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Abstract— Socially Assistive Robotics focuses on helping hu w“ (09
man users through social rather than physical interaction [1]. T
This paper describes the broad scope of socially assistive robotic:
focusing on a general description of robotic technologies that
have been and are currently being developed to assist peopl,,
with disabilities. The paper then proposes the grand challenges
of this field, and a list of milestones for achieving those the nexi
five to ten years.

Index Terms—Socially Assistive Robotics, Social Robotics !
Human-Robot Interaction

o Awtralia 127

Developed reglors 153

—+— Developireregions 55

I. SOCIALLY ASSISTIVEROBOTICS

OCIALLY intelligent robotics is the pursuit of creatini s
robots capable of exhibiting natural-appearing social qt
ities. Beyond the basic Capabllltles of moving ANA  ACt 1950 1065 1960 1965 1970 1975 1580 1995 1990 1965 2000 2005 2010 2015 2020 2006 2030 S 240 5045 205 Fad
autonomously, the field has focused on the use of the robot's
physical embodiment to communicate and interact with userg. 1. Trends in Percentage of the Elderly in the World; source: UN,
|n a SOC|a| and engaglng manner. One Of |ts Componen‘t\élorld Population Prospects”, The 2004 ReViSiOn; the data for Japan is
iall . boticsf helpi h based on “Population Census of Japan” (Ministry of Internal Affairs and
socially ass!st|ve robotic OCUSFT'S O_n e plng uman user%ommunications) and “Population Projection for Japan” (National Institute
through social rather than physical interaction [1]. The study Population and Social Security Research, January 2002).
of human-robot interaction (HRI) for socially assistive robotics
applications is a new, interdisciplinary and increasingly pop-
ular research area that brings together a broad spectrumAofCare of the Elderly
research including robotics, medicine, social and cognitive
sciences, and neuroscience, among others.
Assistive robotics in general and socially assistive roboti

As the world’s population is growing older, a wide array

fﬁf new challenges are arising. It is estimated that in 2050
. . , i .there will be three times more people over the age 85 than
in particular have the potential to enhance the quality of li ere are today (see Figure 1). A significant portion of the

for broad populations of users: the elderly, individuals wit Qeing population is expected to need physical and cognitive

ﬁ,%jilgal :m\p/)vilrr]mentr?it;’:\l/nd dtihoiﬁitlin reh::jblgtit'?n t:]err?tp)l/, ?é sistance. Yet, space and staff shortages at nursing homes
uals cog € disabiiities a evelopmental and,y other care facilities are already an issue today. As the

social disorders. elderly population continues to grow, a great deal of attention
and research will be dedicated to assistive systems aimed
at promoting ageing-in-place, facilitating living independently
In this section we review the principle application domain@ one’s own home as long as possible. Assistive robotic
of socially assistive robotics which have so far been identifiegystems for the elderly, therefore, require technologies capable
care of the elderly, care of individuals with physical recovef being commanded through natural communication (e.g.,
ery/rehabilitation and training needs, and care of individuaépeech, gestures), of fetching items, and of assisting with daily

Il. APPLICATION DOMAINS

with cognitive and social disabilities. activities (e.g., dressing, feeding, moving independently). In
) . ) _the context of socially assistive robotics, the first efforts have
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smiled and laughed more, and became less hostile to thei
caretakers and more socially communicative. More generally,
the research literature has demonstrated that the physiologica
health and emotional well-being of the elderly are ameliorated
in contact with animals [5], [6]. '

B. Care of Individuals with Physical Recovery, Rehabilitation
and Training Needs

Motivation is recognized as the most significant challenge
in physical rehabilitation and training [7]. Socially assistive
robotics technology has the potential to provide novel means
for monitoring, motivating, and coaching. Post-stroke reha-
bilitation is one of the largest potential application domains,
since stroke is a dominant cause of severe disability in the
growing ageing population. In the US alone, over 750,000 ) ) o ) )
people suffer a new stroke each year [8], with the majorif g'rghabﬁirt':tﬁzﬁ'?;é?:s; &g&“&%ﬂ:ggaf‘gdsgc[’fz'tf)’””g stroke patient during
sustaining some permanent loss of movement. Stroke patients
frequently have difficulty with everyday functional movements
and activities; the loss of function can be decreased through
rehabilitation therapy during the critical post-stroke period.
Such rehabilitation therapy involves carefully designed repet- |
itive exercises, which can be passive and active. In passive] &5
exercises, the therapist (or a robot) actively helps the patient™ §
to repeatedly move the stroke-affected limb as prescribed. In|
active exercises, the patient does the work him/herself, with
no physical assistance. e

The majority of rehabilitation robotics research to date
has focused on passive post-stroke exercises (e.g., [9], [10]
[11]). Socially assistive robotics, however, provides a means
of addressing active rehabilitation exercises. Eriksson aﬁﬁ. 3. Clara the therapist robot assisting a patient with the spirometry
Mataric [12] demonstrated a hands-off therapist robot thatercise (work done at USC [16])
assists, encourages, and socially interacts with patients, shown
in Figure 2. The shared physical context and physical move-
ment of the robot, encouragement, and continuous monitoriegery 166. Furthermore, the rate of diagnosis increased six-
were shown to play key roles in stroke patient compliandeld between 1994 and 2003. The cause of the increase is not
with rehabilitation exercises. Continuing work has studied keget known; however, early intervention is critical to enabling a
aspects of embodied human-robot interaction ([1], [13]) amsitive long-term outcome, and even with early intervention,
well as the role of human and robot personality ([14], [15])ynany individuals will need high levels of support and care
aiming toward establishing a “common ground” between thbroughout their lives [17].
human user and the robot and which permitting a natural,A number of research groups have examined the response
nuanced, and engaging interaction. of children with autism to robots [18], [19], [20], [21]. Each

A variety of other real-world domains feature repetitivef these studies has demonstrated that robots generate a high
exercises that require sustained motivation. For examptigree of motivation and engagement in subjects, including
Kang and Mataf [16] demonstrated a therapist robot whiclsubjects who are unlikely or unwilling to interact socially with
monitors and encourages a cardiac patient during breathimgman therapists. This presents the hope that a robot might
(spirometry) exercises (see Figure 3). be used as a "social crutch” which engages children, teaches
them social skills incrementally, and assists in the transfer
of this knowledge to interactions with humans. However,
the design criteria for what makes individuals with autism

Individuals with cognitive disabilities and developmentdikely to respond to these devices are not understood. The
and social disorders constitute another growing population thrabots used in these studies include four-wheeled rovers [18],
may benefit from assistive robotics in the contexts of specihthropomorphic robotic dolls [20], a spherical robot ball with
education, therapy, and training. Most of the socially assistieges [19], and an expressive snowman-like device [21]. These
research to date in this area has focused on Autism Spectmahots show a wide range of anthropomorphic characteristics,
Disorder (ASD). Current research suggests that 1 in evdrghavioral repertoires, aesthetics, and sensory and interactive
300 children will be diagnosed with ASD; studies have founcapabilities. While there are many studies of the effects of
prevalence rates that vary between 1 in every 500 to 1 timese interaction variables on typical adults, very little is

C. Care of Individuals with Cognitive Disabilities
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known about how individuals with autism respond to thedateraction, because the physical and social world yields form,

design dimensions. While we have many expectations for whybstance, and meaning from such interaction. The notion of

children with autism respond so positively to these robots, veenbodiment represents a strong concept in the phenomenology

have no direct experimental data that provide an analysis of thfe perception developed by Maurice Merleau-Ponty [30].

design criteria that are important to producing this respons&hree different meanings of embodiment are identified in that
Scassellati has identified a range of possible areas in whighrk:

social robotics technology may help to diagnose, treat, and, The physical embodiment of a human subject, with legs
understand autistic spectrum disorders [22], [23]. One of the and arms, and of a certain size and shape;

most promising areas is in the quantification and diagnosis of, The set of bodily skills and situational responses that
the disorder. To date, autism remains a behaviorally specified humans have developed:;

disorder [24]; there is no blood test, no genetic screening,, The cultural skills abilities and understandings that hu-
and no functional imaging test for its diagnosis. Instead, mans responsively gain from the cultural world in which

diagnosis relies on the clinician’s intuitive feel for the child’s  they are embedded.

social skills including eye-to-eye gaze, facial expression, bodyA" three of the above aspects must be considered when

postures, and gestures. These observational judgments @feiny an embodied robotic system. Nevertheless, it is well
then quantified according to standardized protocols that gl pjished that people attribute intentions, goals, emotions,
bF’th Imprecise and. §quect|ve ,(e'g"_ [25], [26])' The broag personalities to even the simplest of machines with life-
disagreement of clinicians on individual diagnoses creat@s, 1ovement or form [31]. Because of this combination of
difficulties both for selecting appropriate treatment for i qherties, embodiment constitutes a key means of establishing

dividuals and for reporting the results of population-basgg, o ronot interaction and user engagement. First efforts in
studies [27], [28]. Assistive robots offer a unique opportunityic area have already been made (e.g., [32], [33]).
for quantifying social behavior. Because these systems are

designed to detect, measure, and respond to social behavior, _
they offer a repeatable, objective, and quantitative descriptin Personality
of the social responses of an individual that is relatively free Personality is a key determinant in human social inter-
of observer bias. Ongoing work focuses on whether or not thetions. Research has shown a direct relationship between
information gathered from these systems is a useful diagnogiersonality and behavior [34], [12], [35]. In [36], Morris
instrument [29], [22]. indicated that, to the personality psychologist, the behaviors

The above-listed three application domains constitute tbé greatest importance are those that are:
largest beneficiary populations relevant to socially assistive, Relatively pervasive in the person’s life-style in that they
robotics today, but it is expected that other uses and benefits show some consistency across situations;
of the technology will continue to emerge as the field grows. , Relatively stable in the person’s life-style across time;

« Indicative of the uniqueness of the person.

Ill. Focl OF STUDY IN SOCIALLY ASSISTIVEROBOTICS Consequently, personality is also a key factor in human-

Social behavior plays a fundamental role in assisting albbot interactions (HRI) [37], [38]. It has been argued that
people, including people with special needs. The robot'sbot personality should match that of the human user [38].
physical embodiment, its physical presence and appearantéijle there is no generic definition of personality, one
and its shared context with the user, are fundamental fdefinition, based on the literature [39], [40], [36], defines
creating a time-extended engaging relationship with the uspersonality as the pattern of collective character, behavioral,
We posit that an adaptive, reliable and user-friendly handemperamental, emotional and mental traits of an individual
off robot that can provide an engaging and motivating cuthat have consistency over time and situations.
tomized therapy protocol to participants in school, clinic, and To date, little research into human-robot personality match-
ultimately, home environments, can establish a very compling has been performed. The first efforts towards investigating
and complete human-robot relationship. To make this possidilee role of the robot's personality in the hands-off therapy
such robots must be endowed with human-oriented interactiprocess, by Tapus and Matarifocused on the relationship
skills and capabilities, exhibit context and user-appropriatetween the level of extroversion-introversion of the robot and
social behavior, and focus attention and communication time user [14].
the user in order to help the user achieve specific goals.

Wg propose to .organize the challenge_s of socially assistie Empathy
robotics around six broad, and naturally inter-related, researc
topics: embodiment, personality, empathy, engagement, ada|
tation, and transfer. We briefly discuss each in turn.

t]_Empathy is a provocative construct, evoking debate over its
easurement in any context, and its potential applications in
robotics. It is particularly relevant to socially assistive robotics,
) because it is known to play a key role in patient-centered
A. Embodiment therapy; it implies the apprehension of another’s inner world
The robot’'s physical embodiment plays a key role in itand a joint understanding of emotions.
assistive effectiveness. Embodiment denotes not only physicaEmpathy is important in therapeutic improvement (e.qg.,
reality but also participative status. We focus on embodigdl]) and their assumption that empathy mediates pro-social
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behavior (e.g., [42], [43]). Rogers [41] showed that patientaust be capable of careful consideration of the user’s needs
who have received empathy, genuineness, and unconditioaadl disabilities.

positive regard from their therapist recovered faster. Therefore,
we posit that empathy can ameliorate patient satisfaction a,gd

motivation to get better, and enhance adherence to therap¥ . . . . . .
programs in the context of patient-therapist interaction. n addition to crafting an interaction that is meaningful

Machines cannot feel empathy. However, it is possible #d €ngaging while the user is with the robot, one of the
create robots that display overt signs of empathy. In ordegsearch goals f_or most socially assistive robots is to cregte
to emulate empathy, a robotic system should be capable!®f9g-term behavioral change. For example, we want a child
recognizing the user's emotional state, communicating WiWIIth autism to not only practice and learn soua.I skills while
people, displaying emotion, and conveying the ability of takin teracting with a robot but also to see these skills transfer to
perspective. It should appear as if it understands othe eir interactions with peers and parents; we want robots that
emotions, can mimic those emotions, and can behave agffiance and monitor physical therapy for stroke patients to
the others’ emotions affect it. People experience emotions d#/€ @ lasting impact on the patient's ability and willingness
express those emotions to communicate to others. We pdSitngage in physical therapy without the robot's prompting;
that the understanding and exchanges of emotional expressifiswant the elderly individual who engages in social story-
between people and machines will reinforce the formation lling with a robot to also be more apt to engage friends

the desired assistive relationships we outlined above. and family. While we have some understanding of how to
enhance skill transfer and behavioral change via human-human

D. Engagement interactions, it i§ an open .qu.estion how t.o.l?est structure robot-
' human interaction to maximize the possibility of these transfer
Engagement is an important element in socially assistiéguations. In many ways, skill and behavior transfer is the

robotics, referring to the establishment and maintenance fimate metric of success for many types of socially assistive

a collaborative connection between the human user and Hi&ices. The demonstration of this transfer requires longitudi-

robot. Assuming human-human interactions as a baselinen§ studies of individuals engaged in regular interactions with

engage in social interactions, a robot must be aware of humapotic systems. The technical challenges of long-term user

presence and able to understand when humans want to intergigldies with what are usually research prototype devices are
Also, to have a natural interaction, the robot must be abigth substantial and numerous.

to take initiative by drawing attention to itself. These can be
achieved either by maintaining persistent eye contact or by
fixating gaze on the user while maintaining a certain distance
that can facilitate social interaction. Both verbal and non-
verbal communication are also necessary so as to establish ay iS clear that socially assistive robotics presents great
engaging interaction. The robot should be able to communic®@tential uses and grand multi-faceted challenges. Here we
with the user through both verbal and non-verbal channels; fitempt to summarize the latter.

example, while the user is speaking, the robot should appear

engaged or disengaged in the conversation and should nohinResearch Questions and Challenges

approval or express disapproval. Work with simple agents and

robots that have addressed engagement includes [44] and [45 ~umerous mterestmg questions and ISSUes negd to be ad-
dressed toward creating robust, reliable, user-friendly, em-

) pathetic, and encouraging socially assistive robotic systems,
E. Adaptation including: “What are the circumstances in which people (es-
Learning to communicate and adapt our behavior to tipecially those with special needs) accept an assistive robot in
information we receive have been fundamental to humameir environment?”, “What modes of communication should
evolution. To provide robots with sophisticated capabilitiese employed?”, “What is the role of the robots physical
similar to those embedded in humans has proven to besmbodiment?”, “How do verbal and non-verbal interaction
very difficult task. In the socially assistive robotics contexinteract to facilitate engagement and transfer?”, “What is the
learning needs to focus both on the short-term changes thale of empathy in socially assistive robotics and how can it be
represent individual differences and on the long-term changasulated?”, “How can we model the behavior and encourage-
that allow the interaction to continue to be engaging overraent of the therapist robot as a function of the personality of
period of months and even years. The robot should be alie user?”, “How can we integrate a priori knowledge about the
to learn from the user and adapt its capabilities to the useu'ser into the robotic system?”, “How can the interaction design
personality, moods, and preferences so as to provide a cessure safety?”, “How can friendly and familiar interaction
tomized interaction. Very few research works are addressimpdels be developed?”, “What relative roles do social and
the learning through long-term social interaction [46]. Varioughysical robot assistance play and how should they best be
learning approaches for human-robot interaction have beeaded-off?”, “What types of control architectures are well
proposed in the literature (e.g., [47]), but none include ttmiited?”, “How can the robot’'s perception, competence, and
user’s profile, preferences, and/or personality. Since sociallywareness of the world be represented in a form accessible
assistive robotics is dealing with vulnerable users, the robad understandable to non-technical users?”, “What models

Transfer

IV. SOCIALLY ASSISTIVEROBOTICS. GRAND
CHALLENGES
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understand us. The different user groups’ responses, testing
for age, gender, and domain differences should be evaluated.

The robot should adapt its behavior to user personality, user
preferences, and user profile so as to provide an engaging and
motivating customized therapy protocol.

Methods for measuring the effectiveness of socially assistive
robots also need to be developed. In a recent research work
[48], Steinfeld, Fong et al. discuss the common metrics in
human-robot interaction. They suggest that for measuring the
effectiveness of social robots, the interaction style or social
context, persuasiveness, trust, engagement, and compliance
are the main factors for consideration. The field of socially

@ () assistive robotics is much too young to be amenable to bench-
marking. Furthermore, because of its inherent focus on human-
Fig. 4. Socially Assistive Robots: (a) Bandit, the hands-off therapist rob6€ntered technology, it is difficult to see how benchmarks can
designed at University of Southern California / Interaction Lab; (b) Nico, ahe applied. For example, even if a methodology works on a
fn‘;gﬁtr"tg;isl‘t) ;”g?:ﬂiisgrss'ﬁ;ed to match the size of an average O”e'yearg‘fjgup of children with autism, the same methodology may
not give similar results on a different group of children with
autism, due to individual and deficit differences which range

- . . . broadly in ways that are not yet understood.
from psychology, cognitive science, and social science can

be effectively utilized to help the goals of social assistiv Another very important challenge is to build inherently
robotics?” y P 9 §afe robots that are easy to operate and affordable to a large

. segment of the population, as well as endorsed by education,
As part of physical presence, the appearance of the ro

. : ; ) ) —fealth care, and elder care experts.
is one of the important issues in human-robot interaction; |, symmary, there is no shortage of scientific questions and

it must be appropriately matched to the robot’s COgmtiV@nallenges for this young and promising field.
and interactive capabilities. The more human-like the robot

appears, the higher the expectations of people interacting with

it are. In socially assistive robotics, believability plays a morg- Grand Challenges for Socially Assistive Robotics
important role than realism. Hence, a child-like appearanceCompetitive challenges often have a stimulating effect on
or anthropomorphic but not highly realistic appearance fesearch, especially integrative experimental research that in-
typically more suitable for assistive tasks. Our therapist®lves system integration and efforts of large numbers of
robots, shown in Figure 4, are designed with this philosoplpeople in collaborative teams. In robotics, competitions have
in mind. a long history, ranging from robots running mazes [49], to

Humans need to create strong bonds with robots of théaying soccer [50], to, most recently, autonomous off-road
nature similar to those formed with other humans, in ordériving across a 142-mile desert route [51].
to have effective assistive therapists robots. An assistive robott is interesting and perhaps productive to consider what
must effectively interact with people it is serving, displayingnight constitute a grand challenge in socially assistive
natural communicative behavior that is not only acceptabiebotics. Naturally, the ultimate goal of the endeavor is the
but appealing to its users. The communication between tbkeation of systems capable of measurably helping people
human and robot can be realized by using different meanstegover, train, and learn. A possible series of realistic steps
speech interface, a touch-screen, and natural human gestang. milestones for the grand challenge might look like this:
Verbal and non-verbal communication pIay a crucial role in 4 1 year from today: Given a previous|y known condition
socially assistive robotics and provide social cues that make (e.g., post-stroke, Alzheimer’s, obesity) and a previously
the robots appear more “intuitive and natural’. We posit that known controlled setting (e.g., a specific occupational
understanding human affect and reacting to behave more therapy center, a specific elder care facility), create a
suitably to different social situations (e.g., so as to avoid socially assistive system that helps the user in the given
misunderstandings and to permit far more natural interactions) setting, is reported to be pleasant to interact with, and is
and to react to it appropriately, can help the robots improve sought out by the user for voluntary extended interactions
the task performance. over a period of several days.

Robots must maintain an appropriate spatial distance toe 3 years from today: Given a previously known condition
people so as to respect their personal and social spaces. In (e.g., post-stroke, Alzheimer’s, obesity) and a previously
order to engage in social interactions, the robot needs to be known controlled setting (e.g., a specific occupational
aware of human presence, detect the willingness of humans to therapy center, a specific elder care facility, a specific
interact, and determine and learn appropriate personal space well-mapped area of a private home), create a socially
ranges for various users. The robots must be endowed with assistive system that helps the user in the given setting,
human-oriented interaction skills and capabilities to learn from is reported to be pleasant to interact with, is sought out by
us or to teach us, as well as to communicate with us and the user for voluntary extended interactions over a period
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of a month, and demonstrates measurable adherensg
to the proscribed therapy/exercise/rehabilitation/learnin
regimen.

5 years from today: Given a previously known condition
(e.g., post-stroke, Alzheimer's, obesity) and a general

description of the setting (e.g., an occupational theraﬁjsp]
center, an elder care facility, a private home), create a
socially assistive system that helps the user in the given
setting, is reported to be pleasant to interact with, &1
sought out by the user for voluntary extended interactions

over a period of several months, and demonstrates mark&d

B H

improvement in learning/training/recovery of the user in

the given context.

The above grand challenge milestones are presented with
intention of stimulating discussion and long-range planning
the field of socially assistive robotics, as well as a potenti
inspiration for funding support toward relevant competition
that would serve to advance the field.

V. CONCLUSIONS

Post-Stroke Rehabilitation Fact Shelfational Institute of Neurological
Disorders and Stroke, Jan. 2006.

. |. Krebs, B. T. Volpe, M. Ferraro, S. Fasoli, J. Palazzolo, B. Rohrer,
L. Edelstein, and N. Hogan, “Robot-aided neurorehabilitation: from
evidence-based to science-based rehabilitatibog Stroke Rehabilita-
tion, vol. 8, no. 4, pp. 54-70, 2002.

C. G. Burgar, P. S. Lum, P. C. Shor, and M. V. Loos, “Development of
robots for rehabilitation therapy: the palo alto va/stanford experience,
journal of Rehabilitation research and Developmertl. 37, no. 6, pp.
639-652, 2000.

B. R. Brewer, R. Klatzky, and Y. Matsuoka, “Feedback distortion to
overcome learned nonuse: A system overviel2EE Engineering in
Medicine and Biologyvol. 3, pp. 1613-1616, 2003.

J. Eriksson, M. J. Matatj and C. Winstein, “Hands-off assistive
robotics for post-stroke arm rehabilitation,” Rroc. IEEE International
Conference on Rehabilitation Robotics (ICORR;08hicago, Il, USA,
June 2005, pp. 21-24.

[ R. Gockley and M. J. Matagj “Encouraging physical therapy compli-

in
al
44]

(18]

Early results demonstrate the promises of socially assistize]

robotics, a new research area with large horizons of fascinati

and much needed research. Even as socially assistive robotic

ng

technology is still in its early stages of development, thg7
next decade promises systems that will be used in hospitals,

schools, and homes in therapeutic programs that monit

must work together to shape the field toward its intend
impact on improved human quality of life.
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