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Abstract—Human-robot interaction research is maturing to Sociable robots offer advantages not found in on-screen

the point where we can begin to build systems that interact with  agents or technology embedded in the environment, such as
people in their daily lives and provide support for particular 5, increased sense of social presence in an interaction (see

needs. We propose thatsociable robot systemsre systems . . . .
that comprise a sociable robot, other technological devices, Ref. [1]) and the capacity for touch and physical interaction.

methods for interaction, and methods for relationship creation ~ When there is a physically present, interactive robot, it opens
and maintenance. These systems can be designed as solutionsup the possibility of creating a complex relationship which
to address particular needs such as health care or behavior can provide the social support which has been shown to be
change goals. We discuss the social support benefits of creating useful in a wide variety of situations. This can be done in

a relationship between a person and a robot and offer ideas . -
for how this might be done. A system that is currently under animated agents as well, but our earlier work shows that some

development in our lab to help obese patients who have recently Of the important relationship factors are stronger in a robot
lost weight maintain their target weight is presented as an [1]. Social support encompasses feelings of caring, loving,
example of this kind of sociable robot system. and belonging; we define it more fully in section II-C. The
robot is a part of the system, serving as the interface with the
people, sensors, and actuators that encompass the remainder
of the system. There are two important aspects of the sociable
robot component: it has the capability of creating a particular
kind of relationship with the user to enable it to address, for

Researchers in robotics and human-robot interaction (HRI§X@mple, health care goals or behavior change desires.
are beginning to think about applications for interactive
robots that are capable of assisting humans in a variety of i ) o
situations. Companies are starting to capitalize on the use of Social and sociable robots (for a definition, see Ref. [2])
robots for entertainment, such as the Sony Aibo robotic do§OMprise a relatively new field of scientific inquiry. Many
or Hasbro’s My Real Baby, and to perform simple householdXisting robots (for example Kismet [3] and Mel [4]) have
chores as in the case of iRobot's Roomba and Electrolux’§€en built to be used in a laboratory setting, occasionally
Trilobyte vacuum cleaners. Several Japanese companies ha¥olving humans in experiments to test various aspects of
developed robots for therapeutic purposes as well, includin§'€ir interactions. A few robots have been built for real-
the NeCoRo cat from Omron and Paro (the “Seal Typé/vorld interactions (such as Pearl [5], Robowe [6],an_d Robota
Mental Commit Robot”) from Intelligent System. [7], and Paro [8]). There are service robots which have

Both the NeCoRo and the Paro are meant to create a bo§€N designed to interact with people in a real-world setting
between a person and the robot, but it is unclear how thiQutside of the Iabo_ratory in order to solv_e a specific problem
is accomplished thus far. However, the fact that this kind ofSUCh as Sage [9] in the museum). In this paper, we propose
robot is interesting both to these companies and to consumefE€ating & sociable robot system to assist in a particular
is one factor that motivates our work towards designing &roblem, that of weight management for individuals who
robot that can create a relationship with a human partner arfgfve lost weight and want to keep it off.
use the benefits of that relationship to provide advantages 19 pafinition
the person, such as helping with health care problems, as a i )
result. We believe that there could be a great benefit from N Ref. [2], Breazeal defines a sociable robot as a robot
creating robots to help people in a variety of situations thaf'at Participates in social interactions with people in order
could not be achieved through other kinds of systems. to s_atlsfy some internal goal or motlvat|on._She notes th.at

sociable robots rely on cues garnered from interactions with

*This work is supported in part by the Things That Think and Digital humans in order to function. These robots “model people in
Life consortia of the MIT Media Lab. social and cognitive terms in order to interact with them.”

Index Terms—Human-robot interaction, sociable robots, so-
ciable robot systems, obesity

I. INTRODUCTION

Il. SOCIABLE ROBOT SYSTEMS



In this work, we posit that these sociable robots will usemain technological fields we believe to be an integral part are
their interactions to fulfill a particular purpose. The purposethose of human-robot interaction and ubiquitous computing
varies depending on the system being developed, but ea¢hn overview of each can be found in Ref. [11] and Ref.
implementation of the type that we describe will be designed12], respectively). Important work also comes from psy-
so that the robot (and the entire combination of devices) hashology, social psychology, computer science, and artificial
a purpose that can only be met through interaction with théntelligence. In any given application, it is likely that other
user. fields will be necessary for creating a successful sociable
Here we define &ociable robot systeras a set of tech- robot system. As an example, in our obesity application, we
nological artifacts that can communicate with one anotheralso draw from work done in the fields of bariatrics, nutrition,
a robot that engages people in a social manner, the meaasd behavior change.
of interaction, and the network of people involved in the Recentwork in human-robot interaction has begun to move
interaction. The design of such a system embeds a sociablewards building systems that address specific problems,
robot and other technology into an existing social systemrather than only working on general-purpose robots in the
Thus we intend to augment and build upon current meankaboratory. Several examples of this type of robot were given
(technological or not) of addressing problems rather thamarlier, but none of these capture what we mean by a social
replacing them with robotic methods and implementations. robot system. They are concerned with the robot and the
We envision a sociable robot system comprising severahteraction, but do not typically integrate other pieces of
pieces of technology that are appropriate to a given applicaechnology nor the embedding of the system into a social
tion (such as sensors and actuators either on the person, rietwork.
the environment, or on the robot). Later we give an example The strength of existing work in HRI is the knowledge that
of a sociable robot system designed for helping people keelpas been gained about how to create an interactive robot that
weight off that they have lost. In this case, it is importanthas an internal model of itself, the world, and its interaction
to be able to sense amount of exercise and give users tipartner; has the ability to interact with people by reading and
ability to input dietary information, so the other technology expressing human (or human-like) conversational gestures;
in the system encompasses solutions to these needs. Tlaisd can express some of its state to the users with which it
use of appropriate technology is similar in spirit to Weiser’sis interacting.
definition of ubigitous computingn his 1991 article [10] The field of ubiquitous computing has achieved many
where he defined the term. successes in nearly a decade and a half of work (many
The most important aspect of developing the sociable robatutlined in Ref. [12]) in domains such as the classroom
in this system will be creating the means of interaction. Fo13], office [14], and the home [15]. In Ref. [12], Abowd
us, themeans of interactiorencompasses what the robot and Mynatt argue that the field of ubiquitous computing
knows (i.e., the information that it has access to or can gatheshould focus on making computing available at any time
with its own sensors), how it can process that information tan any location. While ubicomp researchers may focus on
present to the user or affect its interactions with the user, anthe computing capabilities of the environment, we consider
what strategies it uses to create and maintain a relationshtpe interaction with the overall system through an embodied
with the user over time. Much of the work from the field agent.
of HRI discussed below surrounds these issues and these gke g support

erhaps some of the most complicated portions of creating a ) . .
P P P P ¢ The main reason for having a sociable robot as part of

sociable robot system. . . : . ;
In addition to the technological components of the systemth's system is that it can provide social support to the user.

most sociable robot systems will fit into an existing or new 'Ne term “social support” has been interpreted in somewhat

ecology of people. These systems will not be developed iififferent ways, bUt we are referring here io Cobb’s use (in
isolation from human networks of support for the issues thaftef- [16]) describing social support as knowledge that leads
they are addressing, rather they should be integrated infG & Person feeling that they are cared for, that they are
contemporary organizations. In the example we present lat&?ved and thought highly of, and that they are a part of a
in the paper, we discuss how the system augments a curresr‘f?c'al network that will reciprocate their feelings and actions.
method of V\,/eight maintenance. This may be the ideal wa he kind of interaction described in this and other work on
to get a system accepted for use: integrate and extend glqciable robots (e.g. Ref. [2]) leads to a robot that is capable

existing model the the user can easily comprehend and s&f providing this social support. This can be provided through
the benefits of adopting the system. the creation of a long-term relationship, which we discuss in

the following section.
B. Relevant work The benefits of social support are clear and have been
The work that we propose in creating sociable robotdemonstrated for a variety of situations, such as higher cog-
systems draws on several existing areas of research. The twdive functioning in the elderly [17], general cardiovascular



performance [18], and general daily functioning [19]. A list and a robot in Ref. [22], both of which give insight into how

of the kinds of social support that can be provided includeo implement particular parts of an interactive system. Sidner,
emotional support, network support (being a part of a helpingt al. use a conversational model that tracks progress through
group), esteem support (increasing belief in the self to proan interaction and is based on analysis of human dyadic
vide help), functional support (in our case, the actual physicahteraction. Breazeal’s work models lower-level interactional
task that the robot or system performs), informational supporskills, drawing on the abilities of a human infant to conduct
(for the type of systems we describe, assistance in workingon-linguistic turn-taking sessions. Finally, there are a few
towards the health care goal for example), and the chance &xamples that we can use for how to measure the engagement
help another (could be providing some regular service to thbetween a person and a robot, both in a laboratory setting [23]

robot to feel needed as a part of the system). and in a real-world setting, a classroom of children [6]. Both
of these studies provide concrete measures of engagement
Ill. CREATING A RELATIONSHIP that can be used in future studies.
A. Important factors 2) Trust: Once a person is engaged with the system, they

There are three factors that are most important whefust then initiglly believe.that the system is going to work_
trying to create and maintain a helpful, long-term relationshi?nd then continue to believe that over the course of their
between a person and a sociable robot system. The robot mystationship with the system. Thus the system must make
be able to engage the user so that they will begin to interadi® capabilities clear initially (the “promise” of what it can
with the system in the first place and then motivate the usefl®) and follow through on this commitment over time. We
to carry out particular actions once they are engaged. Th@® Not want to develop systems in which users falsely place
system must also be worthy of the trust of the user, meaninf€ir trust, expecting it to do something of which it is not
that it can carry out the actions that it has “promised” that itcapable.
can do. Let us look at each of these three elements in turn. The concept of trust encompasses a number of factors such

1) EngagementEngagement is the manner in which two as rellablllty and Credlblllty, which concern the function of
or more parties begin, carry out, and end an interaction i#he system over time and the quality of feedback from the
which they recognize some connection to one another. I8ystem. Reliability relates to the system performing in the
humans, we see this in any conversational encounter whef@Mme way each time the user interacts with it. For these
two people attract each other's attention, begin and carry ongystems to be effective, we must go beyond laboratory proto-
discussion, and then disengage. (This happens in other typBges that function most of the time; they must be completely
of encounters and with multiple people as well; this is given'eliable in order for a person to develop trust in them over
as an illustrative example.) The ability to draw a person intdime. Credibility has more to do with the information and
an interaction and to successfully negotiate that interaction ig¢edback coming from the system. The robot must be seen
of great importance for a sociable robot system. Without thés presenting correct information to the user, whether this is
ability to create and maintain engagement, no other aspect 8#itside information (i.e. something it is programmed to have
the system will be relevant. In order to carry out any otheiknowledge about) or data about the user or their interactions
abilities of the system, the user must be willing to carry onWith the robot (health data that the system has observed over
regular interactions with the robot. time, for example).

There is work focusing on different aspects of how to There is currently little work on how to create trust in
extend this concept of engagement beyond human-humdrman-robot relationships. The work in Ref. [20] addresses
interactions. The work of Bickmore and Picard in Ref. [20] creating this aspect of a relationship. They note that while
shows a good examp|e of a model for drawing a human im@ersonification of an interface is helpful in increasing auser’s
repeated interactions with an animated agent and continuirigust, it is not sufficient to create trust. Earlier work we have
these interactions over time. They discuss the relationshigone (discussed in Ref. [23]) talks about how to measure
literature from the social sciences and explain how strategietgust, perceived reliability, and perceived credibility of a
that have been identified in interpersonal relationships cafpbot. These measures were found to be reliable and can
be applied to human-computer relationships. They then shofe used to measure aspects of trust in other work.
how these theories can be applied to human-computer inter- 3) Motivation: Many of the issues that we would consider
action in their implementation of a health-related behaviobuilding a sociable robot system require that the user play an
change application. This work shows some of the necessagctive part in its use. To do that, the user must be motivated
aspects of long-term interaction that must be considered arnd take part. There is work in understanding how to motivate
tracked over time. a person for behavior change (smoking cessation or weight

Several projects look at specific aspects of engagementnanagement, for example), some work in applying this to
such as gestures and looking behavior in Ref. [21] andechnological systems (the work of Bickmore and Picard cited
developing proto-conversational behavior between a humaabove in Ref. [20] is one of the only examples we know of),



but little work in applying this to sociable robots has beenother aspects of their interaction [28]. Only when a user has
done. a clear understanding of what the system is and what it can
A good overview of work done in motivation through be expected to provide can there be an opportunity for the
technology and theories for developing it further is givensystem to fulfill those expectations.
by Fogg in Ref. [24]. He discusses this idea under th
term captology (orcomputersas persuasivetechrology),
under which he groups several ideas related to changing A Very important, but little understood, aspect of the kind
attitudes and behaviors of people. The claim he makes is th&f relationships that are important in creating a successful
computers are better than people at persuasion because t{going interaction with a sociable robot system is the
can be more persistent, offer greater anonymity, can manad@ng-term nature of the relationship. In the literature on
a lot of data, use multiple modalities to influence a personfuman-human relationships, this is referred to as relation-
can scale up easily, and might be welcome in situations whe@ip maintenance [28], but there has been little work on
humans would not be. Some or all of these reasons will b&ither implementing relationship maintenance techniques or
relevant in any social robot system that we build. measuring aspects of ongoing relationships between a person
In Norman’'s recent book (Ref. [25]), he discusses whyand a sociable robot. The work of Kanda and chers (in Ref.
robots will be good in educational settings. His argumentd®]) gives an example of a longer-term interaction than most
come down to the motivational ability of robots, which meansStudies (on the order of 1 month), but we clearly need more
that if we agree with these arguments, then they will be good/0rk in understanding how the relationship between a person
in any situation where motivation is key. The claims in this@nd & sociable robot system evolves over time.
book are that robots can make learning (or other tasks) more The main factor that we must be concerned with is whether
engaging because they offer access to more information, ha{® System is keeping the user engaged and maintaining (or
the ability to make issues immediate through interaction, an§uilding) trust over time. Based on the human relationship
can be more exacting in their actions and responses thanliferature, we believe that this largely has to do with the
human. Both Fogg and Norman augur for the same thingSystem fulfilling the promises it has made to the user. This
the ability of robots to interact in engaging, motivational Means that the system must be able to carry through on
ways. This is exactly what we need in creating a social roboth® contract established between it and the user. It must

eC. Long-term relationship maintenance

system. also have means of expressing what it believes that it is
accomplishing and getting feedback from the user so that
B. How to create the relationship a common understanding may be established.

In order to create the kind of relationship we describe here, 1V. APPLICATION EXAMPLE: WEIGHT MANAGEMENT

we draw on what is known about interactions among people. |y the United States, the National Center for Health
Two of the systems that were mentioned above have triedtatistics at the Centers for Disease Control and Prevention
to implement theories of human relationship-building into areport that 65% of the adult population is overweight or
computational system. The best of examples of this are igpese (31% obese and 34% overweight, calculated using the
Bickmore’s description of the Rea real estate agent and thgody mass index, or BMI) [29]. According to the World
more sophisticated Laura exercise advisor (both described iealth Organization, this is an international problem, with
Ref. [26]). These systems encode the factors that need to bger 1 billion of the adult population overweight, with 300
tracked when creating and manipulating a relationship ovegjllion of these considered obese [30], and they state that
time. The main variables tracked are trust and the workingaimost all countries (high-income and low-income alike) are
alliance inventory, a measure commonly used in therapy angkperiencing an obesity epidemic” [31]. It is also known that

other helping relationships that tracks trust and belief in &f those who do lose weight, 90 to 95 percent are unable to
common goal of helping that the therapist and patient havReep the weight off long-term [32].

for one another [27]. ) )
To be successful along any of these measures, a systefn Obesity and weight management

must be explicit and clear on what benefits it can potentially We propose creating a sociable robot system that will
provide to the user. When a sociable robot system is introassist people who have recently lost weight in maintaining
duced to a prospective user, the workings of the system, ththeir target weight. We have talked to a physician whose
requirements expected of the user, how it is a part of a new awvork consists of treating overweight and obese patients about
existing social network, and most importantly what it offers toissues confronted in practice [35] and have found that one of
the user. This is analogous to the beginning of a relationshifhe leading current weight management methods has patients
between people or transition points in the relationship whemeeting with their doctor, nurse, or other health care worker
they negotiate what the nature of the relationship is (friendspn a regular basis (from once a week to once a month) to
student/teacher, lovers), what is expected of each partner, adiscuss their diet, exercise, and progress. (Refs. [33] and



[34] describe recommendations to physicians on treatingsing from the Aibo and the interactions that we are creating
obese patients that give further details of current treatmentill create engagement between the user and the robot.
methods.) In the periods between meetings, patients are askeders will be asked to interact with the robot at least once
to keep a written record of what they have eaten and how day and perform some “caregiving” tasks for the robot,
much they exercise. One difficulty with this is that mostsuch as recharging it. These are some of the aspects of
patients tend to grossly underestimate their caloric intake anithe interaction that will be measured through a long-term
overestimate their exercise time [36] even when trying tanteraction experiment that we will perform.
keep accurate measurements. It will also serve a functionaldle, demonstrating to the
The system that we propose has two purposes. The first isser how he is doing at meeting his exercise and and calorie
to help in automating some of the current treatment methodgoals on a regular basis. The person and robot might carry
in order to improve patients’ ability to track their own out a routine interaction each day where the robot serves as a
progress and behavior. We are building a system that wilfmirror” to the person’s behavior. When they are meeting the
allow patients to more easily and more accurately track theigoals that they have set for themselves, the robot will interact
behavior. Improvements can come in two ways. Automatiorin a lively and energetic fashion. If they have not achieved
of some record-keeping (such as time spent exercising) wiheir exercise goal or exceeded their self-imposed calorie
allow individuals to keep a running total of exercise timelimit, the robot will then perform this interaction in a more
without having to manually record every instance. A systeriethargic fashion, demonstrating the longer-term effects of the
that helps keep track of their eating and exercise will allowuser’s short-term lapse. The readability of these expressions
them to share this information with their doctor, which is ais of utmost importance to the system, so we plan to iterate
currently accepted method of improving record keeping, bythe design of the interactions until users report that they show
having their health care practitioner review their eating logsvhat we intend.
accompanied by pictures and teach them to more accurat
estimate calories consumed. ) )
The second is to take advantage of the benefits we have We aré currently co_nductlng_ ethnographlc_research on cur-
described in coming from sociable robots to engage th&entmethods fortreatmg obgsny and the weight management
patient more in their care and make them more aware of theRrocess. We are working with a local doctor whose practice
own progress. We believe that a sociable robot will be abl€onsists of treating overweight and obese patients. Now we
to create a relationship with the person that will allow them@re also starting to spend time in other venues to learn about
to become more engaged in their own long-term progresdne issues that are confronted both by those trying to keep
In our system, the robot will have both a functional and aweight off and those in the medical profession who are
relational Ble. Functionally it will serve as a “mirror” of the helping with this problem. In order to successfully build a
person’s behavior. (More details are provided in the followingSYStém, it will be necessary to spend time with physicians on
subsection on the implementation.) Relationally, the robofounds, in clinical group settings where people discuss their
will interact with the person on an ongoing basis, providingProgress in managing their own weight, and in non-clinical
some of the social support interactions we described earlief€ttings such as Weight Watchers groups.

D. Initial technical work

In parallel to the ethnographic work, we are working on

A brief description of our design includes the robot, otherimplementing some of the necessary relational behaviors in
sensors, technology, and people that comprise the sociabi§e robot and integrating the separate pieces of the system.
robot system. We are using a commercial, off-the-shelf roboj first step in evaluating the usefulness of the system will be
(the Sony Aibo) to prototype the interactions between aneasuring the readability of the behaviors on the robot. In
person and the robot in our system. We are using a wirelessrder to create the kind of relationship that is desired in this
pedometer on the person’s shoe to track exercise occurrenﬁgtem, the robot must be able to express several states to
and durations. There is a PDA-based form that can be carri e user. Before dep|0y|ng this on a full test of the System,
with the user for recording everything they have eaten. All ofye are studying this aspect of the interaction to make sure
the devices can communicate via wireless technology (botfhat it works as we expect. Once all pieces of the system are
Bluetooth and 802.11), giving the robot access to all of thentegrated, we will also run short-term user tests to verify
information it needs for its interactions with the user. the techno'ogical aspects of the System before dep|0y|ng in

After establishing an initial relationship with the user, a long-term trial for its actual weight management use.
the robot will perform two functions. It will serve as the

“face” of the system; the portion with which the user can V. CONCLUSIONS ANDFUTURE WORK
engage and maintain an ongoing relationship. This is its We have presented our definition of a sociable robot system
relational Ble. We believe that the interactions that we areand described the parts that make up such a system. Work

eé(_ Ethnographic research

B. System design



in psychology, social psychology, human-robot interaction[13]
and computer agents leads us to believe that such a system
could be beneficial in creating useful applications for long-
term interaction with humans. A framework for creating suchj14]
a system is described along with the outline of a system that
we are currently in the process of building and deploying. ”PS]
is our hope that the description offered here will be usefu
for developing sociable robot systems for other purposes.

We are currently building a prototype of the robotic
interactions and the interfaces for data entry and viewing.
We will run an initial experiment to determine whether the[16]
robot's actions are readable and iterate the experiment arg,
behavior creation until they are. We then plan to run a pilot
study of the entire system before introducing it to our targehs]
population to determine its effectiveness in a longer study.
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