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A robot designed to engage elderly users in physical exercise is described in this

paper; a user study indicates a strong user preference for a relational robot.
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ABSTRACT | In this paper, we present the design, implemen-
tation, and user study evaluation of a socially assistive robot
(SAR) system designed to engage elderly users in physical
exercise aimed at achieving health benefits and improving
quality of life. We discuss our design methodology, which
incorporates insights from psychology research in the area of
intrinsic motivation, and focuses on maintaining engagement
through personalized social interaction. We describe two user
studies conducted to test the motivation theory in practice with
our system. The first study investigated the role of praise and
relational discourse in the exercise system by comparing a
relational robot coach to a nonrelational robot coach. The
second study evaluated participant preferences regarding user
choice in the task scenario. Both studies served to evaluate the
feasibility and overall effectiveness of the robot exercise
system. The results of both studies are presented; they show
a strong user preference for the relational over the nonrela-
tional robot in terms of enjoyableness, companionship, and as
an exercise coach, varying user preferences regarding choice,
and high user ratings of the system across multiple metrics. The
outcomes of the presented user studies, brought together,
support the motivational capabilities of the robot, and dem-
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onstrate the viability and usefulness of the system in motivat-
ing exercise in elderly users.

KEYWORDS | Exercise therapy; human-robot interaction;
intrinsic motivation; quality of life technology; socially assistive
robotics

I. INTRODUCTION

The aging population is increasing the demand for
healthcare services worldwide. By the year 2050, the
number of people over the age of 85 will increase fivefold,
according to recent estimates [1], and the shortfall of
nurses is already becoming an issue [2]-[4]. Regular
physical exercise has been shown to be effective at
maintaining and improving the overall health of elderly
individuals [8]-[11]. Physical fitness is associated with
higher functioning in the executive control processes [5],
correlated with less atrophy of frontal cortex regions [6],
and with improved reaction times [7] compared with the
sedentary. Social interaction, and specifically high per-
ceived interpersonal social support, has also been shown to
have a positive impact on general mental and physical
wellbeing [12], in addition to reducing the likelihood of
depression [13]-[16]. Among the many healthcare services
that will need to be provided, physical exercise therapy,
social interaction, and companionship can be addressed by
socially assistive robotics technology.

A socially assistive robot (SAR) is a system that employs
hands-off interaction strategies, including the use of
speech, facial expressions, and communicative gestures,
to provide assistance in accordance with the particular
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healthcare context [54]. Previous SAR work from our
research laboratory includes systems that were developed
and tested for stroke patients [23], [24], Alzheimer’s
patients [22], children with autism spectrum disorder [25],
[26], as well as healthy adults [27] and healthy elderly
adults [28].

This paper focuses on the design methodology,
implementation details, and user study evaluations of a
SAR system that aims to motivate and engage elderly users
in physical exercise as well as social interaction to help
address the physical and cognitive healthcare needs of the
growing elderly population. SAR systems equipped with
such motivational, social, and therapeutic capabilities have
the potential to facilitate elderly individuals to live
independently in their own homes, to enhance their
quality of life, and to improve their overall health.

The rest of this paper is organized as follows. In the next
section, we discuss related work in the area of assistive
robotics for the elderly. Section III presents our SAR system
approach and design methodologies. Section IV introduces
our SAR humanoid robot platform along with the
implementation details of our SAR exercise system. In
Sections V and VI, we discuss two user studies conducted
with our system to investigate and evaluate the effects of
different motivational techniques, to test system effec-
tiveness, and to obtain user feedback. We conclude the
paper with a summary of the key research contributions of
this work.

II. RELATED WORK

A. Robots for the Elderly

The literature that addresses the area of assistive
robotics for the elderly is limited. Representative work
includes robots that focus on providing assistance for
functional needs, such as mobility aids and navigational
guides. Dubowsky et al. developed a robotic cane/walker
device designed to help individuals by functioning as a
mobility aid that provides physical support when walking
as well as guidance and health monitoring of a user’s basic
vital signs [29]. Montemerlo et al. designed and pilot
tested a robot that escorts elderly individuals in an assisted
living facility, reminds them of their scheduled appoint-
ments, and provides informational content such as
weather forecasts [30].

Researchers have also investigated the use of robots to
help address the social and emotional needs of the elderly,
including reducing depression and increasing social
interaction with peers. Wada et al. studied the psycholog-
ical effects of a stuffed seal robot, Paro, used to engage
seniors at a day service center. The study found that Paro,
which was always accompanied by a human handler, was
able to consistently improve the moods of elderly
participants who had spent time petting it and engaging
with it over the course of a six-week period [31]. Kidd et al.

used Paro in another study that found it to be useful as a
catalyst for social interaction. They observed that seniors
who participated with the robot in a group were more
likely to interact socially with each other when the robot
was present and powered on, than when it was powered off
or absent [32].

Perhaps the most related robotic system for the elderly
to our SAR exercise system is the work of Matsusaka et al.,
who developed an exercise demonstrator robot, TAIZO, to
aid human demonstrators teaching simple arm exercises to
a training group [52]. However, this robot was not
autonomous: it was controlled via key input or voice by
the lead human demonstrator, and did not have any
sensors for perceiving the users. Hence, the system did not
provide any real-time feedback, active guidance, or
personalized training.

B. Social Agent Coaches

Social agents that aim to assist individuals in health-
related tasks such as physical exercise have been developed
in both the human-computer interaction (HCI) and
human-robot interaction (HRI) communities. Bickmore
and Picard developed a computer-based virtual relational
agent that served as a daily exercise advisor by engaging
the user in conversation and providing educational
information about walking for exercise, asking about the
user’s daily activity levels, tracking user progress over time
while giving feedback, and engaging the user in relational
dialog [33]. Kidd and Breazeal developed a tabletop robot
to serve as a daily weight-loss advisor, which interacted
through a touchscreen interface, tracked user progress and
the user—robot relationship state over time, and was tested
in a six-week field study with participants at home [51].
French et al. designed and explored the use of a virtual
coach to assist manual wheelchair drivers by providing
advice and guidance to help users avoid hazardous forms of
locomotion [34].

These systems are similar to our SAR exercise system in
the manner in which they provide feedback (from a social
agent), and with the exception of French’s work, in the
activity being monitored (physical exercise). However, our
system differs from all in that the agent, a robot in our
case, not only provides active guidance, feedback, and task
monitoring, but is also directly responsible for instructing
and steering the task. Hence, our agent is both an
administrator and active participant in the health-related
activity, resulting in a unique characteristic for the system:
the social interaction between the robot and the user is not
only useful for maintaining user engagement and influ-
encing intrinsic motivation, but is also an instrumental
necessity in achieving the physical exercise task.

III. SAR APPROACH

In designing our system to help address the physical
exercise needs of the elderly population, we followed the
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design methodology which asserts that the SAR agent must
possess: 1) the ability to influence the user’s intrinsic
motivation to perform the task; and 2) the ability to
personalize the social interaction to maintain user
engagement in the task and build trust in the task-based
human-robot relationship. The following elaborates on
the importance of both of these qualities in the context of
providing healthcare interventions, as well as details how
each was incorporated into our SAR exercise system.

A. Intrinsic Motivation

Motivation is a fundamental tool in establishing
adherence to a therapy regimen or task scenario and in
promoting behavior change. There are two forms of
motivation: intrinsic motivation, which comes from within
a person, and extrinsic motivation, which comes from
sources external to a person. Extrinsic motivation, though
effective for short-term task compliance, has been shown
to be less effective than intrinsic motivation for long-term
task compliance and behavior change [35].

Intrinsic motivation, however, can be, and often is,
affected by external factors. In a task scenario, the
instructor (a SAR, in our case) can impact the user’s
intrinsic motivation through verbal feedback. Praise, for
example, is considered a form of positive feedback and has
the potential to increase the user’s intrinsic motivation for
performing the task, whereas criticism, a form of negative
feedback, tends to negatively impact the user’s intrinsic
motivation [38], [39]. The effect of positive feedback,
however, is closely tied to the user’s own perceived
competence at the task. Once the user believes he is
competent at the task, additional praise no longer affects
his intrinsic motivation. Our SAR exercise system provides
positive feedback to the user in the form of praise upon
correct completion of the given exercises, and never gives
negative feedback so as to avoid diminishing intrinsic
motivation to engage in the exercise task.

Indirect competition, wherein the user is challenged to
compete against an ideal outcome, has also been shown to
increase user enjoyment on an otherwise noncompetitive
task [36]. For example, when the user is shown her high
score on the task, her intrinsic motivation for the task
tends to increase, as she strives to better her previous
performance. Thus, in a task scenario, it is important that
the task instructor continually report to the user his/her
performance scores during the task, for motivational
purposes. Our robot exercise instructor implements this
strategy by reporting the user’s personal high scores during
two of the three exercise games played.

Verbal feedback provided to the user by the instructor
certainly plays an important role in task-based motivation,
but the task itself and how it is presented to the user perhaps
plays an even more significant role. Csikszentmihalyi’s
research suggests that “when one engages in an optimally
challenging activity with respect to one’s capacities, there
is a maximal probability for task-involved enjoyment or
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flow” [37]. He also states that intrinsically motivated
activities are those characterized by enjoyment. Simply put,
people are “intrinsically motivated under conditions of
optimal challenge” [40]. If a task is below the optimal
challenge level, it is too easy for the user and results in
boredom. Alternatively, if the task is above the optimal
challenge level, it is too hard and causes the user to get
anxious or frustrated. Therefore, an instructor that oversees
user performance in a task scenario must be able to
continually adjust the task to meet the appropriate needs of
the user in order to increase or maintain intrinsic
motivation to perform the task. We have incorporated
these guidelines for achieving the optimal challenge level
for the user into our SAR exercise system. For example, the
exercise games are changed at regular intervals to prevent
the user from getting bored or frustrated with any one of
them. In addition, the Memory game, discussed in the next
section, challenges the user with progressively more
difficult exercise sequences based on the user’s performance
level.

Another task characteristic with the potential to
influence user enjoyment is the incorporation of direct
user input. Studies have shown that tasks that support user
autonomy and self-determination lead to increased intrin-
sic motivation, self-esteem, creativity, and other related
variables among the participants [42], all of which are
important for achieving task adherence and long-term
behavior change. Self-determination, represented in the
task in the form of choice of activity [41], choice of
difficulty level [42], and choice of rewards [43], has been
shown to either increase or be less detrimental to intrinsic
motivation than similar task conditions that do not involve
choice. In the context of our SAR exercise system, user
choice is a very interesting research question and one that
we investigated with a user study to test the role of choice
in the exercise scenario. The study design and results are
presented in Section VI.

B. Social Interaction and Personalization

Many social intricacies contribute to the foundation of
a meaningful relationship, both in HCI (as detailed by
Bickmore and Picard [33]) and in HRI. These include
empathy, humor, references to mutual knowledge, conti-
nuity behaviors, politeness, and trust, among others. We
place great importance on these relationship building
tools; therefore, we integrated each, in one form or
another, into the social interaction component of our robot
exercise instructor.

Our primary focus was on eliminating the perceived
repetitiveness of the robot’s verbal instructions/comments.
We believe that if the robot is perceived by the user as
repetitive and hence predictable, this can lead to a
decrease in the perception of the robot’s intelligence by
the user, and ultimately to a loss of trust in the robot’s
helpfulness in motivating exercise. We therefore placed
special attention on adding variety to the robot’s
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utterances. Toward this end, the robot always drew from a
list of phrases that emphasized the same point when
speaking to the user, choosing randomly at run time. For
example, there were more than ten different ways in which
the robot could praise the user (e.g., “Awesome!,” “Nice
jobl,” “Fantastic!”). Furthermore, if the robot did need to
repeat itself exactly, for example when providing the same
feedback comment during one of the exercise games, it
added filler words to the given phrase, such as the user’s
name or the word “try” or both (e.g., “Try to raise your left
arm,” “John, raise your left arm”).

Adding the user’s name to the interaction dialog was an
important part of our system design, not only to add
variability, but also for its relationship building effect [33].
The robot always used the user’s name at the first greeting,
and also when bidding farewell at the end of a session.
Having the robot refer to the user by name is an important
part of personalizing the interaction, along with providing
direct feedback specific to the individual user’s perfor-
mance level and performance history during the games,
and referencing mutual knowledge. Our SAR exercise
system introduced continuity by having the robot refer to
previous sessions with the user upon introduction,
reference planned future sessions at the end of interaction,
and refer to past exercise performance, such as when
reporting previous high scores.

IV. ROBOT EXERCISE SYSTEM

In this section, we present the design and implementation
details of the SAR exercise system, including the
motivation behind the types of exercise routines, the
humanoid robot platform, the different exercise games,
and the robot’s visual user arm motion recognition
procedure.

A. System Overview

The exercise scenario consists of a SAR whose purpose
is to instruct, evaluate, and encourage users to perform
simple exercises. The scenario is one-on-one; the robot
focuses its attention on the user in order to provide timely
and accurate feedback, and to maximize the effectiveness
of the exercise session for the user. In the setup, the user is
seated in a chair in front of the robot; the user and the
robot face each other. A black curtain is used as a backdrop
to facilitate the visual perception of the user’s arm
movements. The exercise setup is shown in Fig. 1.

During the exercise sessions, the robot asks the user to
perform simple seated arm gesture exercises. The range of
the robot’s arm motion in the exercises is restricted to the
sides of the body in order to maximize the accuracy of the
robot’s visual detection of the user’s arms. This type of
seated exercise, called “chair exercise” or ‘“chair aero-
bics,” is commonly practiced in senior living facilities and
provides grounding for our exercise system. Chair
exercises are highly regarded for their accessibility to

Fig. 1. Exercise setup with user and robot facing each other.

those with low mobility [8]-[11], for their safety as they
reduce the possibility of injury due to falling from
improper balance [8], [11], and for their health benefits
such as improved flexibility [8], [10], muscle strength [8],
[10], [11], ability to perform everyday tasks [8], [10], [11],
and even memory recall [9].

The user is able to communicate with the robot
through a wireless button control interface, the popular
Wiimote remote controller, which communicates via
Bluetooth with the button labels modified to suit our
system. There are two buttons available to the user to
respond to prompts from the robot, labeled “yes” and
“no,” and one button for the user to request a rest break at
any time during the interaction.

It is important to note that the robot conducts the
exercise sessions, evaluates user performance, and gives
the user real-time feedback completely autonomously,
without human operator intervention at any time during
the exercise sessions.

B. Robot Platform

To address the role of the robot’s physical embodiment,
we used Bandit, a biomimetic anthropomorphic robot
platform that consists of a humanoid torso (developed with
BlueSky Robotics) mounted on a MobileRobots Pioneer
2DX mobile base. The torso contains 19 controllable
degrees of freedom (DOF): six DOF arms (x2), one DOF
gripping hands (x2), two DOF pan/tilt neck, one DOF
expressive eyebrows, and a two DOF expressive mouth.
The robot is shown in Fig. 2.

A standard USB camera is located at the waist of the
robot, and used to capture the user’s arm movements
during the exercise interaction, allowing the robot to
provide appropriate performance feedback to the user.

The robot’s speech is generated by the commercially
available NeoSpeech text-to-speech engine [49] and a
speaker on the robot outputs the synthesized voice to the
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Fig. 2. Robot platform used in the experiments.

user. The robot’s lip movements are synchronized with the
robot’s speech so that the lips open at the start and close at
the end of spoken utterances.

C. Exercise Games

Three exercise games are available in our system: the
Workout game, the Imitation game, and the Memory
game. During an exercise session, the user is given the
opportunity to play all three games, and often each more
than once within the session duration. The following is a
description of each game in detail.

1) Workout Game: In this game, the robot fills the role of
a traditional exercise instructor by demonstrating the arm
exercises with its own arms, and asking the user to imitate.
The robot gives the user feedback in real time, providing
corrections when appropriate (e.g., “Raise your left arm
and lower your right arm” or “Bend your left forearm
inward a little”), and praise in response to each successful
imitation (e.g., “Great job!” or “Now you've got the hang
of it”). In monitoring user performance, the robot
compares the user’s current arm angles as detected by
the vision module to those of the specified goal arm angles
to determine performance accuracy. The comparison
procedure is robust to user fatigue and variations in range
of motion; it relies more on the user’s current hand
positions and forearm angles than on the absolute
differences between the user’s arm angles and the target
angles.
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2) Imitation Game: In this game, the roles of the user
and the robot from the Workout game are reversed; the
user becomes the exercise instructor showing the robot
what to do. The robot encourages the user to create his/her
own arm gesture exercises, and imitates user movements
in real time.

As the roles of the interaction are reversed, with the
robot relinquishing control of the exercise routine to user,
the robot no longer provides instructive feedback on the
exercises. However, the robot does continue to speak and
engage the user by means of encouragement and general
commentary. For example, if the robot detects that the
user is not moving, it encourages the user to create new
gestures by saying, for instance, “Mary, try and come up
with your own gestures and I'll imitate you.” In addition,
the robot makes general comments about the game or the
user, such as “You're a good instructor, Mary” or “This is
my favorite game, thanks for the workout.”

3) Memory Game: In this game, the user is challenged to
learn a sequence of different arm gestures. The goal of the
game is for the user to try and memorize ever-longer
sequences, and thus compete against his/her own high
score. The sequence is determined at the start of the game
and does not change for the duration of the game. The arm
gesture poses used for each position in the sequence are
chosen at random at run time, and there is no inherent
limit to the sequence length, thereby making the game
challenging for users at any skill level.

The robot starts out by showing the first two positions
of the sequence and asks the user to perform them while it
provides feedback. Once the user has successfully repeated
the first two gestures with the help of the robot, the user is
asked to repeat the sequence again from the beginning,
this time without demonstration or verbal feedback from
the robot. Once the gestures are completed without help,
the robot shows the next two gestures in the sequence,
and the user is again asked to perform the entire sequence
from the beginning (now four gestures in length). As the user
continues to successfully memorize all shown gestures, the
robot continues to show the user two more (six, then eight
gestures, and so on), and the game progresses in difficulty.

The robot helps the user to keep track of the sequence
by counting along with each correct gesture, and
reminding the user of the poses when it detects errors
(e.g., “Oh, that’s too bad! Here is gesture five again”). The
robot also reports to the user his/her current high score
(i.e., the number of gestures remembered correctly) in an
attempt to motivate improvement upon past performance.

D. Vision Module

In order to monitor user performance and provide
accurate feedback during the exercise routines, the robot
must be able to recognize the user’s arm gestures. To
accomplish this, we developed a vision module that
recognizes the user’s arm gestures/poses in real time,
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with minimal requirements for the surrounding environ-
ment and none for the user.

Several different approaches have been developed to
accomplish tracking of human motion, both in 2-D and 3-D,
including skeletonization methods [44], [45], gesture
recognition using probabilistic methods [46], and color-
based tracking [47], among others. We opted to create an
arm pose recognition system that takes advantage of our
simplified exercise setup in order to achieve real-time
results without imposing any markers on the user.

To simplify visual recognition of the user, a black
curtain was used to provide a static and contrasting
background for fast segmentation of the user’s head and
hands, the most important features of the arm pose
recognition task, independent of the user’s skin tone.

The arm pose recognition algorithm works by first
segmenting the original grayscale camera frame into a
black and white image by applying a single threshold over
the image; white pixels are assumed to form part of the
user’s body. The algorithm determines the final arm angles
after localizing the user’s hand and elbow locations using a
heuristic procedure which takes as input the extrema
points of the segmentation image. Example detection
results are displayed in Fig. 3. Additional details regarding
the visual recognition procedure can be found in [28].

The development of the SAR exercise system and visual
recognition procedure predated the availability of the
Microsoft Kinect [50]. Future implementations of the
system will utilize Kinect-type 3-D vision technology and
do away with the curtain and the planar limits of the

©

Fig. 3. (a), (c), and (d) Example face and arm angle detection results
superimposed over original grayscale camera frames. (b) Segmented
image of camera frame shown in (a).

motions. Nevertheless, the 2-D nature of the exercises was
not noted as an issue by any of the participants in our user
studies.

V. MOTIVATION STUDY I: PRAISE AND
RELATIONAL DISCOURSE EFFECTS

We designed and conducted an intrinsic motivation study
to investigate the role of praise and relational discourse
(politeness, humor, empathy, etc.) in the robot exercise
system. Toward that end, the study compared the
effectiveness and participant evaluations of two different
coaching styles used by our system to motivate elderly
users to engage in physical exercise. This section discusses
the study methods employed, the subjective and objective
measures that were evaluated, and the outcomes of the
study and system evaluation with elderly participants.

A. Study Design

The study consisted of two conditions, relational and
nonrelational, to explore the effects of praise and
communicative relationship-building techniques on a
user’s intrinsic motivation to engage in the exercise task
with the SAR coach. The study design was within subject;
participants saw both conditions, one after the other, and
the order of appearance of the conditions was counter-
balanced among the participants. Each condition lasted
10 min, totaling 20 min of interaction, with surveys being
administered after both sessions to capture participant
perceptions of each study condition independently. The
following describes the two conditions in greater detail.

1) Relational Condition: In this condition, the SAR
exercise coach employs all of the social interaction and
personalization approaches described in Section III. Spe-
cifically, the robot always gives the user praise upon
correct completion of a given exercise gesture (an example
of positive feedback) and provides reassurance in the case
of failure (an example of empathy). The robot also displays
continuity behaviors (e.g., by referencing past experiences
with the user), humor, and refers to the user by name, all
with the purpose of encouraging an increase in the user’s
intrinsic motivation to engage in the exercise session.

2) Nonrelational Condition: In this condition, the SAR
exercise coach guides the exercise session by providing
instructional feedback as needed (e.g., user score,
demonstration of gestures, verbal feedback during gesture
attempts, etc.), but does not employ explicit relationship
building discourse of any kind. Specifically, the robot does
not provide positive feedback (e.g., praise) in the case of
successful user completion of an exercise gesture, nor does
it demonstrate empathy (e.g., reassurance) in the case of
user failure. The SAR coach also does not display
continuity behaviors, humor, or refer to the user by
name. This condition represents the baseline condition of
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our SAR exercise system, wherein the robot coach does not
employ any explicit motivational techniques to encourage
an increase in the user’s intrinsic motivation to engage in
the task.

B. Participant Statistics

We recruited elderly individuals to participate in the
study through a partnership with be.group, an organization
of senior living communities in Southern California, using
flyers and word-of-mouth. Thirteen participants responded
and successfully completed both conditions of the study.
The sample population consisted of 12 female participants
(92%) and one male participant (8%). Participants’ ages
ranged from 77 to 92, and the average age was 83 (S.D. =
5.28). Half of the participants (n = 7) engaged in the
relational condition in the first session, whereas the other
half (n = 6) engaged first in the nonrelational condition.

C. Measures

Survey data were collected at the end of the first and
second sessions in order to analyze participant evaluations
of the robot and of the interaction with the exercise system
in both conditions. The same evaluation surveys were used
for each session to allow for objective comparison between
the two conditions.

In addition to these evaluation measures, at the end of
the last exercise session, we administered one final survey
asking the participants to directly compare the two study
conditions (labeled “first” and “second”) according to ten
evaluation categories. This survey allowed us to obtain a
general sense of the participants’ preferences regarding the
different SAR approaches and hence gauge their respective
motivational capabilities.

Objective measures were also collected to evaluate user
performance and compliance in the exercise task.

The following describes the specific evaluation mea-
sures captured in the postsession surveys, and the objective
measures captured during the exercise sessions.

1) Evaluation of Interaction: Two dependent measures
were used to evaluate the interaction with the robot
exercise system. The first measure was the enjoyableness of
the interaction, collected from participant assessments of
the interaction according to six adjectives: enjoyable;
interesting; fun; satisfying; entertaining; boring; and
exciting (Cronbach’s o = 0.93). Participants were asked
to rate how well each adjective described the interaction
on a ten-point scale, anchored by “describes very poorly”
(1) and “describes very well” (10). Ratings for the adjective
“boring” were inverted to keep consistency with the other
adjectives that reflect higher scores as being more positive.
The enjoyableness of the interaction was measured to gain
insight into the user’s motivation level to engage in the
task, because, as Csikszentmihalyi states, intrinsically
motivating activities are characterized by enjoyment [37].
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The second measure was the perceived value or
usefulness of the interaction. Participants were asked to
evaluate how well each of the following four adjectives
described the interaction: useful; beneficial; valuable; and
helpful (Cronbach’s & = 0.95). The same ten-point scale
anchored by “describes very poorly” (1) and “describes
very well” (10) was used in the evaluation. The perceived
usefulness of the system was measured to estimate user
acceptance and trust of the system in helping to achieve
the desired health goals, which is necessary for the system
to be successful in the long term.

2) Evaluation of Robot: The companionship of the robot
was measured based on participant responses to nine ten-
point semantic differential scales concerning the following
robot descriptions: bad/good; not loving/loving; not friendly/
friendly; not cuddly/cuddly; cold/warm; unpleasant/pleasant;
cruel/kind; bitter/sweet; and distant/close (Cronbach’s
o = 0.86). These questions were derived from the Com-
panion Animal Bonding Scale of Poresky et al. [53]. The
companionship of the robot was measured to assess potential
user acceptance of the robot as an in-home companion,
thereby demonstrating the capability of the system toward
uses in independent living/aging-in-place.

To assess the perceptions of the capabilities of the
system in motivating exercise, we measured participant
evaluations of the robot as an exercise coach. Participant
evaluations of the robot as an exercise coach were gathered
from a combination of the participants’ reported level of
agreement toward two coaching-related statements, and
responses to three additional questions. The two state-
ments and three questions were, respectively: I think
Bandit is a good exercise coach; I think Bandit is a good
motivator of exercise; How likely would you be to
recommend Bandit as an exercise partner to your friends?
How much would you like to exercise with Bandit in the
future? How much have you been motivated to exercise
while interacting with Bandit? (Cronbach’s o = 0.88).
The two statements were rated on a ten-point scale
anchored by “very strongly disagree” (1) and “very
strongly agree” (10), and the three question items were
each measured according to a ten-point scale anchored by
“not at all” (1) and “very much” (10).

To quantify the effectiveness of the robot’s social
capabilities, we measured the social presence of the robot.
Social presence is defined as the feeling that mediates how
people respond to social agents; it strongly influences the
relative success of a social interaction [20]. In essence, the
greater the social presence of the robot, the more likely
the interaction is to be successful. The social presence of
the robot was measured by a ten-point scale anchored by
“not at all” (1) and “very much” (10) using questionnaire
items established from Jung and Lee [21] (e.g., While you
were exercising with Bandit, How much did you feel as if
you were interacting with an intelligent being?) (Cron-
bach’s o = 0.82).
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3) Direct Comparison of Conditions: The ten evaluation
categories assessed by the direct comparison survey, which
asked participants to choose between the first or second
exercise sessions, were as follows: enjoy more; more useful;
better at motivating exercise; prefer to exercise with; more
frustrating; more boring; more interesting; more intelligent;
more entertaining; choice from now on. Analysis of the direct-
comparison data serves primarily to support and confirm
the results obtained from the within-subjects analysis of
the dependent measures across study conditions.

4) User Performance Measures: To help assess the
effectiveness of the SAR exercise system in motivating
exercise among the participants, we collected nine
different objective measures during the exercise sessions
regarding user performance and compliance in the
exercise task. Most of the objective measures were
captured during the Workout game, wherein the robot
guides the interaction similar to a traditional exercise
coach. These measures include the average time to gesture
completion (from the moment the robot demonstrates the
gesture, to successful user completion of the gesture),
number of seconds per exercise completed, number of failed
exercises, number of movement prompts by the robot to the
user due to lack of arm movement, and feedback
percentage. The feedback percentage measure refers to
the fraction of gestures, out of the total given, where the
robot needed to provide verbal feedback to the user
regarding arm positions in order to help guide the user to
correct gesture Completion.

We also recorded the maximum score over all sessions,
average maximum score among users, and average time per
gesture attempt in the Memory game. For the Imitation
game, the only measure captured was again the number of
movement prompts by the robot due to lack of user arm
movement.

D. Hypotheses

Based on the related research on the positive effects of
praise and relational discourse on intrinsic motivation,
discussed in Section III, seven hypotheses were established
for this study.

e Hypothesis 1: Participants will evaluate the enjoy-
ableness of their interaction with the relational
robot more positively than their interaction with
the nonrelational robot.

e Hypothesis 2: Participants will evaluate the useful-
ness of their interaction with the relational robot
more positively than their interaction with the
nonrelational robot.

e Hypothesis 3: Participants will evaluate the com-
panionship of the relational robot more positively
than that of the nonrelational robot.

e Hypothesis 4: Participants will evaluate the rela-
tional robot more positively as an exercise coach
than the nonrelational robot.

e Hypothesis 5: There will be no significant differ-
ence between participant evaluations of the social
presence of the relational robot and nonrelational
robot. The reasoning behind this hypothesis is that
people’s sense of social presence is largely deter-
mined by the embodiment type and perceived
intelligence of the social agent, which is assumed
to be more or less equal in the two robot
conditions.

e Hypothesis 6: Participants will report a clear
preference for the relational robot over the
nonrelational robot when asked to compare both
exercise sessions directly.

e  Hypothesis 7: There will be no significant differ-
ence in participant exercise performance when
interacting with either the relational or nonrela-
tional robot. This hypothesis is based on the
assumption that, due to the short-term nature of
the study and novelty of the system, performance
measures will be approximately equal between
robot conditions.

E. Results

1) Evaluation of Interaction Results: Participants who
engaged with the relational robot in their first session,
rated the nonrelational condition on average 22% lower
than the relational condition in terms of enjoyment
(Mg = 7.5 versus Myg = 5.9), and 23% lower in terms
of usefulness (Mg = 7.5 versus Myg = 5.8). Similarly, the
participants who instead engaged with the nonrelational
robot in their first session also expressed a greater
preference for interacting with the relational robot by
rating the relational condition on average 10% higher than
the nonrelational condition in terms of enjoyment
(Mnr = 7.6 versus Mg = 8.4), and 7% higher in terms of
usefulness (Mygr = 7.5 versus Mg = 8.0).

Altogether, 85% of the participants (11 of 13) rated the
relational condition higher than the nonrelational condi-
tion in terms of enjoyment, and 77% of the participants
(10 of 13) rated the relational condition higher in terms of
usefulness than the nonrelational condition.

To test for significant differences among the partici-
pant evaluations of the study conditions, we performed a
Wilcoxon signed-rank test on the data to analyze matched
pairs from the sample population’s evaluations of both
study conditions according to the dependent measures.
Supporting Hypothesis 1, the results show that the
participants evaluated the interaction with the relational
robot as significantly more enjoyable/entertaining than the
interaction with the nonrelational robot (W[12] = 4,
p <.005), and as somewhat more valuable/useful than
the interaction with the nonrelational robot, although not
to a significant degree (W[12] =15.5, p < 0.10), hence
Hypothesis 2 was not supported by the data. For illustration
purposes, Fig. 4(a) shows the average participant ratings of
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Fig. 4. (a) Plot of participant evaluations of the interaction, in terms
of enjoyableness and usefulness, for both study conditions; (b) plot
of participant evaluations of the robot (as a companion, exercise
coach, and level of social presence) for both study conditions.

Note: significant differences are marked by asterisks (*).

the enjoyableness and usefulness of the interaction for both
study conditions.

2) Evaluation of Robot Results: Participants who engaged
in the relational condition in their first session rated the
nonrelational robot on average 11% lower than the
relational robot in terms of companionship (Mg = 7.4
versus Myr = 6.5), 11% lower as an exercise coach
(Mg = 7.7 versus Myg = 6.9), and 1% lower in terms of
social presence (Mg = 7.2 versus Myg = 7.1). Greater
positive scores for the relational robot were also reported
by the participants who instead engaged first in the
nonrelational condition, having rated the relational robot
on average 14% higher than the nonrelational robot in
terms of companionship (Myg = 6.9 versus Mg = 7.9),
10% higher as an exercise coach (Mygr = 7.4 versus
Mg = 8.2), and 8% higher in terms of social presence
(Myr = 6.9 versus Mg = 7.5).

Altogether, 77% of the participants (10 of 13) rated the
relational robot higher than the nonrelational robot in
terms of companionship, 77% of the participants (10 of 13)
rated the relational robot more positively as an exercise
coach, and the comparative ratings of social presence
between the robot conditions were approximately equal, as
54% of participants (7 of 13) reported higher social
presence for the relational robot.
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We again analyzed the data to test for significant
differences among participant evaluations across the two
robot conditions by performing a Wilcoxon signed-rank
test. The results show that the participants rated the
relational robot as a significantly better companion than
the nonrelational robot (W[13] = 14,p < .05), supporting
Hypothesis 3, and as a significantly better exercise coach
than the nonrelational robot (W[11] =7,p <.02), in
support of Hypothesis 4. As expected, there was no
significant difference in the participant evaluations of
social presence between both robot conditions
(W[12] = 28.5,p > 0.2), confirming Hypothesis 5, with
both robots receiving equally high ratings. The average
participant ratings of both robot conditions for all three
dependent measures are shown in Fig. 4(b).

3) Direct Comparison Results: At the end of the final
exercise session, participants were asked to directly
compare both robot conditions with respect to ten
different evaluation categories; results are provided in
Table 1. It is important to note that the study conditions
were labeled as “first session” and “second session” on the
survey. These labels would correspond to either the
relational condition or nonrelational condition, depending
on the order of the conditions in which each participant
engaged, and were chosen to avoid any potential bias in the
survey items.

The results support Hypothesis 6 by demonstrating
that, regardless of the order of condition presentation, the
participants expressed a strong preference for the
relational robot over the nonrelational robot. Specifically,
the relational robot received 82% of the positive trait votes
versus 16% for the nonrelational robot, with the remaining
2% shared equally between them. Other notable results
include the high number of participants who rated the
relational robot as more enjoyable (10 votes, 77%), better
at motivating exercise (11 votes, 85%), more useful (11 votes,
85%), and the robot they would choose to exercise with in
the future (11 votes, 85%). In contrast, the nonrelational
robot received a high number of votes for being more

Table 1 Participant Responses to Direct Comparison Survey Items

Relational i -

Relational Equal
Enjoy More 10 (77%) 3 (23%) 0 (0%)
More Intelligent 11 (85%) 2 (15%) 0 (0%)
More Useful 11 (85%) 2 (15%) 0 (0%)
Prefer to Exercise with 11 (85%) 2 (15%) 0 (0%)
Better at Motivating 11 (85%) 2 (15%) 0 (0%)
More Frustrating 3 (23%) 10 (77%) 0 (0%)
More Boring 2 (15%) 10 (77%) 1 (8%)
More Interesting 10 (77%) 2 (15%) 1 (8%)
More Entertaining 10 (77%) 2 (15%) 1 (8%)
Choice from now on 11 (85%) 2 (15%) 0 (0%)
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Table 2 Participant Exercise Performance Statistics

Objective Measure Avg.(std.)
Time to Gesture Completion (seconds) 2.46 (0.70)
Seconds per Exercise 5.21 (1.00)
Feedback Percentage 7.4% (4.8%)
Number of Failed Gestures 0
Number of Movement Prompts 0
Maximum Score 6
Average Maximum Score 3.08 (1.12)
Time per Gesture Attempt (seconds) 8.57 4.11)
Number of Movement Prompts ; 0.26 (0.53)

frustrating (10 votes, 77%) and more boring (10 votes, 77%)
than the relational robot.

4) User Exercise Performance Statistics: The collected
statistics regarding participant performance in the exercise
task were very encouraging as they demonstrated a
consistently high level of user exercise performance and
compliance with the exercise task. As expected, and in
support of Hypothesis 7, there were no significant
differences found in participant performance between the
two study conditions, with both conditions reporting
equally high performance among the participants. For
example, the average gesture completion time for partici-
pants in the relational condition was 2.45 s (S.D. = 0.65),
compared to 2.46 s (S.D. = 0.78) for participants in the
nonrelational condition (W[13] = 37,p > 0.2). Given the
lack of significant difference in user performance between
the two conditions, the statistics presented in this section
refer to the participant performance across all exercise
sessions of the study.

User compliance and performance in the Workout
game were high. The average gesture completion time was
2.46 s (S.D. = 0.70), and the overall exercise performance
averaged 5.21 s per exercise (S.D. =1.0), which also
includes time taken for verbal praise, feedback, and score
reporting from the robot. The low percentage of necessary
corrective feedback, averaging 7.4%, zero failures, and
zero movement prompts during the entire study, are all
very encouraging results, as they suggest that the
participants were consistently motivated to do well on
the exercises throughout the interaction.

A summary of all statistics regarding user performance,
including those from the Memory and Imitation games,
can be found in Table 2.

F. Discussion

The results of the study show a strong user preference
for the relational robot over the nonrelational robot,
demonstrating the positive effects of praise and relational
discourse in a healthcare task-oriented HRI scenario, and
supporting all of our hypotheses with the exception of
Hypothesis 2, which missed reaching significance by a

small margin. Participants rated the relational robot
significantly higher than the nonrelational robot in terms
of enjoyableness, companionship, and as an exercise
coach. Comments made by participants after the study
further illustrate the positive response to the relational
robot, including “It’s nice to hear your name, it’s personal.
I felt more positive reinforcement,” and from another
participant “The robot encourages you, compliments you;
that goes a long way.” These results provide significant
insight into how people respond to SARs, and confirm the
positive influence that praise and relational discourse have
on intrinsic motivation. These are of particular importance
for the healthcare domain, where effectiveness in social
interaction, relationship building, and gaining user accep-
tance and trust are all necessary in ultimately achieving the
desired health outcomes of the therapeutic interventions.

The effectiveness of the SAR exercise system was also
demonstrated by the outcomes of the study. Not only did
the participants rate the interaction with our robot coach
as highly enjoyable/entertaining, suggesting they were
intrinsically motivated to engage in the exercise task, but
they also consistently engaged in physical exercise
throughout the interaction, as demonstrated by the
gathered user performance statistics. These results are
very encouraging, as they clearly show that the system was
successful in motivating elderly users to engage in physical
exercise, thereby confirming its effectiveness and achiev-
ing the primary goal of the system.

VI. MOTIVATION STUDY II: USER
CHOICE AND SELF-DETERMINATION

As discussed in Section III, allowing the user to gain a
sense of self-determination within a task, for example from
choice of activity, has been shown to increase or be less
detrimental to intrinsic motivation when compared to
similar task conditions that do not involve choice [41],
[42]. To investigate the role of choice and user autonomy
in inﬂuencing user intrinsic motivation in the robot
exercise system, as well as to further test and validate the
effectiveness of our system, we conducted a second user
study with elderly participants.

A. Study Design

The study consisted of two conditions, choice and no
choice, designed to test user preferences regarding choice
of activity. The conditions differed only in the manner in
which the three exercise games (Workout, Imitation,
Memory) were chosen during the exercise sessions. As in
the first study, the design was within subject; each
participant engaged in both conditions one after the other,
with the order of appearance counterbalanced among the
participants. Each condition lasted 10 min, totaling 20 min
of interaction. The following are descriptions of each
condition in greater detail.
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1) Choice Condition: In this condition, the user is given
the choice of which game to play at specific points in the
interaction. The robot prompts the user to press the “Yes”
button upon hearing the desired game, and then calls out
the names of each of the three game choices. After the user
has made a choice, the chosen game is played for a
duration ranging from 1 to 2 min in length. Then, the robot
asks the user if he would like to play a different game.
Depending on the user’s response, the robot either
continues playing the same game for another 1-2 minutes,
or prompts the user again to choose the game to play next.

2) No Choice Condition: In this condition, the robot
chooses which of the three games to play at the specified
game change intervals (every 1-2 minutes). The robot
always changes games, to try to minimize any user
frustration, as in this condition the robot is unaware of
the user’s game preferences. For simplicity, in this
condition, the robot always chooses to first play the
Workout game, followed by the Imitation and then
Memory games, then cycles through them again in the
same order.

B. Participant Statistics

We recruited elderly individuals to participate in the
study again through our partnership with the be.group
senior living organization. Eleven individuals participated
in the first trial of the study, which was subsequently
expanded to include thirteen additional participants.
Therefore, a total of 24 participants were recruited and
successfully completed both conditions of the study. Half
of the participants engaged in the choice condition in
their first session, whereas the other half engaged first in
the no choice condition. The sample population consisted
of 19 female participants (79%) and five male participants
(21%). Participants’ ages ranged from 68 to 89, and the
average age was 77 (S.D. = 5.76).

C. Measures

As in the first study, survey data were collected at the
end of the first and second sessions in order to analyze
participant evaluations of the interaction with the exercise
system in both conditions. The same evaluation surveys
were used for each session to allow for objective
comparison between the two conditions.

We administered an additional questionnaire at the
end of the last session, asking the participants about their
preferences regarding choice in the exercise system, in
addition to various other opinion items for further
evaluation of the exercise system.

The following describes the specific evaluation mea-
sures captured in the postsession surveys.

1) Evaluation of Interaction: The two dependent
measures used to evaluate the interaction with the robot
exercise system were the same as in the previous study,
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namely the enjoyableness of the interaction, and the perceived
value or usefulness of the interaction. The ratings scales and
survey items for each measure also remained the same.

2) User Preferences Regarding Choice: Three question-
naire items were used to assess participant preferences and
opinions regarding choice in the exercise system (direct
user input in choosing the exercise games). The first item
asked participants to state their session preference, labeled
as “first” or “second,” which referred to either the choice
or no choice conditions, depending on each participant’s
session ordering. The ordinal labels were again chosen, as
in the previous study, to avoid any bias in the survey item.
The second item asked the participants about user choice,
specifically whether they preferred to choose the exercise
games to be played, or whether they preferred to let the robot
choose instead. This question is similar to the first item but in
more direct terms. Last, the third item asked the participants
about added enjoyment due to user choice, specifically asking
whether having the ability to choose which game to play
added to their enjoyment of the interaction.

3) Evaluation of SAR System: The last seven question-
naire items were used to obtain additional feedback on the
user perceptions of and feelings toward the SAR exercise
system. The first four of these items asked participants to
rate, respectively: their perception of the robot’s intelli-
gence, their perception of the robot’s helpfulness, the level of
importance they put on their participation in the exercise
sessions with the robot, and their mood in general during
the exercise sessions. The rating scales were five-point
Likert scales, anchored by “not at all” (1) and “very” (5)
(e.g., “not at all intelligent” and “very intelligent”). The
question regarding user mood during the sessions
contained a modified scale, where the mood options
ranged from “irritated/frustrated” (1) to “happy/joyful”
(5), with the medium range being “normal” (3).
Participants were also asked to report their favorite game,
least favorite game, and to state their choice of the robot
description that best fit among four available options:
companion, exercise instructor, game conductor, none of
these.

D. Hypotheses

Based on the related research on the positive effects of
user choice and autonomy on intrinsic motivation,
discussed in Section III, five hypotheses were established
for this study.

e Hypothesis 1: Participants will evaluate the enjoy-
ableness of their interaction in the choice condi-
tion more positively than their interaction in the
no choice condition.

e Hypothesis 2: Participants will evaluate the useful-
ness of their interaction in the choice condition
more positively than their interaction in the no
choice condition.
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e Hypothesis 3: Participants will report a clear
preference for the choice condition over the no
choice condition when asked to compare both
exercise sessions directly.

e Hypothesis 4: Participants will report a clear
preference for choosing the exercise games them-
selves, as opposed to having the robot choose
which games to play during the interaction.

e  Hypothesis 5: Participants will report feeling an
increase in the enjoyment of the exercise task
when given the opportunity to choose which games
to play during the interaction.

E. Results

1) Evaluation of Interaction Results: The evaluation of
interaction survey items was introduced after the first trial
of the study, therefore the results presented here for the
two interaction measures were analyzed from the data
gathered solely from the 13 participants of the expanded
study. Nevertheless, all other survey results presented
were gathered from all 24 participants of the study.

Participants who engaged in the choice condition in the
first session rated the no choice condition on average 7%
higher than the choice condition in terms of enjoyment
(Mc = 7.5 versus Myc = 8.0), and 2% lower in terms of
usefulness (M¢ = 8.7 versus Myc = 8.5). In slight con-
trast, the participants who instead engaged in the no choice
condition in their first session rated the choice condition on
average 4% higher than the no choice condition in terms of
enjoyment (Myc = 8.5 versus M¢ = 8.8), and 5% higher in
terms of usefulness (Myc = 9.0 versus M¢c = 9.5).

Altogether, there was no clear participant preference
for one condition over the other, as 62% of the participants
(8 of 13) rated the no choice condition higher than the
choice condition in terms of enjoyment, and 62% of the
participants (8 of 13) rated the choice condition higher in
terms of usefulness than the no choice condition.

We performed a Wilcoxon signed-rank test on the data
and found no significant differences between participant
evaluations of the two study conditions, neither with
respect to the enjoyableness (W[13] = 28.5,p > 0.2), nor
the usefulness of the interaction (W[13] = 30.5,p > 0.2).
Thus, Hypotheses 1 and 2 were not supported by the
data. Nevertheless, participant ratings for the enjoyable-
ness (M=8.18,5.D.=1.67) and usefulness (M=8.95,
S.D.= 1.63) of the interaction across both conditions were
very positive, with scores even higher than those seen in the
previous study. These high evaluations of the SAR exercise
system further illustrate the effectiveness of the system in
instructing and motivating elderly users to exercise.

2) User Preferences Regarding Choice Results: The survey
results regarding session preference indicated that 42% of
the participants (10 of 24) preferred the no choice
condition, 33% of the participants (8 of 24) preferred

the choice condition, and 25% of the participants (6 of 24)
expressed no preference for one condition over the other.
Fig. 5(a) plots the participants’ stated preferences of study
conditions. The varied participant condition preferences
indicate no clear preference for one over the other, and thus
Hypotheses 3 was not supported. Concerning user choice in
the exercise system, 62% of participants (15 of 24) reported
preferring to let the robot choose the games to play, with the
remaining 38% of participants (9 of 24) preferring to choose
the games themselves. The slight preference among
participants for having the robot choose countered the
reasoning of Hypothesis 4, which was not supported.

It is interesting to note that even though most
participants preferred letting the robot decide which games
to play, almost all of the participants, 92% (22 of 24),
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Fig. 5. Graphs of: (a) the participants’ preferences of study condition;
(b) the participants’ ratings in response to survey questions on their
perception of the robot’s intelligence, helpfulness, their mood during
sessions, and how important the sessions were to them; and (c) the
participants’ preferences of exercise game.
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reported increased enjoyment of the task when given the
opportunity to choose the exercise game to play. This result
supports Hypothesis 5 and is consistent with the literature on
the effects of user choice on intrinsic motivation [41], [42].

3) Evaluation of SAR System Results: The results of the
survey questions regarding participant perceptions and
feelings toward the SAR exercise system are very
encouraging; the participants rated the robot highly in
terms of intelligence (M = 4.0,S.D. = 0.93) and helpful-
ness (M = 4.0,S.D. = 0.97), attributed a moderately high
level of importance to the exercise sessions (M = 3.87,
S.D. = 0.89), and reported their mood throughout the
sessions to be normal-to-moderately pleased (M = 3.87,
S.D. = 0.99). These results are important because positive
user perceptions of the agent’s intelligence and helpfulness
are a key part of establishing trust in the human-robot
relationship. This, along with positive user mood and user-
attributed importance to the therapeutic task, are in turn
important for establishing and maintaining user intrinsic
motivation. These are all key components for achieving
long-term success in any SAR setting. An illustration of the
results is shown in Fig. 5(b).

Regarding the exercise games, the participants largely
favored (62%, 15 of 24) the Workout game over the others,
wherein the robot serves as a traditional exercise coach,
with the Memory game being chosen most often as the
participants’ least favorite game (54%, 13 of 24). Fig. 5(c)
summarizes the participants’ game preferences.

The description most chosen by the participants as the
best fit for the robot was that of an exercise instructor
(67%, 16 of 24), not surprisingly, as opposed to that of a
game conductor (25%, 6 of 24) or companion (8%, 2 of 24).
While all of the descriptions represent characteristics of the
robot in one form or another, the primary selection of an
exercise coach by the participants illustrates the perception
of the robot as an agent that they can trust and that is
capable of helping, rather than simply entertaining.

F. Discussion

The results of the study showed no clear preference for
one condition over the other, as the user enjoyment level
of the interaction was reported to be equally high for both
conditions, with or without user choice of activity. The
high participant evaluations regarding the enjoyableness
and usefulness of the interaction, the intelligence and
helpfulness of the robot, and positive user mood and
attributed importance to the exercise sessions, further
validate the SAR system’s effectiveness in motivating
elderly users to engage in physical exercise.

The relatively mixed condition preferences among
participants, or rather the lack of clear preference for the
choice condition, seem somewhat counterintuitive given
the positive effect that choice and user autonomy have
been shown to have on task-based enjoyment [41], [42].
One possible explanation for the mixed preferences may be
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that, since the robot’s role in the interaction was that of an
exercise instructor, some participants might have felt it
was the robot’s duty to determine the exercise regimen,
and hence were comfortable relinquishing the choice of
exercise games. Another possible explanation may be that
the enjoyment derived from choosing the games did not
outweigh the enjoyment derived from relaxation due to the
reduced responsibility of not having to choose the games.
Both explanations seem plausible, as some of the
participants reported preferring the robot to have the
“responsibility” of steering the task. A third explanation
may be that, given the short-term nature of the study, some
participants may have needed more experience with the
robot system before they felt confident enough to make
task-based decisions themselves.

It is interesting to note that, even though the condition
preferences were varied and nearly half of participants
preferred letting the robot decide which games to play, all
participants at one point or another during the study took
advantage of having greater control in the choice condition.
Specifically, when given the option by the robot to change
games, all participants at some point either chose to
continue playing the same game they were playing, or chose
to avoid playing a game they did not want to play. Neither of
these cases could occur in the no choice condition, as the
robot was unaware of the user’s current game preferences.

This observation speaks to the value of user preference
within the task scenario, suggesting that a hybrid approach
that includes both user and robot decision making,
personalized and tuned automatically for each user, might
ultimately be the best solution for achieving a fluid and
enjoyable task interaction for all users. For example, for
users who prefer greater robot responsibility and input in
the SAR-based task, the robot can recommend the “best”
choices given the current task conditions and situation,
giving the user an informed choice. Alternatively, for users
who prefer greater control only once they've gained
enough experience, the robot can initially make all task-
based decisions until the user is ready and confident in
making choices. For users who have a clear preference
regarding who should make task-based decisions during
interaction, the chosen strategy can be implemented
continually throughout the sessions. Clearly, no single
fixed user-choice strategy is appropriate for all users; users
have varied preferences regarding choice, and those
preferences may even Change over time. Therefore, it is
important that the strategy employed in SAR systems
regarding user choice and autonomy be continually
adapted to the specific user engaged in the interaction,
thus personalizing the therapeutic intervention.

VII. CONCLUSION

In this paper, we have presented the design methodology,
implementation, and evaluation of a SAR that is capable of
interacting with elderly users and engaging them in physical
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exercise in a seated aerobic exercise scenario. Methods for
influencing an individual’s intrinsic motivation to perform a
task, including verbal praise, relational discourse, and user
choice, were implemented and evaluated in two separate
user studies with elderly participants.

The results of the first motivation study showed a
strong participant preference for the relational robot over
the nonrelational robot in terms of enjoyableness of the
interaction, companionship, and as an exercise coach, in
addition to demonstrating similar evaluations of both robots
in terms of usefulness of interaction and social presence.
These results illustrate the positive effects of motivational
relationship building techniques, namely praise and rela-
tional discourse, on participant perceptions of the social
agent and interaction in a health-related task scenario, and
ultimately on user intrinsic motivation to engage in the task.
The results of the second motivation study showed varying
participant preferences regarding user choice within the
exercise system, suggesting the need for customizable
interactions automatically tailored to accommodate the
personal preferences of the individual users.

The SAR exercise system was very well received, as
demonstrated by both user studies, with high participant
evaluations regarding the enjoyableness and usefulness of the
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