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Abstract

Samantha Ida Reig

Characterizing the Role of Agent Identities in Interactions Among
Individuals, Embodiments, and Services

With the ongoing innovation of intelligent systems that coordinate and collaborate
with humans, it becomes increasingly important to understand how interactions should
be designed to support effective communication, social norms, and appropriately cali-
brated trust. These intelligent systems are becoming less and less constrained to single
embodiments: voice-activated agents that are typically embodied in smart speakers, for
example, can interact with users through multiple platforms and control multiple de-
vices in a shared space. As researchers and designers explore the potential for agents to
serve as interactive interfaces to complex systems, they grapple with questions of how
technical constraints and social context might impact aspects of agents” design and use.
These aspects include possibilities for and effects of physical design, how agents should
handle complex ethical and interpersonal constructs like social privacy (what happens
when a smart home agent keeps secrets?), how they might be mentally modeled (are
they tools, collaborators, or something else?), and what their roles and responsibilities
are among genuine social players.

I argue that agent identities can play a mediating role in shaping the interactions
that are situated in these complex and integrated contexts, as well as their outcomes.
By integrating theoretical, empirical, and design work on agent identity, smart environ-
ments, and technology mediation, I formulate a preliminary conceptual model of agent
identity as a mediating entity in relationships among individuals, embodiments, and
services. In this dissertation, I discuss several studies that explored possible future de-
signs for agent identities as service touchpoints, manipulated agent identity in human-
robot collaboration settings, examined the role of embodiment in interactions between
agent identities and ancillary users, and explored possibilities for future human-agent
interaction in smart homes and other smart environments. The work that I have done
with my colleagues to date has revealed novel insights that aid in mapping the space
of human-agent interactions in complex social and physical environments and inform-
ing new frameworks for understanding and studying Al agent identities. In interpret-
ing these insights, we have made several contributions to basic scientific knowledge in
human-computer interaction (HCI), human-robot interaction (HRI), and human-agent
interaction (HAI). We also generated design implications for agents and robots that in-
teract socially with people in various domains. This work has both revealed and ad-
dressed a crucial need and timely opportunity to formulate new, informed approaches
to human-Al interactions that take a bird’s-eye view of entire Al-rich environments (in-
cluding multiple people, multiple agents, and multiple embodiments).






Acknowledgments

As they say, “It takes a village”.

First and foremost, I want to thank my advisors, Jodi Forlizzi and Aaron Steinfeld,
for their guidance and support, for keeping me on track, for demystifying the world
of academia a little bit more with every advising meeting, and for reassuring me that
things would work out. Jodi welcomed me to CMU before I even enrolled. In our time
working together, she has given me so many of her hours and insights, supported my
ideas and implored me to pursue them, and helped me put difficult things in perspec-
tive. Aaron welcomed me into the then-nameless Transportation, Bots, and Disability
Lab when I first began my PhD, and it has been my “home base” on campus since.
Through the years, Aaron has gone above and beyond in sharing his expertise, experi-
ences, and restaurant recommendations; making himself available for last-minute meet-
ings about paper-writing and career-navigating; and helping me network. In my mind,
I compare Jodi and Aaron both to Glinda, the Good Witch of the North: along my path,
there have been surprises that we’ve encountered together, but also truths that they’ve
known all along and pushed (or graciously allowed, depending on the issue) me to
discover for myself—and my journey through this PhD Oz has been all the better for it.

I am immensely grateful to my committee members, Terry Fong and Geoff Kaufman.
Terry has been my fellowship mentor for many years. His support has been strong
even from a distance, and he has consistently inspired me to reconsider the assump-
tions of my research and to think about human-robot interaction in new ways. Geoff’s
approaches to teaching, research, and community-building have had an immeasurable
impact on my development as a student and a scholar of HCI, as an instructor, and as a
person in the world. I thank them both for their feedback on this thesis.

Several other faculty members have influenced and inspired me during my time at
Carnegie Mellon. My PhD was made possible in large part by John Zimmerman. In
addition to bringing me onto his project and supporting all my work, he has shown me
how to formulate innovative research questions, speak my mind in meetings, and use
research-through-design methods effectively. I will always remember Chinmay Kulka-
rni’s enthusiasm during our first conversation in his office as I considered the offer to
join the program. Since then, his insights into my work (and our n=1 shared projects)
have been invaluable. Raelin Musuraca and Motahhare Eslami helped me develop my
teaching skills and cultivate my interest in teaching while modeling superb pedagogy.
Jessica Hammer supported my research and service, and has always been a role model
for me in so very many ways. Thank you all. Thank you also to the faculty who con-
tributed to my work, helped me navigate the PhD program, and worked with me on
department initiatives: Laura Dabbish, Jeff Bigham, David Lindlbauer, Nik Martelaro,
Ken Holstein, Paul Pangaro, Stephanie Rosenthal, Jill Lehman, Niki Kittur, Scott Hud-
son, Henny Admoni, and Reid Simmons, among others.

Since pretty much day one, my go-to person for every question from “Should I



Vi

worry about this confound?” to “Is the tone of this email appropriate?” has been Liz
Carter. Liz is a powerhouse of a researcher and human. Having her as a mentor makes
me feel like I won the jackpot. Thank you, Liz, for the pep talks, the paper edits, the
reminders to go outside, and everything in between.

There is no possible way to say “thank you” enough to Queenie Kravitz. In the past
six years, Queenie has handled countless departmental protocols and logistics. She has
also encouraged me to trust what I knew, seek what I wanted, and prioritize what I
needed. She is a hero of higher education, a brilliant collaborator, and a dear friend.

The depth and richness of the work described in Section II of this thesis was made
possible by the contributions of four outstanding undergraduate students: Elsa For-
berger, Danielle Oltman, Janet Wang, and Isabel Won, thank you for bringing your
unique skillsets and perspectives to our summers together. I also thank Carnegie Mel-
lon undergraduates and recent alumni Irene Kang, Winnie Lin, Benjamin Stone, and
Thomas Von Davier for their work on preparing study materials and analyzing data.

I am grateful to my collaborators from beyond Carnegie Mellon. The experiences I
have had working with Andrés Monroy-Herndndez, Rajan Vaish, and Brian A. Smith
have shown me how incredibly fulfilling good teamwork can be, and all three have
provided unique perspectives on my dissertation that have helped me understand its
place in HCIL. Thank you to Tom Williams and Alexa Bejarano for identifying our mutual
research interests and running with them.

Thank you to the mentors and collaborators at Cornell who sparked my interest in
HCI and set me on a path to this degree. Mike Goldstein saw a sophomore psychology
major unsure of how to handle a newfound love of coding and envisioned a human-
robot interaction scholar. Thank you, Mike, for telling me that HRI was a field (and
that it would welcome and nurture the merging of my interests) and for advising me on
PhD applications. Thank you to Morten Christiansen for opening the door to research
for me, and to Susan Fussell, Malte Jung, and Brett Stoll for bringing me into the fold
and supervising and supporting my contributions to lab projects.

My colleagues in the PhD program, the TBD Lab, and the CMU HRI community
are some of the coolest people in the world. I am so lucky to count Julia Cambre as
my co-author, cohort buddy, office buddy, travel buddy, and, most importantly, friend.
She has been my person through office after office, mini after mini, deadline after dead-
line, and thick and thin. This ride was made infinitely better and brighter thanks to her
wisdom and support. Michal Luria’s research approach and design skills have always
inspired me; she is an amazing collaborator, and I am grateful for her leadership, advice,
and friendship. I am grateful to my cohort-mates and friends Lynn Kirabo, Stephanie
Valencia?, Cori Faklaris, and Lea Albaugh for lending a listening ear on so many oc-
casions, for providing feedback on dozens of practice talks, paper drafts, and study
designs, and for enhancing my work with their keen insights at every turn.

I thank the newest (2022-2023) members of the “Craig St. Crew”: Mai Lee Chang,
Alicia Lee, Neeta Khanuja, and Hugo Simao. Collaborating with them—and with the
AI-CARING team more broadly—over the past year has been intellectually stimulating,
and the work so rewarding.

I want to thank the many other CMU friends and colleagues with whom I have
shared offices, papers, organizational efforts, and stages at various points throughout
these past six years: Alex Ahmed, Karan Ahuja, Sarthak Ahuja, Reuben Aronson, Ab-
hijat Biswas, Sol Boucher, Vikram Kamath Cannanure, Daphne Chen, Tianying Chen,



vii

Prerna Chikersal, Judy Choi, Erica Principe Cruz, Anna Fang, Bailey Flanigan, Tesca
Fitzgerald, Mary Hatfalvi, Amber Horvath, Deby Katz, Roshni Kaushik, Mary Beth
Kery, Sara Kingsley, Pallavi Koppol, Yasmine Kotturi, Gierad Laput, Tianshi Li, Toby
Li, Jirachaya “Fern” Limprayoon, Fannie Liu, Ceci Morales, Tomo Nagashima, Tricia
Ngoon, Oscar Romero, Kate Shih, Franky Spektor, Jaemarie Solyst, Franceska Xhakaj,
Allan Wang, Sanne van Waveren, Kristin Williams, Naomie Williams, Judith Uchid-
iuno, Zheng Yao, Qian Yang, Nur Yildirim, Michelle Zhao, and Siyan Zhao. Thank
you to my friends from my childhood, college, and grad school years, who have taken
interest in understanding how PhDs work, provided boundless support, and lent re-
freshing and reinvigorating perspectives to my research. I am grateful to the CMU
IRB—especially Gail Kusbit—and to the SCS, RI, and HCII staff members who booked
rooms, processed reimbursements, and coordinated events, including Peggy Martin,
Marian D’Amico, Catherine Copetas, Karen Harlan, Carolyn Buzzelli-Stumpf, Ryan
Ries, Patrick Brinkman, Diana Rotondo, and John Davis.

I am fortunate to have embedded myself (at various points in the past few years)
in the Mendelssohn Choir of Pittsburgh, the SCS Grad Musical, and Chabad of CMU &
JGrads. These communities have made my Pittsburgh life fun, given me lasting friend-
ships, and nurtured both the research and non-research parts of my identity.

I want to thank Xiang Zhi Tan for enriching my work and enlivening my life every
day since we met. In my time as a graduate student, Zhi has been my rock through
every rejected paper, intense workweek, and personal crisis, my encyclopedia of mis-
cellaneous (and very useful) numerically-oriented facts, my partner-in-crime, and my
best friend. There is no one in the world with whom I would rather be celebrating this
milestone.

Finally, I want to thank my family. My parents, Shari and Neil Reig, have always
encouraged me to explore my interests, given me much-needed perspective in the face
of the stress and challenges of research, and reminded me not to take anything too se-
riously. My little brother, Adam Reig (himself a budding researcher!), is my inspiration
in all I do, including this thesis. Thank you to my grandmother, Barbara Kressner, and
to the rest of family (including Molly), for unending love and support. Desmond, my
cat, came into my life halfway through my PhD, and filled it with cuteness and chaos.
Once, as I sat at my desk squinting at Overleaf, he stepped on the D, E, and S keys, in
that order—”“DES”(mond)—thus attempting to claim this document as his work. Be-
lieve what you wish about that.



viii

Contents

Abstract

Acknowledgments

I Research Framework

1 Introduction
1.1 Flexible agent embodiment . . ... ... ... ............. ...
1.2 Agent identities as mediating entities . . . ... ... ... ... ... ...
1.3 Research overview . . . . . . . . . . . e e

2 Background and Related Work

II

2.1 Agentsassoftwareidentities . . ... ... ... ... . 0 L.
211 Agents . .. ...
212 Identities . . . ... ... ... ... ..
2.1.3 Agent migration: Theoretical and psychological roots . . . . . . ..
2.2 Agents as social players and intermediaries in groups and teams . . . . .
23 Embodiment . . . . ... ...
2.4 Implicit mediationovertime. . . . ... .. ... ... ... L.
241 Self extensionand symbolism . . . . ... ....... . ... ...
2.4.2 Situated delayed communication . . . . ... ... ... 000
243 AsynchronousHRI . . ... ...... .. ... ... ... .....
244 Sharingbots . . . ... ... L L
2.5 Agentsandrobotsinservices . . ... ... ... ... .. L.,

Agent Identities as Service Touchpoints

Exploring Personalized Interactions with Fluidly-Embodied Service Robots:

User Enactments Study

31 Method . . . ... ... .
311 Studysetup . .. ... .. ... ... ..
3.1.2 Agent configurations and environments . . . . .. ... ... ....
313 Participants . ... ... ... ... L oo o
314 Studyprocedure . .. .. ... ... ... o L L
315 Analysis . .. ... .. ... ...

32 Findings . .. ... ... . ...

iii

11
12
12
13
13
15
16
17
18
19
19
19
20

23



ix

3.2.1 Preference foralLife Agent . . ... .................. 32

3.2.2 Context-crossing and uncertainty concerns . . . . .. ... .. ... 33

3.23 Agents are social actorsingroups . . ... ... ... ... ... 34

3.2.4 Flexible role conflicts with expertise . . . . . ... ... ... .... 36

325 Personaldataandprivacy . . . ... ... ... . oL 36

32,6 Otherfindings. . ... ... ... .. ... .. ... .. ... .. ... 37

33 Discussion . . . ... ... 37

3.4 Summary and contributions . . . ... ... L L Lo 39
4 Comparing Personalized Interactions with Fluidly-Embodied Service Robots:

Storyboards Study 41

41 Claims . . ... .. e 42

42 Research Approach . ... ... ... ... .. ... .. ... .. .. .. ... 42

421 Creatingstoryboards . . . ... ... ... ... ... . ... 43

422 Participants . ... ... ... L 45

423 Procedure . . ... ... ... 46

424 Measures. . . . . ... 46

425 Analysis ... ... .. 47

43 Findings . .. ... ... ... 47

43.1 Impersonal and personal settings . . . .. ... ... ......... 47

43.2 When identificationaddsvalue . . . . . ... ... ... ... ... 50

43.3 Re-embodiment and expertise . .. ............. .. ... 52

44 Discussion . . . . .. ... 54

441 Claims . . . ... e 55

442 Futuredirections . . ... ... ... ... .o o 57

443 Reflection on methodology . . ... ............... ... 57

444 Limitations . ... ... ... ... . . .. o o 58

4.5 Summary and contributions . . . ... ... o oL o L oL 58

III Agent Identities as Interfaces to Smart Environments 61

5 Perceptions of Multi-Robot Failure Recovery Strategies 63

51 Study A. .. ... . 64

511 Studydesign . ..... ... . ... ... oo 64

512 Hypotheses . . .. ... ... .. ... o 65

513 Measures. . . .. .. ... 66

514 Procedure .. ... ... ... ... 66

515 Participants . . . ... ... ... ... ... o o oo 67

52 Study AResults . . ... ... ... 67

52.1 Trustintherobotsystem. ... ... .. ... ... ... ...... 68

5.2.2 Perceived competence of the robot system . ... ... ... ... .. 68

5.2.3 Social attributions to the robot system . . . .. ... ... ... ... 68

53 Study Adiscussion . . ... ... L e 69

54 StudyBmethod . . ... .. ... .. ... .. L o o 70

54.1 Methodological adjustments . . . ... ... ............. 70

542 Hypotheses . . .. ... ... .. ... 71

543 Participants . . ... ... ... o 71



55 StudyBResults . . ... ... ... ... . o oo 72

55.1 Trustintherobotsystem. ... ..................... 72

5.5.2 Perceived competence of the robotsystem . .. ........... 73

5.5.3 Social attributions to the robot system . . . ... ... ... ... .. 73

554 Attributions of failure . . ... ... ... ... . . oo oL 73

555 Preference . ... .. ... . 73

55.6 Otherfindings. .. ... ... ... ... ... ... .. .. ... 74

5.6 Generaldiscussion . .. ... ... .. ... ... o oL 74

5.6.1 Limitations . ... ... ... ... . ... o 75

5.7 Summary and contributions . . . ... ... oo Lo 76

6 Agent Affiliation, Reference Cues, and Roles in Smart Environments 77
6.1 Broadening the lens and peering through new lenses: A systemic view of

interactions in smart environments . . . . ... ... L0000 78

6.1.1 Lenses to a systemic view of smart environments . . ... ... .. 79

6.2 Study: Conversational agents in smart space habitats . . . ... ... ... 84

6.21 Manipulations. . . .. .. ... L L L oo 84

63 Task . .. ... e 85

631 Summary ... ... ... 85

632 Requirements . .. ... ...... ... ... ... .. 88

6.3.3 Narrative ... ... ... ... ... ... ... 88

6.4 Studymethod . ... ... ... ... ... .. L 89

6.41 Participants . . ... ... ... ... ... o o 91

642 Studyprocedure . .. ... ... ... .. o 91

6.4.3 Technical implementation . . ... ... ................ 92

6.44 Pilotstudies . . . ... ... . 95

645 Measures. . . . .. ... 96

6.5 Results . . ... ... 96

6.5.1 Taskexperience . . .. ... ... . ... .. . 98

6.5.2 Manipulationcheck . . ... ... ... ... ... 0 000, 98

6.5.3 Itemreliability . ... .. ... ... ... .. .. ... . .. 99

654 Trust .. ... ... 100

6.5.5 Socialattributes . . . . . ... Lo o oo 101

656 AZENCY . . . . .. 101

6.5.7 Mental models of the agent and the habitat . . . . ... ... .... 101

6.5.8 Responsestoupdates .. ............ ... . ... ... . 103

6.59 Workload . ... ... ... ... 103

6.5.10 Correlations among trust, social perceptions, and mind attribution 103

6.6 Discussion . . .. ... ... ... 104

6.7 Summary and contributions . . . ... ... Lo L Lo oL L 106

IV Social Roles of Agent Technologies in Private Spaces 111

7 Perceptions of Agent Loyalty with Ancillary Users 113

7.1 Research Questions . . . . . . . . . . . . e 113

72 Method . . . . . .. 114

721 OVerview . . . . .. e e 114



xi

722 StudyDesign . . ... ... ... ... .. 114

723 Task ... e 114

724 ExperimentSetup. . ... ... ... ... ... o oL 115

725 System .. ... e 117

726 Participants . . ... ... ... o 117

727 Procedure . ... ... ... e 118

7.3 Measures . . . . . .. e e e e e e e e 120
731 Responsiveness . . .. ... ... ... ... ... .., 120

732 Taskexperience . . .. .. ... ... ... .. ... ... ... 120

7.3.3 Social attributions . . . ... ... . 120

734 Trustandintent . . . . . . . . .. . .. e 121

74 Results . . . . . . e e 121
74.1 Manipulationcheck . .. ... ... ... .. .. o000 L. 121

742 Responsiveness . . . . . . ... ... 121

743 Taskexperience . . .. ... ... ... ... o L. 122

744 Social attributes . . . . ... ... 123

745 Trustandintent . . . . . . . . . . . .. ... 123

74.6 Qualitativeanalysis . ... ... ... .. ... . .o 0 L. 124

747 Otherfindings. . . ... ... ... ... ... ... .. .. 126

7.5 DIScuSSion . . . . . . .. e e e e e 126
7.5.1 Robotembodiment and taskdemands . . . .. ... ... ...... 127

7.5.2 Virtual embodiment as a burdensome characteristic . . . . ... .. 128

753 Ownersandancillaryusers . . .. ... .. ... .. ... ...... 129

754 Design recommendations . . ... .. ... ... ... .. ... ... 130

7.5.5 Limitations . . . .. . . . . . . .. 130

7.6 Summary and contributions . . . ... ... L oo 0oL 131
Visions of Future Smart Homes 133
8.1 Story completionand HCI . . . .. ... ... ... .. ... .. ..... 134
8.2 Story completionstudy . . . .. ... ... L 135
821 Studydesign . ... ... ... ... o 135

822 Participants . . ... ... ... ... o 136

823 Analysis . ... ... ... .. 136

83 Findings . . ... ... ... ... 137
8.3.1 Storysummaryandtone. ... ........ ... ... ... ... 139

8.3.2 Duties and roles of smarthomes . . . ... ... ... ........ 139

8.3.3 Characterization of a future smart homeuser . . . . . ... .. ... 141

8.4 DISCUSSION . . . . v v v o e e e e e e e e e e e e 143
8.4.1 Futuredirections . . . . . . . . . . ... 145

8.4.2 Limitations . . . . . . . . . . . . 146

8.5 Summary and contributions . . . . ... ..o o Lo 146
Reflections and Concluding Thoughts 149
Reflections and Concluding Thoughts 151
9.1 Thesiscontributions . . . . . . . . . . . .. .. e 151

9.2 Reflections on methodology . . . . ... ... ... .. .. ... .. .. ... 156



Xii

9.2.1 Approach: structured userenactments. . . . .. ... ... ... .. 156
9.2.2 Studytasks . . . . . . . ... 159
9.2.3 Researchsystemsandtools. . . ... .. ............... 160
9.3 Designimplications . . . . . . . .. .. . ... e 161
9.3.1 Forservicerobots. . . . . . ... ... e 161
9.3.2 For human-agent collaboration . . . . . .. ... ... ........ 161
9.3.3 For smart home devices and smart environments . . . ... .. .. 162
9.4 Closingremarks . . . . . . . . . e e e 162
Bibliography 165

List of Figures

1.1

1.2

3.1

3.2
3.3

4.1

4.2

5.1
5.2

Diagram of four paradigms for embodying agent identities in robots (“so-

cial presence options”) from Luriaetal. (2019). . .. .. .. .. .. ... .. 5
Conceptual model of agent identity as a mediator in relationships among
individuals, embodiments, and services. . . . . . ... ... L. 8

Our service robot prototype. The images displayed on the screen changed

as different agents embodied the robot at differenttimes. . . . .. .. ... 26
Thethree congurations. . . . . ... ... . ... . . ... ... 28
An example trial from the study. Participants experience the depart-

ment store with Personal Service Agents rst, then the clinic with re-
embodying Life Agents (which follow them from home), then the hotel

with a Singular Agent. . . . . . . .. 30

An example of two storyboard pairs that were compared to address Cl1-
Persand C3-Re Top left: Pat is identi ed by a customer service robot

at an auto shop. Top right: Pat is identi ed by a robotic employee at

a carnival. Bottom left: Jerry interacts with an airline gate agent robot

that re-embodies to function as the plane's in- ight entertainment sys-

tem. Bottom right: Jerry interacts with an airline gate agent robot that
re-embodies to function as the plane's co-pilot. . . . . .. ... ... .... 44
The distribution of ratings of creepines$C1 and C2) and the belief that a

robot should not re-embody into roles with different expeli®) for each of

the 22 storyboards. . . . . . . . .. 48

A robot drops a package at the bottom ofaramp. . .. ... ... ... .. 64
Box plots showing trust, competence, agency, and anthropomorphism for

the Baseline video and each of the four Recovery conditions (Update, Re-
embody, Call, Sense). Brackets marked * are signi cant at the .05 level, **
shows signi cance at the .01 level, *** shows signi cance at the .001 level,

and **** shows signi cance atthe .0001level. . . . .. ... ... ...... 72



5.3

6.1

6.2

6.3

6.4

6.5

6.6

6.7
6.8

Most Study B participants rated Update as their rst choice. Re-embody

and Sense were commonly ranked last. . . . . ... ... ... ... .. ..

Five lenses for a systemic view of smart environments, with example vari-
ationsonthelenses.. . . . . . . . . ...
A smart space exploration environment as an intelligent agent. This model
is modi ed from that proposed in Das and Cook, 2006. Left: An illustra-
tion of a smart space habitat. Right: A Cygnus cargo module, one possi-
ble design for a Lunar Gateway habitation module. Images from NASA.
Two sample chat exchanges between the participant and the main agent,
Neptune. In both exchanges, the participant asks Neptune for help com-
pleting a checklist involving information about a 3D-printed part (Task
1.3in Table 6.4.2). On the left, Neptune speaks in First Person and is User-
af liated. On the right, Neptune speaks in Third Person and is Singular
(not af liated with any user or domain). Green highlights show the dif-
ference between First and Third Person dialogue; yellow highlights show
the differences in the way Neptune introduces itself and talks about the
participant's teammate (“Martha”) in the User condition vs. in the Singu-
larcondition. . . . . . .. L
Condition table for the 6 agent Af liation and System Narrative Perspec-
tive conditions. . . . . ...
Two screenshots that illustrate the “onboarding” phase of the study. The
chat was a resizeable panel on the left. The task area took up the remain-
der of the window. The introductory text provid ed task details and de-
scribed how to use the study interface. Top: When updates about Science
and Inventory came in, the chat area temporarily turned black to draw
the user's attention to the update and prevent them from sending other
messages for several seconds. Bottom: In order to proceed to the task,
the user had to enter a passphrase given by the agent(s) at the end of the
introductory sequence of messages. This screenshot shows the state of
the “onboarding” phase after the agent interaction has ended, just before
the user hits “Next” and proceeds to the rstpuzzle. ... .. .. .. ...
A screenshot simulating a participant using the browser interface for the
agent presentation in smart space habitats study in the First Person (Sys-
tem Narrative Perspective) and Domain (Af liation) condition. At the

left, the participant requests information about the parts to be selected
and the agent Neptune answers. The other two agents, Jupiter and Sat-
urn, provide information about ongoing science experiments and inven-
tory tasks, respectively. (Messages from Jupiter and Saturn are shown
coming in in rapid succession for the purpose of illustrating the concept

to test the manipulation; in the real study, there is more time between no-

ti cations.) The task shown is one of six tasks, each of which took about
ltoSminutes. . . . . . . . .
Screenshots from the pilotstudy. . . . . . ... ... ... .. ... ...
Chart showing how easy or dif cult participants perceived various as-
pects of the studytobe. . . ... ... ... ... ... . ... ... ...

Xiii

83



Xiv

6.9 Perceptions of the agent as “my personal interface to the habitat” by Af-

liation condition. . . . . . . . ... 99
6.10 Perceptions of the agent as “Martha’s interface to the habitat” by Af lia-
tioncondition. . . . . . ... 100

6.11 Distribution and density plots for the four components of trust for the
agent and the habitat. Responses of “does not t” are excluded from the
OUIB. o o o e e e e e 101
6.12 Perceptions of the agent as “like a pet”, “like an assistant”, and “like a
teammate” (Ezer, 2008) on a scale of 1 to 7. “Like an assistant” was the
dominantanalogy. . . . . . .. .. ... e 102
6.13 Perceptions of the habitat as “like a pet”, “like an assistant”, and “like a
teammate” (Ezer, 2008) on a scale of 1 to 7. “Like an assistant” was the

dominant analogy, but the association was not as strong for “the habitat”

asitwas for“theagent”. . .. ... .. .. .. ... .. .. .. .. ... 102
7.1 Roomlayout . . . . . . . . e 116
7.2 The visual representation of the agent in each of the three Embodiment

conditions . . . ... e e 117
7.3 Task experience by Information Quality and Embodiment. Asterisks (**)

indicate signi cance at p < .01.Error bars represent 1 standard error. . . 122

7.4 Perceptions of loyalty and betrayal by Embodiment (Robot Embodiment
- RE, Virtual Embodiment - VE, and No Embodiment - NE) (x-axis) and
Information Quality condition. Error bars represent 1 standard error. 1
on the y-axis is strong disagreement, 7 is strong agreement, and 4 is neutral.123

8.1 A story map showing the general narrative of stories with positive, neg-
ative, and neutral tones. Note that not every story t one of these ows;
we provide this story map as an overview. . . . . .. ... ... ... ... 138

9.1 Fivelenses for a systemic view of smart environments, with example vari-
ations on the lenses. This gure rstappears in Chapter 6 and is repeated
here for convenience. . . . . . . . . .. 154
9.2 Conceptual model of agent identity as a mediator in relationships among
individuals, embodiments, and services. This gure rstappearsin Chap-
ter 1 and is repeated here for convenience.. . . . . .. ... ... ... ... 155

List of Tables

1.1 Analogical application of the three aspects of technology mediation from
Kubo (2010) to the examples of a speed bump, the AIBO robot, and mi-
gratingagents. . . . . . . . e e e e e e e 7



4.1

4.2

4.3

4.4

6.1

6.2
6.3

7.1

7.2

8.1

9.1

XV

M (SD) for each storyboard in the Impersonal (I) vs. Personal (RBet (C1-

Per9. Ratings were on a scale from -3 (strong disagreement) to 3 (strong
agreement). Values in bold with * are < .05. The higher value of each
measure for each storyboard pairisinboldtext. . .. ... ... ... ... 49
M (SD) for each storyboard in the Added Valueset (C2-Pers) Values in bold

with * are < .05. The higher value of each measure for each storyboard
pairisinboldtext. . . .. ... ... ... 51
M (SD) for each storyboard in the Re-embodiment and Expertiset (C3-R9.

Values in bold with * are < .05. The higher value of each measure for

each storyboard pairisinboldtext. . . ... ... ... ... ......... 52
Implications for designing identifying and re-embodying robots for dif-
ferentservice settings. . . . . . . . . . . L L e 55

Details including the instructions, summary, solution, participant's con-

tribution, and agent's contribution for each of the the six puzzles in the

Space Habitatgame. . . . . . . . . . ... 108
Classi cation of Bayes factors (Lee and Wagenmakers, 2014). . . . . . .. 109
Bayesian Pearson correlations () among capacity trust (CT), moral trust

(MT), competence (C), warmth (W), and mind attribution (MA) for the

agent (A) andthe habitat (H). . . . ... ... ... ... ... ... ..... 109
Spy Task Interaction Script . . . . . . .. . . ... ... . 118
Number of participant responses in each condition that suggested a belief

that the agent's goal was to help or hinder their progress . . . . . . .. .. 125

The frequency counts for the various story elements that we quanti ed.

*One story used both he/him and they/them pronouns for L. One author

wrote their story using only the second-person “you” for L. **In one story,

the virtual reality took the form of a hologram of L's mother. In another,

L's shower walls “transported” them to another place. ***In one story, L

lived “alone”, but had a robot wife. This was coded as “No”. ****There

were 7 stories for which it was not possible to tell whether the home was

talked about as a single entity, or for which this issue was irrelevant. . . . 143

Elements of structured user enactments. . . . . . . . . . .. ... ... ... 158






XVii

List of Abbreviations

HAI H uman-Agent Interaction
HRI H uman-Robot Interaction
HCI H uman-Computer Interaction

STS Science and Technology Studies or Science, Technology, and Society Studies
Al A rti cial Intelligence






Part |

Research Framework






Chapter 1

Introduction

Conversational agents now read and send messages, tell jokes, track package deliver-
ies, and control lights and thermostats. Agent technologies leverage increasingly more
hardware to perform increasingly more functions and interface with people increasingly
more seamlessly. This rapid evolution brings with it a few conceptual shifts in how we
think about socially interactive technologies. First is the changing understanding of
the meaning and role of “arti cially intelligent agents”. In the past ten years, conver-
sational agent design has evolved from reliance on simple voice recognition tools that
intake carefully-structured requests and emit mechanical responses to the deployment
of widely accessible large language models that mimic human conversation patterns .
As we develop these technologies, we see old ideas coming to fruition in new ways and
nudge our reality closer to the limits of our collective imaginations. Incremental pro-
gression toward the extremes of what might be possible changes what appears possible,
thereby shifting what researchers and developers need to consider as future states of
the world.

Another shift is that from singular intelligent technologies to integrated ones and
“smart environments”. Intelligent systems are becoming less and less constrained to
single embodiments: voice-activated agents that are typically embodied in smart speak-
ers, for example, can interact with users through multiple physical platforms (such
as robots) and control multiple devices in a shared space. Little research has been
done to study human-agent interaction (HAI) with intelligent systems that are com-
plex and integrated, not only in terms of their back-end functionality and technical
cross-compatibility, but also in how they are designed to communicate with people.
An understanding of these interactions requires a careful consideration of what an agent
(conversational, embodied, social) really is within its immediate social and technologi-
cal context.

My research centers onagent identitieswhich include the social roles of agent tech-
nologies as well as user experience in physically complex, integrated systems. Within
the human-computer interaction (HCI), human-agent interaction (HAI), and human-
robot interaction (HRI) research communities, as well as in computer science and soci-
ology more broadly, there are numerous de nitions and concepts of what an agent isFor
the purposes of this dissertation, I apply the following de nitions

An agent is a computational, interactive, semi-social player with a
weak sense ofperceiveddentity.
An identity is the set of characteristics that a designer or a user
projects onto an agent and that make it uniquely identi able to that
usetr.
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These concepts are discussed in detail in Chapter2.

Agent identities mediate interactions between people and embodiments —physical
hardware, such as robots and smart home devices—by providing an interface to the
hardware and shaping the user's impression of it. They can also mediate between peo-
ple and services (e.g., by delivering a service to a customer), and between services and
embodiments (e.g., by interacting via a robot that is owned by a company that delivers
a service, and therefore is part of the service). However, they can also mediate relation-
ships among multiple entities in these categories. For example, if an individual interacts
with a single agent across two services (e.g., a grocery store and a medical center), that
individual might perceive both services to be more or less trustworthy, intelligent, or
social. In this situation, the agent identity mediates relationships among a singleindi-
vidual and multiple services. If that agent also interfaces with the individual through
multiple physical embodiments—such as a kiosk at the grocery store and an interactive
autonomous cart at the medical center—then it is mediating the individual's relation-
ship with multiple services andmultiple embodiments associated with those services.

1.1 Flexible agent embodiment

| use exible agent embodimenb refer to a single agent “identity” or “mind” with a
dedicated social presence that can exist independently of a “body” and move between
“bodies”. In a design exploration of this concept, my colleagues and | explored four
“mind-body con gurations” for agent social presence (see 1.1)!. Agents and robots can
be de ned to have one “mind” per “body” (  one-for-one)following a Cartesian dualism-
inspired view of the human model of identity and social interaction. Alternatively, mul-
tiple “bodies” could be controlled by one “mind” ( one-for-alj. Agents can alsore-embody
moving their social presence from one tangible “smart” object (e.g., robot, kiosk, car) to
another tangible “smart” object. Finally, they can co-embodymultiple agent identities
might perform their social presence through the same “body” at the same time. As
there is reasonable cost to instantiating multiple, movable social agent presences, future
services could deploy a wide array of personalized, branded, and unique agents.
Beyond service interactions, exible agent embodiment has great potential to en-
hance human-robot collaborations. Consider, for example, an astronaut who works
with an Al in training for a mission. Over the course of several months, the Al learns
about her professional and personal history, her areas of expertise and her strengths
and weaknesses within them, her health-related needs, her family, her personality, how
she behaves under pressure, and her communication style. When she is ready to begin
her extraterrestrial mission, that Al embodies the robot who will collaborate with her
on the task. Because she is working with a familiar agent (albeit in a different robotic
“body”), the astronaut is able to make use of what the robot has learned about her
from prior interactions. She can be con dent about what the robot knows and does not
know, including its understanding of her ownknowledge and expertise; feel comfortable
with the style of communication necessary to exchange information with the robot; and
trust the robot to correctly interpret her words and actions. Here, re-embodiment helps

1This work was led by another PhD student and was a collaboration among three PhD students and
three faculty members. Along with the other two PhD students, | conducted a literature review, ideated
on concepts, brainstormed relevant contexts in which to probe agent social presence, developed scenarios,
ran all of the studies, analyzed the data, and wrote up the ndings.
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FIGURE 1.1: Diagram of four paradigms for embodying agent identities
in robots (“social presence options”) from Luria et al. ( 2019.

a human-robot team be resourceful in establishing and taking advantage of common
ground, encourages a trusting relationship, and utilizes social presence and customiza-
tion to facilitate smooth interaction.

1.2 Agentidentities as mediating entities

Within the elds of HRI and HAI, mediationmay be assumed to refer to con ict resolution
In HCI and science and technology studies (STS), mediationtakes on a broader, more
philosophical meaning. Ihde's postphenomenological approach to technology evolved
the idea of technology as a general, abstract category into the concept of technologes
as distinct, literal entities with, through, and around which people interact (lhde, 1990.
Verbeek (20069 built upon this progression with the theory of technology mediation:
the principle that technology is not just a product or a result of human creation, but
something that shapes real-world interactions.

Verbeek (2015 describes three dimensions along which technology can mediate. The
rst, types of relationsaddresses the directionality of the human-technology-world rela-
tionship in a direct application of Ihde's work (Ihde, 1990. Relationships can fall into
the category of embodiment, in which technology enables a novel interaction within
the world (e.g., people communicating by telephone); hermeneutic, in which technol-

ogy allows humans to read their world (e.g., an MRI); alterity, in which the human
and the technology are the focal point and the world provides the context (e.g., a per-
son talking to a robot); or background, in which the technology is part of the context
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along with the world (e.g., a smart environment with light and temperature sensors).
The second dimension, points of contagtregards the nature of the impact of the technol-
ogy on people—they interact physically, cognitively, or emotionally. The third is  types
of in uence which is the amount of control that the technology has over the human's
experience, i.e., whether it forces a particular action or interaction (e.g., a subway turn-
stile), or simply suggests its intention without forcing it (e.g., a fuel ef ciency meter on a
car). Verbeek's work suggests that designers can—and in fact, are ethically obliged to—
either anticipatethe ways in which what they are creating will serve to mediate people's
interactions with each other and the world, or expressly designwith a speci ¢ mediation
intent in mind.

Robots as mediating technologies

The closest theoretical explanation of technology mediation as applied to agentsas they
are considered in this thesis comes from Kubo (2010. Kubo, drawing on the same
central concept underlying Verbeek's thesis that technologies actively shape interac-
tions among other entities in the world, describes technology mediation as “boundary-
crossing” in various forms. He identi es three aspects of technology mediation: connect-
ing heterogeneous entitiasonnecting the material and the conceptw@add facilitating interac-
tion between different perspectivdsubo explains the latter two aspects via the example
from Latour, 19990f a speed bump on a university campus as a mediating technology 2.
A speed bump takes the goal of slowing down cars to protect pedestriaarsd physicalizes it
into something concretely impactful for the driver: drivers will slow down if they want

to spare their cars from damage, and someone crossing the road on foot will be safer as a
result. In this way, a speed bump externalizes a conceptual goal and makes it a material
one. It also mediates among perspectives: rather than drivers and pedestrians directly
ghting over their con icting needs, they compromise over, and are constrained by, the
speed bump. Kubo does not explain connecting heterogeneous entities through this
example, but the reader can extrapolate: interactions between cars and pedestrians—
different categories of moving things—are mediated by the speed bump.

Kubo performed a cultural anthropological analysis of the engineering process and
adoption of the SONY AIBO robot dog ( Aibo n.d.), which was developed throughout
the 1990s, productized in 1999, and sold to tens of thousands of households in the
early 2000s (Taub,2006°. AIBO incorporated new technical principles from Brooks'
subsumption architecture and behavioral robotics (Brooks, 1991), but creators also had
to consider how its consumers' mental models of pets should shape its design to make
it marketable. This gave it promise as a kind of technology with a novel cultural role
that had never been realized before. To make the most of its technical capabilities and
thoughtfully de ne its position as a companion technology, its development team in-
cluded people with diverse engineering and scienti ¢ backgrounds. Kubo argued that
AIBO connected heterogeneous entities by building networks among practitioners from
different professional disciplines. Moreover, it connected the material and the concep-
tual by bringing intellectual contributions to life in concrete terms in the form of a social

2L atour also used the speed bump to describe mediation as the translation of disparate conceptual goals
into a common material; Kubo's contribution is in elaborating on it, and in describing it in terms of his three
aspects of mediation.

3The last release of the original edition of AIBO in Japan was in 2006. In 2018, SONY AIBO resumed
production and sales of the robot dog, including in the U.S. (Sorrentino, 2018.
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Technology Connecting entities Bridging conceptual Connecting perspec-
and material tives
Speed bump Hedged between Introduces and con- Balances needs of
(as in Kubo, physical entities of cretizes a common drivers (to drive cars),
201Q c.f. La- cars and pedestrians goal: drivers protect of pedestrians (to
tour, 1999 their cars, pedestrians  avoid cars), of uni-
move more safely versity (to maintain
safe roads)
AIBO (asin Joint accomplishment  Actualizes intellectual Balances con icting
Kubo, 2010 of engineers, scien- technical advance- opinions about design
tists, customer service, ments as a reality (e.g., ef ciency vs.
UX practitioners psychological effects)
Migrating Hedged between Actualize visions of Balance con icting
agents physical entities of automation; actuates stakeholder perspec-

people, hardware, and
collectives (i.e., com-
panies, services)

embodiments; facili-
tate ascription of iden-
tities to embodiments;

tives (e.g., by control-
ling privacy and the
ow of information)

deliver services

TABLE 1.1: Analogical application of the three aspects of technology me-
diation from Kubo ( 2010 to the examples of a speed bump, the AIBO
robot, and migrating agents.

machine. It also facilitated interaction between different perspectives because it served
as a focal point for stakeholders' debates about design and functionality #: it mediated
among different, sometimes-con icting viewpoints about AIBO's role. These perspec-
tives centered the AIBO as a particular, but also abstracted beyond it to the concept of
technologies that occupied (or could occupy) the role in which AIBO served. In terms
of its reception, AIBO mediated its users' (“owners™) interpretations of its behaviors
and role in that it embodied the formulation of these interpretations based on multiple
factors: users' sensemaking about its engineering, its actual engineering, their interac-
tions with other “owners”, and their own preexisting cultural practices and frames (e.g.,
mental models of pets).

These theories provide a framework that | apply for my interpretation of mediation
as it applies to agents and their relationships to individual people, hardware embod-
iments, and services (see Tablel.1 for an application of the Latour (1999 notion of
boundary-crossing and the Kubo (2010 interpretation of it to migrating agents). Ver-
beek said that “ultimately, it is not things that are to be designed, but rather the inter-
actionsbetween humans and things” (Verbeek, 2015 p. 26); one could envision all of
HCI as a study of mediation, with technologies as anchor points along paths connecting
humans to each other and to their environments. Agents, and particularly migrating
agents (see Sectiondl.1and 2.1.3, take up a unique position in this network when we
view them primarily as user-constructed (or other stakeholder-constructed) identities

4Kubo provided the example of the tension between the inclination to view the robot as analogous to a
living dog in that it was always either awake or could be woken up to interact, and the practical constraint
of its battery life. AIBO's charger was designed to mediate this tension: it was originally a box that the
robot would be put in to recharge, but because locking the dog away felt too much like “killing” it, the
charger was eventually designed as a platform that would not block the owner's view of their dog but
instead make it appear present and “sleeping”.



8 Chapter 1. Introduction

FIGURE 1.2: Conceptual model of agent identity as a mediator in rela-
tionships among individuals, embodiments, and services.

and are agnostic about their form. Because they are not constrained by a particular em-
bodiment or to a particular context, their role as mediators can go beyond mediating
between entity and entity, vision and reality, and perspective and perspective: they can
also connect othertechnological entities that are alreadydoing this kind of mediation
(e.g., robotic products, technological services).

1.3 Research overview

This dissertation presents a three-part exploration of aspects of the agent identity model .
Part | provides an overview of the research framework for this work. In Part Il, | de-
scribe two studies in which agent identities are positioned as touchpoints in service de-
sign. Using research-through-design approaches, | explored what it might mean for a
single agent identity to manage an individual's relationships with various services (e.g.,
stores, healthcare) by way of embodying and “re-embodying” robots that are operated
and maintained by the service.

Part Ill discusses two studies that shed light on agent identity as a mediator of inter-
actions acrossmultiple physical embodiments and multiple domaimgich are, arguably,
“services” in the context of human-robot collaboration). It rst describes an empir-
ical investigation of how agent identity persistence impacts perceptions of a multi-
embodiment system following a breakdown. It then reports on an empirical study that
examines the impacts of agent association, expertise, and system narrative perspective
on factors related to trust, performance, and social perceptions of Al teammates in a
task-based collaborative setting.

Part IV focuses on social roles of agent identiti@snong multiple individuals in every-
day life. It describes a Wizard-of-Oz study in which an agent relied on the notion of the
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implied presence of an absent third party to give a participant good-quality (acting in
the participant's interest) or poor-quality (acting in the absent third party's interest) in-
formation. This manipulation had a greater effect on people's perceptions than whether
the agent was embodied virtually, physically in a robot, or not at all. It then describes a
story completion study in which participants wrote creatively about future smart home
interactions. This work revealed gaps between smart home agent and device capabili-
ties and actual use as well as differences between how people actually interact with the
devices in their spaces and the interactions that they envision when asked to imagine
future smart home scenarios. Finally, Part VV contains re ections on the scienti ¢ knowl-
edge, methodological innovations, and design implications produced by the work in
this thesis.
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Chapter 2

Background and Related Work

Portions of this chapter were previously published in the scienti c articles:

Samantha Reig, et al. (March 2020.) “Not Some Random Agent: Multi-person Interaction with a Per-
sonalizing Service Robot”. In Proceedings of the 2020 ACM/IEEE International Conference on Human-Robot
Interaction (HRI '20)

Samantha Reig, et al. (February 2021.) “Perceptions of Agent Loyalty with Ancillary Users”. In Interna-
tional Journal of Social Robotics

Samantha Reig, et al. (March 2020.) “Not Some Random Agent: Multi-person Interaction with a Per-
sonalizing Service Robot”. In Proceedings of the 2020 ACM/IEEE International Conference on Human-Robot
Interaction (HRI '20)

Permission to reproduce the text as part of this dissertation is included in the origi-
nal publication's copyright.

This literature review draws on ve areas of research that provide a theoretical
framing for my thesis work. First, | present relevant theoretical and empirical work
on human-agent interaction. A historical perspective on agents as software identities
formulates a working de nition of the term “agents” as | apply it in my research (as
computational, interactive, semi-social players with a weak sense of perceived identity)
and lays the groundwork for the concept of exible agent embodiment in HCI research
and service design. Second, | discuss severalstudies of how agents and robots can
affect group dynamics (i.e., how they function in complex social environments) and
serve as interfaces to multi-interface systems (i.e., how they function in complex phys-
ical environments).. These provide insight to the study of multi-person, multi-agent,
multi-interface interaction. Third, | review literature on robot embodiment. Fourth
| synthesize work from literature on symbolism, self-extension, and asynchronous in-
teraction. Together, these concepts contribute context for research onhow agents may
mediate interactions between individuals over time. Finally, | provide a brief overview
of robots in service design, which motivates much of the methodology and scopes the
contributions of the studies in this thesis.
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2.1 Agents as software identities

2.1.1 Agents

The term “agent” has historically been used in computer science to refer to various kinds
of entities, from something as simple and machinelike as a software process spanning a
few lines of code to something as complex and interactive as the Pepper robot (Pandey
and Gelin, 2018. Prior work notes the historical lack of a single de nition (Jennings,
Sycara, and Wooldridge, 1998 Franklin and Graesser, 1997, so it is useful to begin by
clarifying what it will come to mean for the purposes of this thesis and why this term is
appropriate.

HCI research uses both technical and social conceptualizations of agents. On the
technical side, de nitions usually re ect automated software procestes are “situated in
some environment” and “capable of exible autonomous action in order to meet [their]
design objectives” (Jennings, Sycara, and Wooldridge, 1998, and “machinery for sens-
ing a user's activity and taking automated actions” (Horvitz, 1999. The literature on
multi-agent systems distinguishes agents from one another in terms of their purview:
they are specialized computational actors within a larger architecture in which “there
is no system global control; data are decentralized” (Sycara, 1998. In this technicalper-
spective, what exactly within a complex system is considered “an agent” by the de-
veloper is not always the same as what appears to be an agent to users on the front
end. On the socialside, de nitions re ect a more human-focused viewpoint and moti-
vate more user-centered (and arguably more liberal) usage of the term. Lieberman and
Selker (2003 provided the criterion that “the machine can be considered an agent if the
best way to explain its behavior is by analogy to the agential role that humans play”.
Maes said that “the metaphor used is that of a personal assistant who is collaborating
with the user in the same work environment” (Maes, 1994.

These two ways of thinking about agentsare also re ected in the distinction made
by Wooldridge and Jennings (1995 between something with weak agencywhich is ca-
pable of autonomy, perception, and proactiveness; and something with strong agencyto
which humanlike traits, such as mental states and emotions, can be attributed. How-
ever, the two categories are not quite at odds; real systems draw on both. The formal-
ization of agentsin the Open Agent Architecture (OAA) (Martin, Cheyer, and Moran,
1999 allowed for any software process to be labeled as an agent (or not) based on its
relationship to an existing set of processes that were already called agents. Much of the
work on the OAA eventually led to the development of the CALO  (SRI,n.d.) project and
eventually Apple's Siri. Though the Siri system, when traced back to its roots, could be
said to comprise multiple Al agents, the total system takes on a singular identity that
is considered “an agent” by users. Recent work notes that what constitutes an agent
remains a case-by-case design choice (e.g., Chung et al2019.

This thesis will usually refer to “agents” where others might refer to “conversational
Uls”, “Al agents”, or occasionally even “systems”. When talking about the agents of the
present, | will sometimes use a word that most accurately describes what kind of agent
a technology is; for example, Siri is an agent that is a voice interface or a virtual assistant
and Pepper is an agent that is a robot. Because questions about the meaning of embod-
iment, physical design, and social behaviors of agents are at the very core of this work,
I will usually characterize future technologies with different, changeable, or unknown
embodiments as “agents” without differentiating them by capabilities or form, and |
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will sometimes elaborate with language to re ect the context (e.g., “home robot” or
“personal agent”). At a high level in this work, agentsare systems that complete (some
or all) tasks autonomously, respond to the activity and/or input of other agents, can
communicate legibly to humans, and are viewed by people as an entity to which at
least minimal social qualities can be attributed.

2.1.2 Identities

The Wooldridge and Jennings (1995 application of weak vs. strong identity to Al agents
provides a theoretical jumping-off point for understanding what constitutes identity

in agents. More recent work investigates how the construct of a hon-human system's
identity might arise from speci c interaction cues. One approach leverages Levels of
Abstraction (Floridi and Sanders, 2004 to explain how people perceive robot agency.
Levels of Abstraction (LoA) have to do with the perspective from (or level at) which a
particular concept is studied or speci ed. Before attempting to understand a construct
such as moral agency, social agency, or identity, one must specify the set of parameters
that would constitute the presence, absence, or degree of the construct for the LoA of
focus.

For robots, LoA are related to familiarity with the technology and mental models
of the robot. Jackson et al. R021) explain that robot agency and identity are things that
must be examined and measured in terms of the observables at a particular level of ab-
straction. For instance, a developer may not believe that a robot they helped to create
has any agency or an identity because they are familiar enough with how it functions,
what and how it learns, and why it takes the actions that it does to be able to fully
analyze its behaviors and faults in terms of speci c logical ows. To a person interact-
ing with the robot, however, the robot might be an agent because it appears to make
decisions on the vy, presents as having a set of personality characteristics that cannot
be described entirely in terms of enumerable behaviors, and violates some expectations
(see Forlizzi, 2007 Forlizzi, 2008for detailed accounts of how robot vacuums in homes
can becomesocial products Names, speech (including the use of pronouns and posses-
sives), movements, behaviors, and physical appearance are allrobot identity observables
at the user'sLoA (Jackson et al.,2021). Determining what exactly constitutes agent and
robot identity from a human psychology perspective and understanding the role and
impact of agent identities in shaping interactions among other entities are distinct, but
complementary, research problems. My use of “agent” (as described in the previous
section) focuses on theuser'slevel of abstraction, and assumes the existence of some
notion of “identity” at that level.

2.1.3 Agent migration: Theoretical and psychological roots

The concept of software intelligence migrating across physical platforms was originally
proposed by Duffy et al. ( 2003. Their Agent Chameleon framework proposed an ar-
chitecture in which software agents could move between virtual and physical environ-
ments as well as mutate (e.g., by gaining or losing a physical feature) within an individ-
ual environment. It positioned an Agent Chameleon as an autonomous and portable
entity with a set of capabilities (some of which are prede ned and unchanging, others of
which adjust according to the environment) and platform-dependent social abilities. In
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order to migrate, an agent must contact a hub that creates a copy of the agent, including
its mental state, in the desired arrival location. The old agent is then erased. The frame-
work also emphasized the importance of equipping agents with basic survival instincts:

if an agent perceived that an external force (such as a dying battery) would soon cause
it to be unable to function, it could either migrate or “save” its internal state to storage.
Of course, the scope of the Agent Chameleon Project was mostly hypothetical, as the
technology to create migrating software intelligence capable of re-embodying multiple
physical and virtual environments and having smooth interactions with humans did
not exist in 2003 the way it does today.

Martin et al. (2009 framed agent migrationas a matter of how the issue of mind and
body has manifested in the arti cial intelligence community. These authors posited that
that an agent's identity relies on how it is perceived by its users and can be broken
down into individual cues. To validate this idea, the authors performed an experiment
in which 31 participants were shown migration across virtual avatars, with continuity
of the agent cued as either a shared feature (such as a hat or glasses), a shared color
scheme, a shared set of markings, or a shared form. The cue with the highest similarity
rating was features, followed by form class, markings, and color. The rst experimental
implementation of this type of migrating software intelligence was the proof-of-concept
ITACO system by Ogawa and Ono (2008. In one of the ITACO studies, participants
who interacted with an agent that spoke to them, migrated to a robot, and spoke again
had an easier time understanding the robot and were more likely to respond to the
robot's implicit request than participants in the control condition (in which the agent
did not migrate to the robot before the robot spoke). In a second study, participants
observed an agent migrating from a wearable computer screen to a lamp. They were
then asked to turn off the lamp, and they reported a sense of loss in doing so. This
project was motivated by the idea that interactions between humans are emotional as
well as functional, and that conversation is pragmatic rather than literal. Therefore,
having the same agent appear in various objects in an environment accommodates the
emotional nature of human interaction and thus makes the interactions between the
humans and the artifacts more natural. My thesis work is similarly motivated by this
emotional aspect of human relationships and the pseudo-emotional potential of agent
identities in human relationships.

The LIREC (LIving with Robots and intEractive Characters) project (Paiva, 2017
positioned a migrating intelligence as a companion technology that could provide con-
tinual social support while offsetting the power costs of carrying a physically embodied
agent from place to place (Kriegel et al., 2017). Kim et al. (2013 conducted an experi-
ment to test people's psychological boundaries of robots. In a controlled study, robots
asked participants to perform a physical task with the robot by moving it to the side.
The robot said, “Slide me slightly,” and the researchers' goal was to test where and
what the participants perceived the “me” to be. In four different conditions, the exper-
imenters told the participants that the robot was composed of various combinations of
cart, table, and robot, differently equipped each time. After the interaction, participants
drew “me”, and experimenters counted how many participants drew the robot, how
many drew the table, and how many drew the robot together with the table. The re-
searchers concluded that recognition of “me” is controlled by the level of uncertainty
or ambiguity in the instructions (i.e., the framing of what is and what is not called a
robot). Several of the studies in my thesis work rely on this notion of framing in that
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they utilize language and design cues to communicate what is “the agent” in probing
agent identity.

The study of agent migration has been extended to psychology research settings
through determining children's concepts of migrating intelligences (Syrdal et al., 2009
and probing potential con gurations of embodiments and intelligences (Koay et al.,
2009. Research in situated laboratory contexts has exhibited prototypes of migrating
intelligence in robots inhabiting mock smart homes (Koay et al., 2016 and compared the
effects of identity (i.e., behavior and personality) migration and data migration (Tejwani
et al., 2020. Both Koay et al. (2016 and Tejwani et al., 2020suggested that a persistent
“identity” of an Al over time and embodiment is a crucial bene t of migrating intelli-
gence.

2.2 Agents as social players and intermediaries in groups and
teams

Prior work on agents and robots in group interactions informs the aspects of the concep-
tual model of agent identity (Section 1.2) that depict (1) the relationship between agent
identities and individuals and (2) agents as mediators among individuals.

HRI researchers have begun to position robots that work with human teams as team-
mates rather than as tools. Ma et al. (2018 articulated a number of considerations for de-
veloping a general theory of human-robot teaming. Among the points they emphasized
was the importance of determining how to assign task work; examples include func-
tion allocation (dividing and then allocating tasks based on the abilities of the agents
involved) and interdependencies (see Johnson et al.,2014. The Shared Mental Mod-
els computational framework for human-robot teaming has robots share knowledge
about task progress, teammates' statuses, and changes to the environment (Scheutz, De-
Loach, and Adams, 2017. This model was evaluated in two studies (Gervits, Fong, and
Scheutz, 2018 Gervits et al., 2020, both of which showed that sharing mental models
improved task performance but did not affect human teammates' subjective percep-
tions of workload and situation awareness . This prior research provides a foundation
for de ning the roles of multiple agents that collaborate with humans in task-based
settings and suggests that agents that share information can improve humans' perfor-
mance. My work draws from and aims to contribute to this body of work.

Several works have studied how the social behavior of robots in a multi-robot set-
ting affects people's perceptions of the robots. In one study Tsujimoto, Munekat, and
Ono, 2013 participants perceived robots that interacted with them more favorably and
were more likely to take their recommendations relative to robots that did not interact
with them. Relatedly, Sembroski, Fraune, and Sabanovi¢ (2017 found that people com-
plied with a robot's request that con icted with an experimenter's when the robot was
an in-group member and the experimenter's authority was low. Fraune, Sabanovi¢, and
Smith (2017 simulated a competitive task in which teams were comprised of two hu-
mans and two robots each, and found that in-group members were seen more positively
than out-group members, whether they were humans or robots.

Fraune and colleagues made several discoveries relevant to group HRI/HAI in smart
environments in their work on robot entitativity, or how much a group of robots are per-
ceived as a single entity as opposed to multiple entities (Fraune et al., 202Q Fraune et al.,
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2017. In one study, participants perceived entitative robots to be more socially threat-
ening than diverse robots or single robots, and robots in a diverse group were perceived
as most intelligent (Fraune et al., 2017). In another, perceiving robots as entitative was
associated with more willingness to interact with them and more positive perceptions
overall, but robot-robot interactions did not increase perceptions of entitativity (Fraune
et al., 2020. Beyond this, several group effects originating in human social psychology
have been found to translate in some capacity to HRI settings, including conformity to
the popular opinion (Salomons et al., 2018, effects of passive presence on honesty (Hoff-
man et al., 2015, and ripple effects of prosocial behavior (Correia et al., 2019 Strohkorb
Sebo et al.,2018.

In some situations, introducing multiple disembodied or uidly embodied agents
can overcomplicate the interaction. Chaves and Gerosa 018 had participants interact
with either one omnipotent chatbot or multiple “expert” chatbots (with expertise in na-
ture, culture, and shopping) in a travel-planning scenario. In this task-based situation
involving a single user, the only notable difference between the conditions was that par-
ticipants reported being more confused when interacting with multiple chatbots. The
research described in Chapter 3 also explores the notion of designing multiple agents
and tells somewhat of a different story: in a service setting, assigning one agent to each
user can give people a sense of personalization and comfort (Reig et al.,2020. The work
that | describe in Chapter 6 addresses this concept in a task collaboration scenario.

2.3 Embodiment

Underlying the work on re-embodiment, which is described in Section 1.1and frames
my thesis, is a long history of research on how agent embodiment impacts interactions
and perceptions. In general, the design and appearance of any agent in uences the way
people perceive it. For example, people may rate a robot as more knowledgeable about
dating when they perceive it to have a gender that matches their own (Powers et al.,
2009. Most ndings regarding the differences in interaction outcomes among robots,
avatars, and voice agents for non-physical tasks point to a positive effect of having a
physical embodiment. In one study, performance on a memory task was better after an
interaction with a virtual robot than with a co-located, embodied robot, but ratings of so-
ciability, responsiveness, competence, trustworthiness, and respectfulness were higher
for the embodied robot (Powers et al., 2007). In a decision-making scenario, people felt
more attachment (a combination of liking, preference, and negative reaction to poten-
tial loss) to an embodied social robot than a virtual one (Wang and Rau, 2018. Physical
embodiment is also associated with an increased tendency to anthropomorphize. Par-
ticipants in one study found a co-located robot more engaging than a co-located virtual
agent, a remote virtual agent, and a remote robot, and they interacted in more anthro-
pomorphic ways with the robot than with the agent (though they anthropomorphized
both) (Kiesler et al., 2008. Additionally, people may more freely make conversational or
“in-the-moment” anthropomorphic assumptions about speci ¢ robots than about robots

in general (Fussell et al.,2008. Some work suggests that a physical robot body can also
affect people's behavior by way of its mere presence: in one study, having a robot mon-
itor in the room led people to curb their cheating behavior just as much as having a
human monitor (Hoffman et al., 20195.



2.4. Implicit mediation over time 17

Work on embodied conversational agents (ECASs) (e.g., Cassell,2009 Cassell et al.,
1999 Cassell et al.,2000 suggests that the value of embodiment for developing rapport
centers on physical and behavioral design features: having an anthropomorphic form,
gesturing, and nonverbal backchannelling. Other research has found key differences
between human-human dialogue and human dialogue with embodied conversational
agents (ECA) and conversational user interfaces (CUI): people do not speak to conver-
sational assistants in the same way that they speak to humans, but they do make certain
social attributions to agents similarly to how they make social attributions to humans
(Luger and Sellen, 2016. A review of experiments on the effects of physical robot em-
bodiment and presence in HRI (Li, 2015 concluded that, overall, physical presence or
lack thereof has a greater impact than robotic platform and that robots that are embod-
ied and present are more persuasive and viewed more positively than virtual avatars
or robots that are embodied but not present. Another survey of several dozen papers
on robot embodiment found that its impact is mostly positive on both task performance
and perceptions of the agent (Deng, Mutlu, and Mataric, 2019.

Designers have considered how task and context might guide decisions about how
to embody a robot. One approach (Deng, Mutlu, and Mataric, 2019 characterizes de-
signing embodiment as following a design metaphor to some level of abstraction. When
deciding how to create an embodiment for a robot, designers need to determine what
the metaphor is (what in the world it is meant to emulate) and how abstract or literal its
implementation should be (how closely it needs to adhere to the metaphor in order for
its affordances to be understood). For example, if it is extremely important for people
to understand that a particular robot can speak, that robot may bene t from having a
mouth that closely resembles that of a human. In contrast, if accurate perceptions of
speech affordances are not as critical and the robot is meant to have a sleek and elegant
look, then a mouth that is more animal- or machine-like or altogether absent may be
more appropriate.

Most empirical studies of agent embodiment employed tasks conducive to face-to-
face conversations in which the user was not distracted by other factors in the environ-
ment. Chapter 7 describes a study in which | investigated how ndings from this body
of work translate to scenarios that place external demands on the user's attention, and
where the agent identity sends stronger signals than the embodiment.

2.4 Implicit mediation over time

One of the ways in which agents can mediate interactions between people is by trans-
mitting messages from one person to another. This is often explicit: “Siri, send a text
to my daughter to tell her to please walk the dog.” It can also be implicit: imagine one
member of a household arriving at home, saying, “Alexa, play” (without knowledge of
what music had recently been paused), being met with a number from a musical sound-
track, and becoming newly aware that whichever member of their family last asked
Alexa to play music is fond of that musical. Robots—embodied agent identities—are
particularly suited to implicit mediation because they can draw on more cues. For ex-
ample, a robot's social eye gaze has been found to mediate interactions among members
of a group (Admoni and Scassellati, 2017, group dynamics constructs like participation
(Gilletetal., 2021), and the establishment of roles (Mutlu et al., 2012. Additionally, body
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orientation has been shown to in uence physical group dynamics (i.e., con gurations
and orientations, see Vazquez et al. 017).

Most research on how robots mediate relationships and interactions among people
is concerned with synchronous interaction, or focused on the here-and-now. There is, to
my knowledge, little work on asynchronousnteraction betweerpeople via agent identi-
ties and robots. However, prior work from psychology and HCI inspires and provides
context for an exploration of robots as mediators of relationships between individuals
over time, which is a theme throughout this thesis.

2.4.1 Self extension and symbolism

According to Belk (1988, self extension is a phenomenon in which individuals project
aspects of themselves beyond the body and into inanimate objects. Belk claimed that
“We learn, de ne, and remind ourselves of who we are by our possessions... Our ac-
cumulation of possessions provides a sense of past and tells us who we are, where we
have come from, and perhaps where we are going” (Belk, 1988. Research has investi-
gated self extension into inanimate objects: in Kiesler and Kiesler (2005, participants
who designed a pet rock for themselves saw the rock's “personality” as more similar to
their own and were less willing to productize the rock than participants who designed

a pet rock to sell to someone else. Work on self-extension into robots has focused on
physical interaction: Groom ( 2010 describes the effects of robot autonomy, mediation,
form, arti ciality, and the operator's prior experience with the robot on self extension
into teleoperated robots (Groom, 2010. There is little work on how the self extends to
robots that themselves project somewhat of a “self” through the connotation of a weak
identity (i.e., social robots).

Belk also argued that the extended self is not made up of only concrete objects. It
can also include money, pets, other people, and body parts, (Belk, 1988, and can take on
a different shape in digital spaces based on objects and experiences from those spaces
(Belk, 2013 see also Cushing,2011). Gosling et al. (2002 also orbits the concept of
how the self is projected beyond the body, but considers the perspective of the receiver.
Gosling found that in rooms, people leave identity claimsand behavioral residuddentity
claims are “symbolic statements made by occupants” (Gosling et al., 2002 p. 3), such
as posters, souvenirs, or the color of paint and furniture. They communicate what a
person is. These can be self-directed (serve to reinforce the occupant's own identity
without concern for the judgments others will make) or other-directed (serve to craft
an image of oneself for others to use in making judgments about them). Behavioral
residue is “the physical traces of activities conducted in the environment” (Gosling et
al., 2002 p. 4). They communicate what a person does This residue can re ect activities
that have happened or will happen in the immediate space (interior residue, e.g., an
open bottle of wine and a board game; an organized CD collection), or activities that
are conducted outside the environment (“exterior residue”, e.g., a pair of skis; a subway
card). Intwo eld studies—one in an of ce, and one in personal living spaces—Gosling
and colleagues examined how and with what degree of consistency people make judg-
ments about others based on their personal spaces, and found that people can indeed
reasonably accurately infer others' personality based on what they leave behind.
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2.4.2 Situated delayed communication

Several works have explored how situated interfaces might support asynchronous in-
teraction among family members. Sellen et al. (2006 prototyped and studied the Home-
Note, an asynchronous messaging system. The HomeNote had a function similar to that
of a group chat and a form similar to that of an iPad, but was intended to be placed in a
speci ¢ location within the home. It was designed speci cally with  human-to-placeom-
munication in mind: members of a household could send situated messages intended
for whoever next entered a place rather than for a speci ¢ person For example, a par-
ent on their way back from work could broadcast “Can someone pick me up from the
train station?” to the family fridge, and then whoever next passed by the fridge and
was available could respond, e.g., “Went to pick up Mom—Adam”. Advancements in
smart home technology have paved the way for research into devices that record and
track household activity and brought to light issues about privacy, social horms, and
interpersonal boundaries. For example, Singhal et al. (2018 created the Time-Turner, a
set of three drink coasters that could be used to visualize and interact with video data
from an always-on camera that recorded family activity in the home for later viewing.

In a study, participants enjoyed witnessing real, forgotten moments from their and their
family's pasts after the fact; they found meaning in being reminded of these moments
and reliving them accurately (rather than through the distorted lens of memory). How-
ever, they also had concerns surrounding privacy and consent among family members
(especially as children get older), having a record of moments that they may not want
to remember (e.g., embarrassing moments), and embodying sensitive information in a
type of object that is often used by guests (coasters).

2.4.3 Asynchronous HRI

Previous research has investigated asynchronous interaction with robots (i.e., between
a human and a robot). Marquardt et al. ( 2009 described a prototype of a Roomba that
allowed its users to leave situated messages as commands. Messages left to the robot by
the human were of four types: instructions (tasks, exceptions, navigation); context in-
formation (environment and location); training; and conditions. The robot could leave
the human messages in the form of status, observations, requests, and traces. Messages
were sent through RFID tags which could be dropped by the human or the robot and
then read by the recipient. Young and Sharlin ( 2006 proposed the idea of a mixed real-
ity integration environment (MRIE) in which robots could, through augmented reality,
leave “thought crumbs” (icons that served as status signals), “bubblegrams” (cartoon
speech bubble-like messages to represent the robots' thoughts), and decorations (for
fun and expression) in the form of visual augmentations to the scene that the human
user viewed.

2.4.4 Sharing bots

Seering et al. 020 deployed a community-owned chatbot (“BabyBot”) into an exist-
ing online gaming community on the livestreaming platform Twitch. During several

streaming sessions over three weeks, the bot interacted with the community: it inquired
about the livestreamer and about the other players, responded to requests for infor-
mation about its state, and provided commentary about itself and the livestream. The



20 Chapter 2. Background and Related Work

researchers designed the bot with the intention for it to be “raised” by its community,
just as a child is raised by its family. They developed an algorithm that allowed it to
“grow” over time, changing states from a baby to a toddler to an adolescent to an adult.
Over the course of the approximately thirty hours of interaction that the bot had with its
users, people engaged in initial sensemaking about the bot by asking it questions. They
then tested its limits through humorous aggression 1. The bot facilitated interactions be-
tween humans and itself, but also between other humans, who discussed its behaviors
and reacted to its sometimes-odd or not-entirely-parsable comments. Through these
interactions, it developed personal relationships with individual community members
and became a member of the community.

2.5 Agents and robots in services

The presence of agents and robots in service environments permits a new touchpoint for
personalized service. Research shows that people increasingly prefer a single point of
contact: customers wish (and expect) to interface with one agent that is knowledgeable
about all touchpoints and is situationally and temporally aware (Rapp etal., 2017. This
is inherently dif cult for human agents, but Al can allow a service to craft personalized
experiences that go beyond what people alone can achieve, fostering human-agent ser-
vice relationships that do not necessarily mimic human relationships. Companies have
begun to leverage this, addressing design for the use of multiple voice assistants on the
same device (Bohn,2019 Baldwin, 2019.

Personalization is a key aspect of a user's relationship to a service and has been
said to be the most important variable in determining perceived service quality and
customer satisfaction (Mittal and Lassar, 1996. HCI research into theories of user per-
sonalization of the appearance of computers and phones suggests that while users can
apply personalization to their devices of their own accord, features to enable personal-
ization can also be built into the design of the device (Blom and Monk, 2003. Recently,
HRI researchers have designed robots with the explicit purpose of personalization and
customization of physical appearance and behavior such that the same base platform
can be used for numerous projects (Suguitan and Hoffman, 2019. Critically, person-
alized experiences can also increase loyalty by way of enhancing satisfaction and trust
(Ball, Coelho, and Vilares, 2009.

Trust and personalization are often intertwined for robots. Research has shown that
a single error can impact humans' trust in the robot, especially in critical situations
(Robinette, Howard, and Wagner, 2017. Similarly, a robot's mishandling of person-
alization may have irreversible effects on a human-robot relationship; for example, a
hospital robot that does not provide a patient with their desired level of privacy may
destroy trust in that robot, and perhaps in the hospital. Fortunately, personalized in-
teractions with a robot can also be bene cial. In a eld study of long-term interactions
with a robot embedded in a workplace, incorporating discussion of personalized topics
like food preferences, frequency of use, and prior service breakdowns increased rapport
and cooperation with the robot as compared with discussing social, but not personal-
ized, topics (Lee et al.,2012.

1This phenomenon of “testing” a system to see how far it can be pushed has also been observed in
human-robot interactions in public spaces: researchers have interpreted people's “bullying” of robots as
being driven by curiosity (Salvini et al., 201Q Brscic et al.,2015.
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There is also a demand for personalization: owners changed Roomba appearances
to express identity or to tin in the home environment (Sung, Grinter, and Christensen,
2009, and potential users of elder care robots placed a high value on the affordance of
robot personalization to meet patients' particular emotional and physical needs (Moha-
rana et al.,2019. There has been limited work on design guidelines for adaptive robotic
services. Lee and Forlizzi (2009 augmented the conventional service blueprint with a
line of adaptivity which describes both changes in the service and changes in the user
through repeated interactions.

These research efforts, and the majority of work in designing for personalization,
have focused on personalization for a single user and had little regard for the surround-
ing social context. My research considers these issues in the context of agent identities
that interact with multiple people (within and across space and time) and take on mul-
tiple embodiments.
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Chapter 3

Exploring Personalized Interactions
with Fluidly-Embodied Service
Robots: User Enactments Study

Much of this chapter was previously published as the scienti c article:

Samantha Reig, et al. (March 2020.) “Not Some Random Agent: Multi-person Interaction with a Per-
sonalizing Service Robot”. In Proceedings of the 2020 ACM/IEEE International Conference on Human-Robot
Interaction (HRI '20)

Permission to reproduce the text as part of this dissertation is included in the origi-
nal publication's copyright.

Section2.5discussed how customers increasingly desire a single face for the various
aspects of their service interactions. However, in many settings, the specialization of
human service workers is practical and necessary: they cannot be expected to have the
skills, expertise, or interest to perform these multiple disparate tasks as part of their
jobs. Here, agent identities could re-embody and co-embody in operating alongside
service workers, providing the service-side stakeholders with computational, data, and
physical task support while providing customers with a familiar “face” and a sense
of consistency across service touchpoints. They could also represent the service to the
customer in any number of physical contexts and through multiple interfaces. In this
way, they would mediate the human-service-embodimemtationship.

We designed a study based on four open-ended research questions intended to in-
spire and guide scenario design and analysis surrounding a broad, but structured, ex-
ploration of this concept. Our rst research question pertained to the social norms of
human-robot group interactions in service contexts:

RQ1: How should a robot personalize its performance of service with multiple users?
How does context in uence this?

We also explore the novel question of how multiple social agents should interact
through the same physical platform (co-embodiment):

RQ2: How does co-embodiment impact people's perception of the service robot expe-
rience?
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FIGURE 3.1: Our service robot prototype. The images displayed on the
screen changed as different agents embodied the robot at different times.

Re-embodiment gives social robots the opportunity to make use of multiple individ-
ual, personalized agents that tailor their behavior to their primary users. This opens up
guestions about how people develop relationships with agents, the robots they embody,
and the services with which they interface:

RQ3: How does a sense of personal connection to a robot's intelligence in uence trust
in that robot and feelings about the services it helps to provide? What is the social
role of a universal personal agent?

Finally, re-embodying agents can interact with people through different robots, in
different locations, and in both related and unrelated contexts. This is a useful feature
overall, but it may be inappropriate at certain times. Additionally, it is likely that the
timing of these transitions between contexts should follow certain rules and that there
will be some degree of nuance in their design. When the same social presence can assist
a person in multiple aspects of their life, it is important to understand where social and
personal boundaries lie in terms of switching from one physical or topical domain to a
completely different one:

RQ4: How, if ever, should re-embodying agents cross contextual boundaries?

Given the futuristic nature of these questions, we utilized structured User Enact-
ments (Davidoff et al., 2007 Zimmerman and Forlizzi, 2017 Odom et al., 2012 to ex-
plore how service robots should handle personalization and to attempt to address our
four research questions. This methodology has a proven track record for gathering im-
portant insights on novel technologies.
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3.1 Method

To understand how service robots can employ co-embodiment and re-embodiment to
personalize multi-party interactions, we designed a series of User Enactments (UES)
(Davidoff et al.,, 2007 Zimmerman and Forlizzi, 2017). UEs use low- delity prototypes
and Wizard-of-Oz methodology to immerse patrticipants in several “possible futures”.
By experiencing interactions with mock-ups of future technologies, participants can
re ect critically on what they saw, did, and felt, and compare experiences to one an-
other. UEs work especially well in exploratory research, where social mores have not
yet emerged, and where there are no existing design patterns. We ran two participants
at a time and interviewed them together, which enabled co-discovery and surfacing of
knowledge and ideas that one person alone might not have recognized (Lim, Ward, and
Benbasat,1997). Participants signed up together and knew each other, which improved
the authenticity of the group experience.

3.1.1 Study setup

The study took place in a lab that was divided into four separate “rooms” by rolling
oor-to-ceiling walls. We used scripts that were the result of several weeks of brain-
storming and acting out service interactions. The robot was a custom-built exemplar
designed for service tasks (see Figure3.1). The body was made of cardboard with an
exterior paper layer. The head was a Kubi desktop telepresence robot with an iPad. We
used an iRobot Create as the base. The robot stood about ve feet tall and moved at
a rate of about half a meter per second. We used Google Cloud Text-To-Speech with
ve different voices to generate the agents' scripted speech in advance, and we kept a
repository of Google TTS-generated common phrases so that the agents could respond
to unplanned deviations. We used three cues to communicate agent identity: each agent
had a distinct name, a distinct voice, and a “pro le picture” that would appear on the
screen whenever that agent was meant to have control of the robot*. A researcher con-
trolled the robot and the agents' voices. The robot followed the same paths each time, so
there was minimal variation in its movement. The wizard, who was the same researcher
throughout the study, followed a de ned script for movements and verbalizations and
was instructed to deviate from the script only if the interaction with the participant re-
quired an alternative or unigue response.

3.1.2 Agent con gurations and environments

We designed three agent con gurations to explore different interactions that might ap-
pear with future service robots (Figure 3.2). We chose these as an initial foray into the
design space because they are (1) distinct enough from each other to facilitate critical re-
ection about ways in which public-facing robots can create a sense of personal connec-
tion, (2) conducive to social interaction with multiple people andmultiple agents, and (3)
testable with human dyads (a “single-agent, many-people” con guration limits explo-
ration of certain questions). We utilized a structure that appears similar to a 3x3 study

1The software that ran the wizard's end of the interaction can be found at https://github.com/A
utonomyLab/create_autonomy and https://github.com/CMU-TBD/HRI20-Not-Some-Rando
m-Agent-Personalizing-Service-Robot
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