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Preface

The aim of Social Robotic Telepresence is to increase presence via embodiment in a
robotic platform for the particular purpose of enabling social interaction between
humans. Following the success of the first edition of the workshop held in Lausanne,
Switzerland in conjunction with HRI’11, this 2nd edition of the workshop continues to
examine important research questions in the design, development and evaluation of
mobile robotic telepresence systems.

In particular, the 2012 workshop on SRT is characterized by a variety of social robotic
telepresence systems whose design ranges from anthropomorphically inspired system to
low-cost and light weight systems that are market ready. Evaluation of SRT systems and
evaluation methodologies also vary but is a continued topic of interest in this field. This
year’s workshop edition features suggestions for evaluation methodologies that are
particularly application motivated, with focus in applications for the elderly. Further,
evaluation methodologies address the study of interaction between a human actor and
the robot per se, and the interaction between the remote user and the interface used to
connect to the robot. Evaluation techniques are inspired by adjacent fields in psychology,
and human computer interaction and motivated by the desire to perform longitudinal
analysis in real life settings.

Finally, an evitable trend in the design of robotic telepresence is the inclusion of add-on
features made possible by new technological development. Technologies such as android
telephones are enabling new interfaces to be used with the social robotic telepresence
systems in a variety of ways. This year, another featured enhancement is the effect of
added expressive movement to enhance interaction and communication.

The contributions of this year’s workshop edition are organized according to three
categories: Methodologies in Evaluation of Social Robotic Telepresence; Design of Social
Robotic Telepresence Systems; Evaluation of Social Robotic Telepresence.

We thank the Ro-MAN 2012 workshop chairs and program committee for their support.
We thank the invited speakers and moderator who agreed to lead the discussion during
the workshop.

Co-chairs, Social Robotic Telepresence Workshop 2012
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Producing Expressive Movement for Telepresence Robotics

David Sirkin and Wendy Ju

Abstract—Much as people perceive body language during a
face-to-face conversation, they perceive embodied cues—such
as gaze, orientation, subtle movements and proximity—when
interacting with telepresence robots. But while people have
learned to ignore the incidental behaviors enacted by other
people, they interpret such behaviors from telepresence robots
as intentionally communicative. Knowledgeable remote pilots
can explicitly control these cues, but performing these motions
distracts them from actively participating in the topic of their
conversations. On the other hand, implicitly controlled cues
(such as provided by motion tracking) reproduce most, if not
all, of the pilot’s incidental behavior, causing distraction and
confusion among the other people interacting with the robot.
We believe that motion tracking is a starting point in the design
of interfaces for expressive movement, but on its own is an
incomplete approach.

I. INTRODUCTION

To explore how people interpret local and remote action
in geographically distributed, telepresent work teams, we
have been running a series of studies focusing on motion,
interaction and collaboration. Through building and testing
several of our own telepresence robot platforms [1] and
interactive devices [2], we discovered that a great, under-
studied challenge is how to invest telepresence robots with
expressive, communicative behaviors, and how to afford
control over these behaviors to their remote pilots. Relying
on direct control through, say, a joystick, leads to infrequent
use of expressive (as opposed to pragmatic) motion, while
naive automatic replication of a remote participant's gestures
leads to a wide range of distracting and misleading cues for
the local collaborators [3].

II. DILEMMAS IN TELEPRESENCE ROBOT CONTROL

To date, the primary purpose of motion for robotic
telepresence has been to provide mobility through and around
physical space. Most commercial and many research systems
have adopted a form of explicit control, using either an on-
screen or physical joystick [4, 5, 6] to enable pilots to move
their robots around. But while this approach is familiar and
easy to learn, it also distracts pilots from their robots’
intended purpose—to immerse remote workgroup members
in the meetings and activities at the local hub location. Lee
and Takayama [4] found that when navigating, pilots “could
not focus on the social conversation as their attention was
divided between driving the system and carrying on a
conversation.” And our own studies found that explicit
control “incurred a delay in operating the interface” [3] which
influenced interaction patterns. In these ways, explicit control

David Sirkin is with Stanford University, Stanford, CA 94305 USA
(email: sirkin@stanford.edu).

Wendy Ju conducts research at Stanford University, Stanford CA 94305

Wendy Ju conducts research at Stanford University, Stanford CA 94305
USA and Willow Garage, Menlo Park, CA 94025 USA (email:
wendyju@stanford.edu).

Figure 1: This telepresence robot prototype supports live audio
and video of a remote collaborator on a remotely-controlled,
movable screen. It has a robotic arm, allowing the collaborator to
point and gesture expressively.

actually increases the cognitive load on pilots, who find
themselves shifting focus between the semantics of
controlling their robot’s movement, and the content of their
coworkers’ conversations. Any time they wish to move their
robotic proxy—or even adjust its gaze—pilots have to look
away from their view of these coworkers to find controls and
click buttons. To the local conversational partners, the robot’s
movements appear stilted, and don’t coincide with the pilots’
on-screen gestures and behaviors. A physical body, whether
human or robotic, communicates information about that
person’s state and intentions, and we have found that
perceptions suffer when verbal and nonverbal cues conflict,
or when robots are not able to fluidly express the embodied
cues that people exhibit in everyday exchanges.

In an attempt to provide more expressive behavior, we
and others in the research community have explored a form
of implicit, gesture-based control [3, 7]. In this approach, a
camera tracks the pilot’s head and/or body motions and
mirrors those on the robot. These systems do improve how
robots project their pilots’ focus-of-attention cues and
expressive states, and can result in improved interaction
quality, but at the cost of increased cognitive load on the
conversational partners. While these robots do enact their
pilots’ intentionally communicative motions (nodding, for
example), they also reproduce their pilots’ incidental
motions. People move a lot, often without being aware of
doing so. A robot may look downward as its pilot scratches
her ankle, or its head may turn to the side as its pilot faces
someone in her own physical space. This leaves hub
coworkers wondering which one of them the robot is looking
at now, or what is so interesting in that corner of the room
where the robot’s screen just turned. Our experience shows
that people typically interpret such unintentional motion as
communicative.
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III. DISTINGUISHING NAVIGATION AND EXPRESSION

Navigative motion that provides room-scale mobility is
quite different from gestural motion that expresses near-scale
proxemics. When a pilot is speaking with several coworkers,
rotating the robot’s torso around its base and leaning forward
provides an engagement cue, turning the robot’s head from
side to side projects immediate changes in focus of attention,
and quickly shifting vertical posture from slumped to upright
suggests alertness. Such conversational behaviors require
different mechanical degrees-of-freedom, programming and
(therefore) interfaces than those needed for driving around.

These interfaces may have to mediate between the
potentially conflicting representations of the pilot’s actions
visible on-screen and the robot’s physical motions—even if
that conflict is merely a lack of coordination between them
[2]. For example, the pilot may turn his head to the side, or
nod, but the robot may not mirror that action. As long as
telepresence robots rely on flat display screens, the Mona
Lisa effect makes it likely that such conflicts between on-
screen and physical orientations cannot be completely
resolved [3]. However, it does raise the issue of how such
cues can be mitigated, or overridden, so that pilots can
present themselves as they intend.

IV. IMPLICATIONS FOR INTERFACE DESIGN

We recommend that telepresence roboticists explore the
design of interfaces that neither interrupt the flow of natural
conversation nor reproduce every action that a pilot takes—
specifically, algorithms that intermediate the explicit
(manual) and implicit (gesture-tracked) forms of control. We
thought of a few example approaches:

*  Account for context: Adapt gesture-tracking so that only
pilot motions that cross some activity threshold map to
robotic motion. The threshold may be determined by
motion scale, direction or time, as well as the body
movements involved. For motion scale, smaller gestures
could be ignored while larger gestures would be
mirrored, as the former are more likely to represent
unintentional motion, while the latter are more likely to
convey usable information. For direction or time, turns
of the pilot’s head to either side could be ignored for a
brief period—the dwell time—after which they most
likely do represent shifts in focus of attention, and
should be reflected in the robot’s actions.

*  Provide a manual override: In many instances, pilots
may be aware that they are about to behave in a way that
won’t make sense to hub coworkers, such as speaking to
someone nearby at their remote location. Interfaces
could provide an override (a clutch) that disengages the
link between motion tracking and the robot’s actions.
Another advantage is that someone who knows that she
fidgets a lot might prefer to leave tracking disengaged
most of the time, and engage it only when she wants to
be particularly expressive. Similarly, someone who
remains relatively still most of the time might leave
tracking engaged, and disengage it only when he wants
to shift position.

e Infer focus of attention: Alternatively, it may be
possible to programmatically determine whether pilots

are engaging with their local environment or interacting
with distant colleagues based on their gaze. This
knowledge can be used to determine which of the pilot’s
actions should be reproduced by the robot, whether to
present an alternate view of the pilot, or even whether to
switch the robot into a standby state that indicates that
the pilot has temporarily disengaged from the
interaction.

*  Moderate or amplify motion: Mirroring the full range of
the pilot’s movements may be unnecessary. A small,
leading gesture—just enough to hint at a change in
attention, or a deictic reference—may be all that’s
required to communicate intent. Moving the robot at a
lower speed, or with smaller range of motion, relative to
the pilot’s movements can reduce motor noise as well as
visual distraction. It also permits the pilot to adjust how
the robot responds on-the-fly as a conversation
progresses. If the group becomes more animated, the
pilot can change a setting to produce faster or larger
scale movements. What otherwise would have been a
soft tap against the table can become a loud knock.

V. TOWARD EXPRESSIVE MOVEMENT

The idea of the implicit interface is so appealing: that you
could just be yourself and the robot would express that. But
interface designers are faced with a dilemma: explicit control
imposes cognitive effort on the pilot and takes him out of the
moment, while implicit control shifts the cognitive load onto
local collaborators, who try to interpret the meaning behind
each of the robot’s movements. Still, we believe that implicit
interfaces should be part of any solution, only tempered by
some form of manual or adaptive control. The interaction
design community can contribute to our exploration by
including such adaptive control conditions in telepresence
studies. In addition, we encourage evaluation of whether
local participants continue to perceive unintentional robot
motion as communicative, after repeated interactions.
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Using a Mental Workload Index as a Measure of Usability of a User
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Abstract— This position paper reports on the use of mental
workload analysis to measure the usability of a remote user’s
interface in the context of social robotic telepresence. The paper
discusses the importance of remote/pilot user’s interfaces for
successful interaction and presents a study whereby a set of
tools for evaluation are proposed. Preliminary experimental
analysis is provided when evaluating a specific teleprence robot,
called the Giraff.

I. INTRODUCTION

Various interactions take place simultaneously when
humans are communicating through a robotic telepresence
system. These interactions include human-robot interaction
between local user and communication device (i.e. remotely
controlled robot), human-human interaction between two
or more users, and not least human-computer interaction
between the remote user and robot’s remote interface !. This
paper is part of a study series which focuses particularly
on the latter interaction and presents an ongoing project on
design, implementation and evaluation of the user interface
for the Giraff robotic telepresence system [8], [9], [11].
The approach taken in this work combines different
techniques for measuring interface usability. Some methods
used in this work are standard for evaluating usability
of “office” applications, but others are normally used for
drivers’ and pilots’ productivity assessment. The rationale
for taking these measures into account comes from the fact
that driving the robot is a secondary task for remote users
while the primary is communication between remote and
local users. Thus driving a robot should remain mentally
and physically non-demanding. In this light, performance or
quality of interaction will not be classified as a good result
if the overall mental workload of the subject was also high.

II. BACKGROUND

Giraff pilot’s interface allows remote users to establish
connection with a Giraff robot, drive it and interact with local
user(s) through the embedded video-conferencing system.
Example of the driving screen can be found on Fig. 1.

Driving the robot can be done by using mouse, touchpad or

By “local user” authors assume one who is physically located in the
same environment with a robot. Thus, “remote user” is one who controls
the robot from a remote location.

amy.loutfi@oru.se
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Fig. 1. A screenshot of the application’s main driving window.

any other standard pointing devices. The approximate tenta-
tive trajectory is drawn as a red line on a video panel. When
left mouse button is pressed and held, the line transitions to
green and the robot starts driving. The robot’s direction and
speed are controlled by the orientation and length of the line
respectively. The robot’s head tilt is controlled by dragging
mouse pointer to the upper or lower parts of the video panel.
Tilt can be adjusted at any point during driving.

It is also possible to drive the robot backwards by either
using mouse or special button on the left panel. Alongside
with it another button can be found which is used to rotate
the robot 180 degrees counter-clockwise. Rotation can also
be done by double-clicking a left mouse button on the left or
right parts of the video panel. In this case the rotation angle is
calculated according to the position of the mouse pointer on
the panel. The left panel also contains controls (slide bars)
for remote and local volume adjustment, call management
button, battery information and local image.

The Giraff pilot’s interface is a combination of normal
“office” application look-and-feel, which target users are
supposed to be familiar with, and robot remote control
functionalities. Thus a combination of usability assessment
methods must be used in order to comprehensively evaluate

3
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this interface. Particularly, in this work authors partially
follow [1] in order to assess the Giraff pilot’s interface
usability from the perspectives of efficiency and effectiveness
of achieving goals and conduct mental workload analysis as
a joint reflection of users’ satisfaction and performance.

III. METHOD

The main application of the Giraff robot within the
context of the ExCITE project [10] is serving as a movable
communication device between elderly and remote visitors.
The two tasks remote users usually perform are interacting
with local user (e.g. elderly) and controlling robot’s
behaviour.

Complete typical real interaction scenario can be divided
into several stages and some typical pilots’ actions can
be extracted. For instance, such typical actions include
undocking, driving a robot (following a person, following a
path), finding objects, docking. Some of the actions might
be quite challenging depending on the pilots’ experience
and technical limitations? of the platform.

One of the situations when pilots are usually faced
difficulties is when they have to avoid collisions with some
objects in the environment. This requires them to feel size
of the robot and distance to obstacle. This problem comes
from the mechanical design of the robot, which uses wide
angle lens for capturing bigger scene. Another typical task
which makes problems for pilots is connecting the robot
to the docking station. Although the docking station is
designed in such way that it is tolerant to some degree of
robot misalignment, this still require precise controlling and
good feeling of size and distance.

In the current experiment the performance of novice
users’ in performing some typical tasks was measured.
The measurements were done by analysing time spent by
subjects to drive the robot between checkpoint (please, see
the detailed description of the experiment in Section IV)
and number of collisions made on each part of the path.
The performance measurements were supplemented with
the mental workload analysis, which was measured with the
NASA TLX test [2], [3]. Although interactions with local
users is a typical task for a Giraff system, pure driving
performance is vital for pilots to successfully accomplish
more sophisticated interaction tasks.

Additionally authors use a profiling questionnaire that
collects demographical data such as age, gender, education,
and usage experience with communication and electronic
products (phone, computer, DVD, Skype, video games,
cameras, and other). The education level was obtained
according to the ISCED 2011 [4] in order to allow
conducting further comparative experiments in other
countries with different standards of education levels.

The questionnaire which is used in this experiment for Ul

2By “technical limitations” we assume those that are derived from the
robot’s design, such as robot’s physical dimensions or camera resolutions,
and also those which come from environment. For instance, low video qual-
ity or temporal inoperability might be caused by poor internet connection
between the robot and remote users.

evaluation is the USE Questionnaire [5]. This questionnaire
is selected among others (such as Computer System Usability
Questionnaire [6]) because it allows to comprehensively
evaluate the target system in terms of its usefulness,
ease of use, ease of learning, and satisfaction. The Use
Questionnaire is a widely used tool for UI evaluation and
results can be easily correlated with other studies. One of
the known issues with the USE Questionnaire (and with
a number of others well known questionnaires) is that
it suffers from “acquiescence bias” [7], which must be
considered when analysing final results of the experiment.
Not all the questions of the USE Questionnaire are
applicable to the experiment. For instance, the “Usefulness”
section cannot be considered as a valuable measure since
subjects did not have any strong demand for using the Giraff
in their daily life. The sixth question in the “Satisfaction”
section (“I feel I need to have it.”) can not be used for
final results for the same reason. All other questions are
applicable to the experiment.

IV. EXPERIMENT

The experiment was conducted in the “Angen intelligent
home” for elderly between 3-d and 4-th of May 2012.
Ten subjects participated in the experiment, six males
and four females, average age is 40.7, SD 15.2. Subjects
represent different user groups, have different exposure to
technology, but none of them have prior experience with
using Giraff pilot’s interface.
The 35-meter path was drawn in the apartment with bright
blue dashed line with arrows. The path had several key
points: docking station (DS), bedroom checkpoint (B),
kitchen checkpoint (K), fridge checkpoint (F), goal (G).
The scheme and a photo of the path can be found in
Fig. 2. Subject start from the docking station, then they
visit bedroom checkpoint and kitchen checkpoint. At the
fridge checkpoint they have to read a task. The task for
this experiment is to find a circle with number 1 inside
somewhere on the floor in the living room. This is the goal
checkpoint. Its position is the same for all subjects and its
main role is to be a reference point for docking performance
measurements.
The complete procedure of the experiment for each
participant consists of several stages. First, each participant
was shown a short introductory film about the Giraff
system and pilot’s GUI. The total length of the film is 2:12
sec. Then each participant was given verbal instruction
supplemented by a screenshot about how to drive Giraff,
which controls should they use. After that the driving
section began.
During the driving section each subject had to drive through
all checkpoints until they reach the fridge checkpoint. There
they had to read their task (“Go to 1) written on the fridge.
Then they had to find the G checkpoint in the living room
and dock robot from that point back to the docking station.
Driving sections were filmed for further analysis. At each
part time to approach checkpoint and number of collisions

4
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Fig. 2. Left: Outline of the Angen apartment. Dashed line shows a path on the floor which subjects had to follow. Medium gray path - free driving which
searching the object on the living room. Red circles - checkpoints: DS - docking station; B - bedroom checkpoint; K - kitchen checkpoint; F - fridge
checkpoint; G - goal. Blue circles - artificial obstacles (coffee table, iRobot Roomba); light gray - other obstacles in the environment. Right: An example

of the real environment.

were calculated.

At the final part of the experiment subject were asked to
fill questionnaires: first NASA TLX, then profiling and
finally the USE Questionnaire. All the questionnaires were
administered through a web-page [12].

V. RESULTS

A. Performance

Results of the performance analysis along with NASA
TLX score and average results of the USE questionnaire
can be found in Tab. I3. Authors would like to refrain from
providing any final conclusions based the results of this
initial experiment.

B. Observations and user reports

Observing user behaviours along with collecting user re-
ports and opinions is an important step in Ul evaluation. This
subsection summarizes our findings, derived from video anal-
ysis and conversations with the participants. It is important
to remember that these observations only derived from the
current experiment, reported here. Correlating user reports
across several studies is a subject for further investigation.

1) Video resolution / quality: It was clearly seen while
setting up the experiment that when our task is written by
pen or pencil it is simply can not be recognized by remote
users. Authors had to use more contrast black marker and
large font in order to make the task visible.

3The column “Confusion” shows whether or not subject was confused
with undesirable tilt or moving-backwards robot’s behaviours. TLX stands
for the NASA TLX test score. USEQ stands for the average score of USE
questionnaire (applicable questions only)

2) Control over robots behaviour: Two subjects, who
have experience with computer games, reported that they
would want to have more control over robot’s behaviour and
using keyboard seems to be more convenient for them. At
the same time other participants reported that they are happy
with current mouse-based control as it does not require any
specific skills to control the robot.

3) Pointing at objects of interest: One of the most im-
portant observations shows that all subject tend to at least
initially click at the point of interest (e.g. docking station or
checkpoint) by mouse pointer when they start driving.

VI. FUTURE WORKS

The main objectives of this initial experiment, which
are a) to establish a general procedure for the Giraff pilot
interface evaluation, and b) to provide a reference point
for future interface evaluations, are achieved. The method
provides useful information for interface refinement and
will be used for further evaluations. For instance, it was
clearly observed, that screen tilt functionality should be
implemented in a different way. Nevertheless, the current
user interface is easy to learn and use, which is clearly seen
from the results of the USE questionnaire and supported
by mental workload analysis and users’ reports. Although
the proposed method looks promising in principle, authors
are interested in adding objective mental workload or either
user satisfaction measurements into the current procedure if
such measurement techniques are considered usable within
the scope of the entire project. Also the USE questionnaire
must be refined as well to overcome its known bias problem
and applicability.
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TABLE I
PERFORMANCE MEASUREMENTS AND RESULTS OF THE NASA TLX.

Subject ID | Age | Gender Performance, seconds Collisions | Confusion | TLX | USEQ
DS-B[B-K[K-F]F-G [ G-DS [ Overall

1 21 male 86 92 54 49 60 341 1 No 37 95
2 20 male 100 86 38 43 19 286 0 No 16 86,8
3 27 female 81 74 20 126 36 337 5 Yes 55 64,1
4 50 male 211 99 34 138 25 507 3 Yes 61 84,9
5 42 male 123 70 27 51 28 299 2 No 48 94,2
6 47 male 74 74 30 58 37 273 2 No 47 73,1
7 67 female 183 127 55 62 168 595 4 Yes 62 78,5
8 55 female 108 88 124 44 30 394 1 Yes 21 59,3
9 35 male 137 90 32 66 53 378 1 No 49 78,2
10 43 female 114 110 35 79 72 410 1 Yes 68 64,9

Ambient Assisted Living Joint Programme (AAL-2009-2-

125)

[1]
[2]

[3]

[4]
[5]
[6]
[7]

[8]

[9]

(10]

[11]

[12]
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Into the Wild: Pushing a Telepresence Robot Outside the Lab*

Amedeo Cesta Gabriella Cortellessd, Andrea Orlandinit and Lorenza Tiberib

Abstract— Most robotic systems are usually used and eval- (@) in terms ofusers perspectiyegobots must adhere to user
uated in laboratory setting for a limited period of time. The  requirements and be acceptable in the long term, (b) in terms
limitation of lab evaluation is that it does not take into acount of technology the need exists to create usable, robust, effi-

the different challenges imposed by the fielding of robotic . t and Iuti M ifically. the t iti
solutions into real contexts. Our current work evaluates a C'€Nt and secure solutions. Viore speciiically, the tramsit

robotic telepresence platform to be used with elderly peog. from a use in the laboratory to an actual deployment into
This paper describes our progressive effort toward acompre-  real contexts, highlights the need for a shift from shontrter
hensive, ecological and longitudinal evaluation of such robots to long term experiments. In particular we underscore how
outside the lab. It first discusses some results from a twofdl long-term useand evaluationare key points to be addressed

short term evaluation performed in Italy. Specifically we report .
results from both a usability assessment in laboratory and to ensure that robotic technology can make a leap forward

a subsequent study obtained by interviewing 44 healthcare @nd be used in real environments.

workers as possible secondary users (people connecting toet In the framework of the EU Ambient Assisted Living
robot) and 10 older adults as possible primary users (people (AAL) Joint Program we are part of a project calledxE
receiving visits through the robot). It then describes a comlete CITE2 which is performing a wide program of evaluation in

evaluation plan designed for a long term assessment to be . . . .
applied “outside the lab” dwelling on the initial applicati on the field of an industrial mobile telepresence platformedghll

of such methodology to test sites in Italy. GIRAFF produced by @RAFF Technologies AB, Sweden.
More specifically, we take part in an evaluation spanning
|. INTRODUCTION three different EU countries — Italy, Spain and Sweden. The

The area of social robotics is receiving increasing atenti €valuation takes social and psychological factors intmaot
and the task of “robot as companion” has received attentidR Study users attitude and reaction, but also analyzes the
at research level [1]. Several projects have also proposgfiergence of “undesired behaviors” like technologicalkwea
different types of solutions with robots that both interach€Sses in continuous operation, possibly leading to human
with humans and are connected to heterogeneous technoldgigction. In this work, we present the results gatheretiy |
to build innovative living environments (e.g., [2], [3],]}4 after the short term evaluation phase and, then, we present
This paper aims at underscoring one aspect connectedapd discuss the general long term evaluation methodology,
such a line of innovation that deserves special attenttua: t Showing its current application to real test sites. The pape

study of attitude and perceptions of people who share th#troduces the context of work (Section Il), then analyzes a
environments in which the robot operateger long periods easons about the work both to realize short term expergnent

of time with real users and to develop a methodology for addressing

It is also worth noting how in robotics there is a deeplong term evaluation (Section Ill, Section IV, Section V);
rooted tradition in developing technology usually showrdinally it describes the status of the first test sites in Italy
in sporadic events and for short periods, i.e., for demg¥here the long-term evaluation methodology is being afplie
or live show cases. These demonstrations usually aims ¢§ection V).
present the “enhanced” characteristics of a prototypejmgak
them attractive while “hiding” or at least “containing” the
technical problems connected with any long term use within Telepresence robots have been increasingly proposed to
a comprehensive application. Indeed, a key requirement foe used in workplace and Mobile Remote Presence (MRP)
social companions (e.g., robots assisting older adults gystems have been studied as a means to enable remote
home) is their continuous operation, their robustness had tcollaboration among co-workers [5], [6]. Furthermore, MRP
continuous interaction with humans over time. Such contiare also being used to provide support to elderly people. In
nuity of use has significant implications on the technologjhis respect, some research exists which aims to understand
development but it also highlights the need to design #ne acceptance of older adults, their concerns and attitude
methodology for assessing human reactions with respect teward the adoption of MRPs [7], [8], [9]. Our work is mo-
prolonged use of the proposed solutions. The challenges fivated by the participation to theXtITE project, aiming at
the Intelligent Technology and the Human Robot Interactiopromoting the use of MRPs to foster interaction and social

researchers are numerous and mainly related to two aspects:
http://www.aal-europe.eu/
*Authors are partially supported by the EU under the Ambiassisted 2http://www.excite-project.eu/
Living Joint Program — ECITE Project (AAL-2009-2-125) — and under  S3http:/iwww.giraff.org

II. CONTEXT OF WORK

the ICT Call 7 —GiraffPlus Project (GA 288173). 4This is a revised version of this work: A. Cesta, G. CortaiiesA.
1 Authors are with CNR, Italian National Research Councif@SRome,  Orlandini, L. Tiberio. Evaluating Telepresence Robots e tField. To
Italy. http: //www. i stc.cnr.it/ appear in a special issue of Springer's LNCS TCCI Journal.
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participation of older adults as well as to provide an easfboth primary and secondary) is used to improve the robot.
means to possible caregivers to visit and interact withrthein what follows, we describe our progressive work toward a
assisted persons in their living environmenttR&FF is a long-term human-robot interaction assessment showing how
remotely controlled mobile, human-height physical avatawve combing short term evaluation sessions with long term
integrated with a videoconferencing system (including afforts.
camera, display, speaker and microphone). It is powered by
motors that can propel and turn the device in any direction.

An LCD panel is incorporated into the head unit. The We have conceived a twofold path for evaluating the
robotic platform is accessed and controlled via a standatdiman-robot interaction gathering both feedback fromtshor
computer/laptop using a software application. From a remointeractions between potential users and theABF robot
location theclient, or secondary usemember of family or and also focusing on a long term assessment plan. More
healthcare professionals) with limited prior computeirtray  specifically we identified two tracks for our effort:

teleoperates the robotic platform while older adulend  _ snort Term Evaluatiorwhich consists of a collection of
users, or primary usgrliving in their own home (where immediate users feedback (i.e., after a short interaction
the robot is placed) can receive their visit through the MRP.  \ith the robot) on the telepresence robot, connected to
The remote user can charge the robot batteries by driving it gifferent aspects of the interaction mainly related to the
onto a docking station. usability, willingness to adopt it, possible domains of
applications, advantages and disadvantages.

— Long Term Evaluationwhich relates to the study of
The EXCITE project aims at assessing the validity of an  the long-term impact of GRAFF's social and physical
MRP in the field of elderly support in different European presence on elderly users using the system both to
countries. The project fundamental concepts are the fellow  communicate with their relatives and friends and to
ing: receive visits from healthcare providers and in general

— User centered product refinementhis approach is caregivers.
based on the idea of obtaining users feedback duringhe short term evaluation effort, though not sufficient alon
the time they use the robot and cyclically refine thestill provides immediate feedback that can be used to quickl
prototype in order to address specific needs; improve the technological development, to possibly addfun

— User tests outside labsather than testing the system intjonalities to the system or to simply confirm the validity of
laboratory setting, the MRP is placed in a real contexome technological choices. In addition it can give valaabl
of use. This approach is in line with several researchuidance to the long-term assessment. For this reason we
that highlights how systems that work well in the labadopted a combined approach involving participants repre-
are often less successful in real world settings [10]. Theentative of both types of users: taecondaryand primary
evaluation of robots made in a laboratory environmenjsers.
does not favor the emergence of robotic aid suitability Following this schema, we first present results for the short
to support elderly who are able to stay in their ownerm evaluation performed in Italy, then we introduce our
homes. For this reason an essential step is to assegfinplete design for a methodology to assess the long-term
the technology in the specific contexts in which th@mpact of the GRAFF in EXCITE also reporting the status
technology is supposed to be used [11]; of the Italian long-term test sites that are currently rugni

— Use on a time period long enougto allow habituation according to this methodology.
and possible rejection to appear. Indeed, interviews and
survey conducted after a short period of time, though [V. SHORT TERM EVALUATION
useful and valuable can not be the only way to assessfFor the short term evaluation effort we first realized
techonology since they can be limited and can prevegpme usability experiments in laboratory, so as to identify
other effects to emerge. On the contrary, a key aspect gpssible problems in the user interaction with the system.
relationship is that it is a persistent construct, spanningybsequently we organized user evaluation sessions vaith re

multiple interactions [12]. In this light, in order to asses potential users of the system to investigate other compleme
the human-robot interaction it is important to investigatgary aspects.

how people interact with robots over long periods of
time. A. Usability evaluation

— Analysis of cultural and societal differences interest- The usability assessment has been made by using both
ing part of our project stems from the idea of comparingin opservational technique and a usability questionnaire.
the long term deployment of the telepresence platforrgpecifically, we relied on th&hinking Aloudevaluation tech-
in different countries so as to allow an analysis of culpjque [13], which consists of asking the users to verbalize
tural and societal differences over European countriegheijr thoughts while performing certain tasks and inténact

Different GIRAFF prototypes are being deployed for longwith the system. The experimenter observes silently the
periods of time (at least three months, and possibly 1 yeanteraction session, and records user’s actions and thsugh
in real context of use. Feedback obtained from the usefscusing on the difficulties and problems encountered. In

IIl. THE EVALUATION APPROACH

Key pursued ideas
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addition, the System Usability Scale (SUS) [14] was admin-
istered as an additional meastre

1) Participants and procedurefive participants took part
in our usability experiment (see Figure 1). Four of them were
male students (with a mean age of 18,4) and one was their
teacher (male, age 5%)All the participants had experience
in software and computer and received training prior to
the test consisting of a tutorial presentation of 20 minutes
and a practical session. After the tutorial each partidipan
received written instructions on specific tasks and how to
carry them out. Four main tasks have been considered that
can be grouped as the following: (a)ake a video call
(b) navigate in the environmenfc) read a text through the
robot, (d) perform the docking

During the sessions participants were encouraged to “think
aloud” to verbalize their opinions while completing the
assigned tasks. The sessions were recorded and the exper-
imenter took notes during the session.

At the end of the test, the SUS questionnaire was admin-
istered and a final interview was conducted to understand
opinions with respect to the telepresence system experienc
and to discover further problems and take note of additional
advices. Also this interview was recorded. The recordings
have been analyzed and experiment results have been written
in the form of Usability Aspect Reports (UARS)

@

2) Results:Overall the interface was judged usable, even b)
though some specific problems still emerged. The detailed
UARs have been examined and have been organized accori- 1. Pictures from the “Thinking Aloud” evaluation sessi (a) Reading
. . L task; (b) Driving task
ing to four main categories:
a) Video and audio:the control and audio quality
were judged overall very good. The video instead has been . .
. : . superfluous in case the secondary user is a son or a person
considered not completely satisfactory. The quality seem3s : : . ;
) - L who knows the environment in which the elderly live. On
in fact, sufficient to allow for general navigation in the

environment but not entirely satisfactory in case you neethl e contrary, it would be particularly useful if the secoryda

e : ; : Users is a person less familiar with the explored envirorimen
to perform specific visual inspections such as reading a te

. o ; e e.g. a formal caregiver or a health professional). In éoidlit
or recognize the state of some specific objects within th X
. . . .. some autonomy for helping the remote operator of the robot,
environment. One solution would be to improve the qualit

of the camera and also to provide it with a zoom feature.)OVhen the driving is more critical could ease the navigation.

b) Navigation: the navigation in the environment was c) Client Interface:the client interface was satisfactory.

generally satisfactory. Some difficulties were encourutere-rhe commands for_thg con_tr_ol of the robot_have_ been judged
clear and easily identifiable. A possible improvement

when the robot had to move in extremely narrow spaces concerns the indicator of the level of charge that could be
with obstacles. A suggestion from participants regards thé 9

possibility to insert a map and a position indicator of thémplemented with a more visible color or through a flashing

robot within the environment. This feature could possibdy b5|gnal_ that Wp.ljld attract the attention when the battery is
reaching a critical level.

d) Docking: this was the most critical functionality
from the point of view of usability. At least half of the

5The SUS instrument is a reliable tool for measuring the lisakif a
wide variety of products and services. It is composed of a€estents that

are scored on a 5-point scale of strength of agreement. Buales for
the SUS can range from 0 to 100 where scores above 70 indicadeqis
which are at least passable. Scores in the high 70s to uppeg@rantee
products with a good acceptability. Greatly superior patsiiscore better
than 90.

6The specific choice of this sample was motivated by the faat the
participants were somehow representative of the seconaseys we had
contacted for the long term test sites. Specifically, thennsacondary users
were: a man with experience in using PC and technology in rgérad
young boys with skill in both computer usage and video gar@es. plan
is however to enlarge the sample size also considering atehrackets.

“The detailed UARs are not reported for the sake of space. Tiagg
been analyzed and grouped into four main categories.

participants had difficulties in the docking. This is both
because of poor video quality, and the manual docking con-
ducted without visual aids. Possible solutions to this fEab
are: implementation of an automatic docking functionadity
alternatively, providing the base with more visible indara
(e.g. colored) and simultaneously put directional indicat

in the interface which can “guide” during manual docking.

As for the SUS usability questionnaire, results show that
the GRAFF application scored 77 of 100 points. Our result
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can be interpreted as an index of a good acceptability and
ease of use. Therefore, the general usability assessment wa
quite good, though some aspects could still be improved.
Some common aspects emerged also from the analysis
of the content of semi-structured interview. Specifically,
referring to the experience of use participants were asked t
judge the interaction through the robot relying on a sensanti
differential with six adjective pairs on 6 point scale. The
participants agreed in judging the telepresence experiaac @)
active participatory andexciting The GRAFF's height was
judged adequate but its base was considered cumbersome.

Maybe: 34%

No: 0%

Equal:
31.70%

B. Assessment of primary and secondary users attitude

After the usability assessment results, we started inaglvi
possible users of the telepresence system in order to study
their opinions on the use of telepresence systems. As stated = Worse:
in [7], before intelligent technologies would be acceptied, 0.00%
is important to understand their perception of the benefits,
concern and adoption criteria. In our study, we aim at ()
reproducing as much as possible an “ecological” setting fQfig. 2. General assessment of ther@rr system: (a) willingness to
the experiment. To this purpose we distinguished the rokelopt it; (b) qualitative comparison with traditional ®taference systems
of the users and recruited different participants accardin ke skype
their expected role. Specifically for the secondary useyamr
we recruited users representative of the potential visitdr - _
the elderly users among caregivers, nurses, health WorkeY‘é‘,th re.spect to traditional teleconference system like ggky
etc. For the end user side we interviewed older adults living€€ Figure 2b).
alone, or possibly receiving some kind of health care assis- b) Profile of potential usersresults also identify the
tance. This evaluation was aimed at assessing users reacg@tegories of people who could benefit from the use of
toward the possible adoption of thelfFF system as a telepresence robots: specifically, the category “selfiiaht
means to visit or provide some kind of service to the elderl§f Semi-autonomous elderly living alone” has been men-
users. Aspects investigated wewsllingness to adopt the tioned by 35% of respondents; 25% of the subjects also
robotic solution possible domains of applicatipadvantages indicates “adults and elderly patients in home care and with

and disadvantagesand suggestions for improvements special needs”, such as patients in isolation for infegtion
dialysis patients or with chronic diseases such as Chronic
Health workers as secondary users Obstructive Pulmonary Disease (COPD) or diabetes. A 20%

1) Participants and Procedureforty-four health workers of the responses were grouped into the category “oldersdult
from different specialist areas were recruited for thisdgtu with early or mild dementia”. Two other categories were
The sample interviewed so far is composed by 26 womeidults or older adults with physical disabilities” (17%)d
and 18 men with a mean age of 42 yeaf$) = 12.2. “young people and adults with intellectual disabilitieZ%4).

The meeting entailed a tutorial presentation of 20 minutes  ¢) Application domains:the participants are in favor
to describe features and functionalities of the telepresenof the use of robots to train the family caregiver to small
robot. After this tutorial, a practical session allowed thewursing tasks and to maintain constant contact with assiste
health workers to operate the system and experience thkler adult. The possibility otontinuous monitoringsee
different functionalities. Following the tutorial a focgsoup Figure 3) of the patient at home is considered the most
was conducted and a final questionnaire was administratedeful application (59% of participants were in favor ofsthi
to assess possible applications of the telepresence robkityd of application). Thesupportapplication follows at 23%,
the perceived advantages and disadvantages of the syst&hile the companionshipand communicationapplicative
the patient profile best suited to benefit from the use agfomains seem less suitable. More specifically, 45.5% of

telepresence. the health workers advocate the use of the robot to train
2) Results:the results have been grouped according to tha family caregiver to perform small nursing tasks (e.gattre
following categories: a bedsore, administer an enema, measuring of vital signs)

a) Genera' assessmenta first analysis of the resu|ts and to maintain a constant contact with the patient and his
showed a positive reaction of the participants to the systerd@Mmily (75% of participants). Finally 60% of participantsa
In particular 66% of participants would be willing to usesays that the robot could alleviate the workload of the famil
GIRAFF as an aid support in his/her profession and no onfearegiver, but not that of the health workers themselve%y(50
opposes to the use of robots (see Figure 2a). In additiéth people admit to be uncertain about the real possibility of
most of them judge the telepresence robot as a better tdBe robot to diminish their daily workload).

10
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d) Communication: 14% Companionship: 4% modality to present the system were decided according to
Advantages the time availability, and the specific situation presented
and Disad- , in each evaluation session. We recorded the interview and
vantages: — we then opted for a qualitative analysis, summarizing the
among the main recurrent cited positive and negative aspects, gien t
advantages relatively small number of the sample. A more structure
in using study is in our future research plan.
the robot, 2) Results: A qualitative analysis of the interview have

participants

been conducted and the most relevant feedbacks are here

listed the reported in terms of positive and negative aspects of the. MRP
following: Fig. 3. Favorite GRAFF's domains of application a) Positive AspectsAmong the positive aspects most
a) ability to of the subjects reported the following: participants judige

monitor remotelyvia visual communication the physical the visit through GRAFF as engaging and “real”; the robot
state of health; b) possibility to follow the managemenwas pleasant to see; the ability of the robot to move in the
of medication and certain health practices (e.g., contfol @nvironment was positively assessed; users felt phygicall
vital parameters such as level of blood glucose for diabetiovolved during the interaction; participants think thaet
patients, supervision of practices related to their car@ amobot would help someone living alone at home to feel safer;
medication like deep breathing exercises for patients witparticipants judged positively both the audio and the video
COPD); c) the possibility for the operator to improve his/hefunctionalities; participants think that interactiondbgh the
night surveillance activity in hospital and home care casesobot was spontaneous.
Among the disadvantages they reported the poor quality of b) Negative AspectsAmong the most negative aspects
the video, the bulky size of the base unit, the fact that th#e mention: the GRAFF system is too big and consequently
robot might not be suitable for all patients, issues related may not be well integrated in a domestic environment due
cost and privacy. to its size; the battery power may be too short; there may
e) Suggested improvementShe focus group con- be some problems due to the privacy issue; there were some
ducted at the end of this analysis, highlighted some aspeatsncerns related to the safe movement of the robot and to
considered as particularly relevant for using the platfamm its ability of obstacle avoidance; some “intelligent feasl’,
the healthcare domain for long-term period. These aspedise the autonomous recharging of the battery, are missing;
specifically refer to improvements and integration of addithe connection to the docking station is “not very intuitive
tional functionalities. Specifically according to paniants, Also this effort showed an overall positive reaction to
the need exists to improve the video quality, especiallthe system, even though some improvements are desired in
in relation to night vision; it would be useful to add theview of a real usage of the system. It is worth underscoring
zoom functionality to the webcam; the battery duration antdow the key point here is the fact that qualitative data has
recharging modality should be improved (e.g., it would béeen gathered by interviewing “real potential users” like f
better if the robot could reach autonomously the dockingxample a group of caregivers and older adults who can
station); the safe navigation of the robot should be guaraneceive visits through the robot.
teed. In addition it would be beneficial to enable the call V. LONG TERM EVALUATION
transfer if the client is not connected to the robot via the T ]
PC. Finally the transmission of vital parameters to thealoct One of the original features of the XEITE project
should be supported. All these suggestions for technic&Pnsists of realizing long-term experiments involving esid
improvements are currently inspiring the future modificas adults hosting the robot in their living environment both to
of the GRAFF system in line with the user centered approacﬁommunicate with others and to receive assistance services
pursued in the ECITE project.

b
) ¥
Older adults as primary users _ e Follow up -
1) Participants and Procedure:To investigate aspects R : P —
connected to the end-user interaction with the telepresenc i st o & A .

system we contacted 10 older adults. Four of them were
potential end users who have been asked to participate in the
long-term evaluation described in Section V. The remaining
participants are involved in a parallel study, also conegct
to the project that aims to validate ther@FF system as a A- Method
tool for providing remote rehabilitation [9]. Figure 4 gives a general idea of the designed method to
The procedure followed in this qualitative research enevaluate features over time. The evaluation entails a gerio
tailed an explanation of the main idea underlying the telemf N months (with3d < N < 12) during which the end
resence system, showing some descriptive materials, a videser will have the robot at home and the clients can visit
of the system and, where possible, a practical demonstratibim/her through it. Assessment happens at milestafies
of the system itself. The selection of the material and th8pecifically, after an initial assessment (SO0 in figure) at th

Fig. 4. The Long Term Evaluation timeline

11
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beginning of the experimentatiobdseling, the variables of At step S3 we use the Positive Affect Negative Affect
interest are measured at regular intervals (S1-3) to obser8cale, PANAS, [17], the Psychosocial Impact of Assistive
changes over time. At the last month ther&FF will be  Devices Scale, PIADS, [18] and a final structured interview
removed from the end user apartment and the same variablesassess the overall experience in terms of the most relevan
will be assessed again after 2 months from this removal (S4jariables considered in the study.
The general idea is to use a repeated measures method to se&fter two months from the robot removal, S4 will allow
changes over time during the long term usage of the roboassessing the impact of its absence through S@port

1) Participants and ProcedureThree different cases have Assessmerguestionnaire.
been identified to cover different situations in which the ~ b) End user side:For the end user receiving the robot
robot can be deployed. Specifically, for the secondary us@e followed a similar approach, but we focused on some
typology we considered (a) farmal caregiverbelonging to additional variables that is worth dwelling on (see next
an Health care organization; (b) family member (informal table). Specifically, we measure: (a) therceived loneliness
caregiver) (c) other relatives or friendsvho may visit the through the UCLA Loneliness Scale [19], which was de-
elderly person through the robot. The type of material use¢eloped to assess subjective feelings of loneliness oakoci
in the long term evaluation for both the client and the enéfolation; (b) the perceived health status through the tShor
user depends upon the type of interaction for which thEorm Health Survey (SF12) [20]; (c) the Multidimensional
telepresence is used. For this reason, for each of the threeale of Perceived Social Support [21]; (d) Geriatric Depre
mentioned situations we had developed (or selected) a sets#®n Scale [22]: a modified version of the Health Service
questionnaires (almost all validated in the three langsiage Satisfaction Inventory. Finally the Almere [23] model will
the involved countries) aimed at monitoring specific valgab allow assessing dimensions of technology acceptance.
and to be administrated at specific time both to end users andn the table I, measures highlighted in bold will ensure the
to clients. repeated measures thus allowing to observe thea&-'s

2) Material: For each of the described case we preparefifluénce by changes in response over time. It is worth
the material to assess the variables under study at the-spetiderscoring how this evaluation plan will allow monitagin
fied intervals. Table | lists in detail the different variabland the human-robot interaction over time, thus contributiag t

the related instruments to be used to measure the variabl¥iderstand the long term impact of a fully deployed robotic

over time. solution.
a) Client side: Specifically on the client side, during The actual implementation of this plan in three different

the initial step (S0), we use: (a) an informednsent form E_uropea_n c_ountries will also support a cross-_c_ulturgl;&nal
describing the aim and procedure of the study: (b)gbeio sis, continuing some work started on this specific topic$.[24

demographic datdorm to gather some relevant informationThe fol!owing se_ction briefly reports on the current stattis o
on the user; (c) we developed on purpose a questionname\e Italian test sites.
aimed at assessing the client expectation on thea&'s VI. FIRST TEST SITES RUNNING
ability to ease the supporSpport Expectation It is worth
highlighting that we developed two slightly different typef
guestionnaires for theormal andinformal caregivers, while
for the other relatives and friendsategory we designed a A. Test site 1
questionnairel@fluence on Relationship Expectatjam the A couple of older adults living in the countryside near
expectation on GRAFF as a means to ease and support thRome are the end users of this test site (see Figure 5). The
remote communication and consequently the social relatioman has reduced mobility, while the woman has problems
ship. with her sight. They are quite independent although their
During the following step (S1), for all three types of sechealth condition is slowly deteriorating. The secondamrsis
ondary users introduced above we will use: (a) questioaaairare: their son living in Rome and their grandchild.
based on the SUS inventory [14] to assessutbetility of the We initially
client software; (b) we will ask participant to keepliary to  experienced some
register the “salient” events of the visit through telepre=e  problems with the
in terms of encountered problems, good features and so aschnical set-up
During the subsequent step (S2), in addition to the diargf this test site.
that clients have to keep along the whole experience witBpecifically,  the
the robot, we make a first assessment of ability oR&F  typical layout of
to ease the support (or the communication) between titee Italian houses
client and the end user through ttf®upport Assessmenthas created some
and Impact on Relationship Assessmentestionnaires. In problems due Fig. 5. A picture from the first Italian test site
addition, during this phase we will also use the Templéo reduced space (particular difficulty emerged in going
Presence Inventory [15] that is a tool to measure dimensiottzrough doors and due to some narrow passage in the house)
of (tele)presence and the Networked Minds Social Present® the connection to recharging station and to smoothly
Inventory ([16]). move in the house. This highlighted the need to improve

Two test sites have started in Italy that are representative
of the family-member-elderlyser category.
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TABLE |
LONG TERM EVALUATION: VARIABLES MEASURED ALONG THE PHASEY SO—S4)AND RELATED MATERIAL

PHASES SO0 S1 S2 S3 S4
CLIENT
Support
Consent Form, assessment
PANAS,
Socio-Demographics Temple Presence
Hee;lth | Data Form, Usability, Inventory, PIADS, Support
Professional . ) . .
: Support Diary Networked  Minds Final Interview, Assessment
Expectation, Social Presence
Inventory, Diary
Diary
Diary
Support assessment
Consent Form, (informal carer),
. . PANA
Socio-Demographics Temple Presence S:
Family Data Form, Usability, Inventory, PIADS, Support
. Assessment (infor-
member Support " Networked ~ Minds -
Expectation Diary Social Presence Final Interview, mal carer)
(informal carer), Inventory, Diary,
Diary Diary
Influence on
Consent Form, Relationship
assessment
Socio-Demographics (informal carer), PANAS,
Data Form, T | p
Relatives Usability, In?/neqr':tg resence piaps, Influence on
friends Influence on s Relationship
Relationshi Di . Final | iew,
elationship lary Networked Minds inal Interview, Assessment
Expectation, Social Presence Diary
Inventory,
Diary Diary
END USER
Consent Form,
Socio-Demographics Loneliness (UCLA),
Data Form,
Loneliness (UCLA), 2“0” Fogplgea'th Loneliness (UCLA),
Loneliness (UCLA), urvey ( )
Multidimensional Multidi ional Short Form Health
Short Form Health  Scale of SUtII imensiona Survey (SF12)
Survey (SF12) Perceived Social fce:ae ived Social
Support, T | p g erceived Social \ytidimensional
Multidimensional | empte resence Support, Scale of Perceived
Elderly Scale of Geriatric nventory, Geriatri Social Support
Perceived Social Depression Scale Al del Derla re Scal
Support, mere mode! epression Scalg Geriatric
Attitude_Acceptance, Depression Scale
Geriatric Almere model,
Depression Scale Health Service PANAS Health Service
Satisfaction ! Satisfaction
Almere model|, Inventory (if Inventory (if
applies) PIADS, applies)
Health Service Final | )
Satisfaction ina nterview
Inventory (if
applies)

the robot’s mobility and to provide an automated recharging. Test site 2

fUnCtiona”ty. Currently the test site is at step SO of the A very active woman ||V|ng alone in Rome is the end user
evaluation plan. Some robot usability problems are emgrgiryf our second Italian test sites. Her grandchild and daughte
due to the particular fragility of the two older adults whogre the main current secondary users. Additionally we are
participate in the study. The couple is very interested & thg|so planning to involve a day care center that will connect
GIRAFF robot, even though its use is currently still limited.to the woman. Also this test site is currently at step SO of the
Our goal is also to monitor the robot's usage over time t@yaluation plan. However, some preliminary comments can
assess the effect of familiarity or habituation. be reported. Both the lady and her grandchild are enthisiast
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of the robot. They would also like that the robot do additiona [3] A. Cesta, G. Cortellessa, R. Rasconi, F. Pecora, M. Sipand

things. The lady, as most of the elderly people intervievied,
concerned about possible costs associated to the robgts (e.
the electricity consumption). Overall she really appresa

the possibility to stay in contact with her relatives, also
relying on the video capability of the robot. She would also
appreciate a sort of service provided by the day care center
that would allow her to have a more frequent contact with

doctor or a specialist.

VII. CONCLUSIONS

This paper describes the ongoing work that is trying to asses
an MRP within the elderly domain. Two important aspects

L. Tiberio, “Monitoring elderly people with the 880CARE Domestic
Environment: Interaction synthesis and user evaluati@gmputa-
tional Intelligence vol. 27, no. 1, pp. 60-82, 2011.

[4] A. Saffiotti, “The Concept of Peis-Ecology: Integratirigobots in
Smart Environments,Acta Futura vol. 3, pp. 35-42, 2009.

[5] M. K. Lee and L. Takayama, “Now, | Have a Body: Uses and 8bci
Norms for Mobile Remote Presence in the WorkplacePinceedings

K. M. Tsui, M. Desai, H. A. Yanco, and C. Uhlik, “Exploring

Use Cases for Telepresence Robots,” Rroceedings of the 6

Int. Conf. on Human-Robot Interactipnser. HRI '11. New

York, NY, USA: ACM, 2011, pp. 11-18. [Online]. Available:

http://doi.acm.org/10.1145/1957656.1957664

[7] J. B. Beer and L. Takayama, “Mobile Remote Presence fateOl
Adults: Acceptance, Benefits, and Concerns,Piroceedings of Hu-

are presented that can be considered as mandatory steps for man Robot Interaction: HRI 2011 ausanne, CH, 2011, pp. 19-26.
both a general roadmap in robotics and our specific work. [8] A. Kristoffersson, S. Coradeschi, A. Loutfi, and K. Semeon Ek-

As a first contribution, we have highlighted the importance
of performingecological experiments.e., which reproduce
as much as possible the actual conditions of use of robotic
technology, in terms for instance of real people who use i
and real context of use. Although still simple in the results
analysis of the short-term evaluation provides a number of
indications “from the field” that are representative of the,
actual users’ expectations, both in relation to the human-
robot interaction and to the most urgent technological im-
provements essential for an effective deployment. In aufdit

lundh, “Towards Evaluation of Social Robotic Telepresehesed on
Measures of Social and Spatial PresencePrioceedings on HRI 2011
Workshop on Social Robotic Telepresence, Lausanne, M2@di, pp.
43-49.
] L. Tiberio, L. Padua, A. Pellegrino, I. Aprile, G. Cortetsa, and
A. Cesta, “Assessing the Tolerance of a Telepresence Robdsérs
with Mild Cognitive Impairment — A Protocol for Studying Use
Physiological Response,” iRroceedings on HRI 2011 Workshop on
Social Robotic Telepresence, Lausanne, Magfill, pp. 23-28.
S. Sabanovic, M. Michalowski, and R. Simmons, “Robats the
Wild: Observing Human-Robot Social Interaction Outside thab,”
in Proceedings of the International Workshop on Advanced doti
Control.  Istanbul, Turkey: ACM, March 2006.
1] E. Hutchins,Cognition in the Wild MIT Press, 1995.

to specific suggestions for improving the usability of thg12] T. w. Bickmore and R. W. Picard, “Establishing and Maintng

systems, we obtained other valuable recommendations that
could be used for fielding the system into real world. Fo 13]

Long-Term Human-Computer RelationshipgyCM Transactions on
Computer Human Interactignvol. 12, pp. 293-327, 2005.
J. Nielsen,Usability engineering San Diego, CA: Academic Press,

example, health workers expressed a number of requests that 1993.
would be important to fruitfully use the IBAFF system as a [14] J. Sauro and J. LewiQuantifying the User Experience: Practical

means to support their work. At the same time, the longitu-

Statistics for User Research. Software Usability ScaleSSUChap.
8, pages 198-208. Morgan Kaufmann, 2012.

dinal tests done in real homes, are highlighting technokdgi [15] M. Lombard, T. Ditton, and L. Weinstein, “Measuring @pftesence:

barriers that must be necessarily overcome.

The article’s second contribution concerns our effort to-

The Temple Presence Inventory,” Rroceedings of the Twelfth Inter-
national Workshop on Presence, Los Angeles, CaliforniaA)JJSan
Francisco, 2009.

ward a long-term assessment. Other works in the area hgee] Networked minds social presence inventory (scaley watsion 1.2).

highlighted this need but in this article we have proposed a
rather elaborated and detailed methodology for the long-te

evaluation that is currently being applied to real testssiaé
elderly people for long periods of time.

In the future we would like to enlarge the sample used iﬂS]
the short term evaluation possibly studying the differance

[Online]. Available: http://cogprints.org/6742/

[17] A. Terracciano, R. R. McCrae, and P. T. Costa, “Factodad

Construct Validity of the Italian Positive and Negative édf Schedule
(PANAS),” European journal of psychological assessment official
organ of the European Association of Psychological Assestm
vol. 19, no. 2, pp. 131-141, 2003.

H. D. J. Jutai, “Psychosocial impact of assistive desiscale (piads),”
Technology and Disabilityvol. 14, no. 3, pp. 107 — 111, 2002.

among different groups of people. In addition we hopél9 D. Russell, L. A. Peplau, and C. E. Cutrona, “The Revisé@LA

to continue gathering continuous data from the long term

evaluation of the running test sites.
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Studying the Influence of Handheld Robotic Media
on Social Communications

Takashi Minatd, Hidenobu Sumioky Shuichi Nishid, and Hiroshi Ishigurb

Abstract—This paper describes research issues on social
robotic telepresence using “Elfoid.” It is a portable tele-operated
humanoid that is designed to transfer individuals’ presence
to remote places at anytime, anywhere, to provide a new
communication style in which individuals talk with persons
in remote locations in such a way that they feel each other’s
presence. However, it is not known how people adapt to
the new communication style and how social communications . ; .
change by Elfoid. Investigating the influence of Elfoid on ) i
social communications is very interesting in the view of social :
robotic telepresence. This paper introduces Elfoid and shows
the position of our studies in social robotic telepresence.

I | o 8 Cellular phone chip
I. INTRODUCTION j o
Recent studies have tries to realize immersive telepresence - : l;» Microphone

in telecommunication by application of tele-operated robots, @ peror(ursinesel (et

which can transmit not only visual and vocal information Fig. 2. The details of internal mechanism

but also physical information of speakers to remote places

(ex. [1], [2]). In particular, the study with Geminoid [2],

whose appearance and motion resemble those of an exist@gpected that Elfoid is also accepted by people and provides
person, has revealed that a person operating Geminoid fe@l§1ew communication style in which individuals talk with
its body is his/her own body and another person facingersons in remote locations in such a way that they feel each
the operated Geminoid also feels it is possessed by tgher's presence. Butitis not known how people adapt to this
operator, that is, the operator’s presence can be transferre@w media. Studying people’s adaptation to Elfoid in social
Humanoid robots that resemble humans can be potent megRmmunications will contribute to a design methodology of
for transferring human’s presence. In order to make presendeortable presence-transmitting media.

transrnit_ting medium pervasive in Qaily Iives,' a portable Il. DEVELOPMENTAL CONCEPT OF ELEOID
Geminoid is desirable: however, it is hard to implement a . o

realistic human-like shape, numbers of actuators to provide 1€ design concept of Elfoid is that anyone can transfer
human-like motions, and various sensors in a small bod{€" Presence to a remote place at anytime, anywhere.

A minimal design of the shape and motions to convey hu- & Anytime, anywhereA small 3G cellphone unit is
man’s presence is necessary to develop a portable preserfé@Pedded (Fig. 2), and people can talk with others in remote
transmitting medium. places in the same manner as cellphones. The prototype can

The tele-operated android “Telenoid” has been developd§JISter one telephone number in the memory, and users can
based on the minimal design of humans [3]. It has 5a|l the number by pushing a button on the chest (a voice

simplified human shape, holdable body, several actuatoq?"ng system will be embedded in the fL_Jture). Elfoid also
s own telephone number and can receive a phone call.

to express some human-like gestural motions. Based ) _ : : .
the same concept, we have developed “Elfoid” (Fig. 1) as, P) Anyone:The shape is designed as easily recogniz-

a portable tele-operated android [4]. It has also simplifie&b!e a_t first glance to be nothing but a human, capable of
human shape and is designed to transfer a speaker's voRand interpreted equally as male or female, old or young,

using the cellphone networks and talk to other person in tHQat s, ngutral human shape. Th.e. completely symmetrical
fashion shown in Fig. 1. face provides neutral gender. Mixing the child-like body

Ogawa et al. [3] have reported that people prefer co roportion with the adult-like face proportion results in age-

munication with Telenoid rather than cellphones and ag (e appea]rcance. Thz?; f-eatl;res ?slms_at_((janarl]:{h?]g Ilt tol be
persons especially like to use Telenoid. From this fact it jgn avatar o anyone, difiering from eminoid which closely
resembles the original person.

Advanced Telecommunications Research Institute International, ~ ¢) Transferring individuals’ presenceDgawa et al. [3]
Hirosi Ishiguro Lab. and JST CREST, 2-2-2 Hikaridai, have reported that the holdability of Telenoid contributes
Keihanna Science City, Kyoto, Japanminato@atr.jp, S , . . .
sumioka@atr.jp, nishio@ieee.org, conveyance of individuals’ presence (that is, physical (tactile)
ishiguro@sys.es.osaka-u.ac.jp interaction with the communication media is important)

Fig. 1. The prototype of cellphone-type tele-operated android “Elfoid”

Interface button

Approx. 20cm
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through the experiments with Telenoid. Elfoid has soft, Much studies have studied how cellular phones impact
pleasant-to-touch exterior (made of urethane gel) and trans- on social relationships of people. A survey [9] describes
fers individuals’ presence not only by voice and human-like  that the cellular phones positively and negatively influ-
appearance but human-like tactile impression. ence the establishment of young people’s relationship.
The prototype shown in Fig. 2 does not have any sensors From the results of the experiments with Telenoid, it is
and actuators. It can be used as a normal cellular phone. The expected that Elfoid also increases the users’ (especially
future works will improve the hardware of Elfoid. We will aged persons’) motivation to talk with other persons and
decide necessary hardware capabilities by studying which facilitates to establish an interpersonal relationship. We
sensors and actuators are effective for transmitting human’s  will find out whether Elfoid has similar effect. We will
presence. The appearance of the prototype will be verified also observe how interpersonal relationships among the
whether it can be an avatar of anyone and be accepted by users are altered owing to the communication style in
many people. Even the prototype can be easily used by which they feel each other’s presence.
people in their lives. This can enable us to conduct social « Which kinds of application do they find?

experiments, not laboratory experiments. People recently find/create a new style to form social
communities using the social media such as Facebook

I1l. STUDYING THE EFFECT OF and Twitter. We will observe whether the users create
CELLPHONE-TYPE TELE-OPERATED ANDROID a new style to form and change a group or community

) ) o using the presence-transmitting media.
We expect that people will use Elfoid to have intimate

conversations with distant people. In order to study peo- V. SUMMARY AND CURRENT PROGRESS

ple’s adaptation to Elfoid, our research group already has This paper presented a novel communication medium
conducted experiments to evaluate people’s impression oBlfoid” which provides new communication style in which
Telenoid and people’s adaptation to Telenoid in shopping user can talk with another person while feeling each other’s
malls [3], facilities for the elderly [5], and elementary presence. The developmental concept and its prototype were
schools [5].Telenoid provides different interactions compareshown and the research issues were discussed.
with Elfoid in that it can move its extremities and users can As a preparatory step toward social experiments, we are
hug its body. But the form is similar to Elfoid, therefore,developing Bluetooth version of Elfoid. It works as a Blue-
it is expected that Telenoid has similar characteristics aboth speaker-phone by connecting to a normal cellphone.
presence-transmitting media to Elfoid. The experiments witiihe users can use their cellphones which they already have
Telenoid have revealed that people quickly adapt conversg use Elfoid. They do not need to change their cellphones,
tion with Telenoid and are impressed by its shape and tactighd then it is easy to distribute Elfoid to them.
feeling, and same results are expected on Elfoid.

The important research issue on Elfoid is to study the

effect of portable presence-transmitting media in social exl] S. Tachi, “Two ways of mutual telexistence: Telesar and twister,” in
. Kand L 61, 171 ol dah id robot i Telecommunication, Teleimmersion and TelexisteBc&achi, Ed. 10S
periments. Kanda et al. [6], [7] placed a humanoid robotin a press 2003, pp. 3-24.

classroom of elementary school for two months and observgz] S. Nishio, H. Ishiguro, and N. Hagita, “Geminoid: Teleoperated android

how the long-term relationship between children and the Of an existing person.” itfumanoid Robots, New Developmeras C.
. de Pina Filho, Ed. I-Tech Education and Publishing, 2007, pp. 343—
robot and among children changed. Our study also needs 35,

a long-term experiment in the same manner. For examplg] K. Ogawa, S. Nishio, K. Koda, G. Balistreri, T. Watanabe, and
we distribute a number of Elfoid to a group of people and H. Ishiguro, “Exploring the natural reaction of young and aged person

b h h Elfoid dh hei lati hi with telenoid in a real world,"Journal of Advanced Computational
observe how they use Elfoid and how their relationships |yejiigence and Inteliigent Informaticsvol. 15, no. 5, pp. 592-597,

change. The focusing points in the social experiments are 2011.
follows: [4] T. Minato, S. Nishio, K. Ogawa, and H. Ishiguro, “Development of
cellphone-type tele-operated android,”®Rmoceedings of the 10th Asia
« In which situations and to whom do people use Elfoid Pacific Conference on Computer Human Interacti2g@12 (to appear).
to talk? [5] R. Yamazaki, S. Nishio, K. Ogawa, H. Ishiguro, K. Matsumura,
K. Koda, and T. Fujinami, “How does telenoid affect the communication
The user does not always expect the presence of partner pepyeen children in classroom setting?” Rioceedings of the ACM
in the telecommunication. It is inferred that Elfoid can  SIGCHI Conference on Human Factors in Computing Syst@os2.

be easily used among people with close relationshig8l T- Kanda, R. Sato, N. Saiwaki, and H. Ishiguro, “A two-month field
trial in an elementary school for long-term human-robot interaction,”

such a_s lovers _and friends but not with e.g.,_ bOSS_' IEEE Transactions on Roboticsol. 23, no. 5, pp. 962-971, 2007.
subordinate relationship. Beer and Takayama [8] investi?] T. Kanda, S. Nabe, K. Hiraki, H. Ishiguro, and N. Hagita, “Human

ated how their tele-presence robot will be used by aged friendship estimation model for communication robotafitonomous
9 P yag Robots vol. 24, no. 2, pp. 135-145, 2007.

persons. Their result ?hOWS the age_d persons Want 10 YB3, M. Beer and L. Takayama, “Mobile remote presence systems for
the robot to communicate with mainly their friends or  older adults: acceptance, benefits, and concerndtaceedings of the

families. We will investigate whether people use Elfoid 6th ACM/IEEE international conference on Human-robot interaction

) . 2011, pp. 19-26.
between non-close relationships. [9] M. Campbell, “The impact of the mobile phone on young people’s

« How does Elfoid establish and change interpersonal social life,” in Proceedings of the Social Change in the 21st Century
relationships? Conference 2005.
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Robotic Telepresence for 24/07 remote Assistance to Elderly at Home*

D. Lowet, M. Isken, W.P. Lee, F. van Heesch and E.H. Eertink

Abstract— Elderly want to live longer independently at home. In the
Florence project we investigate to which extent low-cost state of the art
robot technology supports elderly people to stay independent. The
Florence robot supports robotic telepresence, monitoring and coaching
services. In this article we describe the Florence robotic telepresence
solution which is targeted at 24/07 remote assistance, not only providing
support in emergency situations but also assisting with daily practical
issues, social contacts and remote assessment of the level of
independence of the elderly. We describe our technical solution and the
results from our user tests.

I. INTRODUCTION

Many elderly, when confronted with a gradual decline in
their physical and mental capabilities, still have a strong
desire to continue living in their own home despite increasing
problems with social connectedness, safety and physical
and/or cognitive problems. In the Florence project [1], we are
developing a cost-effective robotic platform that supports
elderly to stay longer independently in their homes by
providing 24/7 remote assistance and coaching. The main
objective is to research the acceptability of such a platform
for elderly. . The Florence project puts the robot as a central
connecting actor between the elderly, AAL services and a
smart home environment.

<, Social
. L
Coaching '\

Inclusion

Safety

Figure 1: Overview of Florence application scenarios.

*This work is partially funded by the European Commission as part of
the FP7 Information and Communication Technologies programme under
contract ICT-2009-248730 (Florence).
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5656 AE Netherlands (frank.van.heesch@philips.com).

E.H. Eertink is a principal researcher at Novay, PO Box 589, Enschede,
Netherlands (henk.eertink@novay.nl).

The project aims to develop a low-cost solution using
currently available state of the art technologies; i.e. the focus
is not on developing new hardware, but on combining
available technologies into a complete system. The system is
modular and extendible, providing a high level API to allow
third parties to develop additional AAL services.

The project follows a user-centered, iterative development
process. In the first iteration of the Florence platform, the
robotic service have been implemented and tested at the home
lab environments of Philips and OFFIS with 20 elderly and 10
family members, in the second iteration these services are
tested at elderly homes.

Two applications areas are identified for the robotic AAL
services: coaching services, where the robot autonomously
gives advice based on monitored activities, vital signs and the
agenda of the elderly, and remote assistance services where
the robot acts as a telepresence device for services that
implement remote assistance for e.g. emergency situations,
fitness exercises, and daily activities.

For coaching services, the robot provides advice based on
monitored, activities and measured vital signs. In addition,
advice and cognitive support can be provided for taking
medication, presenting agenda reminders, and giving
motivational messages for a healthy lifestyle. The mobile
autonomous robot has the benefit of pro-actively giving
advice and information at the location of the action.

Robotic telepresence allows continuous remote assistance
to the elderly by both family and care providers. Examples are
emergency situations such as a fall situations, or providing
support for everyday activities like exercising or cooking. The
mobility that a robot provides yields a stronger feeling of
presence at both sides and improves the quality of remote
assistance. Specific aspects that we have addressed for the
remote assistance services are safe navigation in a (unknown)
home, and naturalness of the interaction.

The ‘standalone’ Florence service for robotic telepresence
is referred to as the ‘KEETOU” service (short for: Keep-in-
touch). The same telepresence functionality, however, is also
instrumental in a number of care and safety related scenarios.
A few examples are:

e Fall Handling. The Florence system supports fall-
detection and smoke detection. When e.g. a fall has been
detected by the Florence smart home (external sensor),
the robot contacts a telecare center. Their staff is then
able to remotely control the robot in the elderly’s home
in order to review the situation.

o  Assisting with devices. Many elderly have problems in
using modern devices, like microwave ovens, set-top
boxes or VCRs. The Florence robot can be called by its
users for assistance in operating their devices. Based on
the configuration of devices at home, the robot will be
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able to select the proper videos, based on the location of
the devices or set up a connection with

e Health Monitoring. Florence currently supports a
WiThings” weighing scale, and a Bluetooth” blood
pressure meter. When elderly feel insecure about the
measurements, they can autonomously take initiative to
discuss their concerns with the telecare center using the
KEETOU service.

o Medication Assistance. Florence supports medication
reminders, both at well-defined times or at relative times
(e.g. just before or after having taken lunch). If the
elderly are uncertain about which medication to take, the
telecare center will support them via a video-call. The
telecare center is allowed to read the medication-
dispenser log.

This paper will focus on the telepresence functionality of the
Florence system.

This paper is organized as follows. We first explain the
technical overview of the Florence platform, since this has
consequences for the Florence telepresence technical solution.
Subsequently, we discuss the Florence telepresence
implementation followed by the various user tests that have
surrounded the Florence platform development and
evaluation. Finally, the telepresence service is benchmarked
and conclusions are drawn.

II. The Florence Platform

The Florence project has integrated a low-cost service-robot
(~2000 Euro bill of material). The robot is based on currently
available state of the art (robot and software) technologies.
The Florence robot is a wheel-based, 1.5 meter tall, screen-
based mobile device, without arms. The system is based on
the Turtlebot platform and is illustrated in Figure 2. The
robot senses its environment with a 2D laser scanner, a 3D
depth sensor (Kinect) and a wide angle camera, while being
connected to a smart home. The Florence project embraces a
platform-based approach that supports 3rd party applications
[2]. This platform is built on top of the Robotic Operating
System (ROS) [3] — a de facto open source standard for
robotic software. The Florence platform enables AAL
(Ambient Assisted Living) service developers to use high-
level APIs for e.g. multi-modal user interaction (including
speech and gestures), user activity detection, planning
activities and accessing information from the smart home,
without requiring detailed knowledge on basic low-level
robotic technologies. A number of these AAL services have
been developed as a proof of concept.

Its mobility makes also the interaction more natural and
social using multiple modalities like touch, speech and
gestures. The KEETOU service is just one of the applications
that the Florence platform supports and this platform
approach has a number of consequences for our robotic
telepresence solution:

e To enable an easy workflow for application developers,
the Florence robot consists of two computing nodes. One
Linux/ROS-based PC —referred to as the Robot PC- is
part of the mobile base of the robot and runs all robot

related software (e.g. autonomous navigation) and one
Windows-based-PC with touch screen, referred to as
Touch PC. The Touch PC, mounted on top of the robot,
runs the high level applications and interaction software.

e To enable application developers to easily create new
applications, the UI part of the applications can be
developed with HTMLS and JavaScript. The
communication between Ul and the rest of the Florence
platform is implemented using HTMLS5 websockets [3].

e The Florence platform makes use of a smart home
environment, containing for example sensors such as PIR
sensors, emergency buttons, smoke detectors, a doorbell,
etc. and actuators, such as automatic windows, blinds,

and doors.
\.‘ -
1 [
v T
1 =

Figure 2. The Florence robot based on the Turtlebot platform.

The robotic services are able to use these home actuators and
sensors when needed and available. These home sensors and
actuators are used for detecting emergencies and to enable
comfort services like easy smart home control. In case of the
detection of an emergency situation, sensors can deliver
information like the location of the person and the place the
emergency has happened. This information can be used by
care givers and emergency services to handle the situation in
a fast and reliable way.

III.  The Florence Telepresence Service

In this section, the telepresence service is described by first
listing its requirements, followed by discussing the design
and implementation, specific video, audio and teleoperation
aspects, and touching upon the privacy and security aspects,
respectively.

A. Requirements

The main requirements for the development of the Florence
robotic telepresence solutions are:
o  FEasy installment of the network access: this includes the
support for NAT and firewall-traversal.
e  FEasy and simple to use. This includes
o Automatic optimal video and audio quality: we
believe that the success of robotic telepresence
solutions is currently held back by limited audio and
video quality which places a high burden on the
remote operator. This might be acceptable for
dedicated applications but not for elderly care where
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non-technical people need to use the system
efficiently.

o Easy navigation: this includes obstacle avoidance
that prevents the remote user to accidently drive the
robot against obstacles.

o Minimal installation at the remote PC. The telepresence
solution is assumed to be also used by family of the
elderly (typically their children). Given the wide variety
of PCs and configurations, we aim for a simple setup of
the remote PC, making use of existing and proven
solutions.

B. Design and implementation

The audio/video communication of the KEETOU service
implementation is based on Skype. The reasons for selecting
Skype are (1) it automatically throttles audio and video
quality, creating a fair communication quality even with
consumer-grade webcams and typical home network
connections and (2) Skype has the ability to deal with
firewalls and NAT routers in both homes and companies (e.g.
a care organization). This design-choice influences the
implementation of our robotic telepresence service. The main
drawback of our solution is that Skype is closed; and even
though a Skype API [5] is available that allows control of
Skype, it is not possible to integrate Skype inside an
application (except with a licensing deal using the Skype
developer kit). Therefore, it is not possible to completely
embed the Skype video stream directly in the application Ul
(which is HTML based). This adds complexity and is
expected to reduce user experience. However, we believe
that, despite this drawback, good audio and video quality are
more important for a telepresence solution than occasional
UI glitches that might occur during the call setup. The Skype
software runs on the touch PC, since the Skype output video
is shown on this PC.

Skype also provides functionality to send text data over
the Skype overlay network via the ap2ap part of the APIL
Since the Skype API is very low-level and cumbersome to
use, we make use of the skypedpy library [6] that provides a
high-level wrapper for the Skype API and makes it easily

accessible  for  Python  applications.  Bidirectional
communication  between the Florence applications
(implemented in HTMLS5/JavaScript), and the python

components is based on websockets. The skypeController
implements a websocket server and listens to incoming
requests from JavaScript code in the browser (e.g. for setting
up a call).

At the remote side of the Skype connection a care
provider or a family member runs Skype on a PC, referred to
as the Remote PC, with the addition of an application
(remoteControl.py) that enables the remote navigation of the
Florence robot. This application also uses the skypedpy
library to make use of the Skype communication and the
Pygame [7] library as a uniform way to handle joysticks and
key presses. This application listens to commands from a
joystick or keyboard and transmits them to the robot.

Error! Reference source not found.provides a schematic
overview of the various KEETOU components and their
interactions. Note that the remote control commands are sent

from the Remote PC via the Skype API to the Touch PC and
from the Touch PC to the Robot PC.
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Figure 3. Overview of the Florence KEETOU software components.

Oshows two screenshots of the Ul of the KEETOU
application on the touch PC of the robot. The left screenshot
is shown to let the elderly select the person to talk to. The
right screenshot depicts the Ul that is shown when there is an
incoming call.

Figure 4. Two screenshots of the KEETOU service. On the left
“selection of contact person” to connect to and on the rigth, the
screenshot when there is an incoming call from a contact person.

Currently, an open source alternative to Skype, WebRTC
[8], is under development by Google, Mozilla and Opera.
WebRTC is similar to Skype except that it runs inside the
browser. This is important for our solution for two reasons.
First, on the robot side, the user interface of application
services (fall handling, exercise coach etc) is implemented in
HTMLS. This allows for tight integration between the
application service and the video stream by for example using
overlays. Secondly, WebRTC allows anyone with a
WebRTC-enabled browser (and the right credentials) to
remotely control the robot without the need for installing
extra software. We intend to switch the Florence robotic
telepresence implementation to WebRTC when a mature
version becomes available. The current versions do not yet
support HD video and web cameras with hardware encoding.

C. Video communication aspects

For natural video communication, ideally the optical and
acoustical sensation resembles those at the remote location as
closely as possible. The main purpose is achieving media-rich
communication between people. This requires careful
consideration of both facial expressions and body language. It
contributes to form, context or sketches the situation in which
the conversation is held. In particular for robotic telepresence,
video can provide a means of observation, e.g. when
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providing support about domestic appliances or during
navigation of the robot while avoiding collisions with objects.
The first requires a minimum quality of optical resolution
while the latter requires a broad overview. As such, the
Florence robot uses a 185 degree wide angle lens on a single
HD webcam with an embedded encoder.

Its wide angle lens provides sufficient overview of the
remote location. This is suits the human visual system very
well as it tends to continuously scan the environment by eye
and/or head movement. Providing a sharp image over a wide
angle from close range, therefore, results in a relatively
lifelike experience when scanning this picture. The single
camera solution is beneficial to limit system resources,
although its high resolution requirement implies a higher
computational demand in case an embedded video encoder is
absent. In addition, it needs to be stated that the data bus
(typically USB) and power usage can be equally important
system resources and need to be included in the camera’s
design choice.

A webcam with embedded encoder and a 1280 by 720
pixel resolution has been chosen to balance acceptable
resolution with available system resources. The intelligibility
during a conversation and ability to manually navigate the
robot is acceptable at a frame-rate of approximately 20Hz.
The main advantage of using a webcam is the widespread
support for such a device. Besides the system resources, we
have to deal with software clients and a complex
communication infrastructure. Skype utilizes the embedded
encoder and the HD capability of the webcam.

An important downside of using a wide angle lens is the
serious distorted sense of distance and proportion it can cause.
Seemingly far away objects are in reality much closer. This is
especially noticeable when having a conversation with a
standing person. One needs a certain level of experience when
navigating using this optical configuration to build up
confidence and comfort. This is most apparent when
navigating the robot through narrow corridors and between
door posts.

D. Audio

Conventional voice control and speech intelligibility
solutions commonly fail when the microphone is not close to
the mouth of the speaker, because in this case the microphone
not only picks up the desired speech signal but also
interfering signals such as background noise, sounds
generated by the robot itself, and speech signals that are not
intended for controlling the device or part of the conversation.
In most cases, this will deteriorate the performance of speech
to an unacceptable level.

For robotic telepresence, the user typically is at a distance
from the robot and, thus, standard microphone solutions are
inadequate. Although solutions for voice control at a distance
have been proposed and implemented successfully in
professional market segments [9], consumer solutions
currently do not perform well enough to allow a broad
vocabulary of speech commands. We have used the
microphones of the Kinect sensor and limited the set of voice
commands to get to an acceptable performance level and rely
on the echo cancellation from Skype to improve speech
intelligibility during telepresence.

E. Teleoperation

As mentioned earlier, we have extended the Skype video
call with remote navigation using Sky4Py and Pygame. When
navigating the Florence robot for looking around, we achieve
panning and ‘zooming’ by rotating the robot or driving back
and forth, respectively, instead of providing panning and
zooming functionality to the camera. When navigating the
robot for this purpose, however, obstacles are -easily
overlooked and collisions might occur. To alleviate this,
collision avoidance has been added. Collision avoidance is
especially important in case of an unreliable network
connections or high communication latency. As such, the
autonomous navigation capabilities of the Florence robot are
used for collision avoidance during teleoperation. Further
improvements in teleoperation can be achieved by means of
waypoint navigation. This is considered future work.

F. Privacy and security

Privacy and security aspects, obviously, need to be
considered when enabling a remote-controlled mobile video
connection. Currently, KEETOU provides security protection
by denying teleoperation access to the people outside the
Skype contact list. Hence, it is not possible for the elderly to
inadvertently accept friend requests. Furthermore, the elderly
must always explicitly accept an incoming call. Further
securing the (Skype) connection and outside
connectivity, is considered future work.

IV. User Tests and Results

The Florence project is user centered and has adopted a
multifold approach to get user feedback during the different
development phases; starting with the initial requirements
analysis up to the final system implementation. The following
section gives an overview of this methodology, followed by
the results of the user tests. This section gives a rough
overview of the different sessions held and their respective
results. More detailed information can be found in the
Florence deliverables [1].
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Figure 5. User involvement cycles of Florence

The strategy of the Florence project is to include the target
group into the development process. Oshows the separate
phases of their involvement in the development process.

Currently, the Florence project is approaching the last
phase (Final prototype test). The project has started with
brainstorming sessions, refined those results with focus group
sessions [10], and implemented a first prototype which was
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then tested in Wizard of Oz tests [11]. Afterwards, the
prototype was refined and tested in controlled real
environments (living labs at Philips and OFFIS). The
feedback from these tests has been taken into account for the
final prototype which is tested in real home environments. In
this section, we focus on the user experience results from the
Wizard of Oz tests and the tests in the controlled
environments. The gathered results from the brainstorming
sessions and focus groups are summarized first.

G. Test setup

Brainstorming sessions. In order to define the lifestyle and
AAL services for the elderly a brainstorming was done by the
project team. The participants of this brainstorm session were
chosen for their knowledge about elderly needs. From these
sessions the following service areas were selected:

o Coaching, by giving feedback on specific activities like
physical exercises, and advise on activities of daily
living.

e Social inclusion, by supporting access to the social
networks, including web-2.0 and synchronous
communication means.

e  Safety, by using Florence as additional ears and eyes in
comfort or safety situations, controlled by service
providers or the elderly themselves (crisis or emergency
detection, smoke detection, personal alarm.

After the brainstorm sessions also some experts
Gerontologist from Ingema helped in defining use cases and
scenario definitions.

Focus Groups. Once these use cases were defined, some
Focus Groups (FGs) were conducted for defining context and
early design with stakeholders. Also, the FGs were used to
validate the defined scenarios and use cases with the final
users and to identify user requirements and needs. For these
sessions, the homogeneity of the participants was considered
as important, because people with similar features tend to be
more comfortable in the group. The FGs in Spain were also
repeated with care professionals (9 persons). All participants
in the final FGs were +65 and had some degree of technology
acceptance. In total, around 30 participants took part in the
FG sessions.

The scenarios that were defined after the brainstorming
and FG sessions are listed in the following table:

LOGSYS | Logging system. For checking some kind of

information the user should log in the system.

Acronym | Definition

KEETOU | Keep in touch offers elderly people a
telepresence service.

HOMINT | Advanced home interface for remote control of
the smart home. controlling lights, doors,
windows, etc.

FALHAN | Fall situation handling. Once a fall is detected
(remote sensor) a telepresence with care
provider is automatically set up.

AGEREM | Agenda reminder service.

LIFIMP Lifestyle improvement. This service helps the
user doing e.g. exercises with instructional
videos.

COLGAM | Collaborative gaming using videoconference.

Wizard of Oz. The Florence robot used in the Wizard of
Oz experiment was realized to a level that represents the final
system. This includes basic interaction modalities (movement,
size, appearance, audio input/output, video input/output, and
touch input). The Florence system’s autonomous functionality
was mostly faked, however, (e.g. using a simulated user
interface and remote control) without the test subject noticing
this. The following list sums up the software needed for the
implementation of the Wizard of Oz test:

e software to play Audio and VOIP software
(Videoconferencing. e.g. Skype),

e software to control the movement of the robot and
orientation of the camera,

e software to control and see what’s displayed on the
touch screen (e.g. VNC),

e  picture viewer to display mock-ups of the user interface,

e software that allows the wizard to see where the user
touched the display,

e the ability to record audio and video streams from the

Florence robot.

The user-profile of the Wizard of Oz test participants
consisted of people from 59 to 75 years old in an even
proportion male-female (Germany 50% Male 50% Female,
Spain 40% Male, 60% Female, Netherlands 50% Male 50%
Female) with some degree of technology acceptance and
some degree on computer use. Their physical state was
relatively good, people with serious cognitive impairments or
illnesses were excluded.

Additionally, caregivers were invited to participate in the
tests to also include their feedback. In total 17 participants
took part in the trials. Within the controlled environment, it
was assured that all necessary technology to run the robot at
full functionality was available. Trained personnel were on-
site to help in case of technical problems. These tests were
supervised by a regional ethical committee.

Controlled home lab environments. The controlled home
environment tests evaluated the first implementation of the
Florence platform. Being in a research stage, it was expected
that bugs and unforeseen use cases would show up.
Therefore, these tests were conducted under constant
supervision of an engineer. Also, the controlled environment
has the benefit that the robot can be more extensively tuned to
its environment, compared to real homes. The results of these
tests were used to identify limitations and improve the
Florence platform in preparation of the user tests at elderly
people’s homes.

For the user tests, 24 persons aged between 60 and 85
participated mostly together with a close acquaintance
(mostly a son or daughter) for testing the telepresence service
with a family member. In addition, professionals of a care
institute and nursing students evaluated the user test. In total,
40 persons participated in the tests. The elderly were selected
based on the following inclusion criteria:

e living independently at home,
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e living alone,

e being healthy, and

e if possible, experiences with accidents like falls (not
necessarily personally)

H. General Feedback

Feedback has been collected from the target groups at
different stages of development. Feedback from all tested
people depended strongly on two main aspects:

e their experience and comfort with technology: surprise
vs. comparison with related products,

e their experience with caring for elderly people (e.g.
relatives suffering from MCI).

The feedback from the participants was very mixed from
“no interest at all” to “very much interest”. There was a
strong correlation between the interest of the elderly in the
robot services and the amount of care/support they currently
received or had received in the past. The appreciation of the
tested services heavily depends on the experience that people
have with similar, relevant technologies. People that were less
familiar with video-calls (e.g. using Skype), were more
positive towards the entire user experience, as it surprised
them more. Others often benchmarked Florence with existing
implementations.

1. Feedback regarding telepresence service

The KEETOU service was liked by a large majority of the
participants, both by the test subject as well as by the close
acquaintance. It was seen as a means to have better contact.
Most test subjects mentioned an increased feeling of presence
of the remote party compared to their normal way of
telecommunicating (mostly phone, some video chat via PC).
The main benefits that were mentioned related to:

e showing the remote party around in case help is
required, or as a social check.

e the more honest way of communicating (“the remote
party can see how I am doing, instead of me just telling
them”), and

e the ability to remotely evaluate the environment in case
of an emergency.

The subjects would mainly consider the telepresence
service for communicating with people they fully trust, like a
close relative, care taker, or doctor. Little privacy concerns
are seen in this context. During one user test the opposite was
mentioned: telepresence with known people was seemed to
have little benefit because “one knows what they look like”.

Using the KEETOU service for communicating with
unknown or less known people was not preferred and the
privacy concern of “invading somebody’s home” was raised
in this context. Concerns about the KEETOU service were
sometimes mentioned with respect to:

e being improperly dressed,
e not having the house tidy, and
e case of use compared to operating a telephone.

J. Feedback regarding fall handling service

The fall handling service was often not distinguished
clearly from the KEETOU service because the general
functionality of telepresence is the same in both services. The
only difference is the trigger of the service. A lot of people
mentioned the FALHAN scenario even before it was
presented as such. This might indicate that such a service is
perceived as important safety functionality. The test subjects
that had some experience with falls (themselves or friends
that have fallen) had stronger positive opinions about this
service.

Most test subjects indicated to find the use of speech to
interact with this service as most natural. Having the option to
call a family member instead of directly calling an emergency
was appreciated as well.

K. Design and behavior

Some test subjects indicated that the Florence robot has
authority due to its physical size and presence. With respect to
the size and shape of the robot, further comments were made
that the Florence robot should not be too colossal (obstacle)
and it should appear practical and robust. Also, often it was
mentioned that the robot should not look like a toy or puppet
or resemble a human being too much. Furthermore, a
preference was indicated for the device to fit with the house
interior. The example of having the device also function as a
lamp was mentioned in this context.

Concerning the behavior of the Florence robot, some of
the test subjects commented that the robot should not be too
patronizing, yet bring safety and assurance. Concerns were
issued that people would be uncomfortable with the robot
following them all the time. There were remarks with respect
to the ease of use to tell the robot where to go, or not to
disturb, and being able to operate it via its screen or by voice.

In general, speech control was preferred over gestures or
its touch screen. Most test subjects indicated it should be
easier to use the robot than a PC. The friendliness and clear
voice of the robot were appreciated. And in the current
version where speech input was not yet robust, it was
assumed as such, i.e. people spoke back to the Florence robot.

L. Feedback from care professionals and informal care
givers

Robotic telepresence was appreciated a lot by almost all
of the close acquaintances that participated in the user tests,
because it would enable them to often check whether the
elderly person is doing well, and quickly assist them in case
of problems or emergencies. Similar observations were made
by the care providers. They also perceived to have an
improved evaluation of the situation at the elderly’s place.
Professional care providers mentioned to see a huge benefit to
better evaluate the validity of an automated alarm, prior to
escalating it. Some close acquaintances indicated some
skepticism about the ability of the elderly to be comfortable
with such technologies.

V.  Benchmark with Other Telepresence Robots

Currently, many telepresence robots in research projects
and even commercial products are being developed. We can
distinguish four categories for these telepresence robots based
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on their main use case. The first category for telepresence
robots is intended for tele-work at remote places where it is
too dangerous or cumbersome for humans. These robots are
not used for communication. A well known example is the
PackBot developed by iRobot [12]. The last few years a
number of telepresence robots with communication
functionality have been brought to market that are targeted at
tele-work for offices and factory environments. Examples
here are the Jazz robot of Gostai [13], the VGO robot by
VGO communications [14] and the QB robot of Anybots
[15]. These telepresence robots are more focused on presence
and less on communication. Commonly, these telepresence
robots are characterized by having a small screens on the
robot. The small screen enables minimal communication
without putting too many constraints on the stability of the
navigation. Communcation is limited since facial expressions
of the remote person cannot easily be made visible. A third
category of telepresence robots are targeted at tele-healthcare
in hospitals. An example is the the RP-7 from InTouch [16].
In this case, the robot is a US medical device subject to FDA
approval. The RP-7 is costly at $100.000. A last category
that we distinguish are telepresence robots for elderly care in
home environments. In this category, we can distinguish two
subtypes. The first is telepresence robots developed only for
telepresence, like the giraffe robot [17]. These robots are
typically very suited for robotic telepresence with a mobile
base and a large screen on the robot. However, they do not
provide a platform approach that makes it suitable for other
robotic applications. Next to this, there is a considerable
number of research projects developing screen-based mobile
robots supporting multiple AAL applications of which robotic
telepresence is one application service: e.g. Companionable
[18], the Kompai developed by Robosoft [19], the Ava robot
developed by iRobot [20]. The Florence robot distinguishes
itself form these last class by its importance that is put in
telepresence. Hardware and software has been developed with
high quality telecommunication in mind, instead of
considering it as one of the possible applications on an
autonomous robot platform. For the Florence robot, this is
reflected in not having a (physical) robot head, optimizing the
positioning of the screen and wide angle web camera and
using a separate compute node for handling robot navigation.

VI.

In the Florence project, robotic telepresence is considered
an important robotic application for supporting independent
elderly at home. Our user tests indicate that robotic
telepresence for elderly is highly appreciated by the elderly,
their family and care providers. Not just for communication,
as we originally expected, but for helping out with little
problems/issues, in emergency situations and for social
checks.

In addition, robotic telepresence can play a role in a
number of services that many elderly need, like medication
management and exercise coach. For these services, the
mobility of a robot provides a significant advantage over
other implementation of such services. Telepresence robots
demand high quality audio (echo cancellation at large
distances) and video (wide angle, very high resolution, high
dynamic range, stability) when used for communication. In
addition, the need for easy remote control and obstacle

Summary

avoidance already requires a significant level of awareness of
the environment and autonomy of the robot. We have
addressed a number of these technical challenges using a
wide angle camera with high resolution and hardware
encoding and by adding automatic obstacle avoidance to the
navigation. In the future, we plan to further increase the
audio and video quality and develop improved guided remote
control with the robot sensing where the remote user intends
the robot to go.

VII.

We would like to thank all partners from the Florence
project (funded through the 7th Framework Programme by
the EC, grant ICT-2009-248730).

Acknowledgment

References

[1] Florence project, http://www.florence-project.eu

[2] M.S. Bargh, M. Isken, D. Lowet, N. Snoeck, B. Hebgen, and H.
Eertink, “Sensing, Actuation Triggering and Decision Making for
Service Robots Deployed in Smart Homes”, in 2nd International Joint
Conference, AmI 2011, Nov. 16-18, 2011, Amsterdam, LNCS 7040

[3] ROS http://www.ros.org/wiki/

[4] Websockets, http://tools.ietf.org/html/rfc6455

[51 Skype API http://developer.skype.com/public-api-reference-index

[6] Skypedpy, http://skypedpy.sourceforge.net/doc/html/

[7] Pygame, http://www.pygame.org/

[8] Webrtc, http://www.webrtc.org

[9] B.E. Sarroukh, L.C.A. van Stuivenberg, and C.P. Janse, “Robust
Hands-Free Voice Control for Medical applications”, in Proc. of the
11th International Workshop on Acoustic Echo and Noise Control,
Seattle, Washington USA, 14—17 September 2008

[10] M. Heerink, B. Krose, V. Evers, B. Wielinga, “The influence of a
robot’s social abilites on acceptance by elderly users”, in Proceedings
Ro-man, 2006.

[11] Maguire, M. C.; User-Centred Requirements Handbook. RESPECT
Consortium, 1998

[12] Packbot http://www.irobot.com/us/robots/defense/packbot.aspx

[13] Jazz robot http://www.gostai.com/connect/

[14] Vgo robot http://www.vgocom.com/

[15] Qb robot https://www.anybots.com/#front

[16] RP-7 robot http://www.intouchhealth.com/products-and-
services/products/rp-7i-robot/

[17] http://www.giraff.org/

[18] Companionable robot http://www.companionable.net/

[19] Kompai robot
http://robosoftnews. wordpress.com/2010/03/08/robosoft-introduces-
kompai-at-iltci-new-orleans-usa/

[20] Ava robot http://www.irobot.com/ava/

23


http://tools.ietf.org/html/rfc6455
http://developer.skype.com/public-api-reference-index
http://skype4py.sourceforge.net/doc/html/
http://www.webrtc.org/

Ro-Man 2012 Workshop on Social Robotic Telepresence

Towards Measurement of Interaction Quality in Social Robotic
Telepresence

Annica Kristofferssoh, Kerstin Severinson Eklundrand Amy Loutft

Abstract— This paper presents tools for measuring the qual- an elder (actor). Regarding the first experiment, this paper
ity of interact_ior) in social mobile robotic telepresence. The presents an extended ana|y5i5 of the results presentea]in [1
methodology is in part based on Adam Kendon's theory of F- 1y, sydying the interaction between the pilot and the local
formations. The theory is based on observations of how bodies L . . .
naturally orient themselves during interaction between people user and d?sc“b'“g t.he interaction using measures tr@erel
in real life settings. In addition, two presence questionnaires to0 the spatial formations that occur between the local user
(Temple Presence Inventory and Networked Minds Social Pres- and the pilot. To characterize spatial formations, we take
ence Inventory), designed to measure the users’ perceptions nspiration from Kendon’s F-formations which provide a
of others and the environment when experienced through a framework to describe the natural positioning/configuanati
communication medium were used. The perceived presence and . o h
ease of use are correlated to the spatial formations between the of.people when e”gaged in specific tasks. i.e. how peOP'e
robot and an actor. Use of the tools is validated experimentally ~Orient themselves with respect to each other. To charaeteri
on a dataset consisting of interactions between an elder (actor) the levels of social and spatial presence, a questionnaire
and 21 different_users being trz_;\ined in piloting a mobile robotic  pased on the Temple Presence Inventory (TPI) [20] and
telepresence unit. The evaluation has shown that these tools are o Networked Minds Social Presence Inventory (Networked
sunable_for evaluating mobile robotic telgpresence and also that Minds) [5] was filled by the pilot user directly after the
correlations between the tools used exist. Further, also from a | . ;
local user perspective, the spatial formations have affecteche  interaction took place. The TPI and the Networked Minds are
perceived comfort in an interaction. two standard questionnaires to assess the perceived peesen
The Networked Minds is designed to measure the users’
perceptions of others experienced through a communication

Mobile robotic telepresence (MRP) is a combination ofmedium [4] and the TPI is appropriate for use with most
teleoperation and telepresence offering a “walking arbundnedia and media content [20]. Both the TPI and Networked
capability. A MRP system is a video conferencing systenMinds have been applied in previous studies in HRI, e.g. [2],
through which the pilot of the system can move aroungll], [11]. We also present a preliminary analysis of the
in a remote environment and interact with its inhabitantsecond experiment in which 10 elderly interacted with atpilo
(local user). The pilot interacts with the local user whilein the Giraff. In this experiment, the pilot intentionallpase
at the same time navigating the robot via a computer. Thene out of two different spatial formations in differentsde
local user experiences the interaction with the pilot via af a scripted scenario. After the experiment, the elderlyewe
video conferencing system mounted on a robotic base. Thustrospectively interviewed to assess how they perceived t
usage of a MRP system includes many sorts of interactianteraction with the person piloting the Giraff and the &ira
simultaneously. Local users of the system are interactingself. The motivation behind both experiments is that we ai
with another human (HHI) but at the same time, they arto find objective metrics upon which to improve the design
interacting with a robot (human-robot interaction, HRIpET of MRP systems. To do this, an understanding of the factors
pilots of the MRP system are interacting with a computewhich impact interaction quality is important. Particiyar
system (HCI) but at the same time, they are interactingelated to social robotic telepresence is the effect of litgbi
with another human (HHI) while being embodied in a robotichieved via embodiment (and vice versa), and therefor an
which they cannot see themselves. Commercial examplaspect to study is how mobility affects the quality of social
of MRP systems are Giraff (Giraff Technologies [8]), QBinteraction.

(Anybot [23]), Texai (Willow Garage [24]) and VGo (Vgo The article is organized as follows, in Section Il a de-

COInmmlijsmcstlgpsw[:?j]i)s.cuss WO experiments with a s ecifl%cription of Kendon'd=-Formation Systenand related work
Paper, . XP : hectli given. Section Il details the experimental setups and
MRP system, the Giraff. In the first experiment, 21 alarm . .
) : : . ... data collection. Section IV presents our hypotheses. The
operators were trained in steering the Giraff by visitin

Yesults are presented and discussed in Section V. Finally,

The ExCITE project [7] has been supported by EU under the Antbie CONclusions are drawn in Section VI.
Assisted Living Joint Programme (AAL-2009-2-125).

1A, Kristoffersson and A. Loutfi are with AASS Center of
Applied Autonomous Sensor Systems, rebro University, Sweden
firstname. | astnane at oru.se

2K. Severinson Eklundh is with the School of Computer Sciencé a  1This paper is a modified version of an article that will appemar i
Communication, KTH Royal Institute of Technology, Swedese at International Journal of Social Robotics. If you use any loé material
csc. kth. se regarding the first experiment, please cite the original p&}f#i.

I. INTRODUCTION
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Il. SPATIAL RELATIONSHIPS IN INTERACTION ities, while encouraging others. They concluded that some

Much of the work presented in this article is based on features of the physical environment may work to discourage
theory on spatial handling with origins in HHI, Kendon&- the creation of certain F-formations. Hornecker [12] has
Formation Systemin this section, we first describe this the-developed the concept embodied constrainfshese restrict
ory. We then discuss how spatial and embodiment constrait§1at people can do based on the configurations of space
influence the quality of interaction and spatial formations and objects and make some behaviors more likely than
[12], [15], [16], [21]. Communication over a medium is others. Along these lines, physical embodiment via a MRP
different from HHI as several factors important for the leveSystem can also constitute an embodied constraint in tkat th
of intimacy [3] are distorted [10]. Up until this point, treer Physical properties of the system restrict particular bia,
are only a few HRI studies which make use of the F€.9: the inability to move backwards in the environment.
formations, e.g. [13], [19], [26].

Kendon studies spatial relations that occur whenever two The level of intimacy in HHI is an equilibriunfjoint
or more people engage in an interaction and his claim is thégnction of eye-contact, physical proximity, intimacyagit,

“a behaviour of any sort occurs in a three-dimensional worlgsMiling, etc, p. 293"[3]. When using MRP systems, this
and any activity whatever requires space of some sort”, pvould potentially mean that the experienced intimacy for
1 [16]. This space must have physical properties, allow thée local user and pilot engaged in an interaction would
organism to do what it needs to do and be differentiatebe dependent on the above factors. A factor that has been
from other spaces. According to Kendon, it is commorointed out as being of importance in a MRP system is
in any setting for several individuals to be co-present, bifie ability to adjust the height of the robot to increase
how they orient and space themselves in relation to orf8e level of eye-contact [6], [14]. It should be noted that
another directly reflects how they may be involved witidn interaction enabled by use of computer-mediated tech-
one another. Kendon’s F-formation system is a well knowRologies, e.g. a video-conference, can not be equivalent to
theory of spatial relationships. Kendon distinguishee¢hF-  face-to-face situations according to Heath and Luff [10].
formations by observations; (1) vis-a-vis, (2) L-shape )d They write that gestures and other forms of body movement
side-by-side are depicted in Fig. 1. They arise wttero or  including gaze, which are systematically employed in face-
more people sustain a spatial and orientational relatidpsh to-face communication prove ineffective in a large part in

p.209” [15]. video communication.
‘ . In the HRI domain, Kuzuoka et al. [19] examined how
7 17 reconfiguration of F-formation arrangements occurred as an
1 2 3 effect of a guiding robot following a predefined trajectory

; at a museum when rotating either its head, its upper body
4 A A or the whole body to guide their listeners when talking
O o < O ' Q about exhibits. The results are corresponding well with
Kendon’s finding that the orientation of the lower body
Fig. 1. The different F-formations distinguished by KendtnVis-a-vis, has a. dominant effect on the automatic creations of F-
2. L-shape and 3. Side-by-side. The dotted ovals denote tbpaCe. formations. Yamaoka et al. [26] developed a model for how
an information-presenting robot should appropriatelyusd]
Thevis-a-visis an arrangement formed by two individualsits position and found that robots that were constrained to
who are facing each other, tHeshapeis generated when an O-space were perceived as more comfortable than robots
two individuals are standing perpendicularly to each othdreing close either to the listener or the object the robot was
facing an object and theide-by-sidearrangement is when presenting. lttenrauch et al. [13] studied spatial formations
two participants stand close together looking in the sama real home settings by deploying a service robot and
direction. The shared space created by the F-formationstructing the users to guide the robot around in their own
is called theO-spaceand is the overlap of transactionalhome and to teach the robot rooms, locations and objects.
segment to which two or more people direct their attentiokach trial was video-taped for later analysis and revealed
and manipulate objects [15], [21]. The type of F-formatiorthat the participants would lead the robot when passing
created can be influenced by environmental features suchrarow passages. The formation that occurs in the narrow
obstacles and walls. The influence of these features orespatyassage indicates that one can also distinguish anothialspa
patterns have yet to be studied in depth [15], [16]. The Formation in HRI which Hittenrauch callgollow in which
formation spatial arrangement is reconfigured as partitgpa the robot follows the user.
in a group come and go, and change their positions and
orientations [19]. However, the orientation of the lowertpa In the outlined material on spatial formations in HRI, we
of the body has a dominant effect on the reconfiguration @fre missing studies on how the quality of interaction with
the arrangement [15]. others is perceived by both pilots and local users. We are
According to Marshall et al. [21], physical environmentsinterested in how the perceived quality varies depending on
can limit and constrain opportunities for some shared actiwhat spatial formations that are created during an internact
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[1l. METHOD operator,elder to denote the actor in the smart home and
In experiment 1, 21 alarm operators were invited to aresearcherto denote the researcher who sat beside the pilot

training session during which they made a remote visit tB”d provided technical support in case of difficulties (ehg.

an elder's home via Giraff. The alarm operators respond tQ)ilot cannot find the docking station or does not know which

alarms coming from elderly who by pushing a button on Quttons to press on the Giraff Eilot _appli_cation). N_umbar_s |
necklace get in direct contact with the service. The trgininPa'éntheses, e.g. S1 denote situations in the scriptetd visi
session was a preparation for deploying a Giraff in a home 1) The researcher instructed the pilot to start the Giraff
with two elderly, one of which was using a wheelchair. This ~ @pplication, log on to the Giraff server and to connect
visit was their first use of Giraff and was presented as an 0 the Giraff that was facing the wall.

opportunity to train on steering and using the Giraff. The 2) Once connected, the pilot was instructed to undock the
training session also served the purpose of collecting data  Giraff from the docking station by pushing the buttons
via questionnaires and observations. The training session Backward and Turn. The pilot was asked to locate
took place in a smart-home environment. The locality for ~ the elder. The pilot would find the elder in the bed.
the training sessions was chosen in order to simulate a close  NO guidance in where to find the elder was given.

to real experience of use of the robot in a real home setting. 3) When the pilot had found the elder, the elder moved
This particular setup simulated an elder residence in which ~ Over to the wheelchair and asked the pilot to follow to
one elder(actor) was sitting in a wheelchair. A graphical  the kitchen (S1).

overview of the remotely visited home can be found in Fig. 2. 4) While in the kitchen, the elder started a discussion

There are constraints in the physical space. The kitchemwis t about a medical issue (S2). _
5) The elder then asked for help to find the remote control

for the television set. The pilot and the elder moved
to the living room (S3) to find it. The pilot would tell
the elderly that it was lying on the floor in between
the sofa table and the television set (S4).

6) After the pilot had found the remote control, an artifi-
cially triggered alarm rang in the bedroom. Depending
on the pilot's response, the elder found an appropriate
means to conclude the conversation and asked the pilot
to return to the docking station.

7) The pilot returned to the docking station and discon-
nected from the Giraff with help from the researcher
if necessary.

Fig. 2. A model of the visited smart-home. The numbers denote itithw For mO.St pllOtS’ the script tO.Ok in between 200 s to 300 s
of door openings and other spaces, for example 1.51 m in theafeming Measuring from when the pilots had undocked and turned
to the bedroom and the width and depth of the kitchen is 1.8 ra.cflinder  the Giraff until the moment when elderly said bye.
‘a’ represents the Giraff and the office chair 'b’ represahis wheelchair. In experiment 2, 10 elderly were invited to a guiding tour

) . in a showcase environment. The elderly arrived individuall
small to accommodate both a wheelchair and a Giraff at thg,g were met with a researcher who presented the Giraff. The
same time. The distance between the table and television ggjer was asked to sit down in the sofa in the living room and
makes it difficult to fit the Giraff beside the wheelchair. The, a5 offered coffee. A second experimenter then connected
spatial constraints may di;courage_creation of F-formatio 5 the Giraff and began to interact with the elder. In this
and encourage other spatial formations. The alarm opsratQ¥yperiment, a scripted scenario was followed. However, the
who came individually were placed in a room where a laptojjot chose one of two spatial formations in each step.
equipped with a headset and a mouse was installed. Eachl) The pilot undocked, navigated the Giraff and stopped

:Lammg sefsmn ge_?an with ngrr&ung the padrttlﬁlpaptstab(:_ in front of the elder and said welcome. The pilot chose
€ computer and Its connected devices and then INSrucing ey 5 vis-a-vis or a look-away spatial formation, see

them to make a visit to a remote home with the Giraff. They Fig. 42
instructed to interact with the elder as if it was a \isit 9. = :
Were Ins ) The pilot asked the elder to follow to the kitchen where

areal hO”?e-_ Further, t_hey were informed th"%t they wou_ld_ be a number of items on and around a table were shown
askeq to fill in a questionnaire after completing the tragnin and explained to the elder. These items are part of the
Session. . . - showcase appartment and included a chair for assisting
The use of an act'or was_essentlal to s.cr|.pt the visit a}nd elder and a robot arm. In here the pilot either faced the
to ensure tha'_[ _the interaction was as similar as possible . < 01 the table (L-shape) or the wall. (look-away)
betwe_en the visits from different al_arm operators. Hovv,_ever 3) The pilot asked the elder to follow to the bedroom
two different actors were used during the training sessions that contained sensors spread around the room. The
The procedure outlined below was used for each visit
in experiment 1. Here, we usgilot to denote the alarm  2The look-away formation is further described in Section IV.
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pilot either faced the elder (vis-a-vis) or the bed when Upon completing the training, the participants were asked

describing the content of the room. to fill in the questionnaire. Two of the sections in the ques-
4) The pilot drove back to the living room and asked theionnaire assessed the perceived social and spatial peesen

elder to sit down. Now, a set of paintings, a Roombd&ach dimension of perceived presence in the questionnaire

and a medicine dosett were shown. Again, the pilotonsisted of several questions that were to be answered on a

chose either a vis-a-vis or a look-away formation. likert scale 1-7 where 1 = not at all and 7 = to a very high
5) The pilot said good-bye and returned to the dockingegree except for the questions in the TPI dimenSonial

station. The first researcher returned. richness Social richness was assessed by asking the pilots
to rate their experience in opposite couples (for example
A. Data Collection whether they perceived the experience to be Insensitive or

Throughoutexperiment 1 ten permanently installed web Sensitive) on a scale 1-7. The dimensi@tgect realismand

cameras positioned at different locations in the ceiling oferson realisnoriginate from the TPI dimensioRerceptual

the smart-home recorded each of the participants trainifga/iSm The original dimension contained more questions
sessions. The cameras were configured to capture most p&ftQut modalities not available in a MRP system. Thus, a
of the apartment from different angles. A snapshot fropsubset of questions fro_m the perceptual realism dimension
one of the videos is found in Fig. 3. The figure showdVas used, see Appendix A. ,

the Giraff and the elder in the wheelchair from several !N Experiment 2, three cameras were used to video
angles allowing analysis of different parameters, e.g. |§_aptur_e the experiment. The movies recorded were pnma_rlly
formations. Video recordings enable repeated and detaild§®d in order to perform a voice-recorded retrospective
access to the conduct and interaction of participants, antgt€rview with the elderly after having completed the st
more specifically, the interplay of talk, bOdl'y, and madbri Scenarlo. A retrospective |nterV|eV\{ technlque was used im-
conduct [22]. Recording of video data is an ethical issudnediately after the elderly were guided. The elderly watche
It is argued that when being filmed, people inevitably reac MoVvie for each step of the guiding tour and were asked to
to the camera - rendering the data is unreliable [9]. In thi§Mment to it by responding to a set of questions regarding
experiment however, the participants were unaware of tieNumber of parameters e.g. the spatial formations.

fact that the Giraff was being recorded on video so they IV. HYPOTHESES

did not react to being filmed. The video recordings were o ] ) )

taken without sound and they do not reveal who is currently 1N€ participants inexperiment 1 were faced with a

embodied in the MRP system. However, the choice of camefaultiple of novelties, such as using a video conferencing
configuration came with a sacrifice. The video recordingSyStém to interact with somebody, steering a robot, meeting

were not able to capture facial expressions from the pilét N€W person and a new environment. These factors, and the

or sound from the the interaction between the pilot and thi@Ct that video conferencing systems cause a distortion in

elder. The sacrifice limits the possibility to fully undemst Perception made us expect that some pilots would not turn

the interaction and its effects on chosen spatial formation the Giraff in a vis-a-vis formation while interacting withe
elder. Two of the situations included in the script enforced

a movement of the Giraff together with the elder (S1 and
S3) and it was expected that these would lead to situations
in which the pilot user would either follow or go ahead
of the elder. As already discussed in Section lll, the size
of the kitchen would potentially limit the possible spatial
formations because it could not accommodate a wheelchair
and a Giraff at the same time. In combination with the
fact that the elder would discuss a medical issue (S2) with
the user of the Giraff we expected that the user would
form avis-a-visformation at an appropriate distance to the
elder. Another space constraining factor in the apartment
was the distance between the table and the television set.
We expected that it would be difficult to fit the Giraff
and the wheelchair beside each other at this location and
therefor expected that B-shapewould occur in S4. Thus
six patterns of formations were foreseen to occur during
the training sessions as shown in Fig. 4. Three of which
being F-formations as defined by Kendon and three of which
being assumed based on the above presented assumptions.
To conclude, the spatial formations were expected to vary
Fig. 3. A snap shot from one of the video recordings showirgdifferent ~ throughout the scenario based on the different situatiods a
angles of video capture. changes in available space in the scripted scenario.
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‘ A In experiment 2, 3 men and 7 women in the age range
‘ 61-82 years old participated. All claimed they had a habit
\/ 0 , 1 2 of using computers and three stated they were using video

A A conferencing software.
04 O O B. Experiment 1 - Choice of formations based on situations
and space

It was expected that the different situations S1-S4 in com-

A bination with space constraints, would result in the spatia

, formations as depicted in Fig. 4. To investigate this, the
O : videos were analyzed in several steps. First, each movie was
3 4 S watched and notes were made on when the different steps in

A A A the script occurred and how the interaction between the elde

and the pilot took place. A number of fields of information
. 4‘@ . O had to be filled for each video. Secondly, all of the 21

video recordings were re-watched and notes were made on
F|g 4. The formations expected in the experiment’ 1’ 4 and SFare hOW the fOl‘matIOI’]S f|UCtuated dur'ng the InteraCtIOHS -EheS
formations: 0. Look-away, 1. Vis-a-vis, 2. Ahead, 3. FolldwL-shape and notes were then converted to illustrative graphs showieg th
5. Side-by-side. The dotted ovals denote the O-space. Tder & black fluctuations between different formations
and the Giraff is grey. . . ’
To exemplify, two graphs showing the occurrences of
formations between two different pilots and the elder are

In our previous analysis [17], we analyzed the perceiveB®Sentéd in Fig. 5 (Pilot 1-1) and Fig. 6 (Pilot 1-10). The

precence and ease of use during the training session. It wg&xis shows the time having elapsed from when the pilot

found that the presence questionnaire was suitable for ug¥ved the Giraff forward after undocking in Step 2. The
in this HRI setting. According to Kendon, as discussed iif-@XiS shows the different formations as defined in Fig. 4.
Section I, it is common to be co-present when interacting N Fig. 5, Pilot 1-1 found the elder after 55 s. The pilot
with others. That is, how people orient and space themselv! med avis-a-visformation while m_teractlng with the elder
in relation to one another is a reflection of how they may bl the bedroom. Thereafter, the piltliowed the elder to
involved with one another. Thus it was hypothesized that; the kitchen (S1) after 78 s. Upon arrival to the kitchen after
[H1] Relations between chosen formations an QO s, the p|I0§ chose \gs-a-wsformatlgn while !nteractmg
. . ith the elder in the kitchen (S2). This formation was kept
perceived presence would exist. throughout S2 with a short break during which the pilot
We further expected that the pilots perceiving the MRRyrmed the Giraff around 360 degrees. The pitbowedthe
system as being easier to use would orient themselves diyer from the kitchen towards the living room (S3) after 183
suitable formations to a higher degree than the ones ngtat 195 s, the pilot formed a quickis-a-visformation after

orienting themselves in suitable formations.. which it continued to lead towards the remote control. The
[H2] Relations between chosen formations andemote control was found (S4) in side-by-sideformation
experienced ease of use would exist. after 207 s. This formation lasted for 13 s after whictis

In experiment 2, we expected that the elderly would fee|@-vis formation was upheld for 12 s. The elder _then went
more comfortable interacting via the Giraff if the pilot cleo towards the bedroom followed by the pilot, a neg-a-vis
the same spatial formations as would naturally occur in reQccurred at 240 s. This formation lasted for 6 s after which

life situations. the elder said bye. In this example, the pilot did as expected
in S1 and S2.
V. RESULTS In Fig. 6, Pilot 1-10 formed ais-a-vis formation while

_ interacting with the elder in the bedroom. Thereafter, the

A. Subjects pilot startedfollowing the elder to the kitchen after 43 s (S1)
The users invited t@xperiment 1 were alarm operators. and arrived there after 62 s. The pilot choseisa-vis(S2)

The average age of the 21 users wage = 4219, 0age=  formation during the interaction in the kitchen. After 97 s,
10.34. Only two of the alarm operators were men, thereforthe pilot chose to gaheadto the living room (S3) in order
no comparison between genders is done in this study. Note find the remote control. The remote control was found
of the users had previous experience of Skype or similafter 116 s during &-shapeformation (S4). This formation
systems for communicating with or without video feed. Orasted for 9 s after which &is-a-viswas upheld until 172
a likert scale 1-7 where 1 = not at all and 7 = to a vens when the elder said bye. In this example, the pilot did as
high degree, the experience of using such technologies waspected in S1-S4.
U =190 and o = 1.67. Thus there was a dual novelty To be able to assess whether the pilots acted according
for the participants in that they lacked experience of botto our expectations and whether the choice of formation
videoconferencing technology and MRP systems. correlated with perceived presence and ease of use, the
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AAAAAAA - = C. Experiment 1 - Relations between formations and per-
ceived presence

One-way Anova tests were done to investigate whether
ot — = - there existed relationships in between the chosen formsatio
in the situations S1-S4 and and the different dimensions
of presence outlined in [17], [18]. We found differences in
the perceivedAttentional engagemerdepending on spatial
formation in S1 andComprehensiordepending on spatial
. ‘ _ ‘ - _ information in S4.
trgihi?{g S’Z’;S”I'(‘;rf”gte"t’;‘”gfoﬁlo‘t’;’]éhg :&;";ﬁt‘g”:rgﬂgﬁféeﬂ ‘;‘%‘P"Ot s Al pilots experienced a relatively highttentional engage-

mentwith the elder. However, those who droaheadof the

elder experienced a significantly higher level Attentional
,,,,,,,,, engagementith respect to those whéollowed the elder
' in (S1). Specifically F(1,19)=6.36< 0.05 (Xahead = 6.11,
SDyheag= 0.23 ande_ouow =5.78, SDsollow = 0.21).
The pilots who chose the hypothesizZeghapein S4 ex-
,,,,, PR perienced a highgComprehensiothan the pilots who chose
the side-by-siddormation, Specifically F(1,19)=4.26; 0.05
= ui and X__shape= 5.15, SD__shape= 0.96 among the 13 pilots
choosing the hypothesized formation amglqe by—side =
4.33, SDyige_by-side= 0.75 among the eight pilots who chose
the side-by-side formation. See Appendix. A for more dstail
on the dimentsions Attentional Engagement and Comprehen-

Fig. 6. An illustration of how the formations fluctuated duripilot 1-10’s
training session. Details on the formations are found in &ig.

sion.
actual occurring formations for each participant during th Considering that the period of time during which the pilot
situations S1-S4 were monitored. described the position of the remote control was short (e.qg.

13 s for pilot 1-1 in a side-by-side formation and 9 s for pilot
1-10 in a L-shape formation), it is interesting that theristsx
a significant difference in perceived Comprehension. The
Also, 14 out of 21 (67%) pilots chose to formvés-a-vis numbers indicate that the pilots who formed the hypothesize
formation while communicating in the kitchen in S2. ThelL-shape were also able to better understand the elder’s
other seven pilots formed laok-awayformation by looking intentions, thoughts etc. As pointed out in Section V-B, five
at the fridge or the wall to the right of the fridge. Two of the pilot's who chose the side-by-side formation in S4
possible reasons are that the Giraff is equipped with a widesere observed to steer the robot with more difficulty. It may
angle lens camera allowing the pilots to see a large field dfe the case that they were not able to focus as much on the
view, another is the fact that turning the robot around is aelder and thus not understand the elder’s intentions, thisug
effort and requires navigational skills. etc. to the same degree.

It was observed that, 13 out of 21 (62%) pilots chose to The majority’s choice of formation when describing the

go aheadof the elder on the way to the living room in S3. positi_on_ of the_ remote control and its re_lation @pmpre-
When leaving the kitchen, the pilot would have to move Oulgensm_nls well in I|ne_W|th Kendon. He claims that “In_ con-
of the way of the elder in order to follow. The fact that 8versat|9ns between just two persons, when the tqplc Is dis-
pilots did not go ahead of the elder implies that the robot mal bodied, the arrangement tends tolJaszhaped..TypmaI_ly,
have been more difficult to navigate than what was express en two people greet one another and then continue to

in the questionnaire. Another reason may be that the piloigk together on some topic, they can be observed to begin

were focusing on the interaction with the elder rather thalfith a face-to-face arrangement and then to shift EO an L-
arrangement as they move from salutation to talk” pp. 8-

on navigating the robot.
gating 9. [16]

It was expected that an L-shape would occur when finding To summarize, as hypothesized in H1 there are correlations
the remote control to the television set in the living roomn petween what spatial formations the pilots used and how

(S4). 13 out of 21 (62%) pilots formed lashapebut the  spatially and socially present they felt in the environment
other 8 formed &side-by-sideshape in the space restrictedzng with the elder.

area. It is worth noting that those who formedsale-by- ] ) )

side shape had general difficulties navigating the GiraffD- Experiment 1 - Relations between formations and per-
as observed by the researcher. The assumption of an ¢eived ease of use

shape configuration in this situation seems reasonable andThe pilots were asked to respond to a number of questions
corresponds with the fact that comfortable drivers of theuch as “How was it to connect to Giraff?” on a likert scale

Giraff conform to this configuration. 1-7 where 1 = very difficult and 7 = very easy. The users

In total, 18 out of 21 (86%) pilots chose follow the
elder from the bedroom to the kitchen in S1.
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have responded 5 or higher in average on all questions asked [Ex 5] “She turns the back on me when leaving the
regarding the perceived ease of use. One-way Anova analysis bedroom. | do not know if she could possibly back
reveals that the perceived ease of use varies depending on out and keep interacting with me on the way out.
the occurring spatial formations in S1 and S2 but not in S3 Technically it should not really be a problem huh
and S4. so that we can keep the eye contact.”

The pilots who did as hypothesized in S1 answeredome elderly chose to move themselves in order to re-
significantly higher on how easy it was to start the Girafionfigure the spatial formation to face the pilot (vis-ayvis
application, F(1,19)=4.58< 0.05. The mean value for the pApparent in the bedroom was also that some elderly changed
pilots choosing tdollow wasXtoliow = 6.67, SDfollow = 0.59  the spatial formations depending on what item that was
while the value for the pilots choosing to gtheadwas described in the room. To conclude, spatial formations is of
Xahead= 5.67, SDaneag= 1.53. It could be the case that pilots re|evance for the local users while interacting with a perso
who found the interface easier to use were more focused Plloting the Giraff. Worth noting is also that all elderly wiol
the task at hand (follow elder to the kitchen). have preferred that the pilot adjusted the height of thef(Sira

There is a significant statistical correlation between thgile interacting with the elderly when sitting in the sofa.
pilots’ choice of positioning in S2 and how easy the pilots

thought it was to leave the docking station (F(1,19)=8.14, VI. CONCLUSIONS
< 0.01) and to make a u-turn (F(1,19)=9.14,0.01). The
pilots who chosevis-a-visformation during the interaction
with the elder perceived it as easier to both leave th
docking station Xyis—a—vis = 6.79, SDyis—a_vis = 0.43 com-
pared toXjgok—away = 5.57, SDgok—away= 1.51) and to make

In this paper, we have investigated tools for measuring the

uality of interaction in social mobile robotic telepresen

sing Kendon’s theory of F-formations, that is how bodies
naturally orient themselves, the interaction between an el
0K der and mobile robotic telepresence system was monitored
a UM Kiis-a-vis = 6.21, SDis-a-vis = 0.58 compared during a scripted scenario. In addition a questionnairé tha
10 Xiook-away = 471, SDook-away = 1.70). AS previously  ,ssocseq the perceived presence and ease of use was filled

discussed in Section V-B, one of the possible reasons fBS/ the pilot users. Correlations between the dimensions

not pqsitioning the Giraff in a vis-a-vis formation with the measured in the questionnaire and the chosen spatial for-
elder in S2 was that an extra effort was needed. The p'lo}ﬁations emerged. In a second experiment, it was found

havmg chqsen the Vis-a-vis format|on also respondg tet tr?that spatial formations between the pilot and an elder were
perceived it as both being easier to leave the docking atat'%lso of importance for a comfortable interaction from the

ar_1d to make a u-turn with th_e Giraff. For them, steering thﬁerspective of an elder. This work has shown that tools
Giraff in to a vis-a-vis formation could have been considereg ., a5 £ formations, the Temple Presence Inventory and
as being Ie_ss .Of an effprt than for the ones having MOMe Networked Minds Social Presence Inventory are useful
trouble navigating the Giraff. . for evaluating the quality of interaction in mobile robic
in between what spatial formations the pilots used and ho?éepresencg systems. The 'experlmlents Sh.OWEd that these
) } Wols are suitable for evaluating mobile robotic telepnese
easy to use they perceived the Giraff system to be. and also that the correlations found in experiment 1 can give
E. Experiment 2 - Spatial formations from an elderly perimportant guidelines on how to better operate the robotit un
spective in order to increase the quality of interaction. The intitia
While only an initial analysis of video and voice-recording2n@lysis of experiment 2 is that using the F-formations are
data has been performed it is clear that the importance pPortant from the elderly local users point of view. For
eye contact while interacting with a pilot in the Giraff is€x@mple, improving the interface in order to allow easier
emphasized by most elderly. This is revealed not only in thitation of the robot in order to change spatial formation
retrospective interviews but also in the video data with somtould lead to a higher perceived comprehension of the

of the elderly experiencing the unnatural spatial formatio thoughts and intentions of the other and a higher quality
while interacting with the pilot user. in the interaction for the pilot as well as the local users.

[Ex 1] “[...] it should be turned towards me. The Further experimentation is necessary to better understand
contact is needed”” ' the correlations between spatial formations and intesacti

[Ex 2] “The eye contact was there, | think that partquality and future work will focus on collection of more
is important.” ' experimental data.

[Ex 3] “I almost had to move myself so that | could A openpix A SUPPORTING DEFINITIONS ONPRESENCE
see her.[...] | should see the one | talk to.”

A few elderly were concerned about not seeing the pilot 1€ Object Realisntontained two questions:

during the movement between rooms during the home tour. 1) The objects you saw looked like they would have done
[Ex 4] “It felt a bit strange when she had turned in reality.
towards the table in the kitchen. | was instructed to 2) The objects you saw sounded like they would have
go there but it felt weird to see her from the back done in reality.
so to say.” The Person Realisntontained two questions:
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1) The person you met looked like it would have done in17] A. Kristoffersson, S. Coradeschi, A. Loutfi, and K. S. l@&idh,

reality. “Towards evaluation of social robotic telepresence basetheasures
. . of social and spatial presence,” Proc of the HRI 2011 Workshop
2) The person you met sounded like it would have done  gggial Robotic Telepresenc2011.
in reality. [18] A. Kristoffersson, K. S. Eklundh, and A. Loutfi, “Measng the qual-
oo ity of interaction in mobile robotic telepresence a pilotargpective,”
The level of co-presencefis influenced by the degree to Int J of Social Robotigs2012, to appear, DOI: 10.1007/s12369-012-

which the user and the agent appear to share an environment 0166-7.

together, p. 5” [4]. Theco-presenceas used in this study [19] H. Kuzuoka, Y. Suzuki, J. Yamashita, and K. Yamazaki, “®&®-
uring spatial formation arrangement by robot body orientgtiin

consists of only four questions: Proceedings of HRI 2012010, pp. 285-292.
1) | felt that x and | were in the same place. [20] M. Lombard and T. Ditton, “A literature-based presence
- : . measurement instrument the temple presence inventory (tpi)
2) | believe that x felt as if we were in the same place. (beta)” M.LN.D. Labs, Temple University, PennsylvaniaSAl
3) | was aware of that x was there. Tech. Rep., 2004, accessed 6 November 2011. [Online]. Alaila
4) x was aware that | was there. http://astro.temple.edu/lombard/research/P2sckl€g.doc

. [21] P. Marshall, Y. Rogers, and N. Pantidi, “Using f-forntats to analyse
The attentional engagemeriseek to measure the degree to ~ spatial patterns of interaction in physical environmenits,Proceed-

which the users report attention to the other and the degree ings of CSCW 20112011, pp. 445-454.

- - - 2] R. Meisner, D. von Lehn, C. Heath, A. Burch, B. Gammon, and
to which they perceive the others level of attention toward% M. Reisman, “Exibiting performance: Co-participation in esute

them, p. 10" [4]. TheAttentional engagemenais used in this centres and museumsiit J of Sci Edug vol. 29, pp. 1531-1555,
study only contains two questions: 2007.
. [23] QB, http://anybots.com, accessed 6 November 2011.
1) | payed attention to x. [24] Texai, http://lwww.willowgarage.com/pages/texaioview.
2) X payed attention to me. [25] VGo, http://lwww.vgocom.com/, accessed 6 November 2011.

L . [26] F. Yamaoka, T. Kanda, H. Ishiguro, and N. Hagita, “A modél o
Comprehensioiis the degree to which the user and the other ™ proximity control for information-presenting robotdEEE Trans on

understand their respective intentions, thoughts etc. Robot vol. 26, no. 1, pp. 187-194, 2010.
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Teleoperated android for mediated commmunication:
body ownership, personality distortion, and minimal human design

Hidenobu SUMIOKA!, Shuichi NISHIO', and Hiroshi ISHIGURO!2

Abstract—1In this paper we discuss the impact of humanlike
appearance on telecommunication and overview our studies
with teleoperated androids. Due to humanlike appearance, we
show that teleoperated androids affect not only the local people
interacting with them but also the teleoperators who control
them at other locations. Such androids enhance teleoperator
feelings of telepresence by inducing a sense of ownership over
particular body parts. We also point out that an appearance
mismatch between an android and a teleoperator distorts the
latter’s personality that is conveyed to the local people. To
overcome this problem, we introduce the concept of minimal
human likeness design and demonstrate that a new teleoperated
android developed with a minimal human likeness design
reduces telecommunication distortion. Finally, we discuss some
research issues about the sense of ownership over the telerobot’s
body, the minimal human likeness design, and the interface
design.

I. INTRODUCTION

How can we perceive and be perceived as being present
at a remote location? Telepresence, which provides such
perceptions, is one of the greatest challenges faced by infor-
mation and communication technology. While such existing
personal telecommunication devices as telephones or video
chat only transfer user vocal and visual information to a
remote location, as telecommunication media, a telerobot
conveys other nonverbal information by remotely controlling
physical proxies in the location [1], [2], [3], [4]. Such proxies
are expected to enhance the quality of life for all people
by facilitating human-human daily interaction that requires
nonverbal information, including intimate communication,
elderly care, and support for sick children [5], [6], [7].

Many telerobots have been invented as physical commu-
nication media for teleoperators (visitors) in remote sites to
interact with partners (locals) in local sites. Since they are
designed to mediate human-human interaction, they share
fundamental communication skills with humans, such as
pointing, gesturing and making facial expressions. In con-
trast, their appearances often take different forms, including
humanoids, mobile robots, cute animals or imaginary crea-
tures [1], [2], [3], [4], [8], [9], [10] even though they have
to be considered the physical proxies of the visitors by the
locals.

This work was supported by JST, CREST and Grant-in-Aid for Scientic
Research (S), KAKENHI (20220002).

'H. Sumioka, S. Nishio, and H. Ishiguro are with Hiroshi Ishiguro
Laboratory, ATR 2-2-2 Hikaridai, Keihanna Science City, Kyoto 619-0288,
Japan sumioka@atr.jp, nishiolieee.org

2H. Ishiguro is with Graduate School of Eng. Science, Osaka
Univ., Machikaneyamacho 1-3, Toyonaka-shi, Osaka, 560-0043 Japan
ishiguro@is.sys.es.osaka-u.ac.jp

Obviously, our perception of others strongly depends on
their appearance. Research on personality has reported that
people judge other’s personality based on physical appear-
ance [11]. This suggests that telerobot’s appearance affects
visitor’s personality in human-human interaction mediated
by the robot. Studies on human-robot interaction have also
reported that humanlike appearance and the natural behav-
ior of autonomous robots cause people to respond to the
robots as if they were human [12]. People’s expectations
of a robot’s abilities and its performance are biased by
its appearance [13], [14]. These previous works suggest
that a telerobot’s appearance must be designed carefully
for smooth communication. However, insufficient attention
has been paid to telerobot appearance for mediated human-
human interaction.

Since the creation of Geminoid HI-1, the first teleop-
erated android (Fig. 2(a)) that closely resembles a living
individual, the influence of human likeness on mediated
human-human interaction has been investigated [15], [16],
[17]. While the geminoids were designed to provide massive
nonverbal information including the specific characteristics
of its model for locals, the telenoid has been developed
to explore minimal human likeness so that it can convey
anybody’s presence [18].

These studies show the influence of the telerobot’s ap-
pearance, summarized in Fig. 1, on the visitor’s feeling of
telepresence and the local’s feeling of the visitor’s presence.
They provide us with valuable insights not only about the
enhancement of these feelings but also about their reduction.
To understand how to design a telerobot system, we must
explore the influence of the telerobot’s appearance. However,
to the best of our knowledge, no such exploration has been
done in telecommunication mediated by telerobots.

In this paper, we describe how a telerobot’s appearance
positively or negatively affects visitors and locals in mediated
human-human interaction and overview studies with teleop-
erated androids. We first briefly explain geminoid, which
is a teleoperated android that resembles a living individual,
and its teleoperation system. Then we show that humanlike
appearance allows visitors to strongly feel telepresence by
inducing a sense of ownership over the geminoid’s body.
We also show that such an appearance creates in the locals a
strong feeling of visitor’s presence, although it cannot fully
duplicate the visitor due to technological limitation. Next
we indicate the negative effects related to the individual
characteristics inherent in the geminoid that might prevent
visitors from conveying their own personalities to locals. To
avoid this problem, a telenoid is introduced whose design
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Fig. 1. Overview of appearance’s influence on telecommunication: a)
enhancement of visitor’s presence. When a telerobot’s appearance resembles
the visitor, 1) the visitor feels a strong telepresence because of body
ownership over the telerobot and 2) the local has strong feeling of the
visitor’s presence. b) Reduction of visitor’s presence. When a telerobot’s
appearance is different from the visitor, the telerobot is anthropomorphized
by 3) visitors and 4) locals.

Fig. 2.

Geminoids:
Geminoid F (left) and model (right)

(a) Geminoid HI-1 (right) and model (left); (b)

is based on the concept of minimal human likeness. We
demonstrate that minimal human likeness design reduces
the distortion of the visitor’s personality. Finally, we discuss
research issues about the sense of ownership over telerobot’s
body, minimal human likeness design, and interface design.

II. GEMINOID AND ITS TELEOPERATION SYSTEM

The geminoid, which functions as a duplicate of a living
person, has been developed to investigate individual presence
(Fig. 2). Geminoid HI-1, which resembles a living male,
has 50 degrees of freedom (DoFs) including 13 for facial
expressions (Fig. 2 (a)). Geminoid F, which resembles a
living female, has 12 DoFs (Fig. 2 (b)), most of which are
used for facial expressions.

Z
leller.i Buttons
Normal Soon ‘ SAD ‘ ‘ SMILE | ‘
‘ ANGRY ‘ ‘ LAUGH ‘

THINK_R ‘

THINK_L ‘ EyeCenter ‘ ‘

(b) Example of interface for conscious behavior controller

Fig. 3. Teleoperation system setup and example of conscious behavior
controller interface. Setup and interface can be changed based on available
devices and required behavior.

Visitors control the geminoid with the teleoperation in-
terface from a remote room (Fig. 3 (a)). Both geminoids
have two different controllers: a conscious behavior con-
troller and an unconscious one [15], [16]. The conscious
behavior controller has such behaviors predefined by visitors
as offering to shake hands and smiling. The visitor can select
and run each behavior using a GUI (Fig. 3 (b)). While the
conscious behavior controller drives the geminoid’s behav-
ior to reflect the visitor’s intention, such subtle expressed
motions as breathing, blinking, and trembling are added
by the unconscious behavior controller to maintain natural
behavior. In addition to such semi-autonomy, the system has
subsystems to synchronize the geminoid’s face directions
and lip motions with those of its visitor. There are several
possible subsystems to achieve synchronization. A motion
capture system is an option to generate precise geminoid
movements, although carrying the system is difficult. We can
also use a more portable system, such as a face recognition
system, which computes the visitor’s face direction through
camera images, and a speech-driven lip motion generation
system, which generates lip motions from the visitor’s vocal
information of the visitor [19]. Actual motor commands are
sent to a control server for the geminoid by TCP/IP.

III. VISITOR’S TELEPRESENCE ENHANCED BY A SENSE
OF OWNERSHIP OVER TELEOPERATED ANDROID

Several visitors of geminoid reported that when they
looked at another person touching a part of its body, they felt
as if they were being touched [16]. A similar phenomenon, a
sense of ownership over an artificial body or body part, has
been reported in virtual reality and neuroscience. A famous
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example is the rubber hand illusion [20], where a partici-
pant’s hand is removed from sight while an artificial rubber
hand is placed in view. When an experimenter synchronously
strokes both hands, most participants report that in less than
a minute they actually feel the touch on the rubber hand. This
phenomenon is strongly induced if the same body part as the
presented artificial body part is stroked [21]. This indicates
that a sense of ownership is evoked over an artificial object
if it resembles a human body or a body part.

While in the rubber hand illusion a sense of ownership
was induced when visual information matches the tactile
one, Nishio er al. hypothesized that such a sense was
induced when visitors observe the geminoid motion that they
control [22], [23]. In their experiment, participants looked at
the geminoid’s right arm moving through a head-mounted
display from a first-person point of view in synchronization
with the movements of their real arms. They also experienced
two other conditions where the geminoid’s arm movements
were moved based on those of the participant with a delay
and were not moved at all, even though the participant’s arm
did move. They were told to move their right arms from
side to side every three seconds for one minute'. After each
experience, the participants watched an experimenter gave an
injection into the geminoid’s arm. Participant reactions were
measured as a physiological responses (skin conductance re-
sponse; SCR) and subjective ratings for a sense of ownership.
The results showed that in the synchronous condition, they
showed a significant change in SCR and a significantly strong
sense of ownership over the geminoid’s arm. Although the
participants observed the geminoid from a first-person point
of view in this study, a follow-up study reported that the
sense of ownership occurred even when they observed the
geminoid from a third-person point of view [24].

Surprisingly, this phenomenon occurs even when the gemi-
noid is controlled not with the actual body movement of a
visitor but with the visitor’s brain activity [25]. Alimardani
et al. explored whether the control of a human-like robot’s
hand through a noninvasive brain computer interface (BCI)
enhanced a sense of ownership over that hand in the absence
of visitor’s hand motions. Participants wearing an electrode
cap made a gripping motion with either the geminoid’s
left or right hand based on the experimenter’s directions
by imagining that movement after some practice. After the
session, the geminoid’s arm was injected and the participant’s
SCRs and subjective ratings about a sense of ownership
were collected. When the geminoid’s hands only moved if
the motor command from BCI was correct and identical as
the cue (match condition), SCR was significantly different
from those when the geminoid’s hands did not move at all
(still condition). In addition, the participants felt a stronger
sense of ownership over the geminoid’s hands in the match
condition than in the still condition.

These results suggest that a teleoperated robot with a hu-
manlike appearance allows visitors to enhance their feelings

'Due to system delay in controlling the geminoid, the presented move-
ment of the geminoid was created by cutoff animation where the geminoid’s
arm moves in synchronization with their arm movement.

of being at a local site by evoking a sense of ownership over
the robot. This sense seems to occur not only when a visitor
observes the robot from a first-person point of view but also
from a third-person perspective. Furthermore, a visitor can
feel this sense even when the robot is controlled with the
visitor’s brain activity without the visitor’s actual motions.
What is interesting is that a sense of ownership can be
evoked by the telerobot’s humanlike appearance, suggesting
the important of the design of the telerobot’s appearance.

IV. LOCALS WHO FEEL THE PRESENCE OF VISITORS

The geminoids also allow locals to feel the presence of
visitors. Sakamoto et al. compared the presence of a person
mediated by different media (geminoid, video chat, and voice
chat) in group conversations [15]. In the condition with
a geminoid, its head movements (looking at a member or
nodding) were remotely controlled by a visitor. In the video
chat condition, the visitor’s face and voice were presented
to other members and only the visitor’s voice was presented
in the voice chat. The locals were instructed to have three-
minute discussions on given topics in all the conditions. After
each conversation finished, the locals rated their impressions
of the visitor conversations through a medium on a 7-point
Likert scale where 1 indicates a negative attitude and 7
stands for a positive one. The results showed that the locals
had significantly stronger feeling of the visitor’s presence
in the geminoid condition than in the other conditions.
No significant difference was reported among the geminoid
condition and the video chat in the human likeness and
naturalness of the presented visitor’s behavior.

A feeling of visitor presence seems to be influenced by
the human likeness of the telerobot’s appearance. Nishio and
Ishiguro [26] examined how the appearance of telerobots
affected people’s attitudes toward them. In their experiment,
participants were asked to have a discussion with physical
entities with different appearances (the geminoid, the model
person, a humanoid robot, and a static object). Through
the discussions, the model person tried to persuade the
participants by himself or through another physical entity.
The impression of the physical entities was rated on 7-
point Likert scales about the presence and personality of the
visitor and the naturalness of the behavior of the physical
entities. Factor analysis results showed that the impression of
the visitor’s presence and personality changes based on the
likeness to humans; the machine vibration of the artificial
agents makes them look unnatural. This implies that the
human likeness of the telerobot’s appearance is an important
component to convey a visitor presence to a local site.

Although the geminoids closely resemble living individu-
als, they cannot fully convey their presence to a local site, as
reported by Nishio er al. [17], who investigated how children
adapted to the geminoid and how much it successfully
conveyed its model’s presence. In their two-day experiment,
two children, the daughter of the model person and a boy
who did not know the model person, interacted with a
physical entity (the geminoid or the model person). Each
child had a conversational task, such as talking about family
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photographs or video movies, twice with both the geminoid
and its model. Two weeks later, both children had the same
task with the geminoid and its model again to observe
the process of adaptation to the geminoid. The interaction
was evaluated by the amount of conversational utterances
of the child or the entity for each task, the amount of eye
contact, and the amount of the children’s body movements.
The results suggest that even though both children were
scared by the geminoid when they saw it for the first time,
they gradually adapted to it. The responses of both children
toward the geminoid approached their responses toward the
real person. Interviews after the experiments showed that
while the model’s daughter understood that the model was
controlling the geminoid, the boy who was not familiar with
the model failed to recognize the geminoid as the model
person. He thought that the geminoid was a person wearing
a strange mask. Perhaps, it is difficult for locals who do
not know a visitor to feel the visitor’s presence from the
geminoid due to its unnatural movements and appearance.

These studies show that teleoperated androids can provide
a strong feeling of visitor presence for locals even though
the geminoid cannot fully duplicate its model. The feeling
of presence seems to be associated with the human likeness
of the telerobot’s appearance. However, in locals, the realistic
appearance of telerobots might produce the uncanny valley
phenomenon [27], which is discussed in the virtual reality
community [28], [29] as well as robotics [30], [31], [32]. We
will discuss this issue in Section VII-C.

V. PERSONALITY DISTORTION DERIVED FROM
TELEROBOT APPEARANCE

We demonstrated that a teleoperated android with a very
humanlike appearance can enhance both the visitor’s feelings
of telepresence and the local’s feelings of the visitor’s
presence, even though the geminoid cannot fully duplicate
its model. However, does the enhancement occur even when
the android’s appearance does not resemble its visitor? In
this section, we address two kinds of distortions that affect
the conveyance of visitor personality. One is caused by the
visitors themselves and the other is caused by the locals
interacting with telerobots.

A. Distortion by visitors

An ethnographic case study conducted by Straub et al.
reported that the visitors themselves distorted their person-
alities due to the geminoid’s appearance [33]. They exposed
the geminoid to an open public space so that ordinary
people could freely experience interaction mediated through
the teleoperated android, both on the local site for facing
the android and on the remote site for controlling its head
motions and voice. The mediated interactions were analyzed
for verbal cues about the personality presentation on the
side of the visitor and for verbal cues about the personality
perception of the geminoid from the local site. Their results
revealed that the visitors talked to the locals not only by
presenting their own personality but also by presenting a

new personality that they created, mixing the robotic and
their own personality, or imitating the robot’s model person.

Similar distortion to what was reported by Straub et
al. [33], called the “proteus effect” has been reported in
research on virtual avatars [34] and showed that user attitudes
and behaviors change depending on the virtual avatar’s
appearance. The results by Straub er al. imply that the
proteus effect is also seen with teleoperated androids. This
might negatively affect telecommunication because visitors
do not convey their own personality to locals.

B. Distortion by locals

In addition to such personality distortion by visitors, the
mismatch between visitor’s personality and the personal-
ity imagined from the telerobot’s appearance disturbs the
perception of locals. The case study by Straub er al. [33]
reported that locals anthropomorphized and mentalized the
geminoid even when they suspected a visitor in the back-
ground. This implies that the telerobots’ characteristics in-
herent in their appearance strongly distort the impression of
visitors.

C. Speaker identification under distortions by locals and
visitors

As shown above, in mediated human-human interaction
locals might be affected by the distortions derived from
a visitor and the telerobot’s appearance. Is it possible to
identify visitors even when personality distortion by a visitor
and the anthropomorphization of a telerobot by an local
occur?

The results of experiments conducted by Sumioka et
al. [35] offer insight. They investigated whether locals can
identify speakers only from conversational contents, using
the “Doppel teleoperation system,” which isolates several
physical traits from a speaker (Fig. 4). With this system, for
each of the communication channels to be transferred, one
can choose it in its original form or in the one generated by
the system. For example, the speaker’s appearance, voice,
and body motions can be replaced with the geminoid and
its operator while preserving the speech content. In the ex-
periments, participants identified actual speakers among four
possible candidates: their acquaintances, the experimenter’s
assistant, geminoid’s operator, and geminoid’s model. If they
selected the operator or the model, that means that the
locals’ decision was affected by geminoid’s behavior or its
appearance since the actual speaker was only selected among
their acquaintances and the experimenter’s assistant. The
results suggest that the locals had difficulty identifying the
actual speakers because the impression of the speakers was
distorted by geminoid’s behavior and its appearance.

This result indicates that it is difficult for locals to identify
visitors if their personalities are distorted by the appearance
of a telerobot and the visitors themselves. The distortion
derived from these sources prevents visitors from conveying
their personalities, which might be fundamental information
to feel their presence in a remote place.
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Fig. 4. Communication channels and their sources in Doppel system
proposed in [35].
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Fig. 5. Telenoid and its joints

VI. TELENOID: MINIMAL HUMAN LIKENESS DESIGN

As described in Section V, teleoperated androids have both
positive and negative effects to achieve visitor feelings of
telepresence and local feelings of visitor’s presence. One ap-
proach to overcome the negative effect is to project an image
of the visitor onto displays embedded in the telerobot [1],
[2], [3], [4]. However, a problem remains if the robot on
which an image of a visitor is projected has a machine-like
appearance. Another approach that emphasizes the robot’s
appearance is to design a telerobot with a minimal human
appearance. More precisely, we design a telecommunication
robot that has enough humanlike appearance for anybody
to feel its telepresence and to be felt by locals in local
sites. Such a minimal human likeness enables any person
as a visitor to convey his/her personality to locals with less
distortion from the robot’s appearance and to have a sense of
body ownership. The exploration of minimal human likeness
is a promising approach to achieve an effective teleoperation
system for telecommunication.

To explore such external characteristics, the telenoid? has
been developed as a testbed with a minimal human likeliness
design so that it resembles anybody (Fig. 5(a)). The telenoid,
which is 70-cm long and weighs about 4 kg, has nine degrees
of freedom (DoFs), most of which are assigned to control

2The hardware information is about Telenoid R2, the newest telenoid
model, which is lighter and smaller than Telenoid R1.

its eyes, mouth, and head; the rest are for its right and left
hands (Fig. 5(b)). It is covered with soft vinyl chloride® to
resemble a human.

The teleoperation system for the telenoid is the same as
the one for the geminoid except for the predefined behaviors.
Due to its simpler body structure, such easy behaviors as
waving goodbye or giving a hug were implemented. The
system is easy to use and carry because it has a face
tracking system based on camera image and a speech-driven
lip motion generation system [19]; it only requires a single
laptop with a web camera.

A. Design concept

While such existing teleoperated androids as Geminoid
HI-1 [15], [16] were designed to resemble a living indi-
vidual’s appearance as closely as possible, the telenoid’s
objective is to create a minimal human that allows people to
feel as if any visitor was actually close. It includes the fol-
lowing key features: 1) an omni-human likeness that enables
users to feel any person’s presence (e.g., a feeling of being
there); 2) holdability that facilitates physical interaction; and
3) mobility that encourages people to use it in a variety of
situations [18].

For a minimal human design, the robot’s appearance
should avoid preconceived ideas. Therefore, we removed as
many unnecessary features as possible from the telenoid by:
1) choosing features for communication, e.g., voice, with
humans and eliminating non-neutral ones, e.g., beard; 2)
reevaluating the chosen features to fit the design require-
ments by eliminating unnecessary features; and 3) obtaining
essential features. As a result, it can be perceived as either
male or female, young or old.

B. Reduction of distortion derived from the telerobot’s ap-
pearance

Kuwamura er al. addressed whether the telenoid can
reduce the distortion of the visitor’s personality and hy-
pothesized that telecommunication robots whose appearances
differ from humans distort the visitor’s personality more
than telerobots that resemble humans [36]. In their exper-
iments, participants had conversations with a visitor who
talked through one of three physical entities with different
appearances (the telenoid, a stuffed-bear robot that resembled
a RobotPhone [8], and a video chat) in three different
face-to-face conversations: free talk, hearing a visitor’s self-
introduction, and being interviewed by a visitor.

The visitor’s personality was rated using the Japanese Big
Five personality test [37], which is applicable for rating the
personalities of others as well as one’s own (e.g. [11]). The
test, which consists of a 60-item questionnaire answered on
a seven-point scale for pairs of antonyms, measures five
parameters of personality (extraversion, neuroticism, open-
ness to experience, agreeableness, and conscientiousness),
each of which includes twelve different items concerning
the parameter. The effect of the distortion by the appearance

3Telenoid R1 was covered with silicon rubber.
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of a physical entity was evaluated with the consistency of
the answers to the twelve items concerning a parameter in
the Big Five test.

The experimental results showed that the stuffed-bear
medium had low consistency on extraversion under the inter-
view situation and agreeableness under the self-introduction
situation. Such low consistency was not observed for the
telenoid and video chat cases. This indicates that the person-
ality transmitted through the stuffed-bear robot was distorted
under certain situations, suggesting that a minimal design
of a humanlike appearance can reduce the distortion of the
visitor’s personality.

VII. DISCUSSION AND CONCLUSION

A. Summary

Many telecommunication robots have been developed so
far to facilitate telecommunication among humans. However,
their appearance was quite different from that of a human,
although they were designed to act as physical proxies for
a human. To fully convey visitor’s information to a local
at a local site, we cannot ignore the design issue about the
telerobot’s appearance. This paper has shown the possible
impact of the telerobot’s appearance on telecommunication,
focusing on both aspects of visitor feelings of telepresence
and local feelings of visitor’s presence.

B. Investigation on a sense of ownership

An interesting fact is that visitors experience a sense of
ownership over teleoperated androids even though no tactile
feedback exists. This sense enhances the feeling of telepres-
ence. Although the sense of ownership is only experienced
over humanlike body parts [21], it remains unclear how
much human likeness is needed to achieve such a sense.
Can we have the sense when we use humanoid robots or
mobile robots? Another important issue is to investigate what
condition is required to evoke a strong sense of ownership.
These questions are future work.

One might argue that what we described here is not a
sense of body ownership but rather a sense of agency because
controlling teleoperated androids provides visitors with the
sense that they are causing an action of the androids [38],
[39]. Since our aim is facilitating telecommunication, it does
not matter what underlying mechanism is driven by human-
like appearance as long as it enables visitors to strongly
feel telepresence in a local site. Nevertheless, more deeply
understanding the mechanism should be addressed in the
future because it improves teleoperation systems.

Note that it also remains unclear whether a visitor’s sense
of ownership enhances a local’s feeling of visitor’s presence.
Visitors might feel uncomfortable interacting with locals
through telerobots unless the locals respond to the telerobots
like they responded to the visitors. For example, the locals
approach the robots at a distance that makes the visitors
feel uncomfortable if they do not consider the robots as
the visitors. This problem might not happen when visitors
have a strong sense of ownership because they express their
discomfort, such as moving the robots away from the locals.

Such reactions will help the locals understand the visitors’
feelings and treat the robots as the visitors. Therefore, to
facilitate telecommunication, we must study the relation
between the visitor’s sense of ownership and the local’s
feeling of the visitor’s presence.

C. Influence of visitor’s presence on locals

A main advantage of using teleoperated androids is that
they enable us to provide a strong presence to locals who are
at another locations. Group work with video conferencing
systems faces a problem because remote people become
“out-of-sight and out-of-mind” at local workplaces [40]. This
is not true of teleoperated androids due to their strong pres-
ence. Therefore, visitors can be actively involved in group
work through teleoperated androids. Actually, a field trial
about the group work of children using a telenoid suggested
that, once the member being mediated by a telenoid was
accepted as a group member with the help of the others,
all the children worked cooperatively [41]. However, this
study only observed group activity for a few days. Lee et
al. introduced a mobile remote telepresence system into a
workplace and observed interaction between it and local
workers for 2-18 months to investigate how remote workers
are accepted by local workers. They reported that the system
supported informal communications and connections among
distributed coworkers [42]. Such long-term observation of
human-human interaction mediated by a teleoperated an-
droid must be conducted as future work to examine how
teleoperated androids are accepted by children, workers,
and senior citizens and whether teleoperated androids have
unique influence compared with mobile robots.

One concern about using teleoperated androids is that
locals might experience the uncanny valley, which refers to a
sense of unease and discomfort when people look at increas-
ingly realistic virtual/artificial humans [29]. Locals might
have weird feelings about them if the android appearances
and movements are unnatural. However, anecdotal evidence
suggests that locals can overcome the uncanny valley. For
example, as described in Section IV, the children’s responses
toward the geminoid became close to their responses toward
the real person, although one mentioned that the geminoid
was a person wearing a strange mask [17]. Nishio et al
reported that ordinary people who saw the geminoid for the
first time had weird and nervous feelings, but shortly after
a conversation with it, they interacted with it without any
anxious feelings [16]. Such adaptation was also found in
short interactions mediated by the telenoid [24]. Almost half
of ordinary people interviewed in field trials reported positive
impressions about the telenoid. About 36% had negative
impressions. Interestingly, however, their attitudes became
positive after they hugged it. Positive attitudes toward the
telenoid were shared between schoolchildren [41] and the
elderly [24], [43] in different countries [44]. These studies
imply that brief interaction with teleoperated androids erases
or at least reduces anxious impressions about them. We
must investigate whether unnaturalness in the teleoperated
android’s appearance and movements prevents locals from
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feeling the visitors’ presence even after the locals have
interacted with the visitors mediated by the androids.

D. Exploration of minimal human likeness design

Although the telenoid’s design is based on empirical
knowledge derived from research on androids and geminoids,
further exploration is needed on the minimal design of human
likeness. For example, should legs, hands, and actuators for
facial expressions be included in a minimal design of a hu-
man appearance? We must consider whether the appearance
evokes a visitor’s sense of ownership and whether it lacks a
strong personality to distort the visitor’s personality.

Moreover, note that higher realism in the telerobot’s
appearance might increase expectations for behavioral real-
ism [45]. Such high expectations negatively affect the im-
pressions of visitors as suggested by a study on group work
in virtual reality that reported that the person represented by
the more realistic avatar was seen as standoffish and cold
because of a lack of expression [46]. Therefore, future work
must address the minimal design of a telerobot with a hu-
manlike appearance from both aspects of its appearance and
communication skills that are expected by the appearance.

E. Improvement of teleoperation systems

The design of an interface to control a telerobot is another
crucial issue to achieve a visitor’s feeling of telepresence.
A perspective to control the telerobot should be taken into
account because the rubber hand illusion does not occur
when the rubber arm was not aligned with the orientation
of the real arm [47]. A recent study, however, showed that
people whose visual ego-center was shifted to behind them-
selves with a head-mounted display felt a strong illusion of
being behind their own physical bodies when their chest was
tapped out of sight while they see tapping movement around
bottom of their sight in the head-mounted display [48]. As
mentioned in Section III, a sense of ownership occurred even
when participants observed the geminoid from a third-person
point of view [24]. This implies that visitors do not need to
have the same point of view as the teleoperated android to
feel telepresence. In addition, the input device to control the
teleoperated android should also be reconsidered because a
sense of ownership occurs even when the geminoid is con-
trolled with the visitor’s brain activity [25]. Improving our
user friendliness in operating a telerobot will allow ordinary
people to accept mediated human-human interaction.
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