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Abstract: Dance therapy can have significant physical, emotional and cognitive benefits for older
adults. In particular, social robots can be developed to autonomously facilitate dance sessions to
engage these individuals with the aim of improving quality of life. To successfully integrate and
promote long-term use of social robots into long-term care homes for such recreational activities, it is
important to explore both residents’ and staff’s perceptions of such robots. In this paper, we present
the first pilot human–robot interaction study that investigates the overall experiences and attitudes
of both residents and staff in a long-term care home for robot-facilitated dance sessions. In general,
the questionnaire results from our study showed that both staff and residents had positive attitudes
towards the robot-facilitated dance activity. Encouraging trends showed residents had higher ratings
for statements on perceived ease of use, safety, and enjoyment than the staff. However, the staff had a
statistically significantly higher rating for willingness to use the robots for dance facilitation. Some
key statistical differences were also determined with respect to: (1) gender within the resident group
(men had higher ratings for the robots being useful in helping facilitate recreational activities), as
well as between staff and residents (resident men had higher perceived safety), and (2) prior robot
experience (residents with limited prior experience had higher ratings on perceived ease of use and
perceived enjoyment than staff with the same level of experience). The robot-facilitated dance activity
was positively received by both older adults and staff as an activity of daily living that can enhance
wellbeing while also being safe, easy to use and enjoyable.

Keywords: social robots; human–robot interactions; autonomous dance; long-term care; older
adults; caregivers

1. Introduction

Dance therapy has been shown to be beneficial for a person’s cognitive, emotional,
physical and social abilities [1]. In particular, for older adults, dance can improve cog-
nitive flexibility [2] and physical skills [3], especially in muscular strength, endurance
and balance [4]. Furthermore, dance therapy has shown to improve motion control skills
in the treatment of Parkinson’s disease [5,6] and has had positive effects on depression,
loneliness and the moods of older adults living with mild dementia [7]. Both older adults
and caregivers believe dancing is an important physical activity that is both enjoyable
and keeps older adults active [8,9]. Furthermore, dancing has been found as a desirable
function for robot companions by middle–older-aged adults [8].

To date, a handful of robots have been used to facilitate dance as either: (1) robot
dance partners [10–12] and/or (2) robot dance instructors [12–16]. A robot dance partner
engages physically in collaborative dance with a user to form a dance pair (e.g., ballroom
dancing) [10] or can provide physical assistance to a user when they have difficulties in
completing the dance motion (e.g., with older adults) [11]. On the other hand, a robot dance
instructor can facilitate and provide guidance in a noncontact manner on a user’s dance
performance in order for the user to learn specific dance steps and improve their overall
dance quality [13,14]. Robot dance-based human–robot interaction (HRI) studies have
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shown that users perceive these robot as engaging [12,14,16], useful [11] and cognitively
stimulating [17].

The majority of existing HRI research in long-term care has mainly focused on older
adults perspectives as highlighted in the following survey papers [18,19]. However, it is
also important to consider acceptance and attitudes of care staff before implementing any
new technology to aid in improving the quality of work [20] and ensuring the successful
integration of such robots in care settings [21]. Such acceptance by healthcare staff is critical
to the actual prolonged use of new technology in care settings [22]. To date, only a few
studies have investigated both care staffs’ attitudes and acceptance of robots in long-term
care settings [23–30]. There has not yet been a study that specifically investigates and
compares both residents’ and staff’s perceptions for the integration of dance therapy robots
in long-term care.

Herein, we introduce an HRI study to investigate and compare the perceptions of both
residents and staff in a long-term care home for dance activity sessions facilitated by social
robots. In particular, we explore and compare both staff and residents overall experience
with autonomous dance robots and examine whether demographic factors influence their
overall acceptance of such technology.

Our aim is to provide insight into the potential integration of robots for the dance
activity and explore preliminary impacts on both staff and residents. In this paper, we
present the first HRI study to provide a quantitative evaluation on the deployment of social
robots for the autonomous facilitation of dance sessions with older adults in long-term
care. Our contributions are twofold: (1) we are the first to examine and compare the
perceptions of both residents and care staff for the stimulating activity of dance facilitated
by social robots, and (2) our study uniquely explores the impacts of demographic factors
on acceptance of social robots by these two groups for such activities in long-term care.

The remaining sections of the paper are organized as follows. In Section 2, we summa-
rize the existing literature on the use of dance robots for older adults, as well as general
HRI studies that have considered both older adults and staff experiences in care settings. In
Section 3, we present our HRI study design and implementation procedure, and in Section 4,
we discuss the overall statistical results we obtained for both the staff and residents while
also considering the demographic factors. In Section 5, we discuss the outcomes, impacts
and design considerations of our HRI study and compare our results to existing studies.
Lastly, we provide concluding remarks and future work in Section 6. Table 1 provides a
summary of all the abbreviations and variables used in this paper.

Table 1. Abbreviations and variables.

Abbreviations Variables

HRI human–robot interaction D The set of beat times in a song
TAM technology acceptance model ai the ith primitive action
MWU Mann-Whitney U A the sequence of primitive actions
KW Kruskal-Wallis T the time trajectory
Si the ith statement in the questionnaire ∼

x median value
IQR interquartile range
Min minual value
Max maximul value

U the corresponding MWU statistic
H the corresponding KW statistic
p significance level

2. Related Works

In this section, we present and discuss the existing literature on: (1) the deployment of
dance robots for older adults and (2) general HRI studies with both older adults and staff
in care settings.
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2.1. Robot Dance for Older Adults

A handful of studies have been conducted on robot dance with older adults using a
robot as a partner [11], performer (for entertainment purposes) [31] or instructor [15,17,32–35].
For example, in [11], a human-sized robot consisting of a wheeled base and two anthro-
pomorphic robotic arms was used for partner dancing. The robot was led by an older
adult partner in simple forward/backward walking dance steps. A study with healthy
older adults showed that they considered the robot dance partner useful, easy to use and
enjoyed dancing with it. In [31], a small 3D-printed expressive robot that could dance was
introduced for potential homecare to provide entertainment to older adults. The focus was
on the design of the robot rather than on evaluation with the intended users.

In [15,35], the Nao robot was used as a dance instructor for people living at residential
care homes. Participants sat in a circle with Nao and were asked to follow the robot’s dance
movements to music. The participants danced or sang along with Nao and found the robot
interesting. In [32], a toy-like social robot named Matilda was used to perform multimodal
interactions with older adults. The robot was used in multiple long-term care homes where
older adults interacted with the robot over a period of three years in different activities,
including gaming playing, dance, storytelling and reminding. The results from the study
found the participants were engaged and accepted the robot for these tasks. In [33], the
toy-like social robot Betty was used to interact with older adults living with dementia at
home. The interactions with Betty included dance. The results showed that participants
were engaged with the social robot and found it useful.

With respect to measuring health outcomes, in [17], another small robot was used
for cognitive dance therapy with older adults. The dance therapy sessions consisted of
singing, dancing and memorizing tasks. The cognitive evaluation test showed a significant
improvement in participants’ cognitive ability. In [34], a mobile robot named SI-ROBOTICS
equipped with a microphone, tablet, camera and Lidar was developed for conducting
dance therapy sessions with different types of dances to help those living with Parkinson’s
disease. The study is currently underway and will evaluate their gait and functional status,
along with cardiorespiratory performance.

2.2. HRI Studies with Older Adults and Caregivers

Table 2 provides a summary of the only handful of HRI studies that have considered
both older adults’ and care staffs’ acceptance of social robots for a range of daily activities
in different care settings [25,27–30]. In [26], a survey consisting of only interviews and
questionnaires on attitudes towards possible healthcare robots in a retirement village was
presented. The participants included residents, staff and residents’ relatives. The statistical
analysis of the questionnaires showed a more positive attitude towards robots by the
residents than both the staff and relatives.

In both [25,27], robot interaction studies were conducted. For example, in [25], a
10-week study with the care robot Zora was performed in several long-term care homes.
The robot’s interactive activities included physical exercises, playing music, storytelling,
dancing, interactive memory and playing guessing games with older residents. Interviews
were conducted with both staff and residents. The staff expressed concerns regarding
training on how to properly use the robot and the added workload related to operating
the robot, whereas residents considered the robot funny, entertaining and interesting.
In [27], the teleoperated humanoid robot Robovie2 provided greetings and chatted with
older adults in a care home. Interviews were conducted with both staff and older adults.
The staff had a general positive attitude towards the robot, and older adults expressed a
willingness to interact with Robovie2.
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Table 2. Summary of HRI studies and their findings with respect to older adults and caregivers.

Reference Robot
Platform

Participants and
Environment Tasks and Functionalities Methods Findings

[25] Zora robot

Care personnel and
elderly clients in care
homes and a geriatric
rehabilitation hospital

Physical exercises, playing
music, storytelling, dancing,

interactive memory and
playing guessing games

Focus group semi-structured
interviews and interaction

observations.

Staff expressed concerns regarding
training on how to properly use the
robot and the increased workload

related to operating the robot.
Residents found the robot funny,

entertaining and interesting.

[27] Robovie2
robot

Older adults and staff in
an elderly care center

Greetings and engaging in
conversations

Semi-structured interviews
and interaction observations.

In general, staff had positive attitudes
towards the robot. Older adults

expressed willingness to interact with
Robovie2.

[28] SCITOS
Robot

Older adults and
employees in a care

hospital

Autonomous navigation
indoors, patrolling an area

and greeting passersby.

Semi-structured interviews,
interaction observations and

questionnaires.

Staff had a moderate level acceptance
of the robot, whereas older adults had

higher acceptance. Staff also
expressed concerns about the robot

occupying their workspace and
replacing them.

[29] Care-O-bot
3 Robot

Older adults, informal
cares and professional

caregivers in a
home-like testing

environment

Package pick-ups and
reminders for drinking

water

Semi-structured interviews
and questionaries

The robot was accepted more by the
older adults than caregivers.

Caregivers expressed concerns about
the robot not being able to operate

independently without supervision.

[30]
Assistive

telepresence
robot

Professional caregivers
and elderly residents in

a nursing home

Navigation indoors, vital
sign measurements, video

conferencing and reminders
Questionaries

Staff found vital sign measurements
and reminders more useful than the
older adults did. The older adults

found video conferencing more useful
than the staff did.

Some studies also directly compared the differences in robot acceptance between staff
and older adults for tasks such as providing greetings [28], pick-up and reminders [29] and
teleconferencing [30]. In [28], the mobile robot SCITOS was introduced at a care hospital.
The robot was able to autonomously navigate and patrol a predefined area and greet
passersby. Both interviews and questionaries were used for evaluating acceptance of the
robot by staff and older adults with dementia and multimorbidity. The results showed a
moderate acceptance of the robot from the staff and older adults. The staff also expressed
concerns about the robot occupying their workspace and replacing them. In [29], in a home-
like testing environment, the Care-O-bot robot was used to aid older adults with package
pick-up and water drinking reminders. Care providers of the older adults were invited to
observe this testing. The results from questionnaires and interviews found that the robot
was more accepted by the older adults than their care providers. Caregivers expressed
concerns about the robot not being able to operate independently without supervision
and being used only as an additional helper. In [30], both staff and older adults in a
long-term care home tested several functions of a telepresence robot, including navigation,
vital signs measurement, video conferencing and reminders. The results from a robot
acceptance questionnaire found that the staff and older adults perceived the usefulness of
certain functions differently based on their own interest. Namely, the staff found vital signs
measurements and reminders more useful than the older adults did, whereas the older
adults found video conferencing more useful than the staff did.

In general, older adults have found robot dance useful, engaging and entertaining,
and some studies have reported preliminary health outcomes. To date, HRI studies directly
comparing care staffs’ and older adults’ experiences and the acceptance of social robots are
still limited. No study has investigated the acceptance of robot-facilitated dance among both
older adult residents and staff or considered the demographic factors that may influence
this. However, dance therapy has shown significant physical and cognitive benefits for this
older cohort. Furthermore, these robots can help reduce the staff workload in long-term
care homes. Therefore, herein, we present an HRI study that allows both care staff and
residents to directly interact with social robots during robot-facilitated dance sessions in
order to investigate and compare their experiences, as well as other factors (including
demographic) that may affect the uptake of this technology.
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3. Robot Dance Pilot Study Methodology

An HRI study was conducted in a recreational room of a Toronto area long-term care
home for the duration of a day. The participants included both residents and staff at the
home. Two robots (human-sized and toy-sized) facilitated group-based dance sessions for
approximately 15–20 min a session throughout the day. Figure 1 presents the procedural
flowchart of our HRI study. We investigate the following research questions: (1) Is there any
difference between the staff and residents’ experiences with robot-facilitated dance? and
(2) Do the demographic factors influence experience and perceptions of these two groups?
The participants’ overall experiences and perceptions of the robots and the facilitated dance
sessions were obtained through questionnaires.
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3.1. Robot Dance Design

Two noncontact socially assistive robots, which we named Salt and Luke (in order to
personalize the robots for the dance interactions), were introduced in this study (Figure 2).
Salt is a human-sized Pepper robot, and Luke is a toy-sized Nao humanoid robot; both
robots are from Softbank. The main features of the two robots used in this study are
provided in Table 3.

In this study, we developed two robot motion primitive databases for the dance
movements of the two robots. This allowed for the design of motion primitives that can
be modularly combined in different ways to produce corresponding dance routines to
generalize to multiple songs. One database includes 81 positive primitive movements, and
the other includes 41 negative primitive movements. Each motion primitive was composed
of a combination of arm, head and waist movements that consist of either positive or
negative body expressions. The databases were used by each robot to autonomously
choose their corresponding sequence of dance moves to match the type of music played by
the robot, i.e., upbeat and fast motions or slow motions. To ensure all the dance motion are
easy to be recognized by the users, the design of the robot’s motion primitives is adapted
from [38,39], which both identified distinct correlations between human or robot body
movements and positive and negative emotions through the chi-square goodness of fit and
regression tests, respectively. In [38], adults (including older adults up to 78 years of age)
were able to recognize the positive emotions through a series of expansive movements with
stretching trunk and high movement activity/dynamics, whereas the negative emotions
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were identified with inexpansive movements with bowing trunk and low movement
activity/dynamics. The motion primitives in our robot system are composed of a series
of these specific movement types. Examples of these motion primitives are presented in
Table 4. We use the Librosa Library [40] to detect beats in the audio of a song. Namely,
input audio is converted into an onset strength envelope that represents hypothesized beat
times [41]. This onset strength envelope is used to estimate the tempo period strength.
An overall global tempo for a song is estimated to be the tempo period strength when
it is the largest. Using the global tempo, a transition cost function is constructed, and
dynamic programming is used to determine the best-scoring set of beat times that reflect
this tempo [41]. The set of beat times in a song, D, is used to set the time duration when
the robot displays each dance movement. We manually categorized several popular songs,
chosen by our collaborative long-term care home, into one of two categories based on
the emotional expression of the songs by their tempos: (1) positive upbeat songs and
(2) negative slow songs. Slow tempos (60–76 beats per minute) are associated with negative
emotions, whereas music played with fast tempos are associated with positive emotions
(>120 beats per minute) [42]. One robot motion primitive database corresponds to each
music category and is autonomously selected by a robot to generate the sequence of
primitive actions A = {a1, . . . , ai, . . . }. An entire dance is generated by executing a sequence
of ai from A along the time trajectory T = D. For this HRI study, we used the following
songs: The Twist by Chubby Checker, Yesterday and A Hard Day’s Night by the Beatles and
Stayin Alive by the Bee Gees.
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Figure 2. The robots Salt (left) and Luke (right).

Table 3. Main features of the two robots used in this study.

Robots
Main Features

Height (m) Mobile Base Degrees-of-Freedom Speakers Microphones

Salt (Pepper Robot
by Softbank [36])

1.2
(human-size)

Omnidirectional
wheeled base

20 (Head: 2; Arm: 5 × 2;
Hand: 1 × 2; Hip: 2; Knee:

1; Mobile base: 3)

×2 on both sides
of the head ×4 on the head

Luke (Nao Robot
by Softbank [37])

0.574
(toy-size) Biped

25 (Head: 2; Arm: 5 × 2;
Hand: 1 × 2; Hip: 1; Leg:

5 × 2)

×2 on both sides
of the head ×4 on the head
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Table 4. Examples of robot positive and negative motion primitives.
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1

1 

 

 

 

 

 

 

 

 
 

 

 

1 

 

 

 

 

 

 

 

 
 

 

 

1 

 

 

 

 

 

 

 

 
 

 

 

2

1 

 

 

 

 

 

 

 

 
 

 

 

1 

 

 

 

 

 

 

 

 
 

 

 

 

2 

 
 

 

 

 

 

 

 

 

 

3

 

2 

 
 

 

 

 

 

 

 

 

 

 

2 

 
 

 

 

 

 

 

 

 

 

 

2 

 
 

 

 

 

 

 

 

 

 

4

 

2 

 
 

 

 

 

 

 

 

 

 

 

3 

 

 

 

 

 
 

 
 

 

 

 

3 

 

 

 

 

 
 

 
 

 

 

Examples Negative Motion Primitives for Salt and Luke

1

 

3 

 

 

 

 

 
 

 
 

 

 

 

3 

 

 

 

 

 
 

 
 

 

 

 

3 

 

 

 

 

 
 

 
 

 

 



Robotics 2022, 11, 96 8 of 20

Table 4. Cont.

Examples Negative Motion Primitives for Salt and Luke
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3.2. Participants

A total of eighty-one participants volunteered for our study. Participants were re-
cruited through poster advertisements in the home (i.e., posters were distributed on differ-
ent floors of the home). Participants were divided into 2 separate groups: residents and
staff. During each interaction session, all the participants were from the same group. Ethics
approval was obtained from the University of Toronto Ethics Committee.

3.3. Procedure

Participants were divided into 10 sessions (5 resident and 5 staff sessions) with approx-
imately 8 people in each session so that everyone had a clear line-of-sight of the robots. We
used a counterbalanced approach for the robots, where either robot was randomly chosen
to dance first in the sessions. In each session, the robots danced to all four songs and had
the same dance movements. During each interaction, the noncontact robots were located
at the front of the room, approximately 2 m from the participants. They would greet and
invite the participants to dance along with them. Once the dance session was completed,
the participants were asked to voluntarily complete a questionnaire.

3.4. Measures

To evaluate the perception and acceptance of the robots for the dance activity from
both staff and residents, we designed a five-point Likert-scale short questionnaires for the
staff and resident groups (Table 5). The questionnaires included statements on perceived
usefulness (S1 and S2), perceived ease of use (S3), emotional adaption (S4), positive attitude
(S5), reduced workload (S6), perceived safety (S7), perceived enjoyment (S8) and intent to
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use (S9). A number of these statements were adapted from the technology acceptance model
(TAM) [43], which has been successfully used in robot studies with older adults [11,44].
We also included statements on perceived enjoyment [45] and perceived safety [46]. As
job relevance has been found to significantly influence user acceptance [47], we included a
statement on workload for the staff questionnaire. We also included a statement on robot
functionality to evaluate its potential to enhance overall experience (S4). In the question-
naire design, a common concern is that the response burden of completing questionnaires
may be particularly high for older adults [48]. Hence, we limited the questionnaire length
to 9 questions to alleviate the response burden and increase the response rate of this user
group [49,50]. Demographic information was also obtained from each group (gender, age
and prior robot experience).

Table 5. Descriptive statistics for the staff and resident questionnaires.

Statements
Median (

∼
x) IQR Min Max

Staff Resident Staff Resident Staff Resident Staff Resident

S1. It is useful to have a robot help with recreational activities. 4 4 2 1.75 1 1 5 5

S2. I think such robot-facilitated dance activities can enhance the
wellbeing of residents. 4 4 2 2 1 1 5 5

S3. I think it will be easy for the residents to follow the robot during
the dance sessions. 4 5 2 1.75 1 1 5 5

S4. It would be useful for the robot to automatically detect the
residents’ emotions and pick appropriate music and dance movements

to match their emotions.
4 4 2 2 1 1 5 5

S5. I think having a robot to facilitate the older adults to dance is a
good idea. 4 4 2 2 1 1 5 5

S6. Using a robot would free up staff time to do other tasks. * 4 N/A 2 N/A 1 N/A 5 N/A

S7. I think having a robot facilitate the dance activity is safe. 4 5 2 1 1 1 5 5

S8. I think a robot will make the dancing activity fun. 4 5 2 1 1 1 5 5

S9. I would use a robot to conduct dance activities. 4 3 2 1 1 1 5 5

* Statement is only available to the staff.

4. Results

The results were analyzed to examine and compare the staff and resident groups’
perceptions regarding the robot-facilitated dance sessions and to observe the statistical
relationships with the demographic factors. We conducted nonparametric Mann–Whitney
U (MWU) tests [51] to determine if statistically significant differences exist between the
responses of the two independent groups: staff and residents. To investigate the influence of
demographic factors, we conducted nonparametric tests to determine significant differences
using: (1) the Kruskal–Wallis (KW) test [52] for the multiple age groups within the staff and
residents groups and (2) MWU test [51] for gender, age and prior robot experience between
the staff and residents groups and gender and prior robot experience within the staff and
residents groups.

4.1. Staff and Resident Comparison

The staff participant group included fifty-four people, and the resident participant
group consisted of twenty-seven people. Table 5 presents the overall descriptive statistics
for both the staff and resident questionnaires, and Figure 3 shows the corresponding box
and whisker plots for these groups with respect to the statements in the questionnaires.
Both staff and residents positively rated the majority of statements in the questionnaires
with a

∼
x = 4 or higher. Table 6 presents the statistical MWU tests results for the comparison

of the staff and resident group responses. The staff (
∼
x = 4, IQR = 2) had a higher median

score for their intent to use a robot for dance activities than the residents (
∼
x = 3, IQR = 1),

with a statistically significant difference: MWU (U = 938.5, p = 0.019). Differences in median
scores were determined between the residents and staff for statements on the perceived
ease of use (S3), perceived safety (S7) and perceived enjoyment (S8). Namely, the robots
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were rated as easier to use (
∼
x = 5, IQR = 1.75) and safer (

∼
x = 5, IQR = 1) by the residents,

and the residents thought a robot would make the dance activity more fun (
∼
x = 5, IQR = 1)

than the staff group (all three statements:
∼
x = 4, IQR = 2). However, these differences were

not statistically significant: MWU (U = 559.5, p = 0.127), MWU (U = 585.5, p = 0.129), and
(U = 602.5, p = 0.171), respectively.
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Table 6. MWU results for comparison of the staff and resident groups.

Statements
MWU Test

U p

S1 680 0.816
S2 698.5 0.752
S3 559.5 0.127
S4 634 0.55
S5 705 0.865
S7 585.5 0.129
S8 602.5 0.171
S9 938.5 0.019

A statistically significant difference was found for bolded blue colored text data.

4.2. Gender

Of the fifty-four participants in the staff group, 38 participants responded as women
and 10 participants as men (6 did not specify gender), whereas, for the twenty-seven
participants in the resident group, 12 responded as women, 12 as men and 3 did not specify.

Figures 4 and 5 present the box and whisker plots for gender for both the staff and
residents, and Table 7 presents the nonparametric test results for the demographic factors
within these two groups, including gender. For the staff group, women (

∼
x = 4) had the same

median score as men (
∼
x = 4) for statements on perceived usefulness (S1: IQR = 2 and 1.5;

S2: IQR = 2 and 0), perceived ease of use (S3: IQR = 2 and 1) and perceived safety
(S7: IQR = 2 and 0.75); however, they (

∼
x = 5, IQR = 1.75) did rate the robots higher for

intent to use (S9) than men (
∼
x = 4, IQR = 1.5) did. Staff who were men (

∼
x = 5, IQR = 2)

had more positive attitudes towards the robots (S5) than the women staff (
∼
x = 4, IQR = 1)

did based on their median scores. There were no statistically significant differences found
between men and women for the staff group with respect to gender, as determined by the
MWU tests (p > 0.05).
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Table 7. MWU/KW test results on the participant demographic factors within the staff and resi-
dent groups.

Statements

Staff Residents

Gender Age Experience Gender Age Experience

U p H p U p U p H p U p

S1 185.5 0.91 2.61 0.456 230.5 0.109 18 0.04 0.24 0.624 93.5 0.219
S2 220 0.46 2.818 0.421 225.5 0.09 60 0.74 0.004 0.947 83 0.81
S3 212.5 0.573 5.784 0.123 338 0.541 55.5 0.771 0.044 0.834 102 0.089
S4 214.5 0.449 5.978 0.113 258 0.44 44 0.314 0.316 0.574 73.5 0.932
S5 181 0.929 3.992 0.262 249.5 0.312 46 0.381 0.181 0.671 84 0.514
S6 223.5 0.251 4.585 0.205 226 0.198 N/A N/A N/A N/A N/A N/A
S7 234 0.274 0.686 0.876 264.5 0.373 45 0.211 0.223 0.637 73.5 0.81
S8 193 0.95 3.839 0.279 243 0.175 60.5 0.74 0.691 0.406 110 0.087
S9 250.5 0.126 4.853 0.183 251.5 0.329 74.5 0.608 0.039 0.843 71.5 0.728

A statistically significant difference was found for bolded blue text data.

With respect to the resident group, men (
∼
x = 5, IQR = 0.25) thought that, in general,

it was more useful to have a robot help with recreational activities than women (
∼
x = 4,

IQR = 2.5), with a statistically significant difference: MWU (U = 18, p = 0.04). Residents
who were men also rated S4 and S7 higher than residents who were women with respect
to their median scores. Both women and men residents (

∼
x = 5, IQR = 1) rated the robot

high on perceived enjoyment (S8). The only statement that women residents had a higher
median score for than the men residents was intent to use a robot for dance activities (S9).
However, MWU tests showed that there were no statistically significant differences for
these other statements (S2–S5 and S7–S9) between women and men in the resident group
(p > 0.05).

We then compared results between these two groups to determine any differences
in the responses. Table 8 presents the MWU test results between the staff and resident
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groups for the three demographic factors. When comparing resident men and staff men,
the resident group (

∼
x = 5, IQR = 1) thought that having a robot facilitate the dance activity

was safer than the staff group (
∼
x = 4, IQR = 0.75), with a statistically significant difference:

MWU (U = 96, p = 0.017). Men in the resident group had higher median scores than men in
the staff group did for the robots with respect to perceived usefulness (S1: x = 5, IQR = 0.25;
S2: x = 4.5, IQR = 2 versus S1: x = 4, IQR = 1.5; S2: x = 4, IQR = 0), perceived ease of use
(S3:

∼
x = 5, IQR = 2 versus

∼
x = 4, IQR = 1) and emotional adaption (S4:

∼
x = 5, IQR = 2 versus

∼
x = 3.5, IQR = 1). However, men in the staff group rated the robots higher for positive
attitude (S5:

∼
x = 5, IQR = 2 versus

∼
x = 4, IQR = 1) and intent to use (S9:

∼
x = 4, IQR = 1.5

versus
∼
x = 3, IQR = 1) than men in the resident group. The MWU tests showed that there

were no statistically significant differences for these other statements between men in the
resident and staff groups.

Table 8. MWU test results on the demographic factors between the staff and resident groups.

Statements

Gender Age Prior Robot Experience

Men Women 45–64 65+ No Experience Limited Experience

U p U p U p U p U p U p

S1 81.5 0.159 121.5 0.082 14 1 4 0.171 141 0.439 182 0.074
S2 72 0.456 200 0.82 14.5 0.864 5 0.2 166 0.668 164.5 0.245
S3 77.5 0.254 224 0.401 13 1 9 0.571 164.5 0.919 192 0.031
S4 79 0.228 166.5 0.636 16.5 0.6 7 0.381 170 0.965 152.5 0.326
S5 59.5 0.974 146 0.322 15.5 0.727 5 0.229 134.5 0.408 152 0.488
S7 96 0.017 0.208 0.98 16.5 0.6 14.5 1 210 0.446 165 0.245
S8 70.5 0.497 232 0.551 18 0.482 6 0.267 165 0.648 202 0.011
S9 48 0.456 134 0.057 12 0.864 14.5 1 110.5 0.06 93.5 0.168

A statistically significant difference was found for bolded blue text data.

Women in the resident group had similar median scores as women in the staff group
for the majority of the statements. The exception being that women in the resident group
rated the robots higher for perceived enjoyment (S8) than women in the staff group (

∼
x =

5, IQR = 1 versus
∼
x = 4, IQR = 1), whereas women in the staff group had higher intent to

use (S9) than women in the resident group did based on the median scores (
∼
x = 5, IQR

= 1.75 versus
∼
x = 4, IQR = 1). However, there was no statistically significant differences

found between women in the resident and staff groups, as determined by the MWU tests
(p > 0.05).

4.3. Age

The ages of the staff ranged from 22 to 65 years (µ = 40.2, σ = 12.7), and the ages of the
residents were between 57 and 93 (µ = 76.7, σ = 11). Staff ages were categorized into four
common age groups for further analysis [53]: 18–24 (n = 17), 25–44 (n = 18), 45–64 (n = 11)
and 65+ (n = 2). The ages of the residents were also distributed into two of these common
age groups: 45–64 (n = 3), and 65+ (n = 14). Six staff and ten residents did not specify
their ages. We noticed that the 65+ age group for staff and 45–64 age group for residents
only consisted of two and three participants, respectively. However, this was expected,
since the typical retirement age in Canada is 65 years old and over [54]. Figures 6 and 7
present the box and whisker plots of the ages for staff and residents. The robots had higher
median scores for the youngest staff age group for a reduced workload (S6:

∼
x = 5, IQR = 0),

perceived safety (S7:
∼
x = 5, IQR = 1) and intent to use (S9:

∼
x = 5, IQR = 0) than all other

staff age groups. Both the youngest and oldest staff age groups had higher median scores
for positive attitude (S5) and perceived enjoyment (S8) (

∼
x = 5, IQR = 0) than the middle

staff age groups. However, the KW tests showed that there were no statistically significant
differences in these statements for the staff group (p > 0.05).



Robotics 2022, 11, 96 13 of 20Robotics 2022, 11, x FOR PEER REVIEW  13  of  20 
 

 

 

Figure 6. Box and whisker plots of the ages with respect to the statements in the staff question‐

naire. 

 

Figure 7. Box and whisker plots of the ages with respect to the statements in the resident question‐

naire. 

In the resident group, both age groups rated the majority of the statements as high (x͂ 
≥ 4). The only exceptions being for emotional adaption (S4) and intent to use (S9), where 

the 65+ group rated this statement more neutral (x͂ = 3, IQR = 2 and x͂ = 3.5, IQR = 1), re‐
spectively. The younger (45–64 in age) resident age group (x͂ = 5, IQR = 2) thought that it 
was more useful to have a robot help with recreational activities (S1) than the older (65+ 

in age) resident age group (x͂ = 4, IQR = 2). The KW tests showed that there were no statis‐

tically significant differences in all the statements for the resident group (p > 0.05). 

4.4. Prior Robot Experience 

In the staff group, 28 people responded that they had no prior robot experience (no 

experience), 20  responded  they had seen  robots at museums, science centers or on TV 

(beginner experience), 2 people responded that they had seen robots used at their work‐

place delivering packages or medicine or interacting with residents (intermediate experi‐

ence), no one responded that they had hands‐on experience using a robot in a healthcare 

setting (advanced experience) and 4 people did not specify any prior robot experience. As 

the sample size was small for anyone with intermediate or advanced experience, the staff 

were categorized into two experience groups: no experience (n = 28) or limited experience 

Figure 6. Box and whisker plots of the ages with respect to the statements in the staff questionnaire.

Robotics 2022, 11, x FOR PEER REVIEW  13  of  20 
 

 

 

Figure 6. Box and whisker plots of the ages with respect to the statements in the staff question‐

naire. 

 

Figure 7. Box and whisker plots of the ages with respect to the statements in the resident question‐

naire. 

In the resident group, both age groups rated the majority of the statements as high (x͂ 
≥ 4). The only exceptions being for emotional adaption (S4) and intent to use (S9), where 

the 65+ group rated this statement more neutral (x͂ = 3, IQR = 2 and x͂ = 3.5, IQR = 1), re‐
spectively. The younger (45–64 in age) resident age group (x͂ = 5, IQR = 2) thought that it 
was more useful to have a robot help with recreational activities (S1) than the older (65+ 

in age) resident age group (x͂ = 4, IQR = 2). The KW tests showed that there were no statis‐

tically significant differences in all the statements for the resident group (p > 0.05). 

4.4. Prior Robot Experience 

In the staff group, 28 people responded that they had no prior robot experience (no 

experience), 20  responded  they had seen  robots at museums, science centers or on TV 

(beginner experience), 2 people responded that they had seen robots used at their work‐

place delivering packages or medicine or interacting with residents (intermediate experi‐

ence), no one responded that they had hands‐on experience using a robot in a healthcare 

setting (advanced experience) and 4 people did not specify any prior robot experience. As 

the sample size was small for anyone with intermediate or advanced experience, the staff 

were categorized into two experience groups: no experience (n = 28) or limited experience 

Figure 7. Box and whisker plots of the ages with respect to the statements in the
resident questionnaire.

In the resident group, both age groups rated the majority of the statements as high
(
∼
x ≥ 4). The only exceptions being for emotional adaption (S4) and intent to use (S9), where

the 65+ group rated this statement more neutral (
∼
x = 3, IQR = 2 and

∼
x = 3.5, IQR = 1),

respectively. The younger (45–64 in age) resident age group (
∼
x = 5, IQR = 2) thought that

it was more useful to have a robot help with recreational activities (S1) than the older
(65+ in age) resident age group (

∼
x = 4, IQR = 2). The KW tests showed that there were no

statistically significant differences in all the statements for the resident group (p > 0.05).

4.4. Prior Robot Experience

In the staff group, 28 people responded that they had no prior robot experience
(no experience), 20 responded they had seen robots at museums, science centers or on TV
(beginner experience), 2 people responded that they had seen robots used at their workplace
delivering packages or medicine or interacting with residents (intermediate experience),
no one responded that they had hands-on experience using a robot in a healthcare setting
(advanced experience) and 4 people did not specify any prior robot experience. As the
sample size was small for anyone with intermediate or advanced experience, the staff
were categorized into two experience groups: no experience (n = 28) or limited experience
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(i.e., beginner and intermediate) (n = 22). In the resident group, 13 participants had no
prior robot experience (n = 13), 12 participants had limited robot experience (n = 12) and
2 participants did not specify prior robot experience. Namely, no residents had intermediate
or advanced robot experience.

Figures 8 and 9 show the box and whisker plots of robot experience for both the staff
and residents. Staff who had no prior robot experience had higher median scores than the
staff who had limited prior robot experience on perceived usefulness in having a robot help
with recreational activities (S1:

∼
x = 5, IQR = 2 versus

∼
x = 4, IQR = 1.75), positive attitude

(S5:
∼
x = 5, IQR = 2 versus:

∼
x = 4, IQR = 2), perceived enjoyment (S8:

∼
x = 5, IQR = 1 versus

∼
x = 4, IQR = 2) and intent to use (S9:

∼
x = 5, IQR = 1.5 versus:

∼
x = 4, IQR = 2). The MWU tests

showed that there were no statistically significant differences between these experience
levels within the staff group (p > 0.05).
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Residents who had limited prior robot experiences had higher median scores than
residents who had no prior robot experience for perceived usefulness in having a robot
help with recreational activities (S1:

∼
x = 5, IQR = 1 versus

∼
x = 4, IQR = 1.25), perceived ease

of use (S3:
∼
x = 5, IQR = 1 versus

∼
x = 3.5, IQR = 2.25) and perceived enjoyment (S8:

∼
x = 5,

IQR = 0 versus
∼
x = 4, IQR = 1). However, residents who had no prior robot experience rated

their intent to use the robots higher than residents who had limited prior robot experience
(S9:

∼
x = 4, IQR = 1 versus

∼
x = 3, IQR = 1) based on the median scores. Both groups thought

that such robot-facilitated dance activities were useful in enhancing wellbeing (S2:
∼
x = 4,
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IQR = 2 and
∼
x = 4, IQR = 1.25). The MWU tests showed that there were no statistically

significant differences between these experience levels within the resident group (p > 0.05).
Comparing staff and resident responses, staff who had no robot experience had higher

median scores than residents who had no robot experience for perceived usefulness in
having a robot help with recreational activities (S1:

∼
x = 5, IQR = 2 versus

∼
x = 4, IQR = 1.25),

positive attitude (S5:
∼
x = 5, IQR = 2 versus

∼
x = 4, IQR = 2), perceived enjoyment (S8:

∼
x = 5,

IQR = 1 versus
∼
x = 4, IQR = 1) and intent to use (S9:

∼
x = 5, IQR = 1.5 versus

∼
x = 4,

IQR = 1). Residents with no robot experience had higher median scores than the staff in this
experience group for perceived safety (S7:

∼
x = 5, IQR = 1 versus

∼
x = 4, IQR = 2). However,

there was no statistically significant difference found between the resident and staff groups
with respect to no prior robot experience, as determined by the MWU tests (p > 0.05).
Conversely, participants who had limited robot experience in the resident group (

∼
x = 5, IQR

= 1) thought it would be easier for them to follow the robot during the dance sessions (S3)
than participants who had limited robot experience in the staff group (

∼
x = 4, IQR = 2), with

a statistically significant difference determined: MWU (U = 192, p = 0.031). Furthermore,
participants who had limited robot experience in the resident group (

∼
x = 5, IQR = 0) also

thought a robot would make the dance activity more fun (S8) than participants who had
limited robot experience in the staff group (

∼
x = 4, IQR = 2) with a statistically significant

difference: MWU (U = 202, p = 0.011).

5. Discussions

The aim of our HRI study is to explore the perceptions and attitudes of both staff
and the residents in long-term care of autonomous robot-facilitated dance sessions, with
the goal of providing long-term dance therapy for residents. During the interactions, we
observed the older adult participants follow and mimic the robot dance movements while
singing along with the music, showing the dance sessions were easy to follow and enjoyable.
This is consistent with the results of the questionnaire, in which the majority of residents
thought it was easy for them to follow the robots during the dance sessions. Our results
suggest that, overall, both the staff and the resident groups had positive perceptions and
attitudes towards the robots for the dance activity itself. Several participants also provided
open feedback on the study with respect to their experience with the robots. In general,
the residents provided specific positive comments about their direct interactions with the
robots, such as “it was interesting and entertaining. I enjoyed the session”, “seeing the future
today” and “the robots are doing a wonderful job!”. On the other hand, the staff provided
comments directly related to the future deployment logistics of such robots in the home,
such as they wanted to see “more funding for more robots in the home (than just the two robots
used in this study)”.

5.1. Comparison of Staff and Residents

The residents had higher median scores for the robots than the staff for statements on
perceived ease of use, perceived safety and perceived enjoyment, even though the results
were not statistically significant. This trend is similar to other studies that have found
older adults to have more positive attitudes towards social robots, such as in [25]. The staff,
however, had a statistically significant higher rating for intentions to use the robots than the
residents. We believe this difference between the staff and residents in terms of intentions
to use may be due to the length of interactions in order to realize the potential benefits
of the robot-facilitated activity. For example, in [55], older adults with mild cognitive
impairments initially had lower intentions to use a companion robot; however, after several
hours of interactions with the robot in one day, they started to appreciate its benefits and
found the robot more acceptable.
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5.2. Gender

In general, we found men and women to have similar attitudes, regardless of whether
they were in the staff or resident group. This trend is consistent with other studies that
have found that gender did not have a significant effect on perceptions of robots [56,57].
However, we noted two key differences in our study between (1) resident men and women
and (2) men in the staff and resident groups.

Namely, we found that men in the resident group expressed statistically significant
higher agreement with the robots being useful for helping with recreational activities than
women in this same group. A previous study in [58] also found older adult men had a more
positive perception of the usefulness of a healthcare robot than women. This difference
across genders was not observed in the staff group in our study. It was noted in [59]
that such a gender divide can exist within older adult populations but not necessarily
younger populations.

Comparing gender between the resident and staff groups, a statistical significance
was determined between the men for perceived safety, where the resident men believed
robot-facilitated dance to be safer than the men in the staff group. In [60], it was reported
that the staff regarded residents’ safety a primary concern and, hence, were more cautious
with respect to their attitudes towards safety in general.

5.3. Age

A direct comparison for the responses between the same age groups (45–64 and 65+)
for both the staff and residents did not find significant differences. However, this may be
due to the small size of these specific age groups, namely, n = 2 for 65+ for staff and n = 3
for 45–64 for residents, which is expected in long-term care settings.

We did notice that the youngest staff age group had the highest median scores for
the majority of the statements compared to any other staff age groups. This potentially
highlights that younger staff may be more accepting of the use of robotics technology
in long-term care settings. This finding is similar to other robotic studies that reported
younger adults having a higher acceptance of robots for healthcare applications [61,62].

5.4. Prior Robot Experience

There was no statistically significant difference found between the no experience and
limited experience groups of both the staff and residents. However, residents with limited
robot experience thought it was easy to follow the robot during the dance sessions and
thought that a robot would make the dance activity more fun than the staff with the same
experience level. We believe that this may be due to staff having some logistical concerns
with respect to having to setting up the robots on their own for resident use, as was also
noted in [20,25]. Nonetheless, it is important to note that, in general, the staff agreed that
the robots can free up staff time to do other tasks (Table 5:

∼
x = 4, IQR = 2).

5.5. Robot Types

It is worth noting that, in this study, we did not explicitly ask participants specific
questions about the two different robot types (i.e., the human-sized or toy-sized robots).
Our aim in this initial pilot study was to introduce them to social robots and robot-facilitated
dance. However, we did observe during the sessions that the residents danced with both
robots, and in some cases, they also sang along. Therefore, we did not directly observe any
differences in behaviors towards each robot. A prior study that compared these two robots
with respect to their sizes by showing videos of the robots to older adults found that there
was no difference in the users’ willingness to interact with either robot; however, the larger
robot elicited higher positive impressions [63].

5.6. Comparisons to Previous Other HRI Studies

Our HRI study showed that older adults had positive perceptions and attitudes
towards the robot-facilitated dance activity. This finding was aligned with several studies
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where robots were used as dance instructors with older adults. In these studies, participants
also found the robots to be engaging [14,31,32] and useful [32] while also having a high
acceptance of these robots [31].

Previous resident–caregiver comparison studies have found that older adults re-
sponded more positively to the potential deployment of robots than caregivers [26,29]. For
example, in [26], based on the ratings of usefulness of a list of potential robot functions
(e.g., detecting falls and calling for help, lifting heavy things and monitoring locations of
older adults), older adults thought a potential healthcare robot would be more useful than
the staff and relatives did, with statistical significance. However, in our HRI study, no
statistically significant difference was found for perceived usefulness between residents
and staff for dance activity. In [29], the Care-O-bot 3 robot helped older adults with package
pick-ups and reminders for drinking water. Their caregivers and relatives observed these
interactions. In the post-interaction interviews, older adults were more willing to accept the
robot than their caregivers and relatives, as they found the robot easy to operate. From the
caregivers’ and relatives’ perspective, safety concerns were expressed. In our study, staff
men gave a statistically significant lower rating than the resident men for perceived safety.

5.7. Study Considerations

We conducted a short-term pilot study (approximately 15–20 min per session), where
both the staff and residents had positive experiences in the use of robot-facilitated dance
sessions in the long-term care home.

Our pilot study was conducted during the robot design cycle and is consistent with
other similar preliminary HRI studies that also did not have bidirectional interactions or
incorporate user actions, e.g., [12,35,64,65]. In our future long-term study, which will be
informed from these results, our robots will autonomously recognize and classify the users’
affect in order to select the appropriate music and robot dance movements to promote user
engagement and the positive affect during dancing. This feature was positively ranked for
both residents and staff in our questionnaires.

We note that the novelty effect may have been present in our short-term study. For our
long-term study, we will need to investigate and compare if the novelty effect contributed
to our measured perception, experience and intent to use outcomes. Furthermore, we will
need to explore the influence of long-term dance therapy and prolonged interactions on
health (e.g., flexibility, range of motion and endurance) and affect (e.g., improving the affect
over time) outcomes.

As mentioned above, we used two robots in this study; however, we did not ask
participants to directly compare the two different embodiment types (toy-sized versus
human-sized); instead we only observed their interactions with these robots. In the future,
we will need to explore and compare robot embodiments for dance therapy activity.

6. Conclusions

In this paper, we presented the first HRI pilot study on both residents and staff
perceptions of autonomous robot dance sessions in a long-term care home. Both groups had
overall positive experiences with the robots, motivating the use of social robots for dance
therapy with older adults. The residents had trends of higher ratings on statements related
to perceived ease of use, perceived safety and perceived enjoyment. However, the staff had
higher intentions to use the robots in facilitating dance activities (statistical significance
was found). Some demographic influences were determined within and between the
two groups. Namely, statistical differences were found between men in the resident and
staff groups with respect to perceived safety, as well as between men and women residents
with respect to robots being useful in helping facilitate recreational activities. There were
also differences noted in perceived ease of use and perceived enjoyment for residents who
had limited prior robot experience versus staff members with limited prior experience.

Our results are very promising, as they highlight an important activity of daily living
that social robots can provide assistance to promote their quality of life and wellbeing.
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Our study provides insight for other HRI researchers with respect to the consideration
of dance activity and how demographic factors may influence both the staff and other
adults’ acceptance and intentions to use robots for dance therapy or other similar activities
of daily living. Our HRI pilot study also emphasizes the importance of feedback from
potential users on the design and use of social robot emotional dance to ensure the needs
and preferences of older adults are incorporated during the design stage prior to long-term
deployment. By investigating care staff perceptions, we aim to encompass the opinions of
an important large group of individuals who can support the integration of social robots
in care homes. Namely, with the support of the staff, HRI researchers will be able to
maximize the benefits of such technologies in long-term care homes. Our future work
includes conducting longitudinal robot dance therapy sessions at our partner long-term
care home to investigate both the health and interaction outcomes. We will also investigate
robot embodiment types to determine if any preferences exist.
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