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Abstract

To an increasing extent, robots are being designed to become a part of the lives of ordinary people. This calls for new models of
the interaction between humans and robots, taking advantage of human social and communicative skills. Furthermore, human–
robot relationships must be understood in the context of use of robots, and based on empirical studies of humans and robots in
real settings. This paper discusses social aspects of interaction with a service robot, departing from our experiences of designing
a fetch-and-carry robot for motion-impaired users in an office environment. We present the motivations behind the design of
the Cero robot, especially its communication paradigm. Finally, we discuss experiences from a recent usage study, and research
issues emerging from this work. A conclusion is that addressing only the primary user in service robotics is unsatisfactory, and
that the focus should be on the setting, activities and social interactions of the group of people where the robot is to be used.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

To an increasing extent, robots are being designed
to become a part of the lives of ordinary people.
Their tasks may range from entertainment or play,
to assisting humans with difficult or tedious tasks.
In these kinds of applications, the robot will interact
closely with a group of humans in their everyday
environment. This means that it is essential to cre-
ate models for natural and intuitive communication
between humans and robots.

Here we will focus on the use of a mobile service
robot, whose main purpose is to help one or more in-
dividuals, some of them with special needs, in a home
or workplace. The robot will move around in an envi-
ronment, inhabited by a group of people, and perform
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physical tasks, such as to fetch and deliver objects. It
may also keep track of various kinds of information
for the users. The robot is partly autonomous, and
it carries out its missions in the immediate, shared
environment, interleaved with rather frequent user
interactions. The users, on the other hand, are busy
with their ordinary activities while communicating
with the robot.

The analysis of the interaction between human and
robot, and the models to be used in design, should be
based on an understanding of the context where the
robot is to be used. This includes consideration of the
group of people involved, their goals and activities, as
well as the shared physical environment. The “division
of labour” between human and robot is rarely given
in beforehand, but may vary depending on the con-
text. Users may prefer to do certain tasks themselves
while they need assistance with others[19]. In other
cases, users may be expected to assist the robot on its
missions to compensate for limitations of autonomy
(“collaborative control”[10]).
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More than traditional computer applications, the
use of intelligent robots encourages a view of the
machine as partner in communication rather than as a
tool. This suggests that people can be expected to ap-
ply more social models of interaction than in ordinary
human–computer interaction. According to Reeves
and Nass[24], people always take advantage of their
social skills when communicating with a computer,
but this element can be expected to be particularly
strong in human–robot contexts. The design of the
robot can, in different ways, encourage a kind of
social interaction.1

The social character of human–robot interaction
does not imply, however, that the robot and the human
are assigned equal or comparable roles. In service
robot contexts, it is natural to view the robot as assist-
ing the human user. Neither does it imply that the robot
has to have a humanoid appearance. A survey carried
out in our research group[17] showed that the major-
ity of the participants preferred to view a service robot
as a smart appliance, although other perspectives,
such as a personal assistant, were also rated as accept-
able. The survey included 134 people from various
demographic groups, and with both men and women
participating to the same degree. When asked about
the degree of independence of a robot, the majority of
subjects preferred a robot that does only what it has
been instructed to do, and does not act independently.

Many research problems are emerging with regard
to how people may interact with a service robot, and
how such robots may be designed to be “socially
interactive” [9]. The research that already exists is
sparse, and has usually not focused on robots in
real-world settings. This paper discusses social and
collaborative aspects of interaction with a service
robot, based on our experiences of a recent project
involving the design and evaluation of the service
robot Cero. We will focus on the following issues:

(1) thepersonality of a robot, and how it may invite
to interaction;

(2) theparadigm of communication between user and
robot, and the extent to which it is based on human
communicative principles;

1 According to a taxonomy introduced by Breazeal[3], a robot
that uses human-like social cues and communication modali-
ties in order to facilitate interactions with people is “socially
communicative”. See also[9] for an extension of the taxonomy.

(3) how a robot canmediate collaboration and social
interaction within a group of people, based on
experiences from a longitudinal study of usage of
the Cero robot.

2. The Cero robot project

We have been engaged in a 3-year project with
the purpose of developing a fetch-and-carry-robot
(Cero) for motion-impaired users in an office envi-
ronment. The work has been user-centered, and has
involved several steps to capture user needs during
the design process. These have included task anal-
ysis and interviews with potential users, and simu-
lations of the robot’s functionality to study users’
reactions. Prototypes of the robot’s exterior design
and interfaces have been designed and evaluated in
an iterative fashion. Finally, a long-term study of
the use of the robot has been carried out, assist-
ing a motion-impaired user as part of a workgroup
setting.2

2.1. Basic features of Cero

The Cero robot has a simple, fetch-and-carry func-
tionality. It is based on a Nomadic Super Scout plat-
form with 16 sonar sensors to support navigation. The
present version of the robot (seeFig. 1) has a phys-
ical design made to support transportation of light
objects, with a special compartment for the objects to
be transported. The objects can also be placed on top
of the lid of the compartment, depending on the type
of the object (e.g. size, weight, whether it is a per-
sonal belonging or contains private information). The
robot can be controlled through a graphical interface,
running on a PC/Windows, and a speech interface. As
a complement, the top of the robot includes a small
artificial character, CERO,3 capable of issuing simple
movements. There is also a PDA-enabled graphical

2 The development process of Cero, including the various stages
of capturing user requirements, was described in[14]. The longi-
tudinal usage study was reported in[15].

3 CERO stands for Cooperative Embodied Robot Operator. Orig-
inally, the name was chosen for the physical interface character,
but it is now also used for the robot itself. In this paper, we try
to separate them by using capital letters when referring to the
interface character.
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Fig. 1. The Cero robot.

interface that has been developed for situations when
users are on the move.

Early in the project, a simulation study was per-
formed in the Wizard-of-Oz framework[7] to explore
how people would relate to a robot in the targeted
type of scenario. This gave important input to the
dialogue design, and comprised an initial iteration
of the robot’s physical design. A general conclusion
from the study was that users need explicit feed-
back at several levels to understand the state of the
robot; in particular, to what degree it has perceived
the instructions given, and where it is headed when
moving around. The latter problem was partly related
to the fact that the provisional robot prototype had
a cylindrical shape with few explicit indications of
its ways of operation (seeFig. 24). This led to the
idea of having a physical character as part of the
interface, which would both give the robot a visi-
ble front, and provide conversational feedback with
simple gestures, complementing the other interface
modalities.

2.2. Modes of operation of the robot

In the fetch-and-carry scenario, the Cero robot
has two basic modes of operation. The user nor-
mally initiates interaction by instructing the robot

4 Children did not take part as users in the study; this picture
was taken during a pause in the simulation trials, when the robot
attracted the interest of a visitor to the lab.

Fig. 2. Preliminary robot prototype used in simulation study.

to get or deliver an object, or to go to a specified
location. This is an autonomous navigation mode,
in which the robot fulfills its task by creating a
high-level plan, and activating a set of behaviors (such
as avoiding obstacles) to reach its goal destination.
Strictly speaking, the robot is only partly autonomous,
since fetching or delivering an object is some-
times dependent on collaboration with or between
users. This issue is further discussed inSection 5
below.

A second mode of operation is “near-navigation”.
During the user trials, it became apparent that the users
frequently needed to alter the robot’s location. For
example, the robot could not enter a user’s office be-
cause of high doorsteps. Therefore, she often wanted
to move it as close as possible to the door to be able to
roll over on her chair and meet it at the doorstep. We
thus decided to provide means for near-navigation of
the robot in two ways. In the PDA-enabled graphical
interface, the robot can be directly controlled in three
directions via a joystick button (seeFig. 3). A re-
lated feature has been created in the speech interface,
in the form of commands for a directive dialogue.
For example, a user can move the robot by issu-
ing the instructions “turn left”, or “go forward one
meter”.
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Fig. 3. Robot interface with direct control switch on a PDA.

3. Personality features of robots

An important aspect of a robot’s way of communi-
cation with a user is the image of itself it projects. The
survey mentioned earlier[17] showed that people’s
common images of robots are heavily influenced by
science fiction robots in film and literature. However,
when presented to the idea of a service robot in their
own home, subjects gave priority to more practical
characteristics, and preferred to view it as a smart ap-
pliance. Generally, there is a lack of useful models
available for the design of service robots, which might
give users a useful and adequate perception of them. In
designing the interfaces of Cero, we wished to present
the robot as intuitive, non-threatening and interesting
to use. This led us to consider aspects of personality
of robots in general.

People who encounter a mobile robot often at-
tribute animate or human properties to it. This seems
to be the case even when the robot has a modest
construction and a simple way of operation. In partic-
ular, it appears that for people to perceive a robot has
having animate qualities, the robot does not have to
have a humanoid appearance. Our observations sug-
gest that the mere fact that the robot moves around
in a non-predictable way may cause people to inter-
pret it as acting intentionally, and as having a kind
of personality. This is a feature that designers can

take advantage of, to affect people’s perception of the
robot.

According to Norman[23], giving a robot a person-
ality facilitates for users to understand its behavior.
To be usable, a device must in general project a sys-
tem image that can be used in developing a conceptual
model of how it works[21]. Norman uses Sony’s Aibo
robot as an example: the fact that the robot has the per-
sonality of a puppy makes it natural that it sometimes
does not understand or follow instructions.

It is important to design a robot’s personality in
ways that match its purpose. In an experiment con-
ducted by Goetz and Kiesler[12], subjects were given
instructions for a physical training pass, led by a robot
with two different communication styles. The same
robot was used in both conditions. In one condition,
the robot had a cheerful behavior, made jokes etc. dur-
ing the sessions, and treated the task as entertaining.
In the other condition, the robot was serious, and men-
tioned health aspects of the task. The results showed
that the participants liked the happy robot more, but
that they followed the robot’s instructions to a greater
extent in the condition with the serious robot. It is con-
ceivable that a robot’s personality would contribute to
a user’s sense of trust in its instructions. In any case,
a personality that is suited for one set of tasks may be
inappropriate in another set of tasks.

What characteristics of a robot contribute to its per-
sonality? Evidently, there are numerous qualities that
may affect the perception of a robot. Apart from the
explicitly humanoid characteristics that a robot may
have, it seems clear that its size, shape, colour, and
the character of its movements may be important.
In an experimental study performed by Butler and
Agah [5], the speed of a robot as well as its way of
approaching a human affected people’s perceptions
of it. Subjects were most comfortable with a slower
robot, or a robot approaching indirectly rather than
directly. Moreover, their reactions were affected by
the robot’s exterior shape: the level of discomfort per-
ceived during a fast approach increased if the robot
had a tall and humanoid body rather than a short, neu-
tral cylindrical shape. Smooth movements were pre-
ferred over jerky ones, and the distance to the robot
was also a factor contributing to the subjects’ percep-
tion of comfort. Adding a tall, humanoid robot body
attachment caused comfort levels to drop in all cases
studied.
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Fig. 4. The embodied interface character, CERO.

3.1. Designing Cero’s personality and behavior

The CERO character can be seen as a representative
for the robot, which is also a natural communication
partner. Alternatively it can be seen as the “driver” of
the robot. The robot itself is not humanoid, but the
CERO figure has some simple human traits, with a
head, arms and a body (seeFig. 4). We have devel-
oped a set of gestures that CERO is able to use in
interaction. For example, it can nod to give conversa-
tional feedback, and move its arms as if it was walking,
showing that the robot is on its way (see alsoFig. 5).

The CERO figure is thought to contribute to the
robot’s affordances[11,22]. The idea is that it should
encourage the use of human communication patterns.
The same kind of character could be used in interfaces
of other applications than robots. Green[13] has de-
veloped ideas of how a family of artificial characters
(“Ceroids”) could be part of the speech interfaces to
a set of home appliances, suggesting to the user that
they have the same communicative paradigm.

Fig. 5. CERO’s 4 degrees of freedom.

An animated figure can, through its gestures, ex-
press personal and emotional attitudes. It can be
portrayed as shy, withdrawn, modest and so on, and
thereby evoke reactions and associations that make
people attribute a personality to it, and that affect
how they engage in interaction. So far we have only
worked with gestures that express the state of the
robot and the human–robot dialogue, but emotional
gestures are also of interest.

Our work with the CERO figure is related to re-
search by Mizoguchi et al.[20]. They developed an
expressive robot that uses gestures and movements
to create a sense of familiarity to users. The purpose
is that such a robot could be a part of interface to
a range of devices. Their robot is technically more
advanced than CERO, it is slightly larger (27 cm) and
has 7 degrees of freedom (CERO has 4; seeFig. 5),
which gives many parameters to control and therefore
potential complexity in designing movements. An
interesting feature of their work is that they designed
a set of complex expressions, similar to “poses” in
ballet, using parameter settings that were assessed
with human subjects in experimental studies. They
have also studied the effects of velocity parameters
of gestures, to find settings that are experienced as
comfortable to users.

4. Communicative principles guiding Cero’s
dialogue design

To what extent spoken dialogue interfaces for robots
may be based on models of human conversation, and
in what ways this might have a beneficial effect on
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the design of service robots are still issues for ongo-
ing research. In the work with the spoken dialogue
interface for Cero, we have focused on providing a
dialogue that takes human dialogue strategies into ac-
count. Rather than using a strictly command-oriented
approach, where a natural language command is re-
actively followed by an action, we have developed a
dialogue model based on the principles of grounding
in human-to-human dialogue.

In human-to-human dialogue, the participants are
engaged in a joint cooperative behavior to achieve a
common goal[1,4,6]. When two participants are coor-
dinating their actions using natural language, they try
to reach a common ground relevant for the particular
task at hand. This is referred to asgrounding and is
achieved by exchanging pieces of information needed
to establish mutual knowledge, beliefs and supposi-
tions [6].

At the level of task-specification, we use acautious
grounding strategy aimed at assuring that the user is
certain about what instructions the robot has received
and is about to carry out. This means that the robot
acknowledges the user’s request by reformulating it as
a question, requesting confirmation by the user. This
may in turn be confirmed as requested or rejected, the
latter meaning that the robot cancels the mission in
progress.

In the following example, the robot receives a com-
mand that is only partially understood by the dialogue
system. The following turn by the user is aimed at
providing more information for the system. If the user
responds by specifying a location in the next turn, the
system may infer that the task of getting and the ob-
ject to be collected are part of common ground:

U Robot, get a paper from John’s office
[get paper].

R Get a paper from where? [requesting
specification of location].

The directive instructions used for near-navigation;
e.g. “turn left” are not grounded to the same degree as
the fetch-and-carry tasks. Here, anoptimistic strategy
is used so that only the first directive command given
by the user is grounded by asking for confirmation. If
a new directive command is issued, it is carried out
reactively, assuming that the user is in close vicinity
of the robot and is monitoring its movements.

Conversational feedback of different kinds is one of
the most important resources for grounding. Speech
and body gestures can be viewed as the primary modes
of production of feedback. Gestures may reinforce
speech by introducing redundancy; they may also add
information by expressing emotions and attitudes, or
providing illustration of verbal content. Gestures also
have an important role in communication management
(e.g. nodding to show the current message has been
understood).

At lower levels, the gestures of the CERO character
provide simultaneous feedback of the robot’s status,
displaying information about the perceptual status of
the system and information of low-level processing
of natural language such as speech recognition and
sentence parsing. The CERO character is interleaved
with the speech system so that it is both capable of
issuing conversational gestures reactively based on
system states (e.g. raised amplitude, spoken vowels)
and conventional gestures (e.g. emblems such as to
nod or shake its head).

Brennan and Hulteen[2] proposed a taxonomy of
eight categories or levels of feedback which corre-
spond to different depths of grounding.Fig. 6 shows
how these levels correspond to system states, with
feedback on the various levels given through gestures
and speech.

Level 0 concerns whether the system is active.
The next level concerns if the user has the system’s
attention, or the system has detected a human voice.
If the speech recognition system provides incre-
mental recognition of commands, the next feedback
level concerns partial results issued by the system
(this may be expressed by small head nods issued
by the CERO character). The categories three and
four concern natural language processing and may
produce different types of responses of the system
(e.g. a low confidence score might trigger a request
for the user to adjust the microphone, or asking the
user to repeat the command). The fifth category of
feedback is at the task level, e.g. asking the user to
confirm an action. The sixth category concerns ac-
tions and is typically signalled by the movement of
the robot itself. The last feedback category reports
the current actions of the system (e.g. “Going to the
kitchen”).

When designing the feedback system of Cero’s
speech interface, we have not attempted to construct



K. Severinson-Eklundh et al. / Robotics and Autonomous Systems 42 (2003) 223–234 229

Fig. 6. Feedback levels according to Brennan and Hulteen, and examples of their realizations in the Cero robot system.

gestures corresponding to all eight levels. Rather, the
animated CERO figure is intended to give feedback
for which the speech synthesis is not adequate or
sufficient, e.g. by displaying that speech has been
detected or showing that the system is switched on.

There are several remaining issues regarding the
speech interface that make longitudinal studies with an
onboard system challenging. The availability of robust
technology for far-field speech recognition should be
acknowledged as one of the most important ones.

4.1. Consistency between interfaces

Consistency is one of the most important proper-
ties of a computer system with regard to learnabil-
ity (see e.g.[8]). Designing for consistency means
to provide users with cues that help them predict the
system’s way of working, by using the same behav-
ior in different parts of the system. In the design of
Cero’s interfaces, we have strived for consistency be-
tween the graphical interface and the spoken interface.
This is done in two ways: first, the graphical interface

has an animated CERO figure in the upper-left corner.
Its movements provide feedback on the system state;
e.g. when the robot is moving, the figure waves its
arms. Secondly, the vocabulary of the graphical inter-
face has been chosen in such a way that word choice
and command style coincide as much as possible with
the speech interface. This helps users learn the speech
interface, by providing them with some words and
phrases that can be used in commands.

5. Social and collaborative interaction in a
workgroup setting

People who use a service robot in a workplace or
home already have a social environment and an es-
tablished way of cooperation in which the robot is to
be included. Regardless of what are the robot’s main
tasks, or the number of people using it, this overall
social context is likely to influence its use. Design-
ing interaction for a service robot therefore requires
an understanding of the variety of activities going on
in the shared environment.
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5.1. Longitudinal usage study

The Cero robot has been evaluated in a 3-month
field study,5 where one user from the target group
of motion-impaired people used the robot as a part
of her work. The aim of the study was to assess
the long-term effects of a service robot, beyond the
limited experiments and user evaluations already con-
ducted in the project. In particular, we were interested
in collecting data about the use (or non-use) of the
robot during a regular workday, gather feedback from
the user regarding the robot’s performance and its
interaction design, observe reactions from co-workers
of the user as well as visitors to the work environ-
ment, and explore the setting for unanticipated events,
to inform further design as well as human–robot in-
teraction research in general (see[16] for a more
comprehensive description of the study).

The study was conducted in a an office workplace
consisting of two adjoining corridors of about 70 m in
total length, hosting a workgroup of about 30 people.
Indirectly, another workgroup located at the end of one
of the corridors was also affected by the robot usage.

Data was collected in several forms, including:
(a) video recordings of four start-up sessions (about
1.5–2 h each); (b) direct observation in the environ-
ment throughout the study; (c) annotations about
critical events, requests for help, and other com-
ments made by the user directly to the researchers
or via e-mail during the study; (d) logs from the
system, monitoring the robot-system’s internal state
and all actions taken in its interfaces; and finally
(e) a post-trial in-depth interview of 1.5 h with the
subject 2 weeks after completion of the long-term
study.

The main focus was upon one single user, although
within the context of the entire workgroup setting. The

5 We are aware that the meaning of the term “field study” is
somewhat unclear when applied to the use of mobile, embodied
(social) robots. The term is chosen here to emphasize that the
study was carried out in a natural office setting, as contrasted
with experimental or laboratory conditions. Further, the study
used a predominantly qualitative approach, where understanding
is reached through interpretation of documented phenomena and
observed actions of the participants involved. The nature of the
data collected reflects a sensitivity to the context in which the
investigation is conducted, and the analysis takes account of
the richness, detail and complexity of the social setting.

user was a middle-aged female academic, who had a
neurological handicap resulting in a walking disability.
She could walk short distances with two crutches, but
was not able to carry any objects while walking. The
robot was intended to assist with the transportation of
objects such as books, papers, coffee cups etc. in the
immediate work environment.

During the trial, the robot was started every morn-
ing during weekdays, and placed at a standby position
close to the user’s workplace. She could then use it
whenever she needed it, at her own discretion. In con-
trast to a laboratory experiment, the complexities and
situated nature of interacting with the robot were in-
tensively studied at different levels. For example, the
user was frequently observed attending to the robot’s
graphical interface while in parallel interacting with
other people or doing other tasks.

When the user sent the robot to fetch or deliver
something, she either coordinated it with someone at
the destination, or accompanied the robot there herself.
For example, to get coffee, she would send the robot
to the kitchen, and then (perhaps somewhat later) go
there to make sure there was coffee available, pour a
cup, and put it on the robot’s tray. If someone else
was in the kitchen, they would sometimes offer to help
with this. There was no possibility for the robot to
do these tasks, because it lacked a grasping ability.
Neither could it discover the presence of a person at
the destination.

During the course of the study, the robot was driven
for a total of 108 h, covering a distance of more than
14 km in the office environment. The system log reg-
istrated 423 missions, 39% of which were transporta-
tions between the user’s office and the kitchen. In the
post-trial interview, the user confirmed that carrying
coffee cups and glasses of water etc. was an impor-
tant need of hers. This use of the robot was seen as
a significant improvement over asking other people to
do such tasks for her, providing the possibility to be
independent of other people’s assistance.

Through the data collected during the study, more
than 100 different design issues were brought up, some
cross-related to each other. These issues were anno-
tated with regard to the context of their occurrence and
categorized along different dimensions. Through this
careful documentation procedure, the field notes had
the important function of reporting back into the sys-
tem design, and to bring forward and relate issues that
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were previously unknown in relation to human–robot
interaction in an office setting.

5.2. Design aspects related to social interaction
in a workgroup setting

During the longitudinal study, many unexpected
events were observed that were a result of the var-
ious activities and social interactions going on in a
workplace, and that made us reconsider details in the
design of the robot. In particular, there were situa-
tions in which other people than the targeted user(s)
attempted to interact with the robot, or needed to in-
teract with it but did not know how to do it. Some of
these situations were not prepared for in the interface,
which was oriented towards the individual user and
concentrated on the robot’s missions.

While using the robot during daytime, the user in
the field study was normally doing her usual work
tasks. While the robot went on its missions, the user
would continue writing, talking on the phone, or hav-
ing meetings. As a consequence, she forgot several
times that she had sent the robot on a mission. The
robot was waiting at the destination, positioned in the
middle of the corridor, but the user was unaware of this
and continued with her work. Usually, this situation
was not a problem, since people could pass the robot
easily, and sometimes even found it amusing to find it
there. However, there was one exception: the cleaning
personnel could not pass the robot with their trolley;
neither could they move the robot because they were
not aware of how to operate it. In these and similar sit-
uations, someone had to alert the technical staff or the
primary user who had to send the robot back again.

When the robot was navigating through the corri-
dor, people who were passing by often tried to address
it. They asked for its name, tried to put hats on it etc.,
and in some cases even obstructed its way (this would
typically happen with student visitors). Generally, the
robot attracted people’s attention and was frequently
the object of spontaneous conversations (as illustrated
in Fig. 7). The robot, on the other hand, normally
slowed down or stopped when encountering a person;
this obstacle-avoiding behavior seemed to encourage
people to interact with it. Similar things often hap-
pened also when the primary user accompanied the
robot during a mission, resulting in frequent stops with
conversations about the robot during a mission.

Fig. 7. Bystanders with the Cero robot in the office environment
of the field study.

As a consequence of these observations related to
the workgroup setting, we found that at least the fol-
lowing three types of situations need to be accounted
for in the interface:

(1) While the robot is performing a mission, situa-
tions may occur when the robot must be moved
temporarily for reasons of safety or maintenance.
There should be easy and transparent ways for au-
thorised staff to operate the robot in such cases.

(2) When the robot is about to fetch or deliver some-
thing, and the user cannot follow it, another per-
son must help at the destination by placing objects
on the robot’s transportation tray. This means that
several people need to cooperate and coordinate
their actions within a mission. We may distinguish
between theprimary user, who initiates the mis-
sion and defines its overall goal, andsecondary
user, who is aware of the primary user’s needs
and agrees to help at the destination. There may
be several people acting as secondary users. All
of them must at least have the ability to assess the
robot’s state, to move it away from places not al-
lowed, and to send it back to its standby location
when the objects have been supplied.

The dialogue design could also be adapted so
that the robot can ask if other users are present, and
address them with clear instructions about how to
help in completing the mission. We have prepared
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for such collaborative missions in a modified in-
terface of Cero, so that the robot can instruct a
secondary user to help with a fetch or deliver task,
using synthetic speech. In addition, a hardware
switch has been placed on the robot’s cover which
can be used to send the robot to its final desti-
nation, after the fetch or delivery task has been
carried out.

(3) During interaction and navigation in the environ-
ment, there are other people crossing the robot’s
way, as mentioned above. Some of them are
staff, for whom the robot may be familiar. Others
are visitors, who may need information about
the robot and its purpose. We call these users
bystanders. For this category of users, a more
social dialogue would be of interest, on top of
the present task-oriented dialogue interface. This
means that the robot would be able to e.g. respond
to greetings and engage in a conversation about
itself, the schedule of classes or seminars, or other
current information that may interest visitors.

6. Issues for future research

The research about social qualities of human–robot
interaction is still in its beginning. Several influential
and impressive experimental systems have been built
that provide examples for design, and help raise cru-
cial questions. However, there is still little experience
showing how people interact with and relate to robots
in real-life settings. In this paper, we have focused on
service robots, and how they can be designed to com-
municate and collaborate with users in a transparent
and intuitive way. To advance knowledge in this area,
there is a need for more extensive empirical study of
robot use in real-life contexts, including efforts to cre-
ate new concepts and models that work across differ-
ent applications.

With regard to the personality of robots, there have
been attempts to create a methodological arsenal to
study people’s perceptions of robots in experimental
studies[18]. These will be helpful to study people’s
impressions of existing robots on a larger scale. How-
ever, it is also important to use more contextual ap-
proaches, by examining systematically how people
perceive and relate to robots in their own natural envi-
ronment, and how this relationship evolves over time,

to get richer information useful for design. These stud-
ies are likely to be more qualitative in nature, ranging
from single case studies to more ambitious field stud-
ies of the use of service robots.

The dialogue between user and robot has already
been studied by many researchers. Multimodal dia-
logue systems have been designed, but the state of
knowledge in this field is still fragmented. The expec-
tations on these systems have perhaps been too high,
and we need rich empirical experience of the use of
robust and simple systems in order to formulate new
and relevant questions.

Finally, there are several issues pertaining to group
collaboration and awareness that need to be studied
with consideration of human–robot relationships. How
do people view a robot as an embodied artifact, and
how can it mediate their own activities in a group or
organisation? How may the presence of one or more
robots contribute to and shape their activity over time?
These are broad questions that we cannot expect to
find answers to within a near future. But as robots enter
into the environments of more people, these questions
will be gradually specified and clarified to provide a
more solid basis for empirical study as well as design.
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