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Welcome

It is our great pleasure to welcome you to the 3rd ACM/IEEE International Conference on Human-Robot Inter-
action (HRI 2008). HRI is a single-track, highly selective annual conference that seeks to showcase the very best
research and thinking in human-robot interaction. Human-robot interaction is inherently inter-disciplinary and
multi-disciplinary, and the conference sought papers from researchers in artificial intelligence, cognitive science,
ergonomics, human-computer interaction, psychology, robotics, and other fields.

The theme of HRI 2008, “Living With Robots”, highlights the importance of building core science in HRI so
that robots can be employed in everyday environments over the long-term. In particular, understanding and
identifying the key social and technical issues for robots operating in settings such as home, office, shopping,
and museum environments is crucial for developing effective systems. This year’s conference places special em-
phasis on informing the development of companion and assistive robots.

Of the 134 submissions, the program committee accepted 48 full papers and 24 short papers that cover a variety
of topics, including field experiments and user studies, HRI foundations, multi-modal interaction, and ethics. A
total of 10 videos (out of 27 submissions) are featured in a special session. Full papers are presented via either
oral or poster presentation; all are archived in the ACM Digital Library. Two-page short papers showcase late-
breaking results, but are not archived. Both full and short papers were selected via a highly rigorous review pro-
cess based strictly on merit and impact to the field of HRI. We hope that these proceedings will serve as a valu-
able reference for researchers and students.

Putting together HRI 2008 was a team effort. We thank the authors, keynote speakers, and panelists for provid-
ing the content of the program. We are very grateful to the program committee, who worked very hard in re-
viewing papers and providing suggestions for their improvement. We would also like to thank Julie A. Adams
and Curtis Nielsen, this year’s Finance Chairs; Ben Krose and Marcel Heerink, Local Arrangements Chairs; Gui-
do Bugmann, Registration Chair; Geb Thomas, Takayuki Kanda, and Vanessa Evers, Publicity Co-Chairs; Holly
Yanco and Christoph Bartneck, Exhibitions Chairs; Kerstin Severinson-Eklundh, Tutorials/Workshops Chair;
and Christoph Bartneck, Video Chair. Special thanks go to Michael Goodrich for maintaining the HRI 2008 web
site. Finally, we thank our sponsors (ACM SIGCHI, ACM SIGART, IEEE Robotics and Automation, IEEE
SMC, and AAAI), grantees (euCognition, the Naval Research Laboratory, and the National Science Foundation),
and donors (Honda, Lego, National Instruments, Microsoft Robotics, IOPMMI, and the College van Bestuur
UvA) for their support of this meeting.

We hope that you will find this program thought provoking and motivating and that the conference will provide
you with a valuable opportunity to share ideas with other researchers across many disciplines from around the
world.

Sincerely,

Terry Fong (NASA Ames Research Center)
General Co-Chair

Kerstin Dautenhahn (University of Hertfordshire)
General Co-Chair

Matthias Scheutz (Indiana University Bloomington)
Program Co-Chair

Yiannis Demiris (Imperial College)
Program Co-Chair
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Conference Information

Registration (Wednesday: 17:30-20:00; Thursday, Friday, and Saturday 08:30 — 14:00) will be located in the en-
trance.

Exhibits (Thursday, Friday, and Saturday: 08:30 — 17:30) will be located in the Zuilenzaal.

Posters (Thursday and Friday) will be located in the Zuilenzaal.

Informal Posters Session (Friday) will be located in the Zuilenzaal.

Welcome Reception (Wednesday: 17:30-20:00) will be located in the Foyer.

Microsoft Reception (Thursday: 17:30-20:30) will be located in the Zuilenzaal.

IOP-MMI Boat Trip and Town Hall Reception (Friday 17:30 — 19:30) will leave in front of Felix Meritis.
Refreshments for Coffee Breaks will be located in the Zuilenzaal.

Technical Sessions (Thursday, Friday and Saturday: 09:00 — 17:30) will take place in the Concertzaal.

The Tutorial on Experimental Design for Human-Robot Interaction (Wednesday: 09.00 — 12:30 ), room TBA.
Workshop 1 on Metrics for Human-Robot Interaction (Wednesday: 13:30 — 17:30) , room TBA.

Workshop 2 on Coding Behavioral Video Data and Reasoning Data in Human-Robot Interaction (Wednesday:
09:00 — 17:30), room TBA.

Workshop 3 on Robotic Helpers: User Interaction, Interfaces and Companions in Assistive and Therapy Robotics
(Wednesday: 09:00 — 17:30) , room TBA.

Young Researchers Workshop (Wednesday: 09:00 — 17:30) , room TBA.
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Breaks and Lunches

Short morning breaks are scheduled from 10:10 to 10:20. Coffee Breaks are scheduled from 11:10 to 11:40
each morning and from 15:15 to 15:45 each afternoon. We graciously acknowledge the kind support of Honda
Motor Company, Ltd. Lunches are scheduled each day from 12:30 to 14:00. All lunches are catered at the con-
ference and are included in the conference registration. A list of some local area restaurants and eateries will be
included in the registration packet.

Exhibits
Exhibits will start on Thursday at 9:00 and will run through 17:30 on Saturday in the Zuilenzaal.

Receptions

Hors d’oeuvres and a cash bar will be offered for both the Thursday and Friday receptions. Receptions are in-
cluded in the registration fee (Please show your badge for admission). Tickets for additional guests are available
at Registration. We graciously acknowledge the kind support of Microsoft Corporation and the City of Amster-
dam.

Internet
Wireless Internet access is available free of charge in the Foyer and in the Zuilenzaal.

Medical Services
If you need urgent medical assistance, please contact one of the conference staff immediately. The national
emergency number is 112.

No Smoking

The conference is in general a non-smoking venue. However, smoking is allowed in the public foyer bar.

Poster Presenters

If you are presenting a poster, please make sure the poster is ready by the time the poster session starts on
Thursday. Dimensions of the poster boards are height: 2 meters, width: 1 meter. Poster boards will be set up in
the Zuilenzaal. We will provide pushpins for mounting posters. Please do not use any other material for mount-
ing purposes (e.g. adhesive or tape). Please take down your poster at the end of your session if you wish to keep
it.

Registration
The Conference Desk will be staffed for registration and information services at the entrance of Felix Meritis on
the schedule:

Wednesday March 12 08:30 — 12:00 and 17:30 — 20:00
Thursday, March 13 08:30 — 14:00
Friday, March 14 08:30 — 14:00
Saturday, March 15 08:30 — 14:00

Written messages can be posted at the Conference Desk. If messages are of an urgent nature, please contact one
of the conference personnel.



Third ACM/IEEE International Conference on Human-Robot Interaction (HRI 2008)
Transportation

Public transportation

From Centraal Station:

- Tram 1, 2 of 5 - exit ‘Spui’

- Tram 13 of 17 - exit ‘Westermarkt’

Car

- Ringroad (A10 Ring West)

- Exit S105 (Geuzenveld)

- Direction Centrum (Jan van Galenstraat)

- Right at Nassaukade

- Left at the traffic lights (Rozengracht)

- At Westermarkt turn right onto Keizersgracht

Parking

You can park your car at the Europarking (Marnixstraat 250), a 10 minute walk from Felix Meritis. Amster-
dam’s historical city center is cuambersome to navigate by car, we strongly suggest you choose to walk or take
public transport.

1/

)

(AT
- §

S N
S

%@\R\\




Third ACM/IEEE International Conference on Human-Robot Interaction (HRI 2008)

Invited Keynote Presentations (presentation order)

Talking As If
Herbert Clark, Stanford University
Stanford, CA, USA

If ordinary people are to work with humanoid robots, they will need to communicate with them. But how will
they do that? For many in the field, the goal is to design robots that people can talk to just as they talk to actual
people. But a close look at actual communication suggests that this goal isn’t realist. It may even be untenable in
principle. An alternative goal is to design robots that people can talk to just as they talk to dynamic depictions
of other people—what I will call characters. As it happens, ordinary people have a great deal of experience in
interpreting the speech, gestures, and other actions of characters, and even in interacting with them. But talking
to characters is different from talking to actual people. So once we view robots as characters, we will need a
model of communication based on different principles. That, in turn, may change our ideas of what people can
and cannot do with robots.

Joint Action in Man and Autonomous Systems
Harlod Bekkering, Nijmegen Institute for Cognition and Information, Radboud University
Nijmegen, The Netherlands

This talk presents recent functional insights derived from behavioural and neuroimaging studies into the cogni-
tive mechanisms underlying human joint action. The main question is how the cognitive system of one actor can
organize the perceptual consequences of the movements of another actor such that effective joint action in the
two actors can take place. Particularly, the issue of complementing each other’s action in contrast to merely imi-
tating the actions that one observes will be discussed. Other issues that have been investigated are motivational
states (cooperative or competitive), error-monitoring and the interaction between actors at the level of motor
control. The talk is completed with presenting recent attempts to implement the functional insights from these
experiments into autonomous systems being capable of collaborating intelligently on shared motor tasks.

Toward Cognitive Robot Companions
Raja Chatila, LASS-CNRS
Toulouse, France

If robots have to be, one day, part of our environment and assist humans in their daily life, they will have to be
endowed not only with the necessary functions for sensing, moving and acting, but also and inevitably, with
more advanced cognitive capacities. Indeed a robot that will interact with people will need to be able to under-
stand the spatial and dynamic structure of its environment, to exhibit a social behavior, to communicate with hu-
mans at the appropriate level of abstraction, to focus its attention and to take decisions for achieving tasks, to
learn new knowledge and to evolve new capacities in an open-ended fashion. The COGNIRON (The Cognitive
Robot Companion) project’ studies the development of robots whose ultimate task would be serve and assist humans. Re-
search is carried out in four main domains. Perception and spatial cognition: The project addresses the fundamental questions
of scene understanding, object learning and recognition, and semantic labeling of space through interacting with humans.
Human-Robot interaction: Enabling an embodied dialogue capability is essential for a cognitive robot companion interacting
with humans. One of the crucial aspects is handling multi-modality to cope gestures and other non-verbal signals and to
make references to the environment shared with humans. Another aspect of Human-robot interaction lies in understanding
human actions by the robot so that it can act in an appropriate manner and understand human needs. This requires visual de-
tection and tracking of humans, of their faces, 3D modeling of human body, interpretation of human activities based on ges-
tures, postures, attitudes, and motions. Finally, the robot must exhibit an acceptable social behavior, respecting human social
spaces and affective factors (e.g., user comfort). Decision-making and expression of intentions: Making decisions, be it for
autonomous task achievement or for human-robot interaction, is a fundamental capability of a cognitive robot. The project
studies decision-making abilities in uncertain and varying environments, shared decision-making and actions with humans,
intentionality expression by robots during interaction with humans, as well as cognitive architectures for the integration of
robot capabilities. The talk will overview the achievements of the project and its results that are demonstrated in
three main experimental settings, enabling to exhibit the above mentioned cognitive capacities : the robot home
tour, the curious and proactive robot and the robot learner. Learning: For a robot companion to show adaptive, life-
long learning behavior, it must be capable of acquiring new skills when required, and of incremental acquisition of skills for
learning complete tasks. Imitation learning from humans is one of the main approaches investigated by the project to achieve
this learning capability.

! funded by the European Commission’s FP6, within the Information Society Technologies/Future and Emerging Tech-

nologies (IST-FET) ‘Beyond Robotics’ initiative, under contract FP6-IST-002020. http://www/cogniron.org.
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Paper Abstracts (presentation order)

The Roles of Haptic-Ostensive Referring Expressions in Cooperative, Task-based Human-Robot Dialogue
Mary Ellen Foster, Ellen Gurman Bard, Markus Guhe, Robin L. Hill, Jon Oberlander, Alois Knoll

Generating referring expressions is a task that has received a great deal of attention in the natural-language gen-
eration community, with an increasing amount of recent effort targeted at the generation of multimodal referring
expressions. However, most implemented systems tend to assume very little shared knowledge between the
speaker and the hearer, and therefore must generate fully-elaborated linguistic references. Some systems do in-
clude a representation of the physical context or the dialogue context; however, other sources of contextual in-
formation are not normally used. Also, the generated references normally consist only of language and, possi-
bly, deictic pointing gestures. When referring to objects in the context of a task-based interaction involving
jointly manipulating objects, a much richer notion of context is available, which permits a wider range of refer-
ring options. In particular, when conversational partners cooperate on a mutual task in a shared environment, ob-
jects can be made accessible simply by manipulating them as part of the task. We demonstrate that such expres-
sions are common in a corpus of human-human dialogues based on constructing virtual objects, and then de-
scribe how this type of reference can be incorporated into the output of a humanoid robot that engages in similar
joint construction dialogues with a human partner.

Object Schemas for Responsive Robotic Language Use
Kai-yuh Hsiao, Soroush Vosoughi, Stefanie Tellex, Rony Kubat, Deb Roy

The use of natural language should be added to a robot system without sacrificing responsiveness to the environ-
ment. In this paper, we present a robot that manipulates objects on a tabletop in response to verbal interaction.
Reactivity is maintained by using concurrent interaction processes, such as visual trackers and collision detec-
tion processes. The interaction processes and their associated data are organized into object schemas, each rep-
resenting a physical object in the environment, based on the target of each process. The object schemas then
serve as discrete structures of coordination between reactivity, planning, and language use, permitting rapid in-
tegration of information from multiple sources.

Understanding Human Intentions via Hidden Markov Models in Autonomous Mobile Robots
Richard Kelley, Alireza Tavakkoli, Christopher King, Monica Nicolescu, Mircea Nicolescu, George Bebis

Understanding intent is an important aspect of communication among people and is an essential component of
the human cognitive system. This capability is particularly relevant for situations that involve collaboration
among agents or detection of situations that can pose a threat. In this paper, we propose an approach that allows
arobot to detect intentions of others based on experience acquired through its own sensory-motor capabilities,
then using this experience while taking the perspective of the agent whose intent should be recognized. Our
method uses a novel formulation of Hidden Markov Models designed to model a robot’s experience and interac-
tion with the world. The robot’s capability to observe and analyze the current scene employs a novel vision-
based technique for target detection and tracking, using a non-parametric recursive modeling approach. We vali-
date this architecture with a physically embedded robot, detecting the intent of several people performing vari-
ous activities.

Using a Robot Proxy to Create Common Ground in Exploration Tasks
Kristen Stubbs, David Wettergreen, Illah Nourbakhsh

In this paper, we present a user study of a new collaborative communication method between a user and remote-
ly located robot performing an exploration task. In the studied scenario, our user possesses scientific expertise
but not necessarily detailed knowledge of the robot’s capabilities, resulting in very little common ground be-
tween the user and robot. Because the robot is not available during mission planning, we introduce a robot
proxy to build common ground with the user. Our robot proxy has the ability to provide feedback to the user
about the user’s plans before the plans are executed. Our study demonstrated that the use of the robot proxy re-
sulted in improved performance and efficiency on an exploration task, more accurate mental models of the
robot’s capabilities, a stronger perception of effectiveness at the task, and stronger feelings of collaboration with
the robotic system.
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How Quickly Should Communication Robots Respond?
Toshiyuki Shiwa, Takayuki Kanda, Michita Imai, Hiroshi Ishiguro, Norihiro Hagita

This paper reports a study about system response time (SRT) in communication robots that utilize human-like
social features, such as anthropomorphic appearance and conversation in natural language. Our research purpose
established a design guideline for SRT in communication robots. The first experiment observed user preferences
toward different SRTs in interaction with a robot. In other existing user interfaces, faster response is usually
preferred. In contrast, our experimental result indicated that user preference for SRT in a communication robot
is highest at one second, and user preference ratings level off at two seconds. However, a robot cannot always
respond in such a short time as one or two seconds. Thus, the important question is “What should a robot do if
it cannot respond quickly enough?” The second experiment tested the effectiveness of a conversational filler:
behavior to notify listeners that the robot is going to respond. In Japanese “etto” is used to buy time to think and
resembles “well...” and “uh...” In English. We used the same strategy in a communication robot to shadow sys-
tem response time. Our results indicated that using a conversational filler by the robot moderated the user's im-
pression toward a long SRT.

Spiral response-casccade hypothesis -Intrapersonal responding-cascade in gaze interaction
Yuichiro Yoshikawa, Shunsuke Yamamoto, Hidenobu Sumioka, Hiroshi Ishiguro, Minoru Asada

A spiral response-cascade hypothesis is proposed to model the mechanism that enables human communication
to emerge or be maintained among agents. In this hypothesis, we propose the existence of three cascades each of
which indicates intrapersonal or interpersonal mutual facilitation in the formation of someone’s feelings about
one’s communication partners and the exhibition of behaviors in communicating with them, i.e., responding. In
this paper, we discuss our examination of an important part of the hypothesis, i.e., what we call an intrapersonal
responding cascade, through an experiment where the gaze interactions between a participant and a communica-
tion robot were controlled not only by controlling the robot’s gaze but also by signaling participants when to
shift their gaze. We report that the participants’ experiences in responding to the robot enable them to regard
the robot as a communicative being, which partially supports the hypothesis of the intrapersonal responding cas-
cade.

A Hybrid Algorithm for Tracking and Following People using a Robotic Dog
Martijn Liem, Arnoud Visser, Frans Groen

The capability to follow a person in a domestic environment is an important prerequisite for a robot companion.
In this paper, a tracking algorithm is presented that makes it possible to follow a person using a small robot.
This algorithm can track a person while moving around, regardless of the sometimes erratic movements of the
legged robot. Robust performance is obtained by fusion of two algorithms, one based on salient features and
one on color histograms. Reinitializing object histograms enables the system to track a person even when the il-
lumination in the environment changes. By being able to re-initialize the system on run time using background
subtraction, the system gains an extra level of robustness.

Reasoning for a Multi-Modal Service Robot Considering Uncertainty in Human-Robot Interaction
Sven Schmidt-Rohr, Steffen Knoop, Martin L"sch, R diger Dillmann

This paper presents a reasoning system for a multi-modal service robot with human-robot interaction. The rea-
soning system uses partially observable Markov decision processes (POMDPs) for decision making and an inter-
mediate level for bridging the gap of abstraction between multi-modal real world sensors and actuators on the
one hand and POMDP reasoning on the other. A filter system handles the abstraction of multi-modal perception
while preserving uncertainty and model-soundness. A command sequencer is utilized to control the execution of
symbolic POMDP decisions on multiple actuator components. By using POMDP reasoning, the robot is able to
deal with uncertainty in both observation and prediction of human behavior and can balance risk and opportuni-
ty. The system has been implemented on a multi-modal service robot and is able to let the robot act au-
tonomously in modeled human-robot interaction scenarios. Experiments evaluate the characteristics of the pro-
posed algorithms and architecture.
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Combining Dynamical Systems Control and Programming by Demonstration for Teaching Discrete Bi-
manual Coordination Tasks to a Humanoid Robot
Elena Gribovskaya, Aude Billard

We present a generic framework that combines Dynamical Systems movement control with Programming by
Demonstration (PbD) to teach a robot bimanual coordination task. The model consists of two systems: a learn-
ing system that processes data collected during the demonstration of the task to extract coordination constraints
and a motor system that reproduces the movements dynamically, while satisfying the coordination constraints
learned by the first system. We validate the model through a series of experiments in which a robot is taught
bimanual manipulatory tasks with the help of a human.

Learning Polite Behavior with Situation Models
James CROWLEY, Remi BARRAQUAND

In this paper, we describe experiments with methods for learning the appropriateness of behaviors based on a
model of the current social situation. We first review different approaches for social robotics, and present a new
approach based on situation modeling. We then review algorithms for social learning and propose three modifi-
cations to the classical Q-Learning algorithm. We describe five experiments with progressively complex algo-
rithms for learning the appropriateness of behaviors. The first three experiments illustrate how social factors can
be used to improve learning by controlling learning rate. In the fourth experiment we demonstrate that proper
credit assignment improves the effectiveness of reinforcement learning for social interaction. In our fifth experi-
ment we show that analogy can be used to accelerate learning rates in contexts composed of many situations.

Towards Combining UAV and Sensor Operator Roles in UAV-Enabled Visual Search
Joseph Cooper, Michael Goodrich

Wilderness search and rescue (WiSAR) is a challenging problem because of the large areas and often rough ter-
rain that must be searched. Using mini-UA Vs to deliver aerial video to searchers has potential to support WiS-
AR efforts, but a number of technology and human factors problems must be overcome to make this practical.
At the source of many of these problems is a desire to manage the UAV using as few people as possible, so that
more people can be used in ground-based search e_orts. This paper uses observations from two informal studies
and one formal experiment to identify what human operators may be unaware of as a function of autonomy and
information display. Results suggest that progress is being made on designing autonomy and information dis-
plays that may make it possible for a single human to simultaneously manage the UAV and its camera in WiS-
AR, but that adaptable displays that support systematic navigation are probably needed.

How training and experience affect the benefits of autonomy in a dirty-bomb experiment
David Bruemmer, Curtis Nielsen, David Gertman

A dirty-bomb experiment conducted at the INL is used to evaluate the effectiveness and suitability of three dif-
ferent modes of robot control. The experiment uses three distinct user groups to understand how participants’
background and training affect the way in which they use and benefit from autonomy. The results show that the
target mode, which involves automated mapping and plume tracing together with a point and click tasking tool,
provides the best performance for each group. This is true for objective performance such as source detection
and localization accuracy as well as subjective measures such as perceived workload, frustration and preference.
The best overall performance is achieved by the Explosive Ordinance Disposal group which has experience in
both robot teleoperation and dirty bomb response. The user group that benefits least from autonomy is the Nu-
clear Engineers that have no experience with either robot operation or dirty bomb response. The group that ben-
efits most from autonomy is the Weapons of Mass Destruction Civil Support Team that has extensive experi-
ence related to the task, but no robot training.

Simultaneous Teleoperation of Multiple Social Robots
Dylan Glas, Takayuki Kanda, Hiroshi Ishiguro, Norihiro Hagita

Teleoperation of multiple robots has been studied extensively for applications such as robot navigation; howev-
er, this concept has never been applied to the field of social robots. To explore the unique challenges posed by
the remote operation of multiple social robots, we have implemented a system in which a single operator simul-
taneously controls up to four robots, all engaging in communication interactions with users. We present a user
interface designed for operating a single robot while monitoring several others in the background, then we pro
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pose methods for characterizing task difficulty and introduce a technique for improving multiple-robot perfor-
mance by reducing the number of conflicts between robots demanding the operator’s attention. Finally, we
demonstrate the success of our system in laboratory trials based on real-world interactions.

A Point-and-Click Interface for the Real World: Laser Designation of Objects for Mobile Manipulation
Charlie Kemp, Cressel Anderson, Hai Nguyen, Alexander Trevor, Zhe Xu

We present a novel interface for human-robot interaction that enables a human to intuitively and unambiguously
select a 3D location in the world and communicate it to a mobile robot. The human points at a location of inter-
est and illuminates it (“clicks it”) with an unaltered, off-the-shelf, green laser pointer. The robot detects the re-
sulting laser spot with an omnidirectional, catadioptric camera with a narrow-band green filter. After detection,
the robot moves its stereo pan/tilt camera to look at this location and estimates the location’s 3D position with
respect to the robot’s frame of reference. Unlike previous approaches, this interface for gesture-based pointing
requires no instrumentation of the environment, makes use of a non-instrumented everyday pointing device, has
low spatial error out to 3 meters, is fully mobile, and is robust enough for use in real-world applications. We
demonstrate that this human-robot interface enables a person to designate a wide variety of everyday objects
placed throughout a room. In 99.4% of these tests, the robot successfully looked at the designated object and es-
timated its 3D position with low average error. We also show that this interface can support object acquisition
by a mobile manipulator. For this application, the user selects an object to be picked up from the floor by
“clicking” on it with the laser pointer interface. In 90% of these trials, the robot successfully moved to the des-
ignated object and picked it up off of the floor.

Three Dimensional Tangible User Interface for Controlling a Robotic Team
Paul Lapides, Ehud Sharlin, Mario Costa Sousa

We describe a new method for controlling a group of robots in three-dimensional (3D) space using a tangible
user interface called the 3D Tractus. Our interface maps the task space into an interactive 3D space, allowing a
single user to intuitively monitor and control a group of robots. We present the use of the interface in control-
ling a group of virtual software bots and a physical Sony AIBO robot dog in a simulated Explosive Ordnance
Disposal (EOD) environment involving a bomb hidden inside of a building. We also describe a comparative user
study we performed where participants were asked to use both the 3D physical interface and a traditional 2D
graphical user interface in order to try and demonstrate the benefits and drawbacks of each approach for HRI
tasks.

Governing Lethal Behavior: Embedding Ethics in a Hybrid Deliberative/Reactive Robot Architecture -
Part I: Motivation and Philosophy
Ronald Arkin

This paper provides the motivation and philosophy underlying the design of an ethical control and reasoning
system potentially suitable for constraining lethal actions in an autonomous robotic system, so that its behavior
will fall within the bounds prescribed by the Laws of War and Rules of Engagement. This research, funded by
the U.S. Army Research Office, is intended to ensure that robots do not behave illegally or unethically in the
battlefield. Reasons are provided for the necessity of developing such a system at this time, as well as argu-
ments for and against its creation.

A Comparative Psychophysical and EEG Study of Different Feedback Modalities for HRI
Xavier Perrin, Ricardo Chavarriaga, Celine Ray, Roland Siegwart, Jose del R. Millan

This paper presents a comparison between six different ways to convey navigational information provided by a
robot to a human. Visual, auditory, and tactile feedback modalities were selected and designed to suggest a di-
rection of travel to a human user, who can then decide if he agrees or not with the robot’s proposition. This
work builds upon a previous research on a novel semi-autonomous navigation system in which the human super-
vises an autonomous system, providing corrective monitoring signals whenever necessary. We recorded both
qualitative (user impressions based on selected criteria and ranking of their feelings) and quantitative (response
time and accuracy) information regarding different types of feedback. In addition, a preliminary analysis of the
influence of the different types of feedback on brain activity is also shown. The result of this study may provide
guidelines for the design of such a human-robot interaction system, depending on both the task and the human
user.
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Theory of Mind (ToM) on Robots: A Functional Neuroimaging Study
Frank Hegel, Soeren Krach, Tilo Kircher, Britta Wrede, Gerhard Sagerer

Theory of Mind (ToM) is not only a key capability for cognitive development but also for successful social in-
teraction. In order for a robot to interact successfully with a human both interaction partners need to have an ad-
equate representation of the other’s actions. In this paper we address the question of how a robot’s actions are
perceived and represented in a human subject interacting with the robot and how this perception is influenced
by the appearance of the robot. We present the preliminary results of an fMRI-study in which participants had
to play a version of the classical Prisoners’ Dilemma Game (PDG) against four opponents: a human partner
(HP), an anthropomorphic robot (AR), a functional robot (FR), and a computer (CP). The PDG scenario enables
to implicitly measure mentalizing or Theory of Mind (ToM) abilities, a technique commonly applied in func-
tional imaging. As the responses of each game partner were randomized unknowingly to the participants, the at-
tribution of intention or will to an opponent (i.e. HP, AR, FR or CP) was based purely on differences in the per-
ception of shape and embodiment. The present study is the first to apply functional neuroimaging methods to
study human-robot interaction on a higher cognitive level such as ToM. We hypothesize that the degree of an-
thropomorphism and embodiment of the game partner will modulate cortical activity in previously detected
ToM networks as the medial prefrontal lobe and anterior cingulate cortex.

Robots in Organizations: The Role of Workflow, Social, and Environmental Factors in Human-Robot In-
teraction
Bilge Mutlu, Jodi Forlizzi

Robots are becoming increasingly integrated into the workplace, impacting organizational structures and pro-
cesses, and affecting products and services created by these organizations. While robots promise significant
benefits to organizations, their introduction poses a variety of design challenges. In this paper, we use ethno-
graphic data collected at a hospital using an autonomous delivery robot to examine how organizational factors
affect the way its members respond to robots and the changes engendered by their use. Our analysis uncovered
dramatic differences between the medical and post-partum units in how people integrated the robot into their
workflow and their perceptions of and interactions with it. Different patient profiles in these units led to differ-
ences in workflow, goals, social dynamics, and the use of the physical environment. In medical units, low toler-
ance for interruptions, a discrepancy between the perceived cost and benefits of using the robot, and break-
downs due to high traffic and clutter in the robot’s path caused the robot to have a negative impact on the work-
flow and staff resistance. On the contrary, post-partum units integrated the robot into their workflow and social
context. Based on our findings, we provide design guidelines for the development of robots for organizations.

Crew Roles and Operational Protocols for Rotary-Wing Micro-UAVs in Close Urban Environments
Robin Murphy, Kevin Pratt, Jenny Burke

A crew organization and four-step operational protocol is recommended based on a cumulative descriptive field
study of teleoperated rotary-wing micro air vehicles (MAV) used for structural inspection during the response
and recovery phases of Hurricanes Katrina and Wilma. The use of MAVs for real civilian missions in real oper-
ating environments provides a unique opportunity to consider human-robot interaction. The analysis of the hu-
man-robot interaction during 8 days, 14 missions, and 38 flights finds that a three person crew is currently
needed to perform distinct roles: Pilot, Mission Specialist, and Flight Director. The general operations proce-
dure is driven by the need for safety of by-standers, other aircraft, the tactical team, and the MAYV itself, which
leads to missions being executed as a series of short, line-of-sight flights rather than a single flight. Safety
concerns may limit the utility of autonomy in reducing the crew size or enabling beyond line-of-sight-opera-
tions but autonomy could lead to an increase in flights per mission and reduced Pilot training demands. This pa-
per is expected to contribute to set a foundation for future research in HRI and MAV autonomy and to help es-
tablish regulations and acquisition guidelines for civilian operations. Additional research in autonomy, inter-
faces, attention, and out-of-the-loop (OOTL) control is warranted.

Concepts about the capabilities of computers and robots: A test of the scope of adults' theory of mind
Daniel Levin, Stephen Killingsworth, Megan Saylor

We have previously demonstrated that people apply fundamentally different concepts to mechanical agents and
human agents, assuming that mechanical agents engage in more location-based, and feature-based behaviors
whereas humans engage in more goal-based, and category-based behavior. We also found that attributions about
anthropomorphic agents such as robots are very similar to those about computers, unless subjects are asked to
attend closely to specific intentional-appearing behaviors. In the present studies, we ask whether subjects ini
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tially do not attribute intentionality to robots because they believe that temporary limits in current technology
preclude real intelligent behavior. In addition, we ask whether a basic categorization as an artifact affords less-
ened attributions of intentionality. We find that subjects assume that robots created with future technology may
become more intentional, but will not be fully equivalent to humans, and that even a fully human-controlled
robot will not be as intentional as a human. These results suggest that subjects strongly distinguish intelligent
agents based on intentionality, and that the basic living/mechanical distinction is powerful enough, even in
adults, to make it difficult for adults to assent to the possibility that mechanical things can be fully intentional.

Beyond Dirty, Dangerous and Dull: What Everyday People Think Robots Should Do
Leila Takayama, Wendy Ju, Clifford Nass

We present a study of people’s attitudes toward robot workers, identifying the characteristics of occupations for
which people believe robots are qualified and desired. We deployed a web-based public-opinion survey that
asked respondents (n=250) about their attitudes regarding robots’ suitability for a variety of jobs (n=812) from
the U.S. Department of Labor’s o*net occupational information database. We found that public opinion favors
robots for jobs that require memorization, keen perceptual abilities, and service-orientation. People are pre-
ferred for occupations that require artistry, evaluation, judgment and diplomacy. In addition, we found that peo-
ple will feel more positively toward robots doing jobs with people rather than in place of people.

Design Patterns for Sociality in Human-Robot Interaction
Peter Kahn, Nathan Freier, Takayuki Kanda, Hiroshi Ishiguro, Jolina Ruckert, Rachel Severson, Shaun Kane

We propose that Christopher Alexander’s idea of design patterns can benefit the emerging field of HRI. We
first discuss four features of design patterns that appear particularly useful. For example, a pattern should be
specified abstractly enough such that many different instantiations of the pattern can be uniquely realized in the
solution to specific problems in context. Then, after describing our method for generating patterns, we offer
and describe eight possible design patterns for sociality in human robot interaction: initial introduction, didactic
communication, in motion together, personal interests and history, recovering from mistakes, reciprocal turn-
taking in game context, physical intimacy, and claiming unfair treatment or wrongful harms. We also discuss
the issue of validation of design patterns. If a design pattern program proves successful, it will provide HRI re-
searchers with basic knowledge about human robot interaction, and save time through the reuse of patterns to
achieve high levels of sociality.
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Poster Abstracts (alphabetical order)

A Semi-autonomous Communication Robot - A Field Trial at a Train Station
Masahiro Shiomi, Daisuke Sakamoto, Takayuki Kanda, Carlos Toshinori Ishi, Hiroshi Ishiguro, Norihiro Hagita

This paper reports an initial field trial with a prototype of a semi-autonomous communication robot at a train
station. We developed an operator-requesting mechanism to achieve semi-autonomous operation for a commu-
nication robot functioning in real environments. The operator-requesting mechanism autonomously detects situ-
ations that the robot cannot handle by itself; a human operator helps by assuming control of the robot. This ap-
proach gives semi-autonomous robots the ability to function naturally with minimum human effort. Our system
consists of a humanoid robot and ubiquitous sensors. The robot has such basic communicative behaviors as
greeting and route guidance. The experimental results revealed that the operator-requesting mechanism correctly
requested operator’s help in 85% of the necessary situations; the operator only had to control 25% of the experi-
ment time in the semi-autonomous mode with a robot system that successfully guided 68% of the passengers.
At the same time, this trial provided the opportunity to gather user data for the further development of natural
behaviors for such robots operating in real environments.

Achieving Fluency through Perceptual-Symbol Practice in Human-Robot Collaboration
Guy Hoffman, Cynthia Breazeal

We have developed a cognitive architecture for robotic teammates based on the neuro-psychological principles
of perceptual symbols and simulation, with the aim of attaining increased fluency in human-robot teams. An in-
stantiation of this architecture was implemented on a robotic desk lamp, performing in a human-robot collabora-
tive task. This paper describes initial results from a human-subject study measuring team efficiency and team
fluency, in which the robot works on a joint task with untrained subjects. We find significant differences in a
number of efficiency and fluency metrics, when comparing our architecture to a purely reactive robot with simi-
lar capabilities.

Assessing Cooperation in Human Control of Heterogeneous Robots
Jijun Wang, Huadong Wang, Michael Lewis

Human control of multiple robots has been characterized by the average demand of single robots on human at-
tention. While this matches situations in which independent robots are controlled sequentially it does not cap-
ture aspects of demand associated with coordinating dependent actions among robots. This paper presents an
extension of Crandall’s neglect tolerance model intended to accommodate both coordination demands (CD) and
heterogeneity among robots. The reported experiment attempts to manipulate coordination demand by varying
the proximity needed to perform a joint task in two conditions and by automating coordination within subteams
in a third. Team performance and the process measure CD were assessed for each condition. Automating coop-
eration reduced CD and improved performance. We discuss the utility of process measures such as CD to ana-
lyze and improve control performance.

Behaviour Delay and Robot Expressiveness in Child-Robot Interactions: A User Study on Interaction Ki-
nesics
Ben Robins, Kerstin Dautenhahn, Rene te Boekhorst, Chrystopher L. Nehaniv

This paper presents results of a novel study on interaction kinesics where 18 children interacted with a hu-
manoid child-sized robot called KASPAR. Based on findings in psychology and social sciences we propose the
temporal behaviour matching hypothesis which predicts that children will adapt to and match the robot’s tem-
poral behaviour. Each child took part in six experimental trials involving two games in which the dynamics of
interactions played a key part: a body expression imitation game, where the robot imitated expressions demon-
strated by the children, and a drumming game where the robot mirrored the children’s drumming. In both games
KASPAR responded either with or without a delay. Additionally, in the drumming game, KASPAR responded
with or without exhibiting facial/gestural expressions. Individual case studies as well as statistical analysis of the
complete sample are presented. Results show that a delay of the robot’s drumming response lead to larger paus-
es (with and without robot nonverbal gestural expressions) and longer drumming durations (with nonverbal ges-
tural expressions only). In the imitation game, the robot’s delay lead to longer imitation eliciting behaviour with
longer pauses for the children, but systematic individual differences are observed in regards to the effects on the
children’s pauses. Results are generally consistent with the temporal behaviour matching hypothesis, i.e. chil-
dren adapted the timing of their behaviour, e.g. by mirroring to the robot’s temporal behaviour.
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Compass Visualization for Human-Robotic Interaction
Curtis Humphrey and Julie A. Adams

Compasses have been used for centuries to express directions and are commonplace in many user interfaces;
however, there has not been work in human-robotic interaction (HRI) to ascertain how different compass visual-
izations affect the interaction. This paper presents a HRI evaluation comparing two representative compass visu-
alizations: top-down and in-world world-aligned. The compass visualizations were evaluated to ascertain which
one provides better metric judgment accuracy, lowers workload, provides better situational awareness, is per-
ceived as easier to use, and is preferred. Twenty-four participants completed a within-subject repeated measures
experiment. The results agreed with the existing principles relating to 2D and 3D views, or projections of a
three-dimensional scene, in that a top-down (2D view) compass visualization is easier to use for metric judg-
ment tasks and a world-aligned (3D view) compass visualization yields faster performance for general naviga-
tion tasks. The implication for HRI is that the choice in compass visualization has a definite and non-trivial im-
pact on operator performance (world-aligned was faster), situational awareness (top-down was better), and per-
ceived ease of use (top-down was easier).

Construction and Evaluation of a Model of Natural Human Motion based on Motion Diversity
Takashi Minato, Hiroshi Ishiguro

A natural human-robot communication is supported by a person’s interpersonal behavior for a robot. The condi-
tion to elicit interpersonal behavior is thought to be related to a mechanism to support natural communication.
In the present study, we hypothesize that motion diversity produced independently of a subject’s intention con-
tributes to the human-like nature of the motions of an android that closely resembles a human being. In order to
verify this hypothesis, we construct a model of motion diversity through the observation of human motion,
specifically, a touching motion. Psychological experiments have shown that the presence of motion diversity in
android motion influences the impression toward the android.

Crossmodal Content Binding in Information-Processing Architectures
Henrik Jacobsson, Nick Hawes, Geert-Jan Kruijff, Jeremy Wyatt

Operating in a physical context, an intelligent robot faces two fundamental problems. First, it needs to combine
information from its different sensors to form a representation of the environment that is more complete than
any representation a single sensor could provide. Second, it needs to combine high-level representations (such
as those for planning and dialogue) with sensory information, to ensure that the interpretations of these symbol-
ic representations are grounded in the situated context. Previous approaches to this problem have used tech-
niques such as (low-level) information fusion, ontological reasoning, and (high-level) concept learning. This pa-
per presents a framework in which these, and related approaches, can be used to form a shared representation of
the current state of the robot in relation to its environment and other agents. Preliminary results from an imple-
mented system are presented to illustrate how the framework supports behaviours commonly required of an in-
telligent robot.

Decision-Theoretic Human-Robot Communication
Tobias Kaupp, Alexei Makarenko

Humans and robots need to exchange information if the objective is to achieve a task cooperatively. Two ques-
tions are considered in this paper: what type of information to communicate, and how to cope with the limited
resources of human operators. Decision-theoretic human-robot communication can provide answers to both
questions: the type of information is determined by the underlying probabilistic representation, and value-of-in-
formation theory helps decide when it is appropriate to query operators for information. A robot navigation
task is used to evaluate the system by comparing it to conventional teleoperation. The results of a user study
show that the developed system is superior with respect to performance, operator workload, and usability.

Development and Evaluation of a Flexible Interface for a Wheelchair Mounted Robotic Arm
Katherine Tsui, Holly Yanco, David Kontak, Linda Beliveau

Accessibility is a challenge for people with disabilities. Differences in cognitive ability, sensory impairments,
motor dexterity, behavioral skills, and social skills must be taken into account when designing interfaces for as-
sistive devices. Flexible interfaces tuned for individuals, instead of custom- built solutions, may benefit a larger
number of people. The development and evaluation of a flexible interface for controlling a wheelchair mounted
robotic arm is described in this paper. There are four versions of the interface based on input device (touch
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screen or joystick) and a moving or stationary shoulder camera. We describe results from an eight week experi-
ment conducted with representative end users who range in physical and cognitive ability.

Enjoyment, intention to use and actual use of a conversational robot by elderly people
Marcel Heerink, Ben Kr’se, Bob Wielinga, Vanessa Evers

In this paper we explore the concept of enjoyment as a possible factor influencing acceptance of robotic tech-
nology by elderly people. We describe an experiment with a conversational robot and elderly users (n=30) that
incorporates both a test session and a long term user observation. The experiment did confirm the hypothesis
that perceived enjoyment has an effect on the intention to use a robotic system. Furthermore, findings show that
the general assumption in technology acceptance models that intention to use predicts actual use is also applica-
ble to this specific technology used by elderly people.

Housewives or Technophiles?: Understanding Domestic Robot Owners
Ja-Young Sung, Rebecca Grinter, Henrik Christensen, Lan Guo

Despite the growing body of Human-Robot Interaction (HRI) research focused on domestic robots, surprisingly
little is known about the demographic profile of robot owners and their influence on usage patterns. In this pa-
per, we present the results of a survey of 379 iRobot’s Roomba = owners, that identified their demographic and
usage trends. The outcome of the survey suggests that Roomba users are equally likely to be men or women,
and they tend to be younger with high levels of education and technical backgrounds. Their adoption and use
patterns illustrate the important role that gift exchange plays in adoption, and how the robot changes cleaning
routines and creates non-cleaning activities. More generally, we argue that domestic robot adoption is growing,
and suggest some of the factors that lead to a positive experience.

How Close? Model of Proximity Control for Information-presenting Robots
Fumitaka Yamaoka, Takayuki Kanda, Hiroshi Ishiguro, Norihiro Hagita

This paper describes a model for a robot to appropriately control its position when it presents information to a
user. This capability is indispensable since in the future many robots will be functioning in daily situations as
shopkeepers presenting products to customers or museum guides presenting information to visitors. Psychology
research suggests that people adjust their positions to establish a joint view toward a target object. Similarly,
when a robot presents an object, it should stand at an appropriate position that considers the positions of both
the listener and the object to optimize the listener’s field of view and to establish a joint view. We observed hu-
man-human interaction situations where people presented objects and developed a model for an information-
presenting robot to appropriately adjust its position. Our model consists of four constraints for establishing O-
space: (1) proximity to listener, (2) proximity to object, (3) listener’s field of view, and (4) presenter’s field of
view. We also present an experimental evaluation of the effectiveness of our model

How People Anthropomorphize Robots
Susan Fussell, Sara Kiesler, Leslie Setlock, Victoria Yew

We explored anthropomorphism in people’s reactions to a robot in social context vs. their more considered
judgments of robots in the abstract. Participants saw a photo and read transcripts from a health interview by a
robot or human interviewer. For half of the participants, the interviewer was polite and for the other half, the in-
terviewer was impolite. Participants then summarized the interactions in their own words and responded true or
false to adjectives describing the interviewer. They later completed a post-task survey about whether a robot in-
terviewer would possess moods, attitudes, and feelings. The results showed substantial anthropomorphism in
participants’ interview summaries and true-false responses, but minimal anthropomorphism in the abstract robot
survey. Those who interacted with the robot interviewer tended to anthropomorphize more in the post-task sur-
vey, suggesting that as people interact more with robots, their abstract conceptions of them will become more
anthropomorphic.

Human Emeotion and the Uncanny Valley: A GLM, MDS, and ISOMAP Analysis of Robot Video Ratings
Chin-Chang Ho, Karl MacDorman, Z. A. Dwi Pramono

The eerie feeling attributed to human-looking robots and animated characters may be a key factor in our percep-

tual and cognitive discrimination of the human and humanlike. This study applies regression, the generalized lin-

ear model (GLM), factor analysis, multidimensional scaling (MDS), and kernel isometric mapping (Isomap) to

analyze ratings of 27 emotions of 18 moving @gures whose appearance varies along a human likeness continu-
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um. The results indicate (1) Attributions of eerie and creepy better capture our visceral reaction to an uncanny
robot than strange. (2) Eerie and creepy are mainly associated with fear but also shocked, disgusted, and nervous.
Strange is less strongly associated with emotion. (3) Thus, strange may be more cognitive, while eerie and
creepy are more perceptual/emotional. (4) Human features increase ratings of human likeness. (5) Women are
slightly more sensitive to eerie and creepy than men; and older people may be more willing to attribute human
likeness to a robot despite its eeriness.

Human to Robot Demonstrations of Routine Home Tasks: Exploring the Role of the Robot's Feedback
Nuno Otero, Aris Alissandrakis, Kerstin Dautenhahn, Chrystopher Nehaniv, Dag Syrdal, Kheng Lee Koay

In this paper, we explore some conceptual issues, relevant for the design of robotic systems aimed at interacting
with humans in domestic environments. More specifically, we study the role of the robot's feedback (positive or
negative acknowledgment of understanding) on a human teacher's demonstration of a routine home task (laying
a table). Both the human and the system's perspectives are considered in the analysis and discussion of results
from a human-robot user study, highlighting some important conceptual and practical issues. These include the
lack of explicitness and consistency on people's demonstration strategies. Furthermore, we discuss the need to
investigate design strategies to elicit people's knowledge about the task and also successfully advertise the
robot's abilities in order to promote people's ability to provide appropriate demonstrations.

Hybrid Tracking of Human Operators using IMU/UWB Data Fusion by a Kalman Filter
J. A. Corrales, F. A. Candelas, F. Torres

The precise localization of human operators in robotic workplaces is an important requirement to be satisfied in
order to develop human-robot interaction tasks. Human tracking provides not only safety for human operators,
but also context information for intelligent human-robot collaboration. This paper evaluates an inertial motion
capture system which registers full-body movements of an user in a robotic manipulator workplace. However,
the presence of errors in the global translational measurements returned by this system has led to the need of us-
ing another localization system, based on Ultra-WideBand (UWB) technology. A Kalman filter fusion algorithm
which combines the measurements of these systems is developed. This algorithm unifies the advantages of both
technologies: high data rates from the motion capture system and global translational precision from the UWB
localization system. The developed hybrid system not only tracks the movements of all limbs of the user as pre-
vious motion capture systems, but is also able to position precisely the user in the environment.

Integrating vision and audition within a cognitive architecture to track conversations
Greg Trafton, Magdalena Bugajska, Benjamin Fransen, Raj Ratwani

We describe a computational cognitive architecture for robots which we call ACT-R/E (ACT-R/Embodied).
ACT-R/E is based on ACT-R [1, 2] but uses different visual, auditory, and movement modules. We describe a
model that uses ACT-R/E to integrate visual and auditory information to perform conversation tracking in a dy-
namic environment. We also performed an empirical evaluation study which shows that people see our conver-
sational tracking system as extremely natural.

Loudness Measurement of Human Utterance to a Robot in Noisy Environment
Satoshi Kagami, Yoko Sasaki, Simon Thompson, Tomoaki Fujihara, Tadashi Enomoto, Hiroshi Mizoguchi

In order to understand utterance based human-robot interaction, and to develop such a system, this paper initial-
ly analyzes how loud humans speak in a noisy environment. Experiments were conducted to measure how loud
humans speak with 1) different noise levels, 2) different number of sound sources, 3) different sound sources,
and 4) different distances to a robot. Synchronized sound sources add noise to the auditory scene, and resultant
utterances are recorded and compared to a previously recorded noiseless utterance. From experiments, we un-
derstand that humans generate basically the same level of sound pressure level at his/her location irrespective of
distance and background noise. More precisely, there is a band according to a distance, and also according to
sound sources that is including language pronounce. According to this understanding, we developed an online
spoken command recognition system for a mobile robot. System consists of two key components: 1) Low side-
lobe microphone array that works as omni-directional telescopic microphone, and 2) DSBF combined with FBS
method for sound source localization and segmentation. Caller location and segmented sound stream are calcu-
lated, and then the segmented sound stream is sent to voice recognition system. The system works with at most
five sound sources at the same time with about at most 18[dB] sound pressure differences. Experimental results
with the mobile robot are also shown.
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Multi-Thresholded Approach to Demonstration Selection for Interactive Robot Learning
Sonia Chernova, Manuela Veloso

Effective learning from demonstration techniques enable complex robot behaviors to be taught from a small
number of demonstrations. A number of recent works have explored interactive approaches to demonstration, in
which both the robot and the teacher are able to select training examples. In this paper, we focus on a demon-
stration selection algorithm used by the robot to identify informative states for demonstration. Existing auto-
mated approaches for demonstration selection typically rely on a single threshold value, which is applied to a
measure of action confidence. We highlight the limitations of using a single fixed threshold for a specific subset
of algorithms, and contribute a method for automatically setting multiple confidence thresholds designed to tar-
get domain states with the greatest uncertainty. We present a comparison of our multi-threshold selection
method to confidence-based selection using a single fixed threshold, and to manual data selection by a human
teacher. Our results indicate that the automated multi-threshold approach significantly reduces the number of
demonstrations required to learn the task.

Relational vs. Group Self-Construal: Untangling the Role of National Culture in HRI
Vanessa Evers, Heidy Maldonado, Talia Brodecki, Pamela Hinds

As robots (and other technologies) increasingly make decisions on behalf of people, it is important to under-
stand how people from diverse cultures respond to this capability. Thus far, much design of autonomous sys-
tems takes a Western view valuing individual preferences and choice. We challenge the assumption that Western
values are universally optimal for robots. In this study, we sought to clarify the effects of users’ cultural back-
ground on human-robot collaboration by investigating their attitudes toward and the extent to which people ac-
cepted choices made by a robot or human assistant. A 202902 experiment was conducted with nationality (US vs.
Chinese), ingroup strength (weak vs. strong) and human vs. robot assistant as dimensions. US participants re-
ported higher trust of and compliance with the assistants (human and robot) although when the assistant was
characterized as a strong ingroup member, Chinese as compared with the US subjects were more comfortable.
Chinese also reported a stronger sense of control with both assistants and were more likely to anthropomorphize
the robot than were US subjects. This pattern of findings confirms that people from different national cultures
may respond differently to robots, but also suggests that predictions from human-human interaction do not hold
universally.

Robot Social Presence and Gender: Do Females View Robots Differently than Males?
Paul Schermerhorn, Matthias Scheutz, Charles Crowell

Social-psychological processes in humans will play an important role in long-term human-robot interactions.
This study investigates people's perceptions of social presence in robots during (relatively) short interactions.
Findings indicate that males tend to think of the robot as more human-like and accordingly show some evidence
of \social facilitation" on an arithmetic task as well as more socially desirable responding on a survey adminis-
tered by a robot. In contrast, females saw the robot as more machine-like, exhibited less socially desirable re-
sponding to the robot's survey, and were not socially facilitated by the robot while engaged in the arithmetic
tasks. Various alternative accounts of these findings are explored and the implications of these results for future
work are discussed.

Robotic Animals Might Aid in the Social Development of Children with Autism
Cady Stanton, Peter Kahn, Rachel Severson, Jolina Ruckert, Brian Gill

This study investigated whether a robotic dog might aid in the social development of children with autism.
Eleven children diagnosed with autism (ages 5-8) interacted with the robotic dog AIBO and, during a different
period within the same experimental session, a simple mechanical toy dog (Kasha), which had no ability to de-
tect or respond to its physical or social environment. Results showed that, in comparison to Kasha, the children
spoke more words to AIBO, and more often engaged in three types of behavior with AIBO typical of children
without autism: verbal engagement, reciprocal interaction, and authentic interaction. In addition, we found sug-
gestive evidence (with p values ranging from .07 to .09) that the children interacted more with AIBO, and, while
in the AIBO session, engaged in fewer autistic behaviors. Discussion focuses on why robotic animals might
benefit children with autism.
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Robotics Operator Performance in a Military Multi-Tasking Environment
Jessie Chen, Michael Barnes

We simulated a military mounted environment and examined the performance of the combined position of gun-
ner and robotics operator and how aided target recognition (AiTR) capabilities (delivered either through tactile
or tactile + visual cueing) for the gunnery task might benefit the concurrent robotics and communication tasks.
Results showed that participants’ teleoperation task improved significantly when the AiTR was available to as-
sist them with their gunnery task. However, the same improvement was not found for semi-autonomous
robotics task performance. Additionally, when teleoperating, those participants with higher spatial ability out-
performed those with lower spatial ability. However, performance gap between those with higher and lower
spatial ability appeared to be narrower when the AiTR was available to assist the gunnery task. Participants’
communication task performance also improved significantly when the gunnery task was aided by AiTR. Final-
ly, participant’s perceived workload was significantly higher when they teleoperated a robotic asset and when
their gunnery task was unassisted.

Supervision and Motion Planning for a Mobile Manipulator Interacting with Humans
Emrah Akin Sisbot, Aurelie Clodic, Rachid Alami, Maxime Ransan

Human Robot collaborative task achievement requires adapted tools and algorithms for both decision making
and motion computation. The human presence as well as its behavior must be considered and actively monitored
at the decisional level for the robot to produce synchronized and adapted behavior. Additionally, having a hu-
man within the robot range of action introduces security constraints as well as comfort considerations which
must be taken into account at the motion planning and control level. This paper presents a robotic architecture
adapted to human robot interaction and focuses on two tools: a human aware manipulation planner and a super-
vision system dedicated to collaborative task achievement.

Toward Multimodal Human-Robot Interaction in Large Scale Virtual Environment
Pierre Boudoin, Christophe Domingues, Samir Otmane, Nassima Ouramdane, Malik Mallem

Human Operators (HO) of telerobotics systems may be able to achieve complex operations with robots. Design-
ing usable and effective Human-Robot Interaction (HRI) is very challenging for system developers and human
factors specialists. The search for new metaphors and techniques for HRI adapted to telerobotics systems
emerge in the conception of Multimodal HRI (MHRI). MHRI allows to interact naturally and easily with robots
due to the combination of many devices and an efficient Multimodal Management System (MMS). A system
like this should bring a new user’s experience in terms of natural interaction, usability, efficiency and flexibility
to HRI systems. So, a good management of multimodality is very important. Moreover, the MMS must be
transparent to the user in order to be efficient and natural. Empirical evaluation is necessary to have an idea
about the goodness of our MMS. We will use an Empirical Evaluation Assistant (EEA) designed in the IBISC
laboratory. EEA permits to rapidly gathering significant feedback about the usability of interaction during the
development lifecycle. However, the HRI would be classically evaluated by ergonomics experts at the end of its
development lifecycle. Results from a preliminary evaluation on a robot teleoperation task using the ARITI
software framework for assisting the user in piloting the robot, and the IBISC semi-immersive VR/AR platform
EVR@, are given. They compare the use of a Flystick and Data Gloves for 3D interaction with the robot. They
show that our MMS is functional, although multimodality used in our experiments is not sufficient to provide an
efficient Human-Robot Interaction. The EVR@ SPIDAR force feedback will be integrated in our MMS to im-
prove the user’s efficiency.
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Tutorial and Workshop Summaries

Tutorial: Experimental Design for Human-Robot Interaction

Do you want to know how to design an experiment or set of experiments to evaluate how good your robot-in-
terface is? Or to figure out if "regular" people (i.e., people outside of your lab-group) can use your system? Or
to systematically explore how cognition/social cognition/communication/interfaces/teamwork impacts your fa-
vorite robot? If so, you may be interested in this tutorial. We will explore:

- How to construct a research question that is amenable to experimental design

- Basic experimental design (what to measure, how to measure it, what your predictions are, who will be your
subjects)

- Different experimental techniques (between, within, parametric, correlational, and observational designs)

- Several heuristics for determining the (approximate) number of participants you should run

- How to use experimental design to answer a specific question you have

Workshop 1: Metrics for Human-Robot Interaction

The evaluation of interactions between robots and humans requires adequate metrics and guidelines. These met-
rics should take into account a variety of factors, ranging from objective performance to social interaction.
When human beings are present, metrics for social human-robot interaction are of utmost interest in order to
achieve robotic systems that can be intuitively handled by people without causing frustration and despair. The
following key questions are to be addressed by the intended workshop: Which guidelines should be followed
for careful experimentation in HRI? Are there objective metrics applicable to HRI? Are there social metrics ap-
plicable to HRI? What is the relevance of subjective criteria for evaluation? Can subjectively categorized criteria
be used to form objective metrics for social HRI? How can benchmarks (standardized tasks) be used to evaluate
human-robot interactions? The goal of the workshop is to propose guidelines for the analysis of human-robot
experiments and forward a handbook of metrics that would be acceptable to the HRI community and allow re-
searchers both to evaluate their own work and to better assess the progress of others.

Workshop 2: Coding Behavioral Video data and Reasoning Data in Human-Robot Inter-

action

The purpose of the workshop is to bring together HRI researchers and designers from across the world who are
actively engaged — or would like to be — in coding behavioral and/or reasoning data in HRI. We’ll share methods
from our respective laboratories, and discuss problems encountered and potential solutions. By the end of the
workshop:

- Participants will understand different approaches toward constructing coding systems.

- Participants will be positioned better to analyze their own HRI data.

- We will have begun to establish a community of researchers and designers who can share related ideas with
one another in the years to come.

- We will move forward with publishing proceedings from the workshop.

Workshop 3: Robotic Helpers: User Interaction, Interfaces and Companions in Assistive
and Therapy Robotics

Rehabilitation robotics comprises assistive and therapy robotics whereby robots either compensate for function-
alities that a person does not possess, or where robots play a role in the effort of trying to regain impaired func-
tionalities. Robotic therapy systems may not be able to provide a cure or fully compensate for impairments, but
may be able to extend or enhance certain impaired functions in order to increase quality of life, independent liv-
ing, as well as support needs for communication and social interaction (e.g. for elderly people or people with
developmental delays). The workshop will provide a state of the art overview and discussion of important top-
ics relevant to Robotic Helpers. This topic is closely related to the overall conference theme of Living with
Robots, but the workshop will be oriented specifically towards real world applications in rehabilitation and
robot assisted living. The workshop will take a multi-disciplinary view, which is necessary in order to build
foundational knowledge that will help in future to design systems that are able to care for people, and that peo-
ple care about.
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Conference Design

The Human-Robot Interaction (HRI) Conference is a highly selective, single track conference that showcases the
best research in human-robot interaction each year. HRI brings together researchers from many domains, em-
phasizes interdisciplinary work, and is co-sponsored by ACM and IEEE. Here are the design criteria for HRI:

Excellence. HRI is intended to be the top conference in human-robot interaction. To achieve this goal, we col-
lect three (or more) high-quality, anonymous, peer reviews per submission. Reviews are released early to au-
thors, who may provide a rebuttal to correct misconceptions and address errors. The program committee meets
in person to discuss all submissions and selects only the very best papers. All acceptances are provisional and
revisions are reviewed prior to publication.

Merit-based selection. Papers are selected based purely on merit and impact to the field of HRI, regardless
whether the author is well-known to the community or a newcomer, a senior scientist or first-year graduate stu-
dent. Since HRI is a young field, research topics evolve rapidly and what constitutes an important contribution
varies. A significant paper might contribute new theory, new empirical observations, a new method (or applica-
tion of a method from another discipline), or a creative way of thinking about HRI.

International. Research in human-robot interaction is not limited to specific institutions or geographic regions.
Thus, the conference explicitly solicits submissions and participation from researchers worldwide. Although
first two HRI conferences were held in the United States, HRI 2008 will take place in Europe, and HRI 2009
will be located in the Pacific Rim.

Multi-disciplinary. HRI is a multi-disciplinary field and includes researchers working in engineering (computer
science, mechanical engineering, robotics), cognitive science, social sciences, and design. Thus, the selection of
program committee and reviewers emphasizes individuals who: represent a broad range of disciplines, perform
inter-disciplinary research, and are motivated to evaluate work from different disciplines by the standards of
those disciplines.

Affordable. In order to help the participants, the community, and the field to grow, HRI aims to keep costs

low. Location, facilities, and registration fees are chosen in order to minimize costs as much as possible. For
this reason, HRI does not meet in places that are time-consuming or difficult to reach, nor select conference

sites that are expensive. We believe that affordability is essential to enabling students to participate.

Interactive and inclusive. To insure that we promote creative inquiry, HRI is designed to include many points
of view and discussion. To promote community-wide discussion and learning, HRI is planned as single-track.
Oral presentations are given sufficient time for detailed questions. Poster sessions are arranged so that people
can spend significant time with authors. Panels emphasize debate and discussion (rather than dry presentations).
Keynote speakers are chosen based on their ability to engage and spark interest.

Sustainable. HRI is structured to be sustainable over the long-term. The steering committee is composed of a
small group of standing members, plus the general and program chairs from the past year, the current year, and
the upcoming year. This allows the organization to evolve quickly and to ensure the continuous infusion of new
talent into the conference. In addition, we work very closely with both ACM and IEEE to guarantee that bank-
ing, insurance, publication, and promotion are handled efficiently and professionally.
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Call for Papers

Natural Human-Robot Interactions

Today's robots require increasingly complex human-robot interaction (HRI) capabilities to meet the demands of the environments and contexts in
which they operate. In particular, natural human-like communications capabilities are becoming critical for robots operating in everyday settings
such as home, office, shopping, and museum environments. Inter- and multidisciplinary research in HRI is essential for enabling robots to transcend
the role of mere tools and begin to collaborate with humans to accomplish complex tasks. The Fourth Annual Conference on Human-Robot
Interaction is dedicated to the advancement of natural human-robot interaction, which highlights the importance of the technical and social issues
underlying future long-term human-robot interaction, in the context of companion and assistive robots for long-term use in everyday life and work
activities. HRI is a single-track, highly selective annual international conference that seeks to showcase the very best interdisciplinary and
multidisciplinary research in human-robot interaction with roots in social psychology, cognitive science, HCI, human factors, artificial intelligence,

robotics, organizational behavior, anthropology and many more, and we invite broad participation.

General Co-Chairs
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Yale University

Exhibitions Co-Chairs
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CMU
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Full and Short Paper Submission
Authors are invited to submit all manuscripts in PDF (Adobe Acrobat) format. Eight camera-ready pages
including figures are allowed for each full paper. Accepted papers will be published in the conference
proceedings, archived in the ACM Digital Library, and assigned for either oral or full poster presentation.
Authors are also encouraged to submit their late-breaking results for short papers (two pages) which will
not appear in the proceedings but which will be presented in a special poster session. Detailed instructions
are available on the conference web site: http:/www.hri2009.org.

Video Submission
We invite videos related to all aspects of HRI. Besides the importance of the lessons learned and the
novelty of the situation, the entertainment value will be judged. The video itself must be self-explanatory
for the audience. The videos will be published in the conference proceedings and archived in the ACM
Digital Library.

Tutorials and Workshops
Proposals are sought from those wishing to organize a Tutorial or a Workshop on a HRI-related theme.
Tutorials and Workshops will be held on March 10, one day before the main technical sessions.

Exhibitions
There will be an exhibition site at the conference and promoters are encouraged to display state-of-the-art

products and services in all areas of robotics and human-robot interaction.

Topics

User studies of HRI
Experiments on HRI collaboration
Ethnography and field studies
HRI software architectures
HRI foundations

Metrics for teamwork

HRI group dynamics
Individual vs. group HRI
Robot intermediaries

Risks such as privacy or safety
Ethical issues of HR
Organizational/society impact

Socially intelligent robots

Robot companions

Lifelike robots

Assistive (health & personal care) robotics
Remote robots

Mixed initiative interaction
Multi-modal interaction

Long term interaction with robots
Awareness and monitoring of humans
Task allocation and coordination
Autonomy and trust

Robot-team learning

Important Dates
15 September 2008 Submission of full papers, videos, and tutorial/workshop proposals
12 December 2008 Notification of acceptance
15 December 2008 Submission of late-breaking short papers
12 January, 2009 Final camera-ready papers due
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