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Objectives: The main objectives of this research are (1) to uniquely design assistive behaviors for socially
assistive robots using the principles of persuasion from behavioral psychology, and (2) to investigate
caregivers’ perspectives and opinions on the use of these behaviors to engage and motivate older adults
in cognitive activities.
Design:We developed 10 unique robot persuasive assistive behavior strategies for the social robot Pepper
using both verbal and nonverbal communication modes. Robot verbal behaviors were designed using
Cialdini’s principles of persuasion; nonverbal behaviors included expansive movements of the body. Care
providers’ perceptions of the quality, strength, and persuasiveness of these robot persuasive behaviors
were assessed based on the Perceived Argument Strength Likert scale.
Setting and Participants: Eighteen formal and informal care providers caring for older adults including
those living with mild cognitive impairments participated.
Methods: An online survey was designed consisting of short videos of the Pepper robot displaying each
behavior. After viewing each video, care providers completed the Perceived Argument Strength Likert
scale to evaluate 6 attributes for each behavior. They also provided comments.
Results: Results show robot assistive behaviors using praise with emotion, along with emotion with
commitment were the most positively rated by care providers. Qualitative responses indicate robot body
language and speech quality were influencing factors in how a person perceives assistance in human-
robot interactions.
Conclusions and Implications: Our findings provide new insights into incorporating persuasive strategies
into the design of assistive social robot behaviors with the aim of engaging and motivating older adults in an
activity. The majority of care providers rated the robot persuasive behaviors positively. In designing a
persuasive socially assistive robot for older adults, it is beneficial to display a combination of persuasive stra-
tegies, such as praise and commitment with emotion, to address individual users’ needs and cognitive levels.

� 2024 The Authors. Published by Elsevier Inc. on behalf of AMDA e The Society for Post-Acute and
Long-Term Care Medicine. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
The COVID-19 pandemic has exacerbated the critical staffing
shortages in long-term care (LTC), with LTC homes and assisted living
communities still experiencing significant job losses.1 Now more than
ever, technological solutions are increasingly being considered in
health interventions. These solutions include socially assistive robots
(SARs) designed to supplement human care by allowing caregivers to
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monitor and care for multiple residents at one time.2 SARs can lead
exercise sessions,3 facilitate recreational activities,4 engage users in
cognitive activities including memory games,5 and assist with activ-
ities of daily living.6 Such SARs have been shown to improve cognitive
and/or psychological functioning in older adults.7 This includes
enhancement of motivation and improvement of verbal memory
functions,8 lower anxiety,9 and decreased stress levels.10 SARs can also
assist with monitoring residents throughout the night, helping to
reduce caregiver rounds.11 With adaptable and personalized social
skills such as knowing a resident’s name and past history, SARs can be
successfully deployed for LTC.12

The physical embodiment and multimodal interaction capabilities
(eg, speech, gaze, gestures, facial expressions) of SARs aid in the
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promotion of a rich interactive environment.13,14 With respect to other
available technologies, it has been shown that older adults feel more
confident interacting with a robotic assistant and are more willing to
frequently use one compared with a tablet.15 In particular, older adults
prefer to interact with a robot that (1) naturally interacts using both
verbal and nonverbal communication, and (2) is adaptive to their
changing needs as they age.16

In LTC environments, care providers frequently need to engage
residents in social activities through encouragement.17 This includes
using praise or telling jokes, with the aim of promoting social
engagement.4 There are 3 types of social interactions that have been
identified to be effective between caregivers and residents17: (1)
activating (recruiting or encouraging participation), (2) relating (in-
teractions based on social/emotional bonding), and (3) attending
(addressing individual physical or psychosocial needs). SARs have
been used in all 3 of these interaction types. For example, encouraging
and motivating older adults suffering from cognitive decline to play a
cognitive game,5 supporting dementia care by improving social
engagement and bonding,18 and providing dressing assistance to older
adults.19

Approximately 50 million people live with dementia in the world,
and this number is expected to increase to 152million by 2050.20 Mild
cognitive impairment (MCI) is the transitionary stage between healthy
aging and dementia and provides a window for interventions
designed to delay progression to dementia.21 Globally, the prevalence
ofMCI in people aged 50 or older living in community dwellings or LTC
homes is from 15% to 21%.22,23 Informal caregivers, such as family
members, provide an estimated 75% of home care for those living with
MCI.24 Therefore, it is important to consider caregivers’ experience
working with individuals with MCI.

As we increasingly explore the use of SARs in health care and
eldercare applications to assist, stimulate, and provide compan-
ionship, it is important to understand how their assistive behav-
iors are used and perceived in a persuasive capacity. There has
been limited research on persuasive robotics for health
careerelated tasks for older adults. Furthermore, caregiver per-
spectives on the efficacy of different SAR persuasive behaviors
have not yet been explored. There are also contradicting results on
whether human persuasion theories can be applied in human-
robot interaction (HRI),13 in particular, assistive HRI with vulner-
able populations. More research is needed to design autonomous
SARs that can support both care providers and older adults in
resource constrained environments.

In this article, we present our research in the novel design of
robot assistive behavior strategies using insight from persuasive
human-human interaction (HHI). We aim to inform the general
design of SAR behavior strategies that can be used to engage,
support, and motivate older adults in an activity by first obtaining
caregiver expertise on specific attributes of these behaviors.
Caregiver input is critical in the codesign of SARs and their be-
haviors, which directly supports the adoption of SARs.24,25 The
second future stage of our research will be to validate these
persuasive behaviors by the robot directly engaging in HRI with
older adults. The main contributions of this article are twofold: (1)
integrate the principles of persuasion from behavioral psychology
to uniquely design SAR assistive behaviors, and (2) investigate
caregivers’ perceptions on the use of these behaviors to engage
and motivate older adults.

Methods

The objective of this study is to investigate care providers’ per-
spectives on different multimodal robot persuasive behaviors and
their corresponding verbal and nonverbal feature designs to engage
and motivate older adults in cognitive activities.
Participants

Formal and informal caregivers, caring for older adults including
those living with MCIs, were recruited through e-mail lists of LTC
homes and home care organizations as well as nonprofits, and tech-
nology and aging networks across Canada. Eighteen participants
completed an online survey. Demographic information including age
group range, gender, and previous experience with robots was ob-
tained. Eleven participants were 18 to 55 years old, and 7 were older
than 55. Three men and 15 women participated in the survey. The
majority of participants (14) reported they had no prior or beginner
robot experience (seen robots at museums, science centers, or on TV),
3 had intermediate experience (seen robots used in their workplace),
and 1 person reported having advanced experience (hands-on expe-
rience using a robot). All participants provided written consent before
completing the survey. Ethics approval was obtained from the Uni-
versity of Toronto Research Ethics Board.

Robot Behavior Design

We used the Pepper robot from Softbank Robotics and designed
10 different robot behavior strategies. The socially assistive robot
Pepper has been designed by us in our study to have multimodal
capabilities to enable the incorporation of both verbal and
nonverbal (vocal intonation, gestures, eye color) communication
modes to help convey a specific behavior to older adults and those
with MCI. Namely, it has been found when a caregiver communi-
cates with older adults with MCI, both verbal and nonverbal
communication strategies should be used26: (1) getting the person’s
attention, such as by waving; (2) speaking slowly and clearly,
maintaining an open, calm, and friendly manner; (3) using short,
simple sentences; (4) avoiding open-ended questions; (5) repeating
a question; and (6) using nonverbal communication modes such as
tone, posture, and gestures. We have used a mix of these
communication strategies in our robot behavior design and have
developed our behavior strategies to work across different levels of
cognition, so that they can be used as needed, depending on indi-
vidual needs and progress in an activity.

Our own research has shown that for older adults with no cogni-
tive disorders, Pepper can use a combination of multimodal behaviors
to help keep them engaged and prolong social interactions.27,28 For
those with MCI, Pepper’s behaviors can be designed to (1) include
repetition of instructions, (2) minimize distractive behaviors by using
pointing gestures for visual focus of attention, (3) provide more time
for each step of an activity, and (4) give positive reinforcement when
completing an activity step. The level of robot assistance for an older
adult based on their cognitive level can be established ahead of the
activity with the help of the caregiver.2 Namely, for those with mild
cognitive impairments, the robot can provide clear demonstrations on
how to perform an activity through verbal support and gestures, and
for those with moderate cognitive impairments, provide activity
assistance by helping them complete a step of the activity through
targeted instructions and pointing gestures.29

The speech was also presented as text on Pepper’s tablet. Table 1
presents an overview of the design of the robot behavior types and
their corresponding modes. We discuss these behaviors in more detail
as follows.

Robot Verbal Communication Design

Cialdini’s principles of persuasion are among the most widely used
and established persuasion strategies in human behavioral psychol-
ogy,30,31 and have been applied in both HRI32-35 and HHI.31,36,37

However, the perceived strength of these persuasive strategies has
not yet been investigated with older adults. We designed the Pepper



Table 1
Robot Behavior Type and Corresponding Verbal and Nonverbal Communication

Behavior Type Verbal Nonverbal (Gestures, Eye
Color, Speech Text)

1: Appeal via others https://youtu.be/mZEP4Pw99rU “So many people have completed this activity, it is their favorite one! Let’s
see if it will be your favorite, too.”

Theory: Social proof (Increase compliance by stating that others have already
complied)

2. Praise with emotion https://youtu.be/4hkWEm6Gx6o “I have heard you are very good at this activity! I’m excited to play with
you.”

Theory: Use praise and compliments to increase liking and compliance, along
with emotion

3. Appeal with emotion https://youtu.be/oVF7UOD8NN4 “It would make me happy if you could complete this activity.”
Theory: Use emotion for gaining compliance

4. Praise with amazement https://youtu.be/
zRMwCKkMVhU

“You are one of the best!”
Theory: Use praise and compliments to increase liking and compliance

5. Expertise https://youtu.be/lou8zxyO8-8 “You should do this activity because I know it can improve your skills.”
Theory: Authority (Show expertise)

6. Reciprocity https://youtu.be/9cIw3u2noFE “I have already completed the first step in the activity for you. Now it is your
turn to complete the next step.”

Theory: Reciprocity (Give something before asking for return favor)

7. Encouragement with amazement https://youtu.be/
95g4G1aYy-E

“Wow, you are doing even better than everyone else on this activity! Keep it
up!”

Theory: Social proof (Increase compliance by stating that others have already
complied)

8. Commitment with engagement https://youtu.be/
oZOyNstyoKI

“That was fun! Let’s do this again at the same time tomorrow.”
Theory: Consistency and commitment (Engage user in making a commitment)

9. Commitment with emotion https://youtu.be/
earbrjN2dpY

“It would make me happy if you would do this activity again with me
tomorrow.”

Theory: Use emotion for gaining compliance, along with commitment

10. Compliment with anticipation https://youtu.be/lhgRqU-
G2EM

“You did great at this activity! I can’t wait to see how you do next time.”
Theory: Use praise and compliments to increase liking and compliance
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robot’s speech using 5 of these principles of persuasion. Namely, to
exemplify social proof (or consensus), Pepper alludes to other people
who have completed the activity (behaviors 1 and 7). Praise was
exemplified by personal compliments on activity success (behaviors 2,
4, and 10). Expertise was demonstrated with the robot stating it has
knowledge of the activity (behavior 5). To engage in Reciprocity, the
robot stated it had already completed an activity step (behavior 6).
Commitment was illustrated by Pepper alluding to meeting again
tomorrow (behaviors 8 and 9). The compliance gaining behavior
strategy of emotion was represented in combination with some of the
preceding principles (behaviors 2, 3, and 9).

Robot Nonverbal Communication Design

The SAR’s approachability, associated with emotional warmth and
empathy, is linked to stretching, opening, andmoving/leaning forward

https://youtu.be/mZEP4Pw99rU
https://youtu.be/4hkWEm6Gx6o
https://youtu.be/oVF7UOD8NN4
https://youtu.be/zRMwCKkMVhU
https://youtu.be/zRMwCKkMVhU
https://youtu.be/lou8zxyO8-8
https://youtu.be/9cIw3u2noFE
https://youtu.be/95g4G1aYy-E
https://youtu.be/95g4G1aYy-E
https://youtu.be/oZOyNstyoKI
https://youtu.be/oZOyNstyoKI
https://youtu.be/earbrjN2dpY
https://youtu.be/earbrjN2dpY
https://youtu.be/lhgRqU-G2EM
https://youtu.be/lhgRqU-G2EM
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movements of the body.38 The open arm gestures used by Pepper have
been supported by a previous HRI study on engagement in which
elated joy and interest were effectively displayed through a social
robot by stretching trunk, opening arms, and overall upward and
forward motions.39

We used LED eye colors of yellow, orange, and green, informed by
Plutchik’s color wheel.40 In HRI, a combination of color andmovement
provides an effective method of communicating basic emotions in
SARs such as joy, sadness, fear, and anger.41 Yellow has previously
been used to express joy,41,42 and to congratulate a win.43 Orange has
been shown to express anticipation, and yellow-green expresses trust,
acceptance, and admiration.44 Therefore, we used yellow eye color to
express joy, orange to express anticipation and interest, and green to
express admiration.

Questionnaire

Our online survey was developed using Research Electronic Data
Capture (RedCap) software to investigate care providers’ perspectives
on the engagement and motivational impact of the different robot
behaviors. The survey consisted of 10 sections, with each section
starting with a short video (approximately 10 s) of a specific behavior,
followed by a questionnaire on the behavior in the video. The ques-
tionnaire consisted of 2 parts: (1) a 5-point Likert scale questionnaire
(1 ¼ strongly disagree, 5 ¼ strongly agree), and (2) open-ended
questions. The order in which the participants viewed the videos
was randomized to minimize carryover effects.

The Likert scale questionnaire was adapted from the Perceived
Argument Strength Scale, which has been used with adults in a
health care context and assesses perceptions of the quality, strength,
and persuasiveness of communication.45 Measures of perceived
argument strength have been shown to be a reliable predictor of the
effects of persuasion when acquiring data on actual attitude change
is difficult.46 The 5-point Likert portion of our survey questions used
the same 6 components from the Perceived Argument Strength
Scale,45 and consisted of rating these 6 attributes for the observed
robot behavior: (1) Believability, (2) Convincingness, (3) Importance,
(4) Engagement, (5) Promotion of Positive Feelings, and (6)
Compliance. The open-ended questions were on caregivers’ opinions
on their likes/dislikes about the individual behavior features
including speech, gestures, and LED eye color. Caregivers also pro-
vided general impressions on behaviors that would engage and
motivate an older adult from their own care experience. These
open-ended questions, answered in free-form text, enabled partici-
pants to share details that the researchers may not have anticipated,
capturing the “why” that complements quantitative results.47

Furthermore, LTC administrators provided their feedback on these
questions prior to the study. The full questionnaire is presented in
the Supplementary Materials.

Results

We investigated both (1) caregiver perceptions of robot behavior
types using the 6 attributes, and (2) caregiver opinions on nonverbal
and verbal robot behavior features. Data analysis and results are dis-
cussed as follows.

Perceptions of Robot Behavior Types

Figure 1 presents the box and whisker plots for caregiver ratings
across the 6 attributes for all 10 robot behavior types. We plotted
Likert responses for the 10 behavior types across the 6 attributes to
assess overall positive (score of 4e5), neutral (score of 3), or negative
(score of 1e2) perceptions of each behavior.
The behavior types that were overall positively perceived by
caregivers were Praise with emotion (#2), Commitment with emotion
(#9), and Compliment with anticipation (#10), followed by Appeal via
others (#1) and Commitment with engagement (#8).

Praise with emotion (#2) had overall positive perception for all 6
attributes, with a consistently high central tendency (xe¼ 4), and
variability (IQR ¼ 1.75e2.5). Commitment with emotion (#9) had
overall positive perceptions, with a consistently high central tendency
(xe¼ 4) and lower variability (IQR ¼ 1) for all 6 attributes. Compliment
with anticipation (#10) had overall positive ratings for the attributes,
with a high central tendency for 5 of them (xe¼ 4) and low variability
(IQR ¼ 1e1.25). The Compliance attribute had a neutral perception
(xe¼ 3, IQR ¼ 1.25).

Last, 3 attributes had positive perceptions for Appeal via others
(#1): Convincingness, Engagement, and Positive feelings (xe¼ 4, IQR ¼
1e2); and for Commitment with engagement (# 8): Convincingness,
Importance, and Engagement (xe ¼ 4, IQR ¼ 1e1.75), with the
remaining attributes perceived neutrally.

Praise with amazement (#4), Reciprocity (#6), and Encourage-
ment with amazement (#7) had central tendencies ranging from 3
to 4, and variability ranging from 1 to 2. Less than half of the at-
tributes were positively perceived (xe¼ 4): Importance and Positive
feelings for Praise with amazement (#4); Believability and
Engagement for Reciprocity (#6); and Positive feelings for Encour-
agement with amazement (#7). The rest were perceived neutrally
(xe¼ 3e3.5).

Appeal with emotion (#3) and Expertise (#5) were neutrally
perceived overall (xe¼ 3, IQR ¼ 1.75e2), with the exception of the
Importance attribute perceived positively (xe ¼ 4, IQR ¼ 2) for
Expertise.
Care Provider Opinions on Robot Behavior Features

Caregivers were asked their opinions and provided open-ended
comments on the specific behavior features of (1) body language
and gestures, (2) speech quality, (3) eye colors, and (4) speech content.
Answers were analyzed using an inductive thematic analysis
approach, in which patterns and underlying themes were identified,
then coded and grouped together. We also used content analysis to
determine if a comment was positive or negative.
Body Language and Gestures

Most comments on behavior features were on the body language
and gestures displayed by the robot (43 comments in total). The main
comments were on the variety and synchronization of gestures with
speech and ranged from positive:

“I like the variety of gestures.”
“I really liked that the robot almost appeared to be dancing.”

to negative:

“The movements distract from what is being said.”

“They were not in sync with the speech.”

They also noted that the body language and gestures were
engaging and kept them interested:

“I was focused on the arms and hand movement. That created in-
terest to keep watching to see what will happen next.”

The bigger faster movements, for example in Appeal with emotion
(#3), did not appeal to some participants:

“I would not include the arms up gesture it may be received as a bit
frightening.”



Fig. 1. Box and whisker plots for the 6 attributes across the 10 robot behaviors. The median is represented by bold red lines, quartiles by the boxes, and the minimum/maximum
values by the whiskers.
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Speech Quality

There were 24 comments on the robot’s speech quality. The main
comments were with respect to volume and tone, and varied from
positive:

“Voice and intonation were good.”

to negative:

“Speech should be louder, more cheerful.”
Eye Colors

Twelve comments were on the eye colors used with the behaviors,
and discussed perceptions of emotions linked to the different colors:

“I liked the green color, represented something more positive.”

“Don’t like the warm tone of the eyes; it looks like the robot has an
eye infection.”
Speech Content

There were 6 comments on the robot’s speech content. There were
positive comments for Compliment with anticipation (#10):

“Choice of words are good.”

and for Praise with amazement (#4):
“I liked that the sentiment was factual and not phrased as ‘I think
you are one of the best.’ This sort of statement is not as believable
coming from a robot.”

Two concerns for Encouragement with amazement (#7):

“I don’t like the saying because it puts everyone else down and it’s
not heartfelt and not too much encouragement.”

“Why compare to others? This does not seem good social behavior.”

Two were negative remarks; 1 for Commitment with emotion
(#9):

“The phrase ‘It would make me happy’ seems disingenuous coming
from a robot.”

and 1 for Reciprocity (#6):

“Vocal delivery is stiffly worded.”
General Overall Comments

Participants provided general open-ended comments in relation to
the application of robot assistive interactions with older adults. The
comments were analyzed and categorized for 2 main themes: (1)
personalization and presentation of behavior, and (2) proxemics. The
comments on personalization focused on adaptability to the person’s
needs:

“We have to ask them between the activities if we have to stop the
activities or continue.”
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“Very person dependent. I think could be very helpful for some, and
others will not understand.”

and preferences for the robot to have human-like behavior:

“Would engage a person with a musical background/Dalcroze
experience to create gestures that (1) stem from natural human
movements, (2) match the rhythm and phrase of speech.”

“I think having robots exhibiting social behaviors could be helpful,
but only if the gestures are not offensive or awkward.”

and more inclusive/participatory speech:

“I think it would be beneficial to make the statements participatory
using ‘would you’ invitations to imply agency and to help with
activity initiation.”

The comments on proxemics focused on the distance between the
robot and older adult user:

“My only concern at this moment would be the distance of the
robot to the person. The closer the robot is and if any physical arm
movements move towards the person, this could be alarming and
frightful.”
Discussion

Discussions are presented on the investigated robot behavior types
and caregivers’ comments on behavior features.

Robot Behavior Types

We assessed both the central tendency and variability of the rat-
ings to identify the spread of responses (Figure 1). Behaviors using
praise and compliments, when combinedwith other strategies such as
anticipation for a future encounter, were among the most positively
perceived, as evidenced with behaviors Praise with emotion (#2) and
Compliment with anticipation (#10), which had a positive central
tendency (xe¼ 4). Praise with emotion (#2) had the greatest variability
in responses (IQR ¼ 2.5), which was also observed in the comments
about gestures, where some care providers stated they liked the large
arm gestures and others stated they did not like them. Combining an
emotional appeal with commitment (#9) also had a positive central
tendency (xe¼ 4), while exhibiting the lowest variability (IQR ¼ 1).
Differences in central tendency across specific attributes for each
behavior could be due to (1) personal preference, as well as (2)
watching videos of robot behaviors, which may not be as convincing
as interacting with a robot in-person.

The principle of using praise and compliments increases likability,
compliance and promotes persuasion between people.30 In HRI, SARs
have used encouragement and praise using speech alongside gestures
to successfully motivate older adults to perform physical exercise.35

Appealing to a person’s emotions has been effective for persuasion
between people.48 In particular, when comparing the persuasiveness
of social robots using logic or emotion-based behaviors, the emotion
strategy had higher persuasive influence.49 Our findings show that the
specific attribute of Promotes positive feelings was rated high for all
behaviors using praise and compliments (#2, #4, #10). However,
Compliance was rated neutral in 2 of these behaviors (#4, #10).
Although compliments from a robot may be positively perceived, they
may need to be combined with various persuasion strategies to ach-
ieve compliance. For example, using a compliment with anticipation
(#10) was ratedmore positively overall than using a compliment on its
own (#4).

The use of commitment in the robot’s behavior aligns well with the
principle of consistency, which states that people follow through
when they make clear commitments, and even a small commitment
can influence their future actions.30 SARs have been used to provide
reminders to older adults for appointments or for taking medica-
tion50; however, compliance while following through with a stated
commitment has not been investigated in HRI studies with older
adults. In our study, we found that when emotion was incorporated
with commitment (#9), this behavior had the highest central ten-
dency and lowest variability compared with all the others.

The principle of reciprocity has been successful in persuasion be-
tween people, as it can elicit a desired behavior by displaying it first.51

Reciprocity has also been effective in HRI. It was shown that when
playing trivia with a robot teammate, if the robot helped by providing
correct answers, the likelihood of compliance increased for young
adults to then complete a secondary pattern recognition task.33 In our
study, the Reciprocity behavior had neutral-positive ratings, with the
Importance, Positive feelings, Convincingness, and Compliance attri-
butes rated neutral whereas Believability and Engagement were rated
positive. Further investigation of this particular behavior is needed.

Social proof (or consensus) can increase compliance between
people by reaffirming that others have already complied.30 One HRI
study investigating social conformity found that children conformed
to a group of small humanoid robots in a visual judgment task,
whereas adults resisted social pressure from robots (but not from
peers).52 In our study, the robot behaviors of Appeal via others (#1)
and Encouragement with amazement (#7) that used social proof
received neutral to positive ratings. Although both behavior types
promoted positive feelings, they were rated neutral on Compliance
and Importance. As our study is the first to incorporate social proof in
robot assistive behaviors for older adults, a larger study would provide
further insight on the use of this persuasive behavior.

The use of expertise has shown that people tend to defer to ex-
perts, and that stating one’s expertise can exert influence on others.30

Contrary to HHI, it has been shown in HRI that a robot is more
persuasive in a peer expert role than in an authority expert role.34 Our
results show that Expertise (#5) was rated neutral overall, yet with a
positive rating for Importance. One caregiver commented on the need
to use inclusive words, such as “would you like” as opposed to “you
should.” Further investigation is needed, as applying the wrong
persuasive strategies may be counterproductive, leading to noncom-
pliance or adverse user behaviors,53 especially for older adults with
MCI.

The Likert scale results, as shown in Figure 1, range from “Strongly
disagree” to “Strongly agree.” We postulate the disparities may have
been caused by the following reasons.

1. Care provider personal experiences in providing care for older
adults: The 2 participants who consistently had negative rat-
ings (strongly disagree or disagree) on the Likert scale also
provided negative comments to the open-ended questions for
each video. Namely, these participants were concerned that
older persons with dementia could not relate to the robot, and
that there was a need for human touch and interaction with
seniors. In general, their comments did not explicitly focus on
the different behaviors exhibited by the robot, but rather the
actual presence of a robot in general (which they disagreed
with). This is consistent with previous research that has shown
certain concerns can generally affect the perceived usefulness
of robots for caredcommon concerns are fear that robots will
replace people, the dehumanization of treatment, and
increased loneliness in older adults.54 On the other hand, par-
ticipants who had overall positive ratings (agree or strongly
agree) provided direct comments to the open-ended questions
that suggested improvements or ways to enhance the robot’s
specific behaviors for human-robot interactions with older
adults. These comments included (1) increasing the volume of
the robot’s voice to ensure it is clear for older adults, and (2)
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improving the synchronization of the robot gestures and
speech.

2. Care providers’ prior experience with robots: Most participants
(78%) stated they had either no previous robot experience or
only beginner experience, where the latter included having
seen robots in the media. The remaining participants reported
having intermediate experience (17%), or advanced experience
(5%). This limited prior experience with robotic technology
could have also impacted the range of answers, as there may be
an expectation gap.55 This can be especially true if care pro-
viders have seen fictional robots in the media displaying a high
level of social and physical intelligence, which may increase
their expectations of the capabilities of SARs.56 However, as
social robots in real life are still not capable of the physical and
cognitive abilities portrayed by robots in mass media, seeing
one may not meet people’s expectations; on the other hand,
some people may be relieved to see that robots are not as
advanced as those portrayed in science fiction.56 In our study,
in the no prior robot experience category, 1 participant had all
negative Likert scale ratings (strongly disagree) for all the robot
videos, and 1 participant had all positive Likert scale ratings
(strongly agree) for all the robot videos. With respect to
advanced experience, the Likert scale ratings of robot behaviors
were overall neutral, with the comment provided that the
robot “would help with staffing issues in retirement homes and
LTC and consistent reliable activity engagement.” The interme-
diate group ratings included Likert scale ratings ranging from 1
to 4.

3. The inclusion of online videos of robot behaviors: We used
online videos so that we could gather a greater number of re-
sponses from a wider demographic. However, this may have
influenced overall perceptions and acceptance of the SAR.
Several studies have compared co-present (physically
embodied robots sharing users’ environments), tele-present
(physical robots in another location, being shown either on
video or using streaming services), and virtual agents (a com-
puter graphics model of a robot).57-60 Results from these
studies have shown that physically present robots were
perceived more positively and considered more persuasive
than a tele-present robot or virtual agent.58-60

In summary, our preliminary findings show that (1) combining a
compliment with anticipation (#10) is rated more positively overall
than using a compliment on its own (#4); and (2) combining emotion
with praise (#2) and emotion with commitment (#9) invokes a more
positive response than using emotional appeal alone (#3). However,
for the single strategy of (1) Reciprocity (#6), more than half of the
attributes were rated neutral; (2) Social Proof when exhibited as Ap-
peal via others (#1), half of the attributes were rated neutral, and
when exhibited as Encouragement with amazement (#7), the major-
ity of the attributes were rated neutral; and (3) Expertise (#5), the
majority of the attributes were rated neutral. These single persuasion
strategies should be further investigated in combination with
emotional appeal or with praise and compliments, which, when
combined with other behavior strategies (#2, #9, #10) have shown to
have more positive overall ratings.

It has been shown that multimodal robot behaviors (speech
and gestures) can make HRI more engaging than single-modal
behaviors,61 and that verbal and nonverbal cues should be stra-
tegically used in response to participants’ current attentional
state.62 However, the specific situation and modes used may not
necessarily increase persuasiveness. For example, when a robot
looks away from the user during HRI, the use of gestures makes
the robot less persuasive.14 Some key elements for personalization
of SARs to facilitate and encourage older adult engagement in an
activity include different engagement strategies and use of
feedback and positive reinforcement, which are linked to a par-
ticipant’s intrinsic motivation and cognition35; these help to
inform the quantity, communication style, and approach of moti-
vational messages.63

To the authors’ knowledge, the effect of the content of persuasive
strategies in HRIwith older adults, and the exploration of 1 ormultiple
persuasive behavior strategies to promote effective engagement and
motivation of older adults has not yet been investigated. Based on our
preliminary results, we posit that potentially combining persuasive
behavior strategies may be more effective than using a single strategy
to engage and motivate older adults.

Robot Behavior Features

As the popular saying goes, “It’s not what you say, it’s how you say
it.” In general, care provider comments on body language and speech
quality showed their importance in influencing how a person per-
ceives assistance in HRI.

The influence of persuasive behavior is transmitted through
communication; however, it has been found that only a small fraction
of persuasion involves words; the role of nonverbal communication is
critical.48 In HHI, nonverbal immediacy, or the degree of perceived
bodily and psychological closeness between people, plays a key role in
persuading others.64 Social cues in an agent, including type of voice,
can positively affect social response to the agent.65 An HRI study on
the comparison of compliance with a robot’s suggestions using (1) no
vocal or bodily cues, (2) using 1 of these modes, or (3) using both of
these modes, found that university students complied more when a
robot used nonverbal cues thanwhen it did not, and bodily cues alone
were more effective in persuasion than vocal cues alone.66

Care provider comments regarding the importance of synchroni-
zation of robot speech and gestures show it is an important design
consideration. A robot that displays appropriate gestures can elicit
greater participation in an interaction.67

The green LED eye color received the most positive comments,
whereas warm LED eye colors (yellow and orange) received negative
comments. However, in our study, eye color did not seem to be an
influencing factor in caregiver perceptions of engagement and
compliance.

Limitations

Our study was online using videos of robot behaviors to increase
accessibilitydan in-person study could yield different perspectives on
robot behaviors. We also had a small sample size (n ¼ 18) of care
providers due to the current situations in LTC homes.1 We will
continue to design and investigate variations of persuasive behaviors,
combining different speech and gestures for a given strategy, with
input from a larger number of both caregivers and older adults.

Conclusions and Implications

Our preliminary results on care provider perspectives of different
robot assistive persuasive behavior types show the majority of care
providers rated the persuasive behaviors of a socially assistive robot as
positive or neutral. Specifically, behaviors using praise and compli-
ments, and emotion appeal with commitment were the most posi-
tively rated. There was not a single behavior that received overall
negative ratings. Although the most effective robot persuasive stra-
tegies to use will be dependent on the user group and the context of
the interaction, our preliminary findings reveal that combining
persuasive behavior strategies may lead to more effective engagement
and compliance, as shown with the behavior strategies of Commit-
ment with Emotion, Praise with Emotion, and Compliment with
Anticipation, with the caveat that this was an online study conducted
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with care providers. Moreover, robot nonverbal behaviors received the
majority of comments from care providers, confirming that robot body
language and speech quality play an influential role in persuasive HRI.
These findings will be further assessed in a follow-up in-person study
with older adults and care providers.

Our findings provide the first insights into the design of persuasive
SAR behaviors with the aim of engaging and motivating older adults,
who may respond differently to social robots exhibiting persuasive
strategies. In designing a persuasive SAR for older adults, it is bene-
ficial to display multiple behaviors that have variability in persuasive
strategies to adapt to individual users’ needs and cognitive levels. In
general, more research is needed to define general persuasive assistive
strategies for SARs in the context of a healthcareerelated task, such as
engagement and compliance in a cognitive activity for older adults.
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