therefore, multiple smaller sensors replacing the coverage
of one larger sensor allows for finer positional information.

The downside for this approach, however, was that the number of sensors in-
creased significantly. While one FSR was relatively inexpensive, the overall cost
of the touch sensing system increased proportionally. Furthermore, the hardware
setup became cumbersome as each sensor required its own wiring.

The trade-off ultimately was between increased positional resolution and to-
tal coverage. In our setup, the small, round FSRs were placed in such a way that
maximized spread but consequently resulted in notable gaps among sensors (Fig-
ure 4.2).

Another issue with the FSRs was their appropriateness for shearing move-
ments. The sensors work well when the applied force was orthogonal; however,
FSRs are much less sensitive to lateral, shearing force. This can be problematic for
common touch gestures such as stroke or rub.

Finally, while the FSRs were fairly robust, we did have occasions where a few
eventually failed. The sensors were mounted atop the Haptic Creature’s fiberglass
shell and beneath its fur. Certain locations on the robot’s rib cage (Figure 4.2 [R])
received both significant friction from both human touch as well as the movements
of the breathing mechanism rubbing against the fur. Over time, several FSRs in this

location wore out and had to be replaced; however, it was not a frequent problem.

8.4 Future Directions

While our thesis contributes to the body of work on affective touch, especially in
the field of socially interactive robotics, there is still considerable room to continue
forward with the exploration. Here we consider various aspects of this thesis that

appear ripe for future work.
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8.4.1 The Haptic Creature

Our Haptic Creature robot (Chapter 4) was developed as a robust, automated plat-
form with which to explore affective touch in human-robot interaction. While the
robot demonstrated its value in our three interaction decomposition user studies
(Chapters 5-7), the platform nonetheless has room for improvements in both the

hardware and software components.

Actuation Hardware

The actuation hardware that is used to communicate the Haptic Creature’s emo-
tional state to the human could be expanded upon while, at the same time, making
the existing actuators more expressive.

New touch actuation mechanisms could be added to the platform, while still
taking into consideration our design constraint that the hardware work in concert
with one another (Section 4.1). A localized pulse (heartbeat) prototype has already
been investigated, and a full-body version to simulate veins has also been consid-
ered. Preliminary development has been conducted for an articulated neck so that
the Haptic Creature may, for example, actively nudge the human. Similarly, the
robot could have the ability to arch its back — the breathing mechanism loosely
approximates this, but in a more rhythmic manner. In the very early design of
the Hapticat prototype (Section 3.1), two actuation ideas were: the ability to ac-
tively adjust the fur stiffness to simulate, for example, the raising of hackles; and
a means of actuating the underside, which is in frequent contact with the human’s
lap or chest, to simulate mannerisms such as a cat’s kneading. Finally, though the
Haptic Creature has a tail, its sole purpose has been aesthetic by covering the com-
munication and power cabling, there exists the possibility of leveraging the tail as
a means of touch expression.

While adding new actuation mechanisms have the potential to expand the ex-
pressive capabilities of the Haptic Creature, there still exists room for improvement
on the present mechanisms. The ears would benefit from a much broader range of
stiffness levels in order to more clearly communicate their intent. This is of par-

ticular note for the less stiff states, as the ears still provide more resistance than
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desirable. The lungs could be improved by smoothing the mechanism’s movement

while also dampening vibrations and sound generated from its actuation.

Sensing Hardware

The Haptic Creature need not only express itself through touch, it also must sense
touch from the human. Our pressure sensor array was usable for our initial in-
vestigations but will become a limitation in future research on touch sensing. Any
advancement of this hardware would need to have ample coverage across the extent
of the robot’s body; have good resolution in order to distinguish across a contin-
uum of light to strong pressure intensities; be able to handle a variety of touch
directions, such as shear and orthogonal; be flexible enough to manage the robot’s
curved surfaces yet be serviceable in the event any component fails. As currently
no single solution exists, a variety of sensor technologies should be investigated
— e.g., capacitive sensors, quantum tunneling composites (QTC). As a spin-off of
this thesis, Flagg et al. (2012) [47] have prototyped a novel conductive fur sensor.
Another area of future investigation for sensing could be in additional touch
interaction points. The tail could have touch sensors added. Also, the addition of
whiskers as an affordance has the potential not only of fostering more face-directed

touches on Haptic Creature but providing a separate means for touch sensing.

Gesture Recognizer

As the Haptic Creature’s touch sensing hardware advances, so can the software
system for gesture recognition. While a preliminary investigation was undertaken
[27], the need still exists for a Gesture Recognizer that is fully integrated into the
broader architecture (Figure 4.6). Furthermore, any advances should work towards
providing timely, efficient, robust, and accurate recognition of a large set of ges-
tures.

The results of our human-initiated affective touch study (Chapter 6) provide
useful guidance by, for example, narrowing the set of expected gestures as well
as partitioning their emotional content and broader intent. However, assuming
usable sensor data, the underlying machine learning necessary for touch gesture

recognition remains an interesting thread of research.

188



8.4. Future Directions

Emoter

Currently, the Emoter is capable of encapsulation and communication of emotional
state; however, software features that influence the Haptic Creature’s emotional
state have yet to be developed.

As mentioned in the previous section, the Gesture Recognizer is in a nascent
state. As this component grows, the gestures that it outputs can be used, as in-
tended, by the Emoter to update the robot’s emotional state.

More importantly, the Emoter was dependent upon results from the human
affective touch study (Chapter 6): the gestures used for particular emotions; the
higher-level intent of the human; the expectations of the Haptic Creature’s re-
sponse. Now that this information exists, the behavior of the Emoter can be ad-
vanced.

Finally, internal mechanisms that influence the state of the Emoter may also be
explored. For example, temporal considerations can be implemented such that the
Haptic Creature’s emotional state changes as a function of time. Any software ad-
ditions need not be extensive. However, the configuration of appropriate behaviors
likely would require considerable user testing similar in our approach to the design

of the robot’s affect display as presented in this thesis.

8.4.2 Haptic Creature Affect Display

A considerable portion of the work presented in this thesis was focused on affective
touch originating from the Haptic Creature. This was a major aspect of our first
user study (Chapter 5). It was relevant in respect to expectations of the robot’s
response as explored in our study of human affective touch (Chapter 6). Also,
affective touch from the Haptic Creature played a significant role in the final study
on the emotional influence of this form of touch (Chapter 7).

Nonetheless, there exists room for additional research on the robot’s affect dis-
play. As was seen in the first study, the Haptic Creature was more successful
at communicating arousal as opposed to valence, particularly negative valence.
Leveraging those results, this was improved somewhat in the final study, but ad-

ditional work remains to advance the overall design of the robot’s affect display.
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Furthermore, whenever existing hardware is improved or new actuation hardware

is added, user testing should validate any changes.

8.4.3 Human Intent through Affective Touch

One outcome from our study of human-initiated affective touch (Chapter 6) was the
categorization of human intent (Section 6.4.3). As we discussed, this result affects
both lower-level touch sensing, which has implications for the Gesture Recognizer,
as well as higher-level interpretations of behavior, which has implications for the
Emoter.

Given the relevance of this result and its potential impact on the robot’s behav-
ior, further investigation may be warranted. This could take form of integrating
knowledge of the intents into the respective software components. Also, additional

user studies could be conducted that seek to validate these categorizations.

8.4.4 Emotion Elicitation through Touch

As we proceeded with the work presented in this thesis, a great many individuals
(including ourselves) performed countless touch gestures for the Haptic Creature.
Sometimes these were simply random touch interactions, while on other occasions
the touch was more specific and directed, as in our user studies.

From our own personal experiences as well as open discussions with others
who interacted with the robot, it became clear that a simple act of non-reciprocal
touch had the potential for eliciting emotion in the initiator. This serendipitous
discovery was reminiscent of Ekman’s (2007) [37] “directed facial action task” for
emotional responses through facial expression.

While it was outside the scope of our present research, touch enactment as a

means of emotion elicitation could be a fruitful avenue of further exploration.

8.4.5 Ethnographic and Longitudinal Studies

The Haptic Creature was actively developed in concert with our user studies. That
is to say, our robot was being designed to study affective touch, but it also was

influenced by the results of studies in which it is employed.
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For the research presented in this dissertation, it was important to conduct tests
in more controlled environments. This afforded greater management of humans
interacting with a new robot and, more importantly, helped guard against a variety
of confounding factors inherent in the domain under investigation.

As the Haptic Creature has stabilized and our research illuminated details of af-
fective touch, it is now possible to move towards more realistic scenarios through
ethnographic and longitudinal studies —e.g., [109, 179]. These additional method-
ologies not only allow us to further validate our current findings but also expose

new areas of investigation.

8.4.6 Robot-Assisted Therapy

While this thesis explored underlying features of affective touch in social human-
robot interaction, one extension of our research would be in its broader application.
A potential area of focus is that of touch in robot-assisted therapy (RAT).

In our related work discussion on the influences of human-animal interaction
(Section 2.3.2), we saw how companion animals provide many positive health and
social benefits in the lives of humans. We also saw, though, that pets can be prob-
lematic for reasons such as stress of caretaking as well as allergies and diseases.
Therefore, the possibility exists for the Haptic Creature to approximate the benefits
of companion animals in cases where the inherent problems preclude ownership or
interaction.

Some example domains could be with the very young, the elderly, the disabled,
the hospitalized, or individuals with psychological disorders. However, given the
pervasiveness of companion animals in general society, benefits could also be de-
rived by non-at-risk groups such as tenants prohibited from having pets or indi-
viduals whose lifestyles do not allow for daily pet care. Paro, the baby harp seal
robot introduced in Section 2.4, is one such robot already exploring these domains
[152, 179].

Much of the future research of touch in robot-assisted therapy likely would take

the form of longitudinal studies as discussed in the preceding section.
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8.5 Closing Thoughts

The wedding of technology and touch has been undertaken, more often than not,
for utilitarian purposes. An orchestrated sequence of finger flicks on a touch screen
specify discrete commands to an application. A vibration emanating from a mobile
phone silently signals an incoming call.

There exist, however, domains that endeavor beyond practical uses.

In Section 2.2.3, we introduced mediated social touch. This field leverages
the inherent personal nature of touch as a means of connecting humans through
technology — humans who, ironically, are often disconnected as a result of utility-
focused technology.

Our thesis is part of another such domain. What we have presented in this dis-
sertation lays the groundwork for connecting humans and robots. This connection
is first social, then emotional, and made even more personal through the use of
touch.

Our Haptic Creature proved a useful testbed for our research. The robot al-
lowed for controlled and systematic investigations into how a robot might express
emotional state through touch; how humans use touch to express their emotions to
a robot; and the influence of human-robot affective touch interactions on human
emotions.

This research has direct significance in the field of socially interactive robotics.
Our hope is that those wishing to incorporate touch into the interaction will be able
to borrow from this work, which is particularly relevant when the interaction con-
cerns emotion communication. Furthermore, our research has implications beyond
human-robot interaction. Any domain interested in human use of affective touch
— e.g., psychology, mediated social touch, human-animal interaction — may find
relevance.

Though the interactions in our research are with a robot, what we ultimately

are able to see reflected back is what makes us human.
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Appendix A

Haptic Creature Materials

This appendix contains supplemental information regarding the Haptic Creature

robot from Chapter 4:
e the hardware schematics (Section A.1);
e the graphical user interface (Section A.2); and

e the microcontroller communications protocol (Section A.3).

A.1 Hardware Schematics

We include here the following Haptic Creature hardware schematics:
o the FSR PCB schematic (Figure A.1);
o the FSR PCB layout (Figure A.2);
e the motor control board schematic (Figure A.3); and

e the motor control board layout (Figure A.4).
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Figure A.2: FSR PCB layout.
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A.2. Graphical User Interface

A.2 Graphical User Interface

We include here the following Haptic Creature graphical user interface (GUI) com-

ponents:
e the Master panel (Figure A.5);
e the Master panel with state (Figure A.6);
o the Creature editor (Figure A.7);
o the Scheduler editor (Figure A.8);
o the Recognizer editor (Figure A.9);
o the Emoter editor (Figure A.10);
e the Renderer editor (Figure A.11);
e the Sensors editor (Figure A.12);
o the Ear actuator editor (Figure A.13);
o the Lung actuator editor (Figure A.14); and

e the PurrBox actuator editor (Figure A.15).
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A.2. Graphical User Interface
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Figure A.5: Master panel.
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A.2. Graphical User Interface
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Figure A.6: Master panel with state.
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A.2. Graphical User Interface

Figure A.7: Creature editor.
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A.2. Graphical User Interface
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33+| ms (30.30H2)

Figure A.8: Scheduler editor.
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A.2. Graphical User Interface
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Timer Interval:
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Figure A.9: Recognizer editor.
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A.2. Graphical User Interface
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Figure A.10: Emoter editor.
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A.2. Graphical User Interface
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Figure A.11: Renderer editor.
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A.2. Graphical User Interface
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Figure A.12: Sensors editor.
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A.2. Graphical User Interface
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Figure A.13: Ear actuator editor.
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A.2. Graphical User Interface
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Figure A.14: Lung actuator editor.
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A.2. Graphical User Interface
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Figure A.15: PurrBox actuator editor.
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A.3. Microcontroller Communications Protocol

A.3 Microcontroller Communications Protocol

Following is the byte structure for the complete command set recognized by the
microcontroller firmware and, where appropriate, the corresponding response re-
turned.

Each command must be exactly four bytes — though not all commands utilize
all bytes. The first byte of each command and response is the command code. Each
index is zero-based. The number of bytes for a response is dependent upon the

initiating command. The error_status currently is not implemented.

e UNDEFINED

command: [ 0x00 ]

e SET_MOTOR
command: [ 0x01 | index
| speed_HI | speed_LO ]
e GET_MOTOR

command: [ 0x02 | index ]
response: [ 0x02 | error_status | index
| speed_HI | speed_LO ]
e SET_SERVO

command: [ 0x03 | index | position ]

e GET_SERVO

command: [ 0x04 | index ]
response: [ 0x04 | error_status | index

| position ]

e GET_FSR

command: [ 0x05 | index ]
response: [ 0x05 | error_status | index

| fsr_value_HI | fsr_value_LO ]
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A.3. Microcontroller Communications Protocol

GET_FSR_ALL

command: [ 0x06 ]
response: [ 0x06 | error_status
| £sr(0)_value_HI | fsr(0)_value_LO

| fsr(n-1)_value_HI | fsr(n-1)_value_LO ]

GET_ACCEL

command: [ 0x07 | index ]
response: [ 0x07 | error_status | index

| accel_value_HI | accel_value_LO ]

GET_ACCEL_ALL

command: [ 0x08 ]
response: [ 0x08 | error_status
| accel(0)_value_HI | accel(0)_value_LO

| accel(n-1)_value_HI | accel(n-1)_value_LO ]

GET_SENSOR_ALL

command: [ 0x09 ]
response: [ 0x09 | error_status
| fsr(0)_value_HI | fsr(0)_value_LO

| fsr(n-1)_value_HI | fsr(n-1)_value_LO
| accel(0)_value_HI | accel(0)_value_LO

| accel(n-1)_value_HI | accel(n-1)_value_LO ]
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Appendix B

Preliminary Investigation
Materials

This appendix contains supplemental information regarding the preliminary inves-

tigation from Chapter 3:
e Hapticat internals (Section B.1);
e the participant consent form (Section B.2);
e the initial questionnaire (Section B.3); and

e the post-study questionnaire (Section B.4).
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B.1. Hapticat Internals

B.1 Hapticat Internals

Figure B.1: The Hapticat internals. Visible are the outer shell [S], inner filling [F],
tail [T], ears mechanism [E], breathing mechanism [B], purring mechanism [P],
and warming element [W].
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B.2. Participant Consent Form

B.2 Participant Consent Form

The following is the consent form that was read and signed by each participant

prior to proceeding with the preliminary user study.

236



B.2. Participant Consent Form

THE UNIVERSITY OF BRITISH COLUMBIA
Department of Computer Science

Vancouver, B.C.,_

April 12, 2005
Physical User Interface Design Course Projects (CPSC 543)
Principal Investigator

Dr. Karon MacLean, Professor, Department of Computer Science, University of British Columbia

Student Investigators

Mavis Chan
Jeremy Hopkins
Haibo Sun
Steve Yohanan

Project Purpose and Procedures

This course project is designed to investigate how people interact with certain types of interactive
technology. Interactive technology includes applications that run on a standard desktop or laptop
computer, such as a word processor, web browser, and email, as well as applications on handheld
technology, such as the datebook on the Pocket PC, and also applications on more novel
platforms such a SmartBoard (electronic whiteboard) or a Diamond Touch tabletop display.

The purpose of this course project is to gather information that can help improve the design of
interactive technology. You will be asked to use one or more forms of interactive technology to
perform a number of tasks. We will observe you performing those tasks and analyze how the
technology is used. You may be asked to complete a number of questionnaires and we may ask to
interview you to find out your impressions of the technology. You will be asked to participate in
at most 3 sessions, each lasting no more than 1 hour. The sessions may also be videotaped.
Videotapes will be used for analysis and may also be used for class project presentations and
other research presentations in the Department of Computer Science at the University of British
Columbia. You have the option not to be videotaped.

Although only a course project in its current form, this project may, at a later date, be extended by
one or more of the student investigators to form the basis of his/her thesis research.

Reference Number: CPSC543 - Chan, Hopkins, Sun, Yohanan - v1.00 — 2005.04.12
Page 1 of 2
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B.2. Participant Consent Form

Confidentiality

The identities of all people who participate will remain anonymous and will be kept confidential.
The one exception is that excerpts from the videotape may be presented as described above, and
your identity may be revealed through those video excerpts. Identifiable data and videotapes will
be stored securely in a locked metal filing cabinet or in a password protected computer account.
All data from individual participants will be coded so that their anonymity will be protected in
any reports, research papers, thesis documents, and presentations that result from this work.
Remuneration/Compensation

You will receive $5 as compensation for your participation.

Contact Information About the Project

If you have any questions or require further information about the project you may contact Karon

MacLean a N

Contact for information about the rights of research subjects

If you have any concerns about your treatment or rights as a research subject, you may contact
the Research Subject Information Line in the UBC Office of Research Services at | NN

Consent

We intend for your participation in this project to be pleasant and stress-free. Your participation
is entirely voluntary and you may refuse to participate or withdraw from the study at any time.

Your signature below indicates that you have received a copy of this consent form for your own
records.

Your signature indicates that you consent to participate in this project. You do not waive any

legal rights by signing this consent form.

1, , agree to participate in the project as outlined above.
My participation in this project is voluntary and I understand that | may withdraw at any time.

Participant’s Signature Date

Student Investigator’s Signature Date

Reference Number: CPSC543 - Chan, Hopkins, Sun, Yohanan - v1.00 — 2005.04.12
Page 2 of 2
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B.3. Initial Questionnaire

B.3 Initial Questionnaire

The following is the questionnaire administered to participants before the start of

the preliminary user study.
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B.3. Initial Questionnaire
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B.4. Post-Study Questionnaire

B.4 Post-Study Questionnaire

The following is the questionnaire administered to participants upon completion of

the preliminary user study.
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B.4. Post-Study Questionnaire

THE UNIVERSITY OF BRITISH COLUMBIA

Deiartment of Computer Science

Vancouver, B.C.,-

“Affective Touch” User Study
Post-experiment Questionnaire

Subject# Date

1. What is your age?
19 or below
20-24
25-29
30-34
35-39
40-44

45 -49

50 or above

S@ e a0 o

2. What is your gender?
a. Female
b. Male

3. Which is your dominant hand?
a. Left
b. Right

4. Onascale from 1 -5 (1 = low, 5 = high) state your competency with computers.

5. On ascale from 1 -5 (1 = low, 5 = high) state your familiarity with haptic (touch) interfaces.

Physical User Interface Design Course Projects (CPSC 543)
1of3
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B.4. Post-Study Questionnaire

6. List one animal or creature that you think describes the device.

7. What gender did you think the device was?
a. Female
b. Male
c. None

8. Are you a pet owner now or have you been in the past?
a. Yes
b. No

9. Do you come into frequent contact with animals now or in your past?
a. Yes
b. No

10a. If you answered “Yes” to either of the previous questions, list the pet(s) or animal(s) along
with their corresponding positive and/or negative aspects. Additionally, if this was in the past
(e.g., your childhood) please state when and reason why you no longer interact with the
animal(s). Be as specific as you like.

10b. If you answered “No” to both of the previous questions, give a brief description as to why
this might be (e.g., you don’t like animals or are allergic to them). Be as specific as you like.

Physical User Interface Design Course Projects (CPSC 543)
20f3
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B.4. Post-Study Questionnaire

11. Give a description of your feelings when the device in the study first started to physically
respond to your actions. Be as specific as you like.

12. Give any general comments and/or suggestions regarding the device in the user study. Be as
specific as you like.

13. Give any general comments and/or suggestions regarding the overall user study and how it
was conducted. Be as specific as you like.

Physical User Interface Design Course Projects (CPSC 543)
30f3
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Appendix C

Robot Affect Display Study
Materials

This appendix contains supplemental information regarding the robot affect display

user study from Chapter 5:

e the participant recruitment flyer (Section C.1);

e the participant registration web page (Section C.2);
e the participant consent form (Section C.3);

e the preliminary instructions (Section C.4);

e the user study screens (Section C.5); and

e the post-study questionnaire (Section C.6).

C.1 General Participant Recruitment

The following is the flyer used as general recruitment of participants for studies. It
directs interested participants to a web page listing specific descriptions of active

studies. The content was distributed through one or more of the following methods:

e An email message sent, for example, to a University of British Columbia
mailing list such as the Department of Computer Science “graduate students”
list.

o A printed flyer posted, for example, on the University of British Columbia

campus or at Vancouver-area community centres.

e An online forum posting, for example, to a site such as craigslist.org.
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C.1. General Participant Recruitment

UBC Participants Needed For UBC Studies (===
NS With Furry Robot

We are researchers in the Department of Computer Science at the University of
British Columbia and are currently recruiting participants for one of several
upcoming user studies.

Our research is investigating the manner in which humans and robots communicate
emotion through touch. For this purpose, we are developing a small, furry robot
capable of expressing and recognizing emotion through the sense of touch.

Depending on the particular study, you may be asked to:

 interact with the robot through touch;
+ attempt to judge the robot's emotional state;
+ answer questions about your current emotional state.

General Information:

» The studies take approximately 1 hour.

+ Typical compensation for participation is $10.

« The studies normally will be conducted at the Vancouver campus of UBC.

General Restrictions on Participation:

* You must be between the ages of 19 and 50 years old.
*  You must be a native English speaker, preferably from North America.
* You may not participate in more than one study related to this robot.

Specific details regarding the individual studies, including how to register for
participation, can be found via the following link:

This study has been approved by The University of British Columbia; Office of
Research Services; Behavioural Research Ethics Board.
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C.2. Participant Registration

C.2 Participant Registration

The following is the web page used for recruitment of participants for the robot
affect display user study. Interested participants were directed to this page from

the general recruitment presented in Section C.1.
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C.2. Participant Registration

The Haptic Creature Project
Creature Affect Display Study

Thank you for your interest in participating in our study! For instructions on how to sign up,
please go to the bottom of the page.

Research Overview

I am a member of the SPIN research group in the Department of Computer Science at the
University of British Columbia. I am recruiting participants in user studies as part of my PhD
research under the supervision of Dr. Karon MaclLean.

Our research is investigating the manner in which humans and robots communicate emotion
through touch. For this purpose, we are developing the Haptic Creature: a small, furry robot
capable of expressing and recognizing emotion through the sense of touch.

Study Details

The goal of this specific study is to examine the ability of humans to recognize the emotional
state of a robot through touch.

You will interact with the Haptic Creature through touch while trying to determine its various
emotional states. You will also answer questions about your own emotional state at various
points throughout the study.

General Information

e The study will take take approximately 1 hour to complete.

e You will be compensated $10 for your participation.

e The study will be conducted at the Vancouver campus of the University of British
Columbia.

Restrictions on Participation

e You must be between 19 and 50 years old.
e You must be a native English speaker, preferably from North America.
e You must not have participated in any previous studies with the Haptic Creature.

This study has been approved by The University of British Columbia; Office of Research
Services; Behavioural Research Ethics Board (#H01 -80470).

If you have any questions, do not hesitate to e-mail me: Steve Yohanan

>

Signup Instructions

— details omitted to conserve space —
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C.3. Participant Consent Form

C.3 Participant Consent Form

The following is the consent form that was read and signed by each participant

prior to proceeding with the robot affect display user study.
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C.3. Participant Consent Form

Department of Computer Science

PARTICIPANT'S COPY

Vancouver, B.C. Canada
CONSENT FORM R
o I
Project Title: The Haptic Creature Project — Creature Affect Display
(UBC Ethics #H01-80470)
Principal Investigators: Dr. Karon MacLean; Associate Professor; Dept of Computer Science; || | | | }JJJE
Student Investigator: ~ Steve Yohanan; PhD Candidate; Dept of Computer Science; ||| | | | ]

The purpose of this study is to examine the ability of humans to recognize the emotional state of
robots through the sense of touch.

In this study you will be asked to interact with a small robot covered in a soft fur. This robotic
creature, loosely resembling a small animal such as a cat, dog, or rabbit, will present a variety of
synthetic emotional states. The robot will differentiate its emotions by adjusting the stiffness of its ears,
modulating its breathing, and/or presenting a vibrotactile purr. You will be asked to categorize these
emotional states from predefined sets. In addition, at points throughout the study you will be asked to
report your current emotional state via a questionnaire. At the end of the study, you will be asked to
provide general demographic information as well as feedback on your experiences during the study.

You will be asked to wear ear muffs to mask external noises. During the study you may be
videotaped. Videotapes will be used for analysis and may also be used research presentations in the
Department of Computer Science at the University of British Columbia. We will contact you for explicit
permission before using any video or still images taken here which could identify you, in presentations
outside of UBC. If you are not sure about any instructions, do not hesitate to ask.

REIMBURSEMENT: $10
TIME COMMITMENT: 1 x 60 minute session
CONFIDENTIALITY: You will not be identified by name in any study reports. Data gathered

from this experiment will be stored in a secure Computer Science account
accessible only to the experimenters.

You understand that the experimenter will ANSWER ANY QUESTIONS you have about the
instructions or the procedures of this study. After participating, the experimenter will answer any other
questions you have about this study.

Your participation in this study is entirely voluntary and you may refuse to participate or withdraw
from the study at any time without jeopardy. Your signature below indicates that you have received a
copy of this consent form for your own records, and consent to participate in this study.

If you have any concerns about your treatment or rights as a research subject, you may contact the
Research Subject Info Line in the UBC Office of Research Services at

Version 1.1/ June 06, 2010 / Page 1 of 1
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C.3. Participant Consent Form

Department of Computer Science

RESEARCHER'S COPY I
Vancouver, B.C. Canada
CONSENT FORM o —— -
roc.

Project Title: The Haptic Creature Project — Creature Affect Display
(UBC Ethics #H01-80470)
Principal Investigators: Dr. Karon MacLean; Associate Professor; Dept of Computer Science;_
Student Investigator: ~ Steve Yohanan; PhD Candidate; Dept of Computer Science; ||| N JJEEE

The purpose of this study is to examine the ability of humans to recognize the emotional state of
robots through the sense of touch.

In this study you will be asked to interact with a small robot covered in a soft fur. This robotic
creature, loosely resembling a small animal such as a cat, dog, or rabbit, will present a variety of
synthetic emotional states. The robot will differentiate its emotions by adjusting the stiffness of its ears,
modulating its breathing, and/or presenting a vibrotactile purr. You will be asked to categorize these
emotional states from predefined sets. In addition, at points throughout the study you will be asked to
report your current emotional state via a questionnaire. At the end of the study, you will be asked to
provide general demographic information as well as feedback on your experiences during the study.

You will be asked to wear ear muffs to mask external noises. During the study you may be
videotaped. Videotapes will be used for analysis and may also be used research presentations in the
Department of Computer Science at the University of British Columbia. We will contact you for explicit
permission before using any video or still images taken here which could identify you, in presentations
outside of UBC. If you are not sure about any instructions, do not hesitate to ask.

REIMBURSEMENT: $10
TIME COMMITMENT: 1 x 60 minute session
CONFIDENTIALITY: You will not be identified by name in any study reports. Data gathered

from this experiment will be stored in a secure Computer Science account
accessible only to the experimenters.

You understand that the experimenter will ANSWER ANY QUESTIONS you have about the
instructions or the procedures of this study. After participating, the experimenter will answer any other
questions you have about this study.

Your participation in this study is entirely voluntary and you may refuse to participate or withdraw
from the study at any time without jeopardy. Your signature below indicates that you have received a
copy of this consent form for your own records, and consent to participate in this study.

If you have any concerns about your treatment or rights as a research subject, you may contact the
Research Subject Info Line in the UBC Office of Research Services at

You hereby CONSENT to participate and acknowledge RECEIPT of a copy of the consent form:

Printed Name Date Signature

Version 1.1/ June 06, 2010 / Page 1 of 1

251



C.4. Preliminary Instructions

C.4 Preliminary Instructions

The following are the instructions presented to participants at the start of the robot
affect display user study. They were displayed over multiple pages on the computer

screen used for the study.

252



€se

Instructions

The following pages contain instructions for the stucdy to be conducted. Use the buttons at the bottom to move forward/backward through the
pages.

Below is an overview of the instructions to follow:

= Study Overview
= The Haptic Creature
* |nteracting with The Haptic Creature
= Study Procedure
* Practice Session
* Describing the Haptic Creature's Emotional State
* Describing Your Emotional State
* Emotion Word Choice
* SAM Scales
* Confidence Rating
= Study Duration

Page 1 of 9
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Study Overview

Our research is investigating the manner in which humans and robots communicate emotion through touch.
The specific purpose of this study is to examine the ability of humans to recognize the emotional state of a robot through touch.

This study has been approved by The University of British Columbia; Office of Research Services; Behavioural Research Ethics Board
(#H01-80470).

Page 2 of 9
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The Haptic Creature
The Haptic Creature is the robot used in this study and was designed specifically for this research. Itis a small, animal-like robot covered in a soft,
faux fur.
The Haptic Creature represents its emotional state solely through touch. It communicates this in three ways:
® the stiffness of its ears;

= the manner of its breathing; and
= the presentation of a vibrating purr.

Interacting with The Haptic Creature

It is important to consider all three elements of the Haptic Creature — ears, breathing, and purring — each time you assess its emotional state. You
can do this in any manner that seems appropriate; however, the following are some general guidelines:

= the ears require you to actively squeeze them to note their relative stiffness;
= the breathing most commonly will be felt in your hand that is touching its backside; and
= the purring will be felt on any part of your body in contact with the Haptic Creature, especially your lap.

It is normal for some shedding of the fur to occur when interacting with the Haptic Creature.

Do not worry about the tail fur. The tail is non-functional: it simply covers the cables. Therefore, it is not a problem if the tail fur slides down during
the study.

The Haptic Creature should function without issue throughout the course of the study. However, for some reason if the robot stops working, please
notify the facilitator.

Page 3 of 9
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Study Procedure

The Haptic Creature will be situated in your lap with its backside on the same side as your non-dominant hand. If you are right-handed, then your
noh-dominant hand is your feft, and, vice versa, if you are feft-handed, then your non-dominant hand is your right.

You will wear ear muffs to mask any outside sounds.

Practice Session

Before the study starts you will have a short practice session with which to familiarize yourself with the Haptic Creature. More details will be provided
just before the practice session.

Describing the Haptic Creature's Emotional State

During the course of the study, the Haptic Creature will present to you a variety of simulated emotional states. For each, you will be asked to
describe the emotion.

You will describe the emotion by answering two questions. The first is to choose a word you feel best describes the emotion. The second is by
making selections on what are know as SAM scales. These both will be described in more detail in the following instructions.

Describing Your Emotional State
The majority of the study will be answering questions about the Haptic Creature's emotions. However, a few times during the study you will be

asked to describe your present emotional state. You will do this by using the same SAM scales as for the Haptic Creature. You will not have to
choose aword.

Page 4 of 9

€ >

suononnsuy Areurifold )



LST

Emotion Word Choice

When describing the Haptic Creature's emotions, you will be asked to choose a word that you believe best describes the emotion currently being
expressed. You will select a word from the list presented below. If you do not believe any of the given words describes the current emotion, then

Study Procedure

you may select "None Of These". This list will have a circle next to each word for you to indicate your choice.

Afraid Angry | Aroused | Depressed | Disgusted | Distressed | Excited Happy
Miserable | Neutral | Pleased | Relaxed Sad Sleepy Surprised | None Of These
Page 5 of 9
€ >
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Study Procedure
SAM Scales

SAM is a character used to visually describe different aspects of emotions. Each aspect is presented as a separate scale, where SAM is drawn
showing a range of related expressions. Two SAM scales will be used in this study. These scales will have a circle beneath each figure for you to
indicate your choice.

Unhappy versus Happy

Ce

2 iy =y = =]

1 F 1t 1t 1t 1 F 1 F S

The first SAM scale is the unhappy-happy scale, in which SAM ranges from a frowning figure to a smiling figure. At one extreme, the left end of the
scale depicts unhappy, annoyed, unsatisfied, melancholic, despairing, bored. You can indicate completely unhappy by clicking on the circle you will
find below the figure on the far left. On other end, the right side of the scale denotes happy, pleased, satisfied, contented, hopeful. You can
indicate completely happy by clicking on the circle you will find below the figure on the far right. To indicate completely neutral, neither happy nor
unhappy, click on the circle you will find below the figure in the middle. The figures also allow you to describe intermediate feelings of pleasure.

Calm versus Excited

= 7 R @

The calm-excited dimension is the second type of feeling that SAM represents. At one extreme, the left end of scale depicts relaxed, calm,
sluggish, dull, sleepy, unaroused. You can indicate completely calm by clicking on the circle you will find below the figure at the far left. On the other
hand, the right end of the scale depicts stimulated, excited, frenzied, jittery, wide awake, aroused. To indicate completely aroused, click on the
circle you will find below the figure at the far right of the row. To indicate not at all excited nor calm, click on the circle below the figure in the middle.
As with the unhappy-happy scale, you can represent intermediate levels by clicking on the circle you will find below any of the other figures.

Page 6 of 9
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Study Procedure

Confidence Rating

Each time you describe the Haptic Creature's emotion you will also be asked to state how confident you are in your emotion word choice as well as
with your rating for the two SAM scales. You will do this by making a selection on a confidence scale (shown below). The scale ranges from no
confidence to very high confidence.

not at all confident

unconfident semi-confident confident very confident
(guessed)

The left side of the scale represents a lack of confidence in your choice. To indicate a complete lack of confidence, click on the circle you will find
below "not at all confident (guessed)” at the far left. On the other hand, the right side of the scale represents confidence in your choice. To
indicate strong confidence, click on the circle you will will find below "very confident" at the far right. To indicate that you are neither lacking
confidence nor fully confident in your choice, click on the circle you will find below "semi-confident” in the middle. Like the SAM scales, the
confidence scale also allows you to select intermediate levels of confidence as well.

Page 7 of 9
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Study Duration

There is no time limit to make your choices. Proceed at a pace that is comfortable for you in order to provide an honest response: neither hurry too
quickly nor dwell too long. A reasonable average would be 45 seconds per emotion but, again, you can take as little or as much time as you feel
comfortable.

The entire stucdy should take approximately 1 hour.

You will be given 2 rest breaks at specified times. You will be notified when to take a break.

Page 8 of 9
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Thank You for Participating

We greatly appreciate your willingness to patticipate in our study; however, we ask that you take seriously your role by providing honest and
thoughtful responses to the best of your ability.

When you have completely read all the instructions and are ready to begin the study, please notify the facilitator.

If you have any questions or concerns, please speak with the facilitator at this point.

Page 9 of 9
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C.5. User Study Screens

C.5 User Study Screens

The following are the various screens presented to participants during the robot

affect display user study:

e Prepare to Begin Study (p. 263);

Practice Session Instructions (p. 264);

Practice Session (p. 265);

Participant Affect Report (p. 266);

Haptic Creature Affect Assessment (p. 267);

Rest Break (p. 268); and

Finished (p. 269).
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Prepare to Begin Study

Adjust the monitor so that it is a comfortable distance from where you are sitting.
= Adjust your chair so that your feet are resting flat on the ground and you are in a comfortable position.
Place the Haptic Creature in your lap with its backside on the same side as your non-dominant hand. For example, if you are right-handed,

then your non-dominant hand is your feft hand.
Position the mouse in a comfortable and appropriate location.

Please put on the ear muffs.

When you are ready to read to the instructions for the practice session, click the "Go To Practice Session” button below.

Go To Practice Session
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Practice Session Instructions

What Will Happen During This Session

= The Haptic Creature will display a variety of simulated emotions.
= Each emotion will be presented for 20 seconds before moving on to another.
= The various emotions will be presented in a random order. That is to say, there is no particular meaning to the order in which the emotions will

be displayed.
What You Should Do During This Session

= Take this time to gain some familiarity with the range of expression for the Haptic Creature.
= As mentioned in the study instructions, pay close attention to: the ears, breathing, and purring.

When you are ready to begin the practice session, click the "Start Practice Session” button below.

Start Practice Session
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Practice Session

The next emotion will be presented in 19 seconds.
The practice session will be over when the timer below reaches 00:00.

When you are ready to begin the actual study, click the "Start Study" button below.

03:00
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Case 1

Rate your current emotional state using the two SAM scales presented below.

Note: you are not making any judgement about the Haptic Creature. Rather, this question is in reference to yourself.

Unhappy versus Happy
4 K 4 K ! K 1 K 1 K 1 K 1 k
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Case 1

believe any of the given words describes the current emotion, then you may select "None Of These".

OAfraid OAngry OAruused O Depressed ODisgus(ed O Distressed
OMiserahle O Neutral OPIeased O Relaxed Osad Osleepy

Rate how confident you feel in your choice of this emotion word.

O Excited
Osurprised

not at all confident (guessed) unconfident semi-confident confident

Select from the list below a word you believe best describes the emotion currently being expressed by the Haptic Creature. If you do not

O Happy
O None Of These

very confident

O O O

O

O

Rate the emotion currently being expressed by the Haptic Creature using the two SAM scales below.

Unhappy versus Happy
4 k 4 k al k 1 k 1 k 1 k

i

E:E.

T8
O | e

O O O O

Rate how confident you feel in your choices for these two SAM scales.

not at all confident (guessed) unconfident semi-confident

confident

very confident

O O O

O

O
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Rest Break

You may now take a short break. Please remove the ear muffs and place the Haptic Creature in its original location.

When the timer below reaches 00:00 the break will be over. Please put on your ear muffs again and return the Haptic Creature to your lap oriented
in the same direction as before the break.

When the break has concluded and you are ready to proceed with the study, click the "Continue” button below.

02:00
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Finished

The study is now complete.

Please:

= remove the ear muffs;
= place the Haptic Creature in its original location; then
= notify the facilitator for further instructions.

Thank you very much for participating!

Sua2IoS ApniS 13sy] ‘¢



C.6. Post-Study Questionnaire

C.6 Post-Study Questionnaire

The following is the questionnaire administered to participants upon completion
of the robot affect display user study. It was conducted using Survey Monkey, an

online, web-based system.
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C.6. Post-Study Questionnaire

1. Administrivia

*1, Participant ID (to be entered by study facilitator):

1]
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C.6. Post-Study Questionnaire

2. Demographics

*1. What is your age?

L1

*2, What is your gender?

C  Female

C Male

* 3. What is your occupation?
l |
*¥ 4. What is the highest level of education you have completed?

* 5. Do you consider yourself a native English speaker or English to be your first

language?

C  No

T Yes

* 6. Did you learn English primarily in North America?

' No
T Yes

C Not Applicable (I Answered "No" to Question 5)

*¥ 7. What is your approximate height?
* 8. What is your approximate weight?
*9, Which is your dominant hand?
The "dominant hand” for right-handed people is the right. For left-handed people, the
dominant hand is the left.

O Left

€ Right

*10. Which hand do you use to control a computer mouse?

O Left

C  Right
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C.6. Post-Study Questionnaire

3. Animal Exposure

Amphibians
Birds

Cats

Dogs (Large)
Dogs (Small)
Fish

Horses

Rabbits
Reptiles
Rodents (Small)

Comments (optional)

Very Uncomfortable

c

O 0 0o oo o o0 o

Uncomfortable

e}

o Mo Mo Bio Mo o Mo o Rilo)

animals?

Amphibians
Birds

Cats

Dogs (Large)
Dogs (Small)
Fish

Horses

Rabbits
Reptiles
Rodents (Small)

Comments (optional)

g
":
@

O 0 oo o o o o o

Up To 1 Year

20 5 0O O 0O 0O 0O 00D

Neither Uncomfortable
nor Comfortable

o o Mo Bio Nio o Mo o Rilo)

2-3 Years
O

o lic Bilio o BiNo Nilio MiNo lio BiNo}

Comfortable

o o Nl Bio Nio o Mo Mo Rio]

4-5 Years

o lic Bilio o BiNo ilio MiNo lio Bio]

* 1, How comfortable are you interacting with each of the following types of animals?

Very Comfortable

o I Bilo Hic Bilo BiNo Bio lilo Bio}

*¥2, How much experience do you have interacting with each of the following types of

More Than 5 Years

o liio Bio lio Mo HiNo Bio lNo Bio)
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C.6. Post-Study Questionnaire

4. The Haptic Creature

*1. Have you previously participated in a study with the Haptic Creature?
T No

T Yes

* 2, What specific animal do you imagine the Haptic Creature represents?

You may answer "Do Not Know" if you do not imagine any animal.
l |

* 3, What do you imagine is the gender of the Haptic Creature?

C  Female
C Male

Do Not Know

* 4. How would you rate the size of the Haptic Creature?

Neither . .
Very Small Small . Big Very Big
Small nor Big

Haptic Creature's Size C (o) C (o) (o)

Comments (optional)

* 5, How would you rate the weight of the Haptic Creature?

. . Neither
Very Light Light . Heavy Very Heavy
Light nor Heavy
Haptic Creature's Weight C 0 C (o) (o)

Comments (optional)

* 6. How would you rate the fur of the Haptic Creature?

Neither
Very Unpleasant Unpleasant Unpleasant nor Pleasant Very Pleasant
Pleasant
Color C lo c c
Feel C C o}
Overall Appearance C C (o)

Comments (optional)
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C.6. Post-Study Questionnaire

*7. How would you rate your overall experience interacting with the Haptic Creature?

Niether
Very Unpleasant Unpleasant Unpleasant nor Pleasant Very Pleasant
Pleasant
Overall Experience (o} (o (o (o) (0)

Comments (optional)

8. Please provide any additional comments regarding the Haptic Creature. (optional)
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C.6. Post-Study Questionnaire

5. Emotion Recognition

*1, Roughly how many different emotions do you feel the Haptic Creature was capable of
expressing to you during the study?

L1

2. For the Haptic Creature’'s ears, how many different levels of stiffness do you think you
perceived?

1 Level: Always Limp
1 Level: Always Stiff
23 Levels

C 45 Levels
(o}

5 or More Levels

3. For the Haptic Creature's ears, did you notice a difference in stiffness between the two
ears for a particular emotion?

' No: They Often Seemed To Be The Same
' Yes: They Often Seemed To Be Different

" Could Not Tell: | Often Squeezed Only One Ear

For the Haptic Creature's ears, explain what helped you when determining the current emotional state.

*4, What, if anything, did you notice about the ears that helped you select a particular
word?

*5, What, if anything, did you notice about the ears that helped you make a choice on the
"Unhappy versus Happy" SAM scale?

*6. What, if anything, did you notice about the ears that helped you make a choice on the
"Calm versus Excited” SAM scale?
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C.6. Post-Study Questionnaire

7. For the Haptic Creature's breathing, check all the characteristics you noticed when
determining the emotion state.

[T speed of Breathing (Slow versus Fast Breaths)
[ Depth of Breathing (Shallow versus Deep Breaths)
r Symmetry of Breathing (Inhale Rate same as Exhale versus Inhale Rate different than Exhale)

Others (if any)

For the Haptic Creature's breathing, explain what helped you when determining the current emotional state.

X8, What, if anything, did you notice about the breathing that helped you select a
particular word?

X9, What, if anything, did you notice about the breathing that helped you make a choice
on the "Unhappy versus Happy"” SAM scale?

*10. What, if anything, did you notice about the breathing that helped you make a choice
on the "Calm versus Excited” SAM scale?

11. For the Haptic Creature's purring, check all the characteristics you noticed when
determining the emotion state.

[T Existence of Purring (Present versus Not)

™ speed of Purring (Slow versus Fast)

r Intensity of Purring (Weak versus Strong)

r Synchronized with Breathing (Purring Matched Breathing versus Out of Sync)

Others (if any)

For the Haptic Creature's purring, explain what helped you when determining the current emotional state.
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C.6. Post-Study Questionnaire

* 12, What, if anything, did you notice about the purring that helped you select a particular
word?

*13. What, if anything, did you notice about the purring that helped you make a choice on
the "Unhappy versus Happy"” SAM scale?

*14. What, if anything, did you notice about the purring that helped you make a choice on
the "Calm versus Excited” SAM scale?

15. Please provide any additional comments regarding strategies you used when
determining the emotional state of the Haptic Creature. (optional)
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C.6. Post-Study Questionnaire

1. Were you able to hear any sound from the Haptic Creature while wearing the ear muffs?
' No, No Sound
' Yes, Some Sound

' Yes, Quite A Lot Of Sound

2. Please provide any additional comments regarding the study you just completed.
(optional)
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Appendix D

Human Affect Display Study
Materials

This appendix contains supplemental information regarding the human affect dis-

play user study from Chapter 6:
e the participant registration web page (Section D.1);

e the participant consent form (Section D.2);

the preliminary instructions (Section D.3);

the user study screens (Section D.4);

the post-study questionnaire (Section D.5); and

the procedure for the video coding of touch gestures (Section D.6).

D.1 Participant Registration

The following is the web page used for recruitment of participants for the human
affect display user study. Interested participants were directed to this page from

the general recruitment presented in Section C.1.
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D.1. Participant Registration

The Haptic Creature Project
Human Affect Display Study

Thank you for your interest in participating in our study! For instructions on how to sign up,
please go to the bottom of the page.

Research Overview

I am a member of the SPIN research group in the Department of Computer Science at the
University of British Columbia. I am recruiting participants in user studies as part of my PhD
research under the supervision of Dr. Karon MaclLean.

Our research is investigating the manner in which humans and robots communicate emotion
through touch. For this purpose, we are developing the Haptic Creature: a small, furry robot
capable of expressing and recognizing emotion through the sense of touch.

Study Details

The purpose of this study is to examine how humans communicate emotion through touch as
well as the ability of robots to recognize the emotional state of humans through the sense of
touch.

You will interact with the Haptic Creature by conveying various emotions through touch
gestures. The robot will not actively respond to any of these gestures. You will also answer
questions about your own emotional state at various points throughout the study.

General Information

e The study will take take approximately 1 hour to complete.

e You will be compensated $10 for your participation.

e The study will be conducted at the Vancouver campus of the University of British
Columbia.

Restrictions on Participation

e You must be between 19 and 50 years old.
e You must be a native English speaker, preferably from North America.
e You must not have participated in any previous studies with the Haptic Creature.

This study has been approved by The University of British Columbia; Office of Research
Services; Behavioural Research Ethics Board (#H01 -80470).

If you have any questions, do not hesitate to e-mail me: Steve Yohanan

>

Signup Instructions

— details omitted to conserve space —
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D.2. Participant Consent Form

D.2 Participant Consent Form

The following is the consent form that was read and signed by each participant

prior to proceeding with the human affect display user study.
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D.2. Participant Consent Form

Department of Computer Science

PARTICIPANT'S COPY

Vancouver, B.C. Canada
CONSENT FORM R
o I
Project Title: The Haptic Creature Project — Human Affect Display
(UBC Ethics #H01-80470)
Principal Investigators: Dr. Karon MacLean; Associate Professor; Dept of Computer Science; || | | ] JJ
Student Investigator: ~ Steve Yohanan; PhD Candidate; Dept of Computer Science; ||| | | |

The purpose of this study is to examine how humans communicate emotion through touch as well as
the ability of robots to recognize the emotional state of humans through the sense of touch.

In this study you will be asked to interact with a small robot covered in a soft fur and loosely
resembling a small animal such as a cat, dog, or rabbit. You will be presented with predefined emotion
words and asked to categorize these with predefined touch gesture words. You will also be asked to
perform a subset of these touch gestures on the robot. The robot will not actively respond to any of your
gestures. In addition, at points throughout the study you will be asked to report your current emotional
state via a questionnaire. At the end of the study, you will be asked to provide general demographic
information as well as feedback on your experiences during the study.

During the study you may be videotaped. Videotapes will be used for analysis and may also be used
research presentations in the Department of Computer Science at the University of British Columbia.
We will contact you for explicit permission before using any video or still images taken here which
could identify you, in presentations outside of UBC. If you are not sure about any instructions, do not
hesitate to ask.

REIMBURSEMENT: $10
TIME COMMITMENT: 1 x 60 minute session
CONFIDENTIALITY: You will not be identified by name in any study reports. Data gathered

from this experiment will be stored in a secure Computer Science account
accessible only to the experimenters.

You understand that the experimenter will ANSWER ANY QUESTIONS you have about the
instructions or the procedures of this study. After participating, the experimenter will answer any other
questions you have about this study.

Your participation in this study is entirely voluntary and you may refuse to participate or withdraw
from the study at any time without jeopardy. Your signature below indicates that you have received a
copy of this consent form for your own records, and consent to participate in this study.

If you have any concerns about your treatment or rights as a research subject, you may contact the
Research Subject Info Line in the UBC Office of Research Services at

Version 1.0 / June 06, 2010 / Page 1 of 1
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D.2. Participant Consent Form

Department of Computer Science

RESEARCHER'S COPY I
Vancouver, B.C. Canada
CONSENT FORM o —— -
roc.

Project Title: The Haptic Creature Project — Human Affect Display
(UBC Ethics #H01-80470)
Principal Investigators: Dr. Karon MacLean; Associate Professor; Dept of Computer Science;_
Student Investigator: ~ Steve Yohanan; PhD Candidate; Dept of Computer Science; ||| N JJEEE

The purpose of this study is to examine how humans communicate emotion through touch as well as
the ability of robots to recognize the emotional state of humans through the sense of touch.

In this study you will be asked to interact with a small robot covered in a soft fur and loosely
resembling a small animal such as a cat, dog, or rabbit. You will be presented with predefined emotion
words and asked to categorize these with predefined touch gesture words. You will also be asked to
perform a subset of these touch gestures on the robot. The robot will not actively respond to any of your
gestures. In addition, at points throughout the study you will be asked to report your current emotional
state via a questionnaire. At the end of the study, you will be asked to provide general demographic
information as well as feedback on your experiences during the study.

During the study you may be videotaped. Videotapes will be used for analysis and may also be used
research presentations in the Department of Computer Science at the University of British Columbia.
We will contact you for explicit permission before using any video or still images taken here which
could identify you, in presentations outside of UBC. If you are not sure about any instructions, do not
hesitate to ask.

REIMBURSEMENT: $10
TIME COMMITMENT: 1 x 60 minute session
CONFIDENTIALITY: You will not be identified by name in any study reports. Data gathered

from this experiment will be stored in a secure Computer Science account
accessible only to the experimenters.

You understand that the experimenter will ANSWER ANY QUESTIONS you have about the
instructions or the procedures of this study. After participating, the experimenter will answer any other
questions you have about this study.

Your participation in this study is entirely voluntary and you may refuse to participate or withdraw
from the study at any time without jeopardy. Your signature below indicates that you have received a
copy of this consent form for your own records, and consent to participate in this study.

If you have any concerns about your treatment or rights as a research subject, you may contact the
Research Subject Info Line in the UBC Office of Research Services at

You hereby CONSENT to participate and acknowledge RECEIPT of a copy of the consent form:

Printed Name Date Signature

Version 1.0 / June 06, 2010 / Page 1 of 1
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D.3. Preliminary Instructions

D.3 Preliminary Instructions

The following are the instructions presented to participants at the start of the human
affect display user study. They were displayed over multiple pages on the computer

screen used for the study.
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Instructions

The following pages contain instructions for the stucdy to be conducted. Use the buttons at the bottom to move forward/backward through the
pages.

Below is an overview of the instructions to follow:

= Study Overview
= The Haptic Creature
* |nteracting with the Haptic Creature
= Study Procedure
* Rate the Likelihood of Touch Gestures
* Perform Touch Gestures
* Predict the Haptic Creature's Emotional Response
* Describe Your Current Emotional State
= Study Duration

Page 1 of 10
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Study Overview

Our research is investigating the manner in which humans and robots communicate emotion through touch.

The specific purpose of this study is to examine how humans communicate emotion through touch as well as the ability of robots to recognize the
emotional state of humans through the sense of touch.

This study has been approved by The University of British Colurbia; Office of Research Services; Behavioural Research Ethics Board
(#H01-80470).

Page 2 of 10

suononnsuy Areurifold €'



88¢

The Haptic Creature

The Haptic Creature is the robot used in this study and was designed specifically for this research. Itis a small, animal-like robot covered in a soft,
faux fur.

The Haptic Creature communicates its emotional state solely through touch. It displays this through:

® the stiffness of its ears;
= the manner of its breathing; and
= the presentation of a vibrating purr.

The Haptic Creature also perceives its surroundings solely through touch. It can sense when:

= jts body is touched;
= jts ears are squeezed; and
= jtis moved around.

Page 3 of 10
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The Haptic Creature

Interacting with the Haptic Creature
Imagine the Haptic Creature to be your pet, one with which you have a close and comfortable relationship.

During this study the Haptic Creature will be completely passive.

At certain points during the study it will pay attention to how you touch it; however, the robot will not communicate with you in any way.

It is normal for some shedding of the fur to occur when interacting with the Haptic Creature.

Do not worry about the tail fur. The tail is non-functional: it simply covers the cables.
Therefore, it is not a problem if the tail fur slides down during the study.

Please notify the facilitator if you have any concerns regarding the robot at any point during the course of the study.

Page 4 of 10
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Study Procedure

During the study you will wear ear muffs to mask any outside sounds.

The stucly is made up of several steps. Each step will be repeated multiple times.

Rate the Likelihood of Touch Gestures

One step in the study is to answer questions about touch gestures.

You will be presented with an emotion, a touch gesture, and a definition for this gesture.

For example:
Emotion: Excited
Gesture: Hold
Definition: ""Grasp, carry, or support the Haptic Creature with your arms or hands."

You should think about and imagine that you are feeling this emotion then consider the touch gesture.

You will then be asked to rate the likelihood you would use the specified gesture to communicate the given emotion.

You may practice the gesture with the Haptic Creature if you find this helpful.

You will provide your response by using the scale shown below, which will have a circle beneath each option for you to indicate your choice.

Very Unlikely Unlikely Neither Unlikely nor Likely Likely Very Likely

1 2 3 4 5

Imagine the Haptic Creature to be your pet, one with which you have a close and comfortable relationship.
The emotion you are thinking about, however, is not to be directed at the Haptic Creature.

For example, if you are imagining the emotion "Excited", you are not feeling this emotion because of the Haptic Creature.
The robot did not make you Excited; rather, you are considering conveying this emotion to the Haptic Creature as if it is an impartial observer.

Page 5 of 10
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Study Procedure

Perform Touch Gestures

After answering questions about various touch gestures for a particular emotion, you then will be asked to perform a subset of these gestures for
the Haptic Creature.

As in the previous step: imagine the Haptic Creature to be your pet, and recall that you are performing these emotional gestures as if itis an
impartial observer.

You may practice each gesture with the Haptic Creature if you find this helpful.
Once you have finished practicing a gesture you will perform a final version for the Haptic Creature.
The robot will not respond; however, it will memorize the gesture.

Your touch gestures also will be video recorded. You will be instructed how and when to turn the video camera on and off.

Page 6 of 10
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Study Procedure

Predict the Haptic Creature's Emotional Response
After performing the touch gestures for a specific emotion, you then will be asked to predict the emotional response of the Haptic Creature.
You will choose one word that you believe best describes the emotion expected to be expressed by the Haptic Creature as a result of the touch

gestures you performed. You will select a word from the list presented below. If you do nhot believe any of the given words describes the expected
emotion, then you may select "None Of These". This list will have a circle next to each word for you to indicate your choice.

Afraid Angry | Aroused | Depressed | Disgusted | Distressed | Excited Happy
Miserable | Neutral | Pleased | Relaxed Sad Sleepy Surprised | None Of These
Page 7 of 10
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Study Procedure

Describe Your Current Emotional State

The majority of the study will be answering questions about the touch gestures and performing them for the Haptic Creature. However, several
times during the study you will be asked to describe your present emotional state. You will do this by using the SAM scales as explained below.

SAM Scales
SAM is a character used to visually describe different aspects of emotions. Each aspect is presented as a separate scale, where SAM is drawn
showing a range of related expressions. Two SAM scales will be used in this study. These scales will have a circle beneath each figure for you to

indicate your choice.

Unhappy versus Happy

2 iy =y = &
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Ce

The first SAM scale is the unhappy-happy scale, in which SAM ranges from a frowning figure to a smiling figure. At one extreme, the left end of the
scale depicts unhappy, annoyed, unsatisfied, melancholic, despairing, bored. You can indicate completely unhappy by clicking on the circle you will
find below the figure on the far left. On other end, the right side of the scale denotes happy, pleased, satisfied, contented, hopeful. You can
indicate completely happy by clicking on the circle you will find below the figure on the far right. To indicate completely neutral, neither happy nor
unhappy, click on the circle you will find below the figure in the middle. The figures also allow you to describe intermediate feelings of pleasure.

Calm versus Excited
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The calm-excited dimension is the second type of feeling that SAM represents. At one extreme, the left end of scale depicts relaxed, calm,
sluggish, dull, sleepy, unaroused. You can indicate completely calm by clicking on the circle you will find below the figure at the far left. On the other
hand, the right end of the scale depicts stimulated, excited, frenzied, jittery, wide awake, aroused. To indicate completely aroused, click on the
circle you will find below the figure at the far right of the row. To indicate not at all excited nor calm, click on the circle below the figure in the middle.
As with the unhappy-happy scale, you can represent intermediate levels by clicking on the circle you will find below any of the other figures.

Page 8 of 10
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Study Duration

There is no time limit to make your choices. Proceed at a pace that is comfortable for you in order to provide an honest response: neither hurry too
quickly nor dwell too long.

The entire stucy should take approximately 1 hour.

You will be given several rest breaks at specified times. You will be notified when to take a break.

Page 9 of 10
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Thank You for Participating

We greatly appreciate your willingness to patticipate in our study; however, we ask that you take seriously your role by providing honest and
thoughtful responses to the best of your ability.

When you have completely read all the instructions and are ready to begin the study, please notify the facilitator.

If you have any questions or concerns, please speak with the facilitator at this point.

Page 10 of 10
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D.4. User Study Screens

D.4 User Study Screens

The following are the various screens presented to participants during the human

affect display user study:
e Prepare to Begin Study (p. 297);
e Describe Your Current Emotional State (p. 298);
e Rate the Likelihood of Touch Gestures (p. 299);
e Turn On Video Camera (p. 300);
e Perform Touch Gestures — “Listen” (p. 301);
e Perform Touch Gestures — “Done” (p. 302);
e Turn Off Video Camera (p. 303);
e Predict the Haptic Creature’s Emotional Response (p. 304);
e Rest Break (p. 305); and

o Finished (p. 306).
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Prepare to Begin Study

" For your comfort, you may empty items from your pockets and place them on the desktop.
= Please turn off your cell phone, pager, or other communication devices.
" Place the Haptic Creature in your lap with its backside on the same side as your non-mouse hand. For example, if you use the computer

mouse with your right hand, then your non-mouse hand is your feff.
= Position the mouse in a comfortable and appropriate location.
" Please put on the ear muffs.

When you are ready to begin the study, click the "Start Study" button below.

Start Study
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Case 1

Describe Your Current Emotional State

Rate your current emotional state using the two SAM scales presented below.

Unhappy versus Happy
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Case 1

Rate the Likelihood of Touch Gestures

Emotion: Distressed
Gesture: Grab
Definition: " Grasp or seize the Haptic Creature suddenly and roughly."

" |magine the Haptic Creature to be your pet, one with which you have a close and comfortable relationship.
= Think about and imagine that you are feeling Distressed then consider the given touch gesture, Grab.
= You are not feeling Distressed because of the Haptic Creature.
Rather, you are considering convenying Distressed as if Haptic Creature is an impartial observer.
= You may practice the gesture with the Haptic Creature if you find this helpful.

What is the likelihood you would use Grab to communicate Distressed to the Haptic Creature?

Very Unlikely Unlikely Neither Unlikely nor Likely Likely
1 2 3 4

Very Likely
5

Likelihood O O O O

O
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| I Have Turned The Video Camera ON ‘

Turn On Video Camera

Please complete the following steps to turn on the video camera:

" Pick up the remote control.
= Point it at the camera.
= Press the remote's round, red "START/STOP" button.
After one or two seconds you should see a small, red light ilfuminated on the camera.
= Put down the remote control.
= Click the "I Have Turned The Video Camera ON" button above to move to the next step of the study.

If you are unable to turn on the video camera, please notify the facilitator.
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Case 1

Perform Touch Gestures

Emotion: Distressed
Gesture: Grab
Definition: " Grasp or seize the Haptic Creature suddenly and roughly."

Imagine the Haptic Creature to be your pet, one with which you have a close and comfortable relationship.
Think about and imagine that you are feeling Distressed then consider the given touch gesture, Grab.
You are not feeling Distressed because of the Haptic Creature.

Rather, you are considering convenying Distressed as if Haptic Creature is an impartial observer.

You may practice the gesture with the Haptic Creature if you find this helpful.

Once you have finished practicing the given touch gesture, please perform a final version for the Haptic Creature.

The robot will not respond; however, it will memorize this gesture.

g wn =

When you are ready to perform your final version:

. Click the "Listen" button below to notify the robot to start memorizing;
. Start with your arms and hands at your side;

. Present the touch gesture to the Haptic Creature;

. Return your arms and hands again to your side;

. Click the "Done" button below to notify the robot to stop memorizing.

Listen
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Case 1

Perform Touch Gestures

Emotion: Distressed
Gesture: Grab
Definition: " Grasp or seize the Haptic Creature suddenly and roughly."

Imagine the Haptic Creature to be your pet, one with which you have a close and comfortable relationship.
Think about and imagine that you are feeling Distressed then consider the given touch gesture, Grab.
You are not feeling Distressed because of the Haptic Creature.

Rather, you are considering convenying Distressed as if Haptic Creature is an impartial observer.

You may practice the gesture with the Haptic Creature if you find this helpful.

Once you have finished practicing the given touch gesture, please perform a final version for the Haptic Creature.

The robot will not respond; however, it will memorize this gesture.

g wn =

When you are ready to perform your final version:

. Click the "Listen" button below to notify the robot to start memorizing;
. Start with your arms and hands at your side;

. Present the touch gesture to the Haptic Creature;

. Return your arms and hands again to your side;

. Click the "Done" button below to notify the robot to stop memorizing.

@ Done
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‘ I Have Turned The Yideo Camera OFF ‘

Turn Off Video Camera

Please complete the following steps to turn off the video camera:

" Pick up the remote control.
= Point it at the camera.
= Press the remote's round, red "START/STOP" button.
After one or two seconds you should no longer see a small, red light ilfuminated on the camera.

= Put down the remote control.

= Click the "I Have Turned The Video Camera OFF" button above to move to the next step of the study.

If you are unable to turn off the video camera, please notify the facilitator.
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Case 1

Predict the Haptic Creature's Emotional Response

Select from the list below one word that you believe best describes the emotion expected to be expressed by the Haptic Creature as a result of
the touch gestures you performed. If you do not believe any of the given words describes the expected emotion, then you may select "None Of
These".

O Afraid O Angry O Aroused O Depressed O Disqusted O Distressed O Excited O Happy
OMiserahle O Neutral OFleased O Relaxed Osaﬂ Osleepy Osurpriseﬂ O None Of These
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You may now take a short break.

When the timer below reaches 00:00 the break will be over.

When the break has concluded and you are ready to proceed with the study, click the "Continue” button below.

Rest Break

00:30
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Finished

The study is now complete.
Please:

= remove the ear muffs;
= place the Haptic Creature in its original location; then
= notify the facilitator for further instructions.

Thank you very much for participating!
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D.5. Post-Study Questionnaire

D.5 Post-Study Questionnaire

The following is the questionnaire administered to participants upon completion of
the human affect display user study. It was conducted using Survey Monkey, an

online, web-based system.
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D.5. Post-Study Questionnaire

1. Administrivia

*1, Participant ID (to be entered by study facilitator):

1]
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D.5. Post-Study Questionnaire

2. Demographics

*1. What is your age?

L1

*2, What is your gender?

C  Female

C Male

* 3. What is your occupation?
l |
*¥ 4. What is the highest level of education you have completed?

* 5. Do you consider yourself a native English speaker or English to be your first

language?

C  No

T Yes

* 6. Did you learn English primarily in North America?

' No
T Yes

C Not Applicable (I Answered "No" to Question 5)

*¥ 7. What is your approximate height?
* 8. What is your approximate weight?
*9, Which is your dominant hand?
The "dominant hand” for right-handed people is the right. For left-handed people, the
dominant hand is the left.

O Left

€ Right

*10. Which hand do you use to control a computer mouse?

O Left

C  Right
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D.5. Post-Study Questionnaire

3. Pet Ownership Selector --- Retrospective Childhood

*¥1, When you were a child, did you have one or more pets?
C  No

T Yes
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D.5. Post-Study Questionnaire

4. Pet Experience --- Retrospective Childhood

*1. When you were a child, which of the following animal types did you have as a pet?
(Check all that apply)

" Amphibians
Birds

Cats

Dogs (Large)
Dogs (Small)
Fish

Horses

Rabbits
Reptiles
Rodents (Small)
Other (specify below)

l |

¥ 2, Please answer the following questions with respect to your pet(s) when you were a
child.

Never Rarely Often Generally Always
How often were you (o} (o} (o} (o (o
responsible for your pet's
care?
How often did you clean up C cC (o} o] C
after your pet?
How often did you hold, o] (o] (o) (o) (o)
stroke, or pet your pet?
How often did your pet C C (o} (o] (0]
sleep in your room?
How often did you feel that C o) C (o] (0)
your pet was responsive to
you?
How often did you feel that C C C C C
you had a close
relationship with your pet?
How often did you travel C C C C C
with your pet?
How often did you sleep C C C C C

near your pet?
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D.5. Post-Study Questionnaire

5. Pet Ownership Selector --- Contemporary

*1. Do you currently have (or recently had) one or more pets?
C  No

T Yes
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D.5. Post-Study Questionnaire

6. Pet Experience --- Contemporary

*1. Which of the following animal types do you currently have (or recently had) as a pet?
(Check all that apply)

" Amphibians
Birds

Cats

Dogs (Large)
Dogs (Small)
Fish

Horses

Rabbits
Reptiles
Rodents (Small)
Other (specify below)

l |

¥ 2, Please answer the following questions with respect to pet(s) you currently have (or
recently had).

Never Rarely Often Generally Always
How often are you (o} (o} (o} (o (o
responsible for your pet's
care?
How often do you clean up C cC (o} o] C
after your pet?
How often do you hold, o] (o] (o) (o) (o)
stroke, or pet your pet?
How often does your pet C C (o} (o] (0]
sleep in your room?
How often do you feel that C o) C (o] (0)
your pet was responsive to
you?
How often do you feel that C C C C C
you had a close
relationship with your pet?
How often do you travel C C C C C
with your pet?
How often do you sleep C C C C C

near your pet?
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D.5. Post-Study Questionnaire

7. Pet Experience --- General

*1, Please rate how strongly you dislike or like each of the following animals types.

Somewhat  Neither Dislike

Strongly Dislike Dislike Dislike Nor Like Somewhat Like Like Strongly Like
Amphibians c c c c c
Birds (o} C C C (o} C C
Cats c C C C c o (o)
Dogs (Large) o} C e e} I e o
Dogs (Small) C (o) C o o cC fo
Fish (o] C C C C C C
Horses. C C C C C C C
Rabbits (o} C C (o} (o} C C
Reptiles (o) (0) (o) (o] (o) (o) (o]
Rodents (Small) c c C C C C C

Comments (optional)
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D.5. Post-Study Questionnaire

*¥ 2, Please rate how strongly you disagree or agree with each of the following statements.

| really like seeing pets enjoy their food.

My pet means more to me than any of my
friends (or would if | had one).

| would like a pet in my home.
Having pets is a waste of money.

Housepets add happiness to my life (or
would if i had one).

| feel that pets should always be kept
outside.

| spend time every day playing with my
pet (or would if | had one).

| have occasionally communicated with a

pet and understood what it was trying to
express (or would if | had one).

The world would be a better place if
people would stop spending so much time
caring for their pets and started caring
more for other human beings instead.

| like to feed animals out of my hand.
| love pets.

Animals belong in the wild or in zoos, but
not in the home.

If you keep pets in the house you can
expect a lot of damage to furniture.

| like housepets.

Pets are fun but it's not worth the trouble
of owning one.

| frequently talk to my pet (or would if |
had one).

| hate animals.

You should treat your housepets with as
much respect as you would a human
member of your family.

Strongly
Disagree

-
C

Somewhat
Disagree

Disagree

c
C (o]
c
c
C C
(0] C
C (o]
(o) C
c
(0 (0]
c
C C
C

Neither
Disagree Nor
Agree
(o]

C

Somewhat
Agree

c
o

Strongly
Agree
Agree

C
C C
c

o
(o] C
C (o)
C C
C C

o
C (o)
C C
c
C C
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D.5. Post-Study Questionnaire

8. The Haptic Creature

*1. Have you previously participated in a study with the Haptic Creature?
T No

T Yes

* 2, What specific animal do you imagine the Haptic Creature represents?

You may answer "Do Not Know" if you do not imagine any animal.
l |

* 3, What do you imagine is the gender of the Haptic Creature?

C  Female
C Male

Do Not Know

* 4. How would you rate the size of the Haptic Creature?

Neither . .
Very Small Small . Big Very Big
Small nor Big

Haptic Creature's Size C (o) C (o) (o)

Comments (optional)

* 5, How would you rate the weight of the Haptic Creature?

. . Neither
Very Light Light . Heavy Very Heavy
Light nor Heavy

Haptic Creature's Weight C 0 C (o) (o)

Comments (optional)

* 6. How would you rate the fur of the Haptic Creature?

Neither
Very Unpleasant Unpleasant Unpleasant nor Pleasant Very Pleasant
Pleasant
Color C lo c c
Feel C C o}
Overall Appearance C C (o)

Comments (optional)
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D.5. Post-Study Questionnaire

*7. How would you rate your overall experience interacting with the Haptic Creature?

Niether
Very Unpleasant Unpleasant Unpleasant nor Pleasant Very Pleasant
Pleasant
Overall Experience (o} (o (o (o) (0)

Comments (optional)

8. Please provide any additional comments regarding the Haptic Creature. (optional)
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D.5. Post-Study Questionnaire

9. Emotions and Gestures

*1. Below is the list of emotions you were asked to communicate. Did you have any

difficulty understanding any of these words?

Aroused, Depressed, Distressed, Excited, Miserable, Neutral, Pleased, Relaxed, Sleepy.

C No
T Yes

If Yes, Please Specify

*¥2, Below is the list of gestures you were asked to perform. Did you have any difficulty
understanding any of these words or their definitions?

Contact Without Movement, Cradle, Finger Idly, Grab, Hit, Hold, Hug, Kiss, Lift, Massage,
Nuzzle, Pat, Pick, Pinch, Poke, Press, Pull, Push, Rock, Rub, Scratch, Shake, Slap,

Squeeze, Stroke, Swing, Tap, Tickle, Toss, Tremble.
T No
C Yes

If Yes, Please Specify

* 3, When physically performing touch gestures to the Haptic Creature, do you feel that
generally you either held back or were more intense than if it was a living creature?

For example, when you performed Hit or Shake or Hug generally were you either less
intense or more intense than if it was a living creature?

' Held Back

€ same

' More Intense

Comments (optional)
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D.5. Post-Study Questionnaire

*4. When considering the expected response from the Haptic Creature after performing a
series of touch gestures, did you generally expect the robot to change its emotional state
to one similar to what you were communicating or one that was sympathetic.

For example, if you were communicating that you were Distressed would you expect the
robot to become Distressed (similar) as well or to respond in some way that would help
you be less Distressed (sympathetic).

C Response Similar To What | Was Communicating
C Response Sympathetic To What | Was Communicating
' Not Sure

Comments (optional)

4
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D.5. Post-Study Questionnaire

*1. Were you able to hear any sound from the Haptic Creature while wearing the ear

muffs?

' No, No Sound

' Yes, Some Sound

' Yes, Quite A Lot Of Sound

*2, Did you find the use of video recording distracting, especially that you had to turn the
video camera on and off during the study?

T No

T Yes

Comments (optional)

3. Please provide any additional comments regarding the study you just completed.

(optional)

320



D.6. Video Coding of Touch Gestures

D.6 Video Coding of Touch Gestures

Here we summarize the procedures used for the coding of video recordings of
participants’ touch gesture performances on the Haptic Creature. In general, the
procedures closely followed those used by Hertenstein [75] [74].

Coders were naive to the research study goals as well as the specific emotion
being communicated by participants; however, they were informed of the gestures
being used. The video was coded on a second-by-second basis with the following
data recorded: contact point of the human, contact point of the Haptic Creature,
and pressure intensity of the contact.

The contact points were selected appropriately from diagrams shown in Fig-
ures D.1, D.2, and D.3. These diagram were adapted and greatly expanded from
those developed by Jourard [83]. The diagram for the Haptic Creature did not pre-
viously exist, while the body and face diagrams did not contain enough detail for
our purposes. This was particularly evident in the need for more fine-grained de-
marcation for hands and fingers. Our resultant diagrams, however, are likely even
more detailed than what was needed for our current study.

The intensity of touch estimated the level of human-applied pressure and was
recorded by means of a four-item scale (adapted directly from [75] [74]): N (no
touch) = no physical contact with the Haptic Creature; L (light touch) = indenta-
tion on the Haptic Creature’s fur or movement of its body is not apparent or barely
perceptible; M (moderate touch) = some fur indentation or movement of the Hap-
tic Creature’s body but not extensive; and S (strong touch) = indentation on the
Haptic Creature’s fur is fairly deep or movement of the its body is substantial as a
result of the pressure or force of the touch.

It is useful to note that the numbers utilized in the demarcation diagrams, as
well as the values of pressure intensity scale, were designed to be unique so as to

allow for easy validation of coded data.
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Figure D.1: Human head demarcation for touch gesture contact points. R (Right) and L (Left) are from the human’s perspec-

tive.
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Figure D.2: Human body demarcation for touch gesture contact points. R (Right), L (Left), Front, and Rear are from the
human’s perspective. Hands are positioned with the palm-sides facing to the rear.

$aIN)san) yonoy, jo SuIpo) 0apIA '9'(q




143

Top

Bottom

Figure D.3: Haptic Creature demarcation for touch gesture contact points. L (Left), R (Right), Top, and Bottom are from the

Haptic Creature’s perspective.
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Appendix E

Influence of Affective Touch
Study Materials

This appendix contains supplemental information regarding the influence of affec-

tive touch user study from Chapter 7:

E.1

the participant registration web page (Section E.1);
the participant consent form (Section E.2);

the preliminary instructions (Section E.3);

the user study screens (Section E.4);

the post-study questionnaire (Section E.5); and

the abstract shapes sequence generation (Section E.0).

Participant Registration

The following is the web page used for recruitment of participants for the influence

of affective touch user study. Interested participants were directed to this page from

the general recruitment presented in Section C.1.
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E.l. Participant Registration

The Haptic Creature Project
Affective Touch Influence Study

Thank you for your interest in participating in our study! For instructions on how to sign-up,
please go to the bottom of the page.

Research Overview

I am a member of the SPIN research group in the Department of Computer Science at the
University of British Columbia. I am recruiting participants in user studies as part of my PhD
research under the supervision of Dr. Karon MaclLean.

Our research is investigating the manner in which humans and robots communicate emotion
through touch. For this purpose, we are developing the Haptic Creature: a small, furry robot
capable of expressing and recognizing emotion through the sense of touch.

Study Details

The purpose of this study is to examine the communication of emotion through touch between
humans and robots. In particular, this study examines the influence of this form of interaction.

You will communicate various emotions to the Haptic Creature through touch gestures then
determine the robot's emotional response. In addition, at points throughout the study you will
be asked to report your current emotional state via a questionnaire.

General Information

e The study will take take approximately 1 hour to complete.

e You will be compensated $10 for your participation.

e The study will be conducted at the Vancouver campus of the University of British
Columbia.

Restrictions on Participation

e You must be between 19 and 50 years old.
e You must be a native English speaker, preferably from North America.
e You must not have participated in any previous studies with the Haptic Creature.

This study has been approved by The University of British Columbia; Office of Research
Services; Behavioural Research Ethics Board (#H01 -80470).

If you have any questions, do not hesitate to e-mail me: Steve Yohanan

>

Sign-up Instructions

— details omitted to conserve space —
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E.2. Participant Consent Form

E.2 Participant Consent Form

The following is the consent form that was read and signed by each participant

prior to proceeding with the influence of affective touch user study.
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E.2. Participant Consent Form

Department of Computer Science

PARTICIPANT'S COPY

Vancouver, B.C. Canada
CONSENT FORM R
o I
Project Title: The Haptic Creature Project — Affective Touch Influence
(UBC Ethics #H01-80470)
Principal Investigators: Dr. Karon MacLean; Associate Professor; Dept of Computer Science; | | | | | ] JJ NI
Student Investigator: ~ Steve Yohanan; PhD Candidate; Dept of Computer Science; ||| | | |

The purpose of this study is to examine the communication of emotion through touch between
humans and robots. In particular, this study examines the influence of this form of interaction.

In this study you will be asked to interact with a small robot covered in a soft fur. This robotic
creature, loosely resembling a small animal such as a cat, dog, or rabbit, will present a variety of
synthetic emotional states. The robot will differentiate its emotions by adjusting the stiffness of its ears,
modulating its breathing, and/or presenting a vibrotactile purr. You will be asked to communicate
various emotions to the robot through particular touch gestures, and then to categorize the robot’s
emotional response from predefined sets of emotion words. In addition, at points throughout the study
you will be asked to report your current emotional state via a questionnaire. At the end of the study, you
will be asked to provide general demographic information as well as feedback on your experiences
during the study.

You will be asked to wear ear muffs to mask external noises. During the study you may be
videotaped. Videotapes will be used for analysis and may also be used research presentations in the
Department of Computer Science at the University of British Columbia. We will contact you for explicit
permission before using any video or still images taken here which could identify you, in presentations
outside of UBC. If you are not sure about any instructions, do not hesitate to ask.

REIMBURSEMENT: $10
TIME COMMITMENT: 1 x 60 minute session
CONFIDENTIALITY: You will not be identified by name in any study reports. Data gathered

from this experiment will be stored in a secure Computer Science account
accessible only to the experimenters.

You understand that the experimenter will ANSWER ANY QUESTIONS you have about the
instructions or the procedures of this study. After participating, the experimenter will answer any other
questions you have about this study.

Your participation in this study is entirely voluntary and you may refuse to participate or withdraw
from the study at any time without jeopardy. Your signature below indicates that you have received a
copy of this consent form for your own records, and consent to participate in this study.

If you have any concerns about your treatment or rights as a research subject, you may contact the
Research Subject Info Line in the UBC Office of Research Services at

Version 1.0 / June 06, 2010 / Page 1 of 1
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E.2. Participant Consent Form

Department of Computer Science

RESEARCHER'S COPY I
Vancouver, B.C. Canada
CONSENT FORM o —— -
roc.

Project Title: The Haptic Creature Project — Affective Touch Influence
(UBC Ethics #H01-80470)
Principal Investigators: Dr. Karon MacLean; Associate Professor; Dept of Computer Science;_
Student Investigator: ~ Steve Yohanan; PhD Candidate; Dept of Computer Science; ||| N NN

The purpose of this study is to examine the communication of emotion through touch between
humans and robots. In particular, this study examines the influence of this form of interaction.

In this study you will be asked to interact with a small robot covered in a soft fur. This robotic
creature, loosely resembling a small animal such as a cat, dog, or rabbit, will present a variety of
synthetic emotional states. The robot will differentiate its emotions by adjusting the stiffness of its ears,
modulating its breathing, and/or presenting a vibrotactile purr. You will be asked to communicate
various emotions to the robot through particular touch gestures, and then to categorize the robot’s
emotional response from predefined sets of emotion words. In addition, at points throughout the study
you will be asked to report your current emotional state via a questionnaire. At the end of the study, you
will be asked to provide general demographic information as well as feedback on your experiences
during the study.

You will be asked to wear ear muffs to mask external noises. During the study you may be
videotaped. Videotapes will be used for analysis and may also be used research presentations in the
Department of Computer Science at the University of British Columbia. We will contact you for explicit
permission before using any video or still images taken here which could identify you, in presentations
outside of UBC. If you are not sure about any instructions, do not hesitate to ask.

REIMBURSEMENT: $10
TIME COMMITMENT: 1 x 60 minute session
CONFIDENTIALITY: You will not be identified by name in any study reports. Data gathered

from this experiment will be stored in a secure Computer Science account
accessible only to the experimenters.

You understand that the experimenter will ANSWER ANY QUESTIONS you have about the
instructions or the procedures of this study. After participating, the experimenter will answer any other
questions you have about this study.

Your participation in this study is entirely voluntary and you may refuse to participate or withdraw
from the study at any time without jeopardy. Your signature below indicates that you have received a
copy of this consent form for your own records, and consent to participate in this study.

If you have any concerns about your treatment or rights as a research subject, you may contact the
Research Subject Info Line in the UBC Office of Research Services at

You hereby CONSENT to participate and acknowledge RECEIPT of a copy of the consent form:

Printed Name Date Signature
Version 1.0 / June 06, 2010 / Page 1 of 1
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E.3. Preliminary Instructions

E.3 Preliminary Instructions

The following are the instructions presented to participants at the start of the influ-
ence of affective touch user study. They were displayed over multiple pages on the

computer screen used for the study.
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Instructions

The following pages contain instructions for the stucdy to be conducted. Use the buttons at the bottom to move forward/backward through the
pages.

Below is an overview of the instructions to follow:

= Study Overview
= The Haptic Creature
* |nteracting with the Haptic Creature
= Study Procedure
* Performing Touch Gestures
* Describing Your Current Emotional State
* Describing the Haptic Creature's Emotional Response
* Completing a Questionnaire
= Study Duration

Page 1 of 12
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Study Overview

Our research is investigating the manner in which humans and robots communicate emotion through touch.
The specific purpose of this study is to examine the influence of this form of interaction.

This study has been approved by The University of British Columbia; Office of Research Services; Behavioural Research Ethics Board
(#H01-80470).

Page 2 of 12
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The Haptic Creature

The Haptic Creature is the robot used in this study and was designed specifically for this research. Itis a small, animal-like robot covered in a soft,
faux fur.

The Haptic Creature communicates its emotional state solely through touch. It displays this through:

® the stiffness of its ears;
= the manner of its breathing; and
= the presentation of a vibrating purr.

The Haptic Creature perceives its surroundings solely through touch. It can sense when:

= jts body is touched;
= jts ears are squeezed; and
= jtis moved around.

Page 3 of 12

suononnsuy Areurifold €'q



1423

The Haptic Creature

Interacting with the Haptic Creature

= Throughout this study imagine the Haptic Creature to be your pet,

one with which you have a close and comfortable relationship.
= Afhen interacting the Haptic Creature always be as natural as possible.

* Use either hand or both, and switch among these at any point that seems natural.

* Touch anywhere on the Haptic Creature's body that seems natural;

however, do not restrict the movement of its breathing.

Itis normal for some shedding of the fur to occur when interacting with the Haptic Creature.
Also, do not worry if the tail fur slides down during the study.
The robot should function without issue throughout the course of the study;

however, please notify the facilitator if you have any concerns regarding the Haptic Creature at any point.

Page 4 of 12
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Study Procedure

During the study you will wear ear muffs to mask any outside sounds.
The stucly is comprised of the following steps:

= Performing Touch Gestures

= Describing Your Current Emotional State

= Describing the Haptic Creature's Emotional Response
= Completing a Questionnaire

Each step, except the questionnaire, will be repeated multiple times.

Page 5 of 12
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Study Procedure

Performing Touch Gestures
The majority of the study will be performing a sequence of touch gestures for the Haptic Creature.

You will be shown only one gesture at a time and will
continue to perform the touch gesture until a new one is displayed.

For each gesture, you will be provided its name as well as instructions on how to perform it.
Speed and Pressure

The instructions will highlight two components of the touch performance:

"W

= the speed of movement will be either “slow”, “medium”, or “quick”; and

" o

= the pressure to be applied will be esither “light”, “moderate”, or “firm”.

In the following example, “Tap” is the name of the gesture while “quickly” (speed) and “light” (pressure) are highlighted in the instructions.

Tap
“Quickly strike the Haptic Creature repeatedly with light blows using one or more fingers.”

Repetitive and Sustained
You will encounter two types of touch gestures:

= Repetitive gestures are ones where the touch is repeated over and over.
For clarity, these touch gestures will have the word “repeatedly” in their instructions.
“Tap” in the example above is a repetitive touch gesture.

= Sustained gestures are ones where the touch is performed once then held in position.
“Hug” is one example of a sustainad touch gesture.

Page 6 of 12
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Study Procedure

Performing Touch Gestures (continued)

Remain Engaged
When performing touch gestures for the Haptic Creature, try your best to remain engaged.

At times the duration for a particular gestures may seem slightly long.
Nonetheless, continue performing in a way that is engaged with the robot, as if it was your pet.

Active and Inactive

When you are performing a sequence of touch gestures, the Haptic Creature will be either active or inactive.

When the robot is active, it will be communicating with you in a manner similar to what you will experience in a familiarization session before the
study starts.

When the robot is inactive, it will be resting in your lap and will not be communicating with you.

The Haptic Creature will remain active or inactive for all gestures in a particular sequence.

Page 7 of 12
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Study Procedure

Describing Your Current Emotional State

Several times during the study you will be asked to describe your present emotional state. You will be answering how you feel at that exact moment,
not your general mood for the day. You will do this by using the SAM scales as explained below.

SAM Scales

SAM is a character used to visually describe different aspects of emotions. Each aspect is presented as a separate scale, where SAM is drawn
showing a range of related expressions. Two SAM scales will be used in this study. These scales will have a circle beneath each figure for you to
indicate your choice.

Unhappy versus Happy

ik H K H K 4 H  H F 4 F 4 H O H E o E

The first SAM scale is the unhappy-happy scale, in which SAM ranges from a frowning figure to a smiling figure. At one extreme, the left end of the
scale depicts unhappy, annoyed, unsatisfied, melancholic, despairing, bored. You can indicate completely unhappy by selecting the figure on the
far left. On other end, the right side of the scale denotes happy, pleased, satisfied, contented, hopeful. You can indicate complately happy by
selecting the figure on the far right. To indicate completely neutral, neither happy nor unhappy, select the figure in the middle. The figures also allow
you to describe intermediate feelings of pleasure.

Calm versus Excited

I K T T: . s &

The calm-excited dimension is the second type of feeling that SAM represents. At one extreme, the left end of scale depicts relaxed, calm,
sluggish, dull, sleepy, unaroused. You can indicate completely calm by selecting the figure at the far left. On the other hand, the right end of the
scale depicts stimulated, excited, frenzied, jittery, wide awake, aroused. To indicate completely aroused, select the figure at the far right of the row.
To indicate not at all excited nor calm, select the figure in the middle. As with the unhappy-happy scale, you can represent intermediate levels by
selecting any of the other figures.

Page 8 of 12
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Study Procedure

Describing the Haptic Creature's Emotional Response
After performing a series of touch gestures, you will be asked to describe the emotional response of the Haptic Creature.
You will choose one word that you believe best describes the emotional state of the Haptic Creature as a result of the touch gestures you

performed. You will select a word from the list presented below. If you do not believe any of the given words describes the emotion, then you may
select “None Of These”. You do not need to memorize the list. It will be provided for you during the study.

Afraid Angry | Aroused | Depressed | Disgusted | Distressed | Excited Happy
Miserable | Neutral | Pleased | Relaxed Sad Sleepy Surprised | None Of These
Page 9 of 12
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Completing a Questionnaire

Study Procedure

The final step of the study will be to fill out a short questionnaire.

Page 10 of 12
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The entire study should take approximately 1 hour.

You will be given several rest breaks at specified times.
You will be notified when to take each break.

Study Duration

Page 11 of 12
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Thank You for Participating

We greatly appreciate your willingness to patticipate in our study; however, we ask that you take seriously your role by providing honest and
thoughtful responses to the best of your ability.

When you have completely read all the instructions and are ready to begin the study, please notify the facilitator.

If you have any questions or concerns, please speak with the facilitator at this point.

Page 12 of 12
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E.4 User Study Screens

The following are the various screens presented to participants during the influence

of affective touch user study:
e Prepare to Begin Study (p. 344);
e Perform Touch Gestures (p. 345);
e Human Touch Gesture Label and Definition (p. 346);
o Human Touch Gesture Label and Definition — Visual Cue (p. 347);
e Describe Your Current Emotional State (p. 348);
e Describe the Haptic Creature’s Emotional Response (p. 349);
e Predict the Haptic Creature’s Emotional Response (p. 350);
e Rest Break — “Begin” (p. 351);
e Rest Break — “Concluded” (p. 352); and

e Finished (p. 353).
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Prepare to Begin Study

= For your comfort, you may empty items from your pockets and place them on the desktop.
= Please turn off your cell phone, pager, or other communication devices.

= Place the Haptic Creature comfortably in your lap.

Position the mouse in a comfortable and appropriate location.

= Please put on the ear muffs.

When you are ready to begin the study, click the “Start Study” button below.

Start Study
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Perform Touch Gestures

You will now be asked to perform a sequence of touch gestures for the Haptic Creature.

For each gesture, you will be provided its name as well as instructions on how to perform it.

The instructions will highlight both the speed of movement and the pressure to be applied during the touch performance.

For example:

Tap
“Quickly strike the Haptic Creature repeatedly with light blows using one or more fingers.”

Only one gesture at a time will be shown.
Continue to perform the touch gesture, as instructed, until a new one is displayed.

A visual cue will notify you a short while before the next touch gesture will be displayed.
The background will lighten for the current gesture's name.

For example:

Tap
“Quickly strike the Haptic Creature repeatedly with light blows using one or more fingers.”

Even after the visual cue, do not stop performing the current gesture until the next gesture is displayed.

The Haptic Creature will be either active or inactive for the entire sequence of touch gestures.
As always, imagine the Haptic Creature to be your pet, one with which you have a close and comfortable relationship.
When interacting the Haptic Creature always be as natural as possible.

* Use either hand or both, and switch among these at any point that seems natural.
* Touch anywhere on the Haptic Creature's body that seems natural;

however, do not restrict the movement of its breathing.

When you are ready to proceed, click the “Begdin” button below.
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Casel

‘Slowly squeeze the Haptic Creature close against your chest
with your arms applying moderate pressure.”

SuaaIoS ApmiS 19s(] ‘g
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Hug

‘Slowly squeeze the Haptic Creature close against your chest
with your arms applying moderate pressure.”

suoaIds ApmiS 19s) ‘v'q
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Casel

Describe Your Current Emotional State

Using the two SAM scales presented below, rate your emotional state at this exact moment, not your general mood for the day.

Unhappy versus Happy
[ Il [ [ izl iz iz [t =
1 k 1 k 1 k 1 k 1 k 1 k 1 k 1 H
O O O O

Calm versus Excited
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Casel

Describe the Haptic Creature's Emotional Response

Select from the list below one word that you believe best describes the emotion that was being expressed by the Haptic Creature as a result of
the touch gestures you just performed. If you do not believe any of the given words describes the emotion, then you may select “None Of

These”.

O Afraid O Angry O Aroused O Depressed O Disgusted O Distressed O Excited O Happy
O Miserable ONeulnl OPIeased ORelaxeﬂ Osaﬂ Qslupy OSurprised ONune Of These
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Casel

Predict the Haptic Creature's Emotional Response

Select from the list below one word that you believe best describes the emotion you would expect to be expressed by the Haptic Creature as a
result of the touch gestures you just performed. If you do not believe any of the given words describes the expected emotion, then you may

select “None Of These”.

O Afraid O Angry O Aroused O Depressed O Disgusted O Distressed O Excited O Happy
O Miserable ONeulnl OPIeased ORelaxeﬂ Osaﬂ Qslupy OSurprised ONune Of These
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Rest Break

You will now take a short break during which a sequence of images will be displayed on the monitor.

The Haptic Creature will remain in your lap for the duration.
It is best that you rest your arms and hands at your side, rather than on the robot.
You may adjust the robot during the break for comfortable positioning;

however, try your best not to actively interact with the Haptic Creature.
For example, try not to stroke or rest your hands on the robot.

When you are ready to start the break, click the “Begin” button below.

suoaIds ApmiS 19s) ‘v'q
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Rest Break

The break has concluded.

When you are ready to proceed with the study, click the “Continue” button below.

suoaIds ApmiS 19s) ‘v'q
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Finished

This portion of the study is now complete.
Please:
1. remove the ear muffs;
2. place the Haptic Creature in its original location; then
3. wait for the facilitator
— if the facilitator does not return within a short while, you may come outside.

The facilitator will then provide a short questionnaire for you to complete.

suoaIds ApmiS 19s) ‘v'q



E.5. Post-Study Questionnaire

E.5 Post-Study Questionnaire

The following is the questionnaire administered to participants upon completion of
the influence of affective touch user study. It was conducted using Survey Monkey,

an online, web-based system.
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E.5. Post-Study Questionnaire

1. Administrivia

*1, Participant ID (to be entered by study facilitator):

1]
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E.5. Post-Study Questionnaire

2. Demographics

*1. What is your age?
*2, What is your gender?
C  Female

C Male

* 3. What is your occupation?
l |
*¥ 4. What is the highest level of education you have completed?

I jv

* 5. Do you consider yourself a native English speaker or English to be your first
language?

' No

T Yes

* 6. Did you learn English primarily in North America?

' No

T Yes

C Not Applicable (I Answered "No" to Question 5)

If "No", then in which country did you primarily learn English?
*7.What is your approximate height?
*¥ 8. What is your approximate weight?

* 9. Which is your dominant hand?

The “dominant hand” for right-handed people is the right.
For left-handed people, the dominant hand is the left.

O Left

C  Right
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*10. Which hand do you use to control a computer mouse?
O Left

C  Right
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E.5. Post-Study Questionnaire

3. Pet Ownership Selector --- Retrospective Childhood

*¥1, When you were a child, did you have one or more pets?
C  No

T Yes
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4. Pet Experience --- Retrospective Childhood

*1. When you were a child, which of the following animal types did you have as a pet?
(Check all that apply)

" Amphibians
Birds

Cats

Dogs (Large)
Dogs (Small)
Fish

Horses

Rabbits
Reptiles
Rodents (Small)
Other (specify below)

l |

¥ 2, Please answer the following questions with respect to your pet(s) when you were a
child.

Never Rarely Often Generally Always
How often were you (o} (o} (o} (o (o
responsible for your pet's
care?
How often did you clean up C cC (o} o] C
after your pet?
How often did you hold, o] (o] (o) (o) (o)
stroke, or pet your pet?
How often did your pet C C (o} (o] (0]
sleep in your room?
How often did you feel that C o) C (o] (0)
your pet was responsive to
you?
How often did you feel that C C C C C
you had a close
relationship with your pet?
How often did you travel C C C C C
with your pet?
How often did you sleep C C C C C

near your pet?
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5. Pet Ownership Selector --- Contemporary

*1. Do you currently have (or recently had) one or more pets?
C  No

T Yes
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E.5. Post-Study Questionnaire

6. Pet Experience --- Contemporary

*1. Which of the following animal types do you currently have (or recently had) as a pet?
(Check all that apply)

" Amphibians
Birds

Cats

Dogs (Large)
Dogs (Small)
Fish

Horses

Rabbits
Reptiles
Rodents (Small)
Other (specify below)

l |

¥ 2, Please answer the following questions with respect to pet(s) you currently have (or
recently had).

Never Rarely Often Generally Always
How often are you (o} (o} (o} (o (o
responsible for your pet's
care?
How often do you clean up C cC (o} o] C
after your pet?
How often do you hold, o] (o] (o) (o) (o)
stroke, or pet your pet?
How often does your pet C C (o} (o] (0]
sleep in your room?
How often do you feel that C o) C (o] (0)
your pet was responsive to
you?
How often do you feel that C C C C C
you had a close
relationship with your pet?
How often do you travel C C C C C
with your pet?
How often do you sleep C C C C C

near your pet?
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7. Pet Experience --- General

Amphibians
Birds

Cats

Dogs (Large)
Dogs (Small)
Fish

Horses

Rabbits
Reptiles
Rodents (Small)

Comments (optional)

Strongly Dislike

S

o Mo Mo Mo Nio o Mo o Rio]

Dislike

250 O O D H O DD

Somewhat
Dislike
(o)

O 0 0o oo o o0 o

Neither Dislike
nor Like
(0

o Mo Mo Bio Mo o Mo o Rio]

Somewhat Like

o o Mo Bio Mo o Mo o Rio]

Like

o)

O 0 0o oo o o0 o

*1, Please rate how strongly you dislike or like each of the following animals types.

Strongly Like

c

O 0 oo oo o 0 o

362



E.5. Post-Study Questionnaire

*¥ 2, Please rate how strongly you disagree or agree with each of the following statements.

| really like seeing pets enjoy their food.

My pet means more to me than any of my
friends (or would if | had one).

| would like a pet in my home.
Having pets is a waste of money.

Housepets add happiness to my life (or
would if i had one).

| feel that pets should always be kept
outside.

| spend time every day playing with my
pet (or would if | had one).

| have occasionally communicated with a

pet and understood what it was trying to
express (or would if | had one).

The world would be a better place if
people would stop spending so much time
caring for their pets and started caring
more for other human beings instead.

| like to feed animals out of my hand.
| love pets.

Animals belong in the wild or in zoos, but
not in the home.

If you keep pets in the house you can
expect a lot of damage to furniture.

| like housepets.

Pets are fun but it's not worth the trouble
of owning one.

| frequently talk to my pet (or would if |
had one).

| hate animals.

You should treat your housepets with as
much respect as you would a human
member of your family.

Strongly
Disagree

-
C

Somewhat
Disagree

Disagree

c
C (o]
c
c
C C
(0] C
C (o]
(o) C
c
(0 (0]
c
C C
C

Neither
Disagree nor
Agree
(o]

C

Somewhat
Agree

c
o

Strongly
Agree
Agree

C
C C
c

o
(o] C
C (o)
C C
C C

o
C (o)
C C
c
C C
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8. The Haptic Creature

*1. Have you previously participated in a study with the Haptic Creature?

C  No
T Yes
* 2, What specific animal do you imagine the Haptic Creature represents?

You may answer "Do Not Know" if you do not imagine any animal.

|

I

* 3, What do you imagine is the gender of the Haptic Creature?

C  Female
C Male

Do Not Know
4. If the Haptic Creature was your personal pet, what name would you give it? (optional)

|

* 5, How would you rate the size of the Haptic Creature?

I

Neither . "
Very Small Small . Big Very Big
Small nor Big
Haptic Creature's Size C (o) (o) C C
Comments (optional)
* 6. How would you rate the weight of the Haptic Creature?
. . Neither
Very Light Light . Heavy Very Heavy
Light nor Heavy
(0) C

(0] 0 C

Haptic Creature's Weight

Comments (optional)
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*¥7. How would you rate the fur of the Haptic Creature?
Neither
Very Unpleasant Unpleasant Unpleasant nor Pleasant Very Pleasant
Pleasant

Color c

c
c

Feel
Overall Appearance

Comments (optional)

* 8. How would you rate your overall experience interacting with the Haptic Creature?

Niether
Very Unpleasant Unpleasant Unpleasant nor Pleasant Very Pleasant
Pleasant
Overall Experience (@ @ c o o

Comments (optional)

9. Please provide any additional comments regarding the Haptic Creature. (optional)
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9. Gestures - Intensity and Similarty

*1. How would you rate your overall intensity when performing touch gestures for the
Haptic Creature in comparison to a living creature?

For example, did you frequently hold back, or were more intense, with the Haptic Creature
than if it was a living creature?

Much Less Somewhat Less Neither Less nor Somewhat More Much More
Less Intense More Intense
Intense Intense More Intense Intense Intense
Intensity C (o) C (o) C C C

Comments (optional)

v

*¥2, You performed a sequence of touch gestures 4 separate times during the study.
Did you notice any similarities among the separate sequences of gestures?

[You may speak with the facilitator if you require clarification for this question.]
C Al4 sequences seemed different.
C 3ofthe sequences seemed similar to each other, while 1 seemed different.
C 2ofthe sequences seemed similar to each other, while the other 2 seemed different.

C  2ofthe sequences seemed similar to each other, and the other 2 seemed similar to each other.

c

Do Not Know
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Gestures - Miserable

[The questions on this page refer to the touch gestures listed here.]

Contact Without Movement
“Moving at a medium speed, rest your hand lightly on top of the Haptic Creature.”

Hug
“Slowly squeeze the Haptic Creature close against your chest with your arms applying moderate pressure.”

Hold
“Slowly support the Haptic Creature with your arms or hands applying moderate pressure.”

Cradle
“Moving slowly, hold the Haptic Creature protectively applying moderate pressure.”

Stroke
“At a slow speed, repeatedly move your hand in the same direction over the Haptic Creature's fur with moderate pressure.”

Rub
“Repeatedly move your hand slowly back and forth over the Haptic Creature's fur with moderate pressure.”

*1, Referring to the “Unhappy” versus “Happy” SAM scale used in the study, how would
you rate the touch gestures listed above?

C Unhappy C Neutral C Happy C Do Not Know
¥ 2, Referring to the “Calm” versus “Excited” SAM scale used in the study, how would

you rate the touch gestures listed above?

C  calm ' Neutral ' Excited Do Not Know

* 3. Do you recall having any difficulty performing any of the touch gestures listed above?
T No
C Yes

If Yes, Please Specify
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11. Gestures - Pleased

[The questions on this page refer to the touch gestures listed here.]

Hug
“Moving at a medium speed, squeeze the Haptic Creature close against your chest with your arms applying firm pressure.”

Stroke
“At a medium speed, repeatedly move your hand in the same direction over the Haptic Creature's fur with moderate pressure.”

Rub
“Repeatedly move your hand at a medium speed back and forth over the Haptic Creature's fur with firm pressure.”

Tickle
“Quickly touch the Haptic Creature repeatedly with light finger movements.”

Pat
“At a quick speed, repeatedly touch the Haptic Creature lightly with the flat of your hand.”

Rock
“Repeatedly move the Haptic Creature back and forth at a medium speed while supported in your arms with firm pressure.”

*1, Referring to the “Unhappy” versus “Happy” SAM scale used in the study, how would
you rate the touch gestures listed above?

C Unhappy C Neutral C Happy C Do Not Know

¥ 2, Referring to the “Calm” versus “Excited” SAM scale used in the study, how would
you rate the touch gestures listed above?

C  calm ' Neutral ' Excited Do Not Know

* 3. Do you recall having any difficulty performing any of the touch gestures listed above?
T No
C Yes

If Yes, Please Specify
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12. Responsiveness

[The questions on this page refer to your observations of the Haptic Creature when it was ACTIVE.]

*1. You performed a sequence of touch gestures 4 separate times during the study.
During how many of these sequence do you recall that the Haptic Creature was ACTIVE
throughout?

NOTE: Only count when it was ACTIVE through an entire sequence of touch gestures. If
the Haptic Creature became INACTIVE at any point in a sequence, then do not include it in
your count.

C o C o1 C o2 C 3 C 4

¥ 2, Please rate how strongly you disagree or agree with each of the following statements.

Neither
Strongly . Somewhat . Somewhat Strongly
) Disagree . Disagree nor Agree
Disagree Disagree Agree Agree
Agree
The Haptic Creature was responsive to my (o} (o) (0) (o] (0) (o) (o)
touch gestures.
The Haptic Creature responded differently o] o] C o] C o] (o]
for each touch gesture | performed.
The Haptic Creature recognized | was C (o} C (o} C (o) (o)
interacting with it.
The Haptic Creature understood which C C C C (o] (o] C
touch gesture | was performing for it.
The Haptic Creature responded in a (o} (o} C (o] (0) (o) (o)

manner similar to the touch gestures | was
performing for it.

Comments (optional)
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*1. Were you able to hear any sound from the Haptic Creature while wearing the ear
muffs?

' No, No Sound

' Yes, Some Sound

' Yes, Quite A Lot Of Sound
*2, Did you find the use of video recording distracting?
C  No

T Yes

Comments (optional)

3. If you were in any way uncomfortable during the study, please specify. (optional)

N

4. Please provide any additional comments regarding the study you just completed.

(optional)
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E.6 Abstract Shapes Sequence Generation

During the various rest breaks of the user study, a random sequence of abstract
shapes was displayed on the LCD monitor (Section 7.2.7). These sequences were
generated by XScreenSaver’s Deco screensaver [191], which was configured to
generate a new image every seven seconds. An example image is depicted in Fig-
ure E. 1.

The Deco screensaver was configured with the settings specified in Table E.1.

Table E.1: XScreenSaver Deco configuration.

Option Value

Duration 7
Number of colors 255

Minimum width 20
Minimum height 20
Maximum depth 6
Smooth colors off
Golden ratio on
Mondrian off
Show frame rate off

Based on the above configuration, the following was the resultant screensaver

command.

deco -root -delay 7 -ncolors 255 -min-width 20 -min-height 20 \
-max-depth 6 -golden-ratio
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Figure E.1: XScreenSaver Deco example image.
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