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Abstract Social isolation in hospitals is a well established
risk factor for complications such as cognitive decline and
depression. Assistive robotic technology has the potential to
combat this problem, but first it is critical to investigate how
hospital patients react to this technology. In order to address
this question, we introduced a remotely operated NAO hu-
manoid robot which conversed, made jokes, played music,
danced and exercised with patients in a London hospital.
In total, 49 patients aged between 18—100 took part in the
study, 7 of whom had dementia. Our results show that a ma-
jority of patients enjoyed their interaction with NAO. We
also found that age and dementia significantly affect the in-
teraction, whereas gender does not. These results indicate
that hospital patients enjoy socialising with robots, open-
ing new avenues for future research into the potential health
benefits of a social robotic companion.

Keywords assistive robotic technology, social robot,
human-robot interaction, hospital patients, ageing, dementia
1 Introduction

Depression, malnutrition and cognitive decline are common
sequelae of social isolation and disengagement of patients in
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Fig. 1 A patient socially interacting with NAO. Patient consent was
obtained to take and publish this picture.

hospitals [13]. As the population grows older, the problem of
social isolation in hospitals becomes even more of a priority.

Previous studies illustrate the magnitude of these prob-
lems. Depression is common in hospitals: Shah et al. re-
vealed that up to 46% of older patients are depressed using
the Geriatric Depression Scale; yet, as many as 90% of these
cases are not identified [28]. Further, studies show that direct
patient contact time makes up only 12% of the junior doc-
tors time [3]. Similarly, only 50% of nurses time is spent in
direct contact with patients [30]. These findings suggest pa-
tients may spend the day with little or no social interaction.
Moreover, with an expected shortage of healthcare workers
due to ageing [5], social isolation will only increase.

We believe robots have the potential to counter these
problems derived from social isolation. Indeed, research has
already shown robots can help improve the well-being of
users [15, 22]. However, before studying any potential health
benefits of a social robotic companion, we need to verify
whether adult patients are actually happy to interact socially
with a robot whilst they are hospitalised.
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The primary aim of this article is to explore that ques-
tion. To this end, we carried out an exploratory trial during
one week at a busy hospital in London where 49 patients
interacted with a small humanoid robot, NAO. Our purpose
was for NAO to interact with a wide variety of patients: par-
ticipants in our study were aged from 18 to 100 and had been
admitted for a variety of reasons, such as surgery, infections
or dementia.

Throughout this article we focus on analysing how pa-
tients engaged with NAO, rather than on the development of
a social companion. In fact, NAO was remotely controlled
during our study. Nonetheless, this article presents a brief
overview of the software and hardware of our set-up.

To our knowledge, this article describes the first study to
place a social robot with a large variety of adult patients in
an non-controlled hospital setting. Still, there have been sim-
ilar studies with children [23] and elder adults in care-home
and clinics [36] which are reviewed in the next section.

The rest of this article is organised as follows: section
2 reports on the relevant research literature, section 3 de-
scribes the hardware and software set-up of NAO, section
4 sets out the setting, procedure, hypotheses and analysis
tools for the trials, sections 5 presents the results while sec-
tion 6 analyses them, discusses the limitations of this work
and outlines future avenues of research. Finally, section 7
contains our conclusions.

2 Related Research in Assistive Robotic Technology

Our robot, NAO, conforms to the description of a socially
assistive robot [7]; that is, a robot which assists users through
social interaction rather than physical contact—in NAO’s
case through talking, exercising, playing music and dancing.
One of the earliest examples of a socially assistive robot is
reported by Kanda et al. where a robot spent two weeks at a
Japanese school teaching English to pupils [11].

Why use a robot over an avatar? Fasola et. al found that
a humanoid robot was more persuasive at convincing older
patients to perform exercises than a virtual agent, also set-
ting a precedent for robots to help older people exercise [6].

Robots have been trialled with the aim of making chil-
dren feel at ease in hospitals [14, 23, 1, 24, 19]. For instance,
Pulido et al. reports on the use of a robot as physical thera-
pist trialled with 50 school-children and 3 hospitalised chil-
dren [19]. Their robot is autonomous and asks its users to
imitate the pose it is making.

The work of Ros et al. is noteworthy as the authors ex-
plore the use of a semi-autonomous robotic dancing tutor in
a hospital in Italy [23]. 12 children took part in the trials,
though most of them were not hospitalised. Results showed
that children mostly perceived the robot as a friend or a sib-
ling. Subsequently, the authors applied creative dance tech-

niques to encourage 41 children to eat healthily and be phys-
ically active [24].

In another relevant study, a robot was used to promote
the psychological well-being children with cancer [1]. In
this article, NAO is deployed in a therapy group of 6 chil-
dren to help them deal with distress arising from their ongo-
ing treatment. The authors report an improvement in anxiety,
depression and anger with respect to a control group.

The previous articles [19, 23, 24, 1] have in common the
use of NAO as their robot. This provides mounting evidence
that, at least for children, robots can be socially acceptable
in health-related scenarios. They also evidence a dichotomy
between having the robot act autonomously and the need for
a controlled environment. This led us to chose a remotely-
controlled architecture due to the unpredictability of the en-
vironment where we deployed our robot.

Furthermore, many of the above articles use dance as
one of the activities that NAO executes. As it has been previ-
ously noted, dance is salient and easy to perceive [16]. This
makes it appropriate for both children and adults and gave
us a strong reason for incorporating it into NAO’s set of ac-
tivities.

To our knowledge, this is the first study of social com-
panions with actual inpatients in an actual hospital. Further,
this study presents several novel characteristics no found in
the literature: the hospital setting, its population—comprising
adults of all ages—as well as the fact that is not focused on
a single condition. Still, there have been many studies on
the effects of social companions for older people, yet all of
the ones we reviewed happened outside the hospital: in spe-
cialised clinics or care-homes (eg. [36]).

One such study is described by Tapus et al. where a
humanoid-like robot played musical games with 4 people
with dementia over a period 6 months [34]. Encouragingly,
the authors found improvements in error rates and game re-
action times among the participants as the study progressed.

Schroeter et al. describes trials with another robot which
was deployed in a smart house fitted with people-tracking
sensors. 6 patients with cognitive impairments lived at the
smart house with the robot for 2 days. The aim of the robot
was to remind users of their daily tasks as well as to cog-
nitively stimulate them with interactive games [27]. The au-
thors confirmed the viability of this type of companion with
evidence of 120 hours of user contact and positive user feed-
back.

McColl et al. used a robot to keep 8 individuals, aged
82-93, company as they ate their meals in a care-home [15].
The authors noted an 87% compliance rate when the robot
encouraged patients to eat.

PARO is a robotic soft toy in the shape of a baby sea lion
that reacts to the user’s presence and touch. PARO was de-
veloped with the aim of reducing social isolation in an older
population. Robinson et al. demonstrated that PARO signifi-
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cantly reduced the patients’ loneliness by an average of 5.38
points as measured by the UCLA Loneliness Scale [21]. The
trials were performed in a care home in New Zealand over
12 weeks with 40 residents. In a follow-up article, Robin-
son et al. showed that even if some participants were emo-
tionally attached to PARO, they were fully aware it was a
machine [22]. Moreover, Takayanagi et al. established PARO
was preferred by patients with mild/moderate dementia and
severe dementia over a lion soft toy in a care home in Japan
with patients talking and laughing more with PARO than
with the soft toy [33].

It is important to highlight that NAO is a very differ-
ent kind of robot than PARO. NAO can talk, walk and has
more degrees-of-freedom, which will impact user expecta-
tions [8]. Another difference between PARO and NAO is
that our trials were conducted in an acute hospital setting,
an unpredictable environment where issues such as infection
control arise.

3 Hardware and Software Overview

An overview of the software and hardware components de-
scribed in this section is shown in figure 2.

The trials were carried out with NAO, a 58cm tall hu-
manoid robot with 25 degrees-of-freedom manufactured by
Aldebaran. NAO is equipped with two cameras, an array of
microphones as well as several proximity sensors. It is able
to stand and walk on its own. NAO has a non-threatening ap-
pearance due to its small size and cartoon-like features. Fur-
thermore it has successfully been deployed in many social
robotics trials [2, 25]. Aldebaran provides a library called
NAQqi for developers to control NAO’s behaviour.

We used two NAOs during trials, though only one at
a time. Having two robots allowed us to run trials contin-
uously without the risk of empty batteries or overheating
robot joints.

NAO stood on top of arolling table with its feet anchored
to the table by velcro, this way the 58cm tall robot was able
to interact with patients face to face. This set-up also had the
advantage of allowing us to move the robot from bed to bed
quickly. The flexibility lost by anchoring the robot feet was
balanced with the extra safety of stopping the robot from
falling on the patient in the event the motors failed.

We used Wi-Fi to communicate between the robot and
the tablet-PC which ran our custom remote operator inter-
face (figure 2e). The robot (figure 2a) received motor and
speech commands from the remote operator interface and
transmitted video from its top camera as well as audio from
its front microphone. However, the relatively low-bandwidth
and variable latency of Wi-Fi communication meant that the
sound was noisy with occasional fragments of sound miss-
ing and that the camera resolution was limited to 160x120
pixels.

To develop the remote operator interface, we chose the
Robot Operating System library (ROS) [20] as the base robotic
middleware since it is flexible and widely used in the com-
munity which allowed for rapid development. At its core,
ROS is an interprocess communication library which passes
information from program to program (denoted as nodes by
ROS) through a network channel (fopics in ROS terminol-
ogy). ROS is generally intended to be used in a distributed
manner, with many simple, independent nodes communicat-
ing through ROS’s topics. This is the approach we followed.

As we already mentioned, NAO is controlled through
NAOqi. This meant we had to create control nodes which
convert ROS topics into the appropriate NAOgi function calls
(figure 2d). We wrote all the control nodes in Python, again
for rapid development. The split in node competencies paral-
lelled NAOqi’s split of its developer modules, thus reducing
inter-dependencies. The exception is the microphone node
which directly sent the information it received from NAOqi
to the sound system through the pyalsaaudio library (fig-
ure 2¢). This was done in an attempt to counter the problem-
atic audio latency we encountered. All the control nodes ran
on the remote operator’s tablet-PC.

The remote operator interface allowed the operator to
trigger robot behaviours as well as to type text for NAO to
say (figure 2e). The interface was designed as to minimise
the operator’s reaction time. The interface was written in
ROS, and makes use of PyQt to render the user interface on
the tablet-PC. The final user interface is the result of several
iterations of trial and testing. Originally, the interface only
had an input box for NAO’s speech, but we found that eas-
ily accessible fillers gave extra time to the operator to type
a complete answer. Similarly, the pre-written sentences in
small talk gave the operator some structure for the interac-
tion.

Controls for rapidly adjusting NAO’s speaking volume
in the remote operator interface were found to be important
very early on, as was the ability to trigger stored behaviours
on the robot. Finally, we programmed the interface so that if
the remote operator clicked anywhere on the view of NAO’s
camera, NAO would move the head toward that point. This
allowed the operator to ensure NAO was looking at the pa-
tients even if they shifted positions. Our remote operator
interface also was executed on the tablet-PC which helped
make the interaction more responsive as the operator could
simply touch the desired behaviour, speech filler or gaze po-
sition. This remote operator interface is an instantiation of
what in the literature is known as Wizard of Oz [18].

ROS has the ability to save all the information that it
transmits to a log file (figure 2b). During trials we recorded
interaction aspects such as robot’s camera view and the robot
activities into the log files. These were later used for analysis
purposes.
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Fig. 2 Overview of the hardware and software components of the trials. Elements in italics are computer libraries. ROS stands for the Robotic
Operating System. See Hardware and Software Overview for a detailed explanation of each component.

Putting all these components together allowed us to pro-
gram NAO so it was able to perform the following actions

to socialise with patients:

Tell jokes.
Read a verse of poetry.

Read the news (pre-fetched on the morning).
Play classical music pieces.
Demonstrate arm flexing and stretching exercises and

then request that the patient repeats them.

Perform two dances: one was Tai chi inspired and relax-

ing; the other was more energetic and based upon the

work of Ros et al. [23]

Furthermore, NAO would ask some of the following ques-
tions to patients as a means to start a conversation:

— What is your name?

How is your family?
How old are you? Note that

How are you? Or, alternatively, are you comfortable?

, after asking this, NAO would

immediately apologise for its etiquette error.

Have you seen the weather

The fact that NAO was remotely operated meant that the

How was your weekend? Or, how was your night?
What is your favourite film/song?

today?

robot was less responsive than it could have otherwise been.

The limiting factor lies at the

speed the operator can type

which usually meant the robot replied with a delay of 2-3

seconds.



Assistive Robotic Technology to Combat Social Isolation in Acute Hospital Settings 5

4 Trials Set-up
4.1 Setting

Trials took place in the Chelsea and Westminster Hospital
in London from the 15" to the 19" of December 2014. Ses-
sions were carried out from 9.30am until 5.30pm every day.
Patients were chosen from the following wards: the stroke
and neurology rehabilitation unit; the orthopaedic, urologi-
cal, general and plastic surgery unit; the intensive care unit;
the gastroenterology, general surgery and bariatric surgery
unit; the gynaecology unit; and the gastroenterology, en-
docrinology and haematology unit. Most patients were lo-
cated in a bay with 6 beds, though a few had their own indi-
vidual room. A total of 69 patients were offered the option
to take part in the trials.

The introduction of robots at Chelsea and Westminster
Hospital was approved by the Medical Devices Committee,
Safety and Effectiveness Group, Clinical Engineer (Refer-
ence 266, v01.38) and the Research and Development De-
partment at Chelsea and Westminster NHS Foundation Trust.
This project was granted Clinical Governance and Caldicott
approval in September 2014 (CAPP 1087) and it was con-
ducted in accordance with the Patient Protection Act 1998.

4.2 Trial procedure

A flowchart of the trial procedure we describe in this sec-
tion is shown in figure 3. Note that the robot was introduced
to patients as Junior rather than NAO in order for the robot
to appear more approachable. Moreover, patients were not
required to leave their bed, which meant that often other pa-
tients would witness the interaction.

For each session, a Clinical Research Fellow (CRF) car-
ried NAO near the bed of a patient and obtained their consent
for participation in the trials. If the patient refused, the CRF
thanked them and moved on to another bed. If they accepted
the CRF proceeded to introduce NAO. At this point, the re-
mote operator would start controlling NAO and the CRF
would leave the patient’s bed. Thus the patient was left to
interact with the robot alone; the CRF remained in the ward
—a few steps away— in case his intervention was necessary.

Subsequently, NAO tried to engage the patients with con-
versation, jokes, dance, music and exercises. The robot started
by asking the patient how she was feeling, about the weather
and her family. It would also offer to tell jokes or read the
news. If all this failed to catch the attention of the patient
then the robot would start playing music or dancing. In gen-
eral the approach was to try a range of topics or activities
until the user became engaged.

When all interaction possibilities had been exhausted the
robot operator indicated the CRF to take the robot away and
escort it to the next patient’s bed.

(Clinical Research Fellow )
(CRF) brings NAO near
patient's bed

YES

NO Does patient want to
participate in study?

JL

[ CRF leaves patient alone |

with NAO
/[ Greetings N\
Ask about Open-ended
amily & healt| talk
Exercise Converse
memory about lunch

ell Christmas

related jokes ftivftig—

Read Dance for

Perform arm
exercises
poetry patient

Read Play
news music

\__Farewell z

NO Second interaction?
Or, unavailable for
second interaction?

49/55

CRF takes NAO away }

JL

CRF thanks patient and
leaves with NAO

NO [ Is patient able to fill the |
questionnaire in on their
L own? )
YES
CR;:?;T;E?EEM Patient fills
questionnaire questionnaire

I [ J

CRF thanks patient

and leaves

Fig. 3 Flow diagram for patient interactions with NAO. Boxes in light
background represent steps performed by the clinical research fellow.
Boxes with green background represent NAO actions triggered by the
remote operator interface. Finally, boxes in dark blue background indi-
cate final steps of the interaction.

Once the robot had been taken away, if the CRF —a
trained medical doctor— had identified a patient as having
dementia, this was noted down on the interactions log. The
age and gender of the patients as well as whether they had
made eye contact and talked to the robot were also annotated
on the interaction logs. Neither the medical conditions of the
patients nor the length of their stay were recorded.
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After a second interaction with NAO, or if it became
clear the patient would not be able to have a second inter-
action due to time constraints, the CRF would give the pa-
tient a questionnaire to fill in. In several occasions, patients
that had interacted with the robot did not fill in a question-
naire, leading to the disparity between the number of ques-
tionnaires and interactions recorded. This situation mostly
arose when we expected to have a second interaction with a
patient who was later not present. The questionnaires asked
for age, gender, comments as well the following questions:

— Have you enjoyed interaction with the robot during your
time in the hospital? (Enjoyed interaction)

— Would you want to use the robot again? (Would like to
use the robot again)

— Do you think the robot will be a useful tool in patient
care in the future? (Robot will be useful in the future)

The questionnaires were anonymous, which meant cross-
correlating them with the recorded interactions was not al-
ways possible afterwards.

Most patients filled in the questionnaire by themselves
once the robot had left. However, if the patient was not able
to do so the CRF would then read the questions out loud and
would write down the answers.

4.3 Research questions

Our analysis was aimed at answering the following research
questions:

Will patients enjoy their social interactions with NAO?
How long can an social interaction with a robot be sus-
tained?

Will the age or gender of patients have any effect on
enjoyment, interaction duration or their preference over
NAO’s activities?

How well will the above results translate to patients with
dementia?

The goal of these questions was to understand how to
create successful social human-robot interactions for future
hospital studies.

4.4 Statistical analysis methodology

For analysis purposes, we set the statistical significance thresh-

old at p < 0.05, and employed non-parametric tests ()2,
Spearman correlation, Mann-Whitney U and point-biserial
correlation) to obtain the p-values. Much of our statistical
analysis focussed on ages, consequently we used correlation
(Spearman and point-biserial) between continuously-valued
ages of patients and the different quantities we were testing
in order to increase the robustness of the tests.

However, since correlation is difficult to visualise, we
split the participants into three age groups: group <60 is
composed of patients whose age is 59 years or less, group 60—
79 contains all participants aged 60-79, finally group >80
gathers everyone 80 years old or more. We chose these groups
so as to evenly split the study population. These groups were
not used in the statistical tests and are simply an aid to present
the results in the next section.

The interaction duration metric was extracted automat-
ically from the recorded logs and was defined as the time
elapsed between the first and last time the robot spoke to the
patient.

5 Results
5.1 Patients

In total, 49 patients interacted with the robot, 32 of them
were female and 17 male (see figure 4a). The ages of sub-
jects varied from 18 to 100 with 16 in each of the age groups.
One of the participants’ age is unknown and was excluded
from the age analysis. 7 women aged 79-99 had dementia.
Moreover, 15 patients (4 male, 11 female) had a second in-
teraction with NAO.

This adds up to a total of 64 interactions spanning 9
hours and 38 minutes, with the median interaction being
8min 39s, and the interquartile range (IQR): 4min 58s.

Additionally, 32 people filled in the questionnaire (12

male, 17 female, 3 undeclared), 15 in group <60, 6 in group 60—

79 and 7 in group >80 (figure 4b). Four respondents did not
declare their ages and were consequently excluded from the
age analysis. As mentioned earlier, not all people who inter-
acted with the robot filled in a questionnaire. Consequently,
correlating the questionnaires to the interactions was chal-
lenging. Still, we were able to uniquely match 13 question-
naires and interactions by using both the age and gender.

Finally, 20 patients (6 male, 14 female) refused to take
part in the trials. Of these, 5 belonged to group <60, 10 to
group 60-79 and 4 in group >80 (we were not able to es-
tablish the age of one of these patients). Eight patients men-
tioned being too tired as the reason for their refusal.

5.2 Quantitative Analysis

We found that 84% of the respondents agreed with enjoyed
interaction, 50% agreed with would like to use the robot
again and 72% were in agreement with robot will be use-
ful in the future. Figure 5 shows these results broken down
by age groups. We checked the Spearman rank correlation
between the age and answers of the participants for each
question and found none of the correlations to be statisti-
cally significant (p>0.10). Likewise, a x? test revealed no
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statistically significant differences in answers to the ques-
tionnaires by gender (p>0.10).

The pattern was different when analysing the actual in-
teractions, as can be seen from Figure 6. Regarding patient
reactions to the robot, we found that all subjects of group <60
made eye contact, whereas for both other groups 25% of
patients did not look at the robot. 25% of those in 6079
made eye contact but did not talk with the robot, this fig-
ure is 12.5% for group >80. That leaves 50% of group 60—
79 and 62.5% of group >80 which both made eye con-
tact and talked with the robot. A point-biserial statistical
test suggests a negative correlation (r = —0.255) between
a patient making eye-contact and increasing age, but does
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Fig. 5 Questionnaire responses by age group.
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Fig. 6 Age differences in type of interaction, response to exercises and
first interaction duration. * differences in exercise responses are statis-
tically significant. ** differences between made eye contact and talked
are statistically significant.

not reach statistical significance (p = 0.080). Similarly, the
point-biserial correlation between verbal interaction and age
is r = —0.356 and this was found to be statistically signifi-
cant (p = 0.013).

24 patients were asked by the robot to perform some arm
flexing and stretching exercises with it, 7 of them were in
group <60, 6 in group 60-79, and 11 in group >80. The
percentages of patients that exercised when the robot asked
them to do so were: 86% for group <60, 50% for group 60—
79 and 27% in groups for group >80 and 50% overall. The
point-biserial correlation between exercising and age is r =
—0.45 and this was statistically significant (p = 0.028).

We also checked if age or dementia was a factor in whether
patients made eye contact, talked and exercised, yet a y? test
revealed no statistical differences (p > 0.10).

For group <60 the median duration of the first inter-
action was 11min8s (IQR: 3min 17s), for group 60-79 the
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Fig. 7 Robot activities by age group. Differences in total number of
activities by age are statistically significant.

median interaction duration was 8min 10s (IQR: 5min 18s),
and for the last age group it was 8min45s (IQR: 5Smin 115s).
These results did not reach statistical significance (p > 0.10).
Looking only at those patients who had a second inter-
action (N = 15) yields similar results. The median interac-
tion duration for group <60 was 12min 45s (IQR: 8min 58s,
N = 3), for group 60-79 it was 6min 35s (IQR: 2min 48s,
N = 3), and for group >80 the median interaction duration
was 6min43s (IQR: 3min44s, N =9). Again, the Spearman
rank correlation was not statistically significant (p > 0.10).
Patients with dementia had significantly shorter interac-
tions. The median first interaction duration for patients with
dementia was 7min 10s (IQR: 3min 2s, N = 7) whereas for
the rest of the patients was 9min 58s (IQR: 4min 57s, N =
42). Performing a Mann-Whitney U test shows these differ-
ences to be statistically significant (u = 77.0, p = 0.047). For
the second interaction we found similar results: the median
second interaction duration for patients with dementia was
3min 23s (IQR: 2min 16s, N = 6); for other patients it was
Tmin48s (IQR: 1min25s, N = 9). In this case, the results
did not reach statistical significance (u = 12.0, p = 0.087).
Additionally, a Mann-Whitney U test revealed gender
did not affect the interaction duration (p > 0.10).
Interestingly, there were statistical differences between
the duration of the first interaction (median: 9min 55s, IQR:
5min 27s) and the second (median: 6min 51s, IQR: 4min 45s)
for patients that interacted twice with the robot. Further-
more, a two-tailed Mann-Whitney U test showed these dif-
ferences to be statistically significant (u = 63.0, p = 0.042).
Concerning NAO'’s activities during the trials, we found
that the total number of activities performed by the robot
for the patients correlates negatively with age (p = —0.394)
and this correlation was statistically significant (p = 0.012).
For a breakdown of the activities by age and type of activity
refer to Figure 7.

In regards to the questionnaires which could be matched
to interactions, we were not able to find any significant cor-
relation between most of the activities the robot performed
or the duration of the interaction. There was one exception
in that the Spearman rank correlation was statistically sig-
nificant between the number of times the robot danced and
whether a patient answered affirmatively to robot will be
useful in the future: p = 0.629, p = 0.021.

Our data did not show any effect of age or gender in
whether patients agreed to participate in the trials (p > 0.10
in both cases). We checked the effect between age and par-
ticipation with a point-biserial correlation, and the effect be-
tween gender and participation with a x? test.

5.3 Interaction Analysis of Patients with Dementia

In order to capture specific elements of the interaction with
patients with dementia, five interactions from four differ-
ent patients were chosen at random and further analysed
as shown in figure 8. Patient A only spoke to the doctor,
and when NAO started dancing she closed her eyes, only to
briefly reopen them when spoken to by the robot. Though
Patient B did not speak very much nor did the arm exercises
with NAO, she did try to touch it and smiled when the robot
spoke to her. Patient C only spoke twice but she smiled many
times and even laughed. The interaction became strained one
minute into the song NAO was playing as she became disen-
gaged, though she re-engaged with the robot once it started
speaking again. Patient D, whose first and second interac-
tions are shown in the figure, was very engaged with NAO:
she laughed, smiled, gestured and talked to the robot. Curi-
ously, towards the end of the interaction she started gestur-
ing the robot to go away and frowned when the robot did
not do so immediately. Yet this seemed to have no effect on
her second interaction, during which she laughed and smiled
and even attempted to give NAO a £10 note. Note that at
the end of the second interaction patient D started frowning
again and gesturing NAO to go away again.

6 Discussion

Subjective responses towards the quality of interaction with
Assistive Robotic Technology were overwhelmingly posi-
tive. There were no statistical differences across age groups
in questionnaire data. Notably, 84% of all respondents agreed
that they enjoyed interacting with the robot. This finding an-
swers the main question we asked of this study: whether hos-
pitalised adult patients would enjoy socially interacting with
a robot. This finding extends to a hospital setting the results
which had previously shown that people generally find so-
cial interactions with NAO enjoyable: for example Ros et
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Fig. 8 Timelines of interactions with 4 patients with dementia aged 84-99. The graph shows the actions of the robot and the actions of the patient.
Patient D had 2 interactions. Junior is the name we gave NAO for the patients.

al. who used NAO as a dancing tutor [23], or Sarabia et al.
where NAO was a guide for wheelchair users [25].

The median interaction duration, 8 minutes 39 seconds,
was slightly shorter than that of other relevant research. The
median interaction duration for the dance tutor [23], the meal
companion [15] and the physiotherapy robot [19] was ap-
proximately 13 minutes. Similarly, the interaction duration
of patients with dementia with PARO was 10 minutes in the
experiments conducted by Robinson et al. [22]. This differ-
ence was probably due to the long delays in conversation
which made it difficult to extend the interaction further.

Nonetheless, it remains to be seen whether patients are
still happy to interact with the robot in the longer term. The
statistically significant differences in duration between the
first and second interactions as well as the fact that only 50%
of questionnaire respondents agreed that they would like to
use the robot again could be explained by the novelty fac-
tor. It is hypothesised that the first interaction with a robot is
unusually positive due to novelty. Therefore, as interactions
repeat and novelty wears off, users may be less positive to-

wards the robot [31]. Further research is required to clarify
if this is indeed the case.

Regarding the research question of how age affects the
interaction, we found that verbal interaction, engagement
with exercise and the total number of activities NAO per-
formed negatively correlate with increasing age in a statisti-
cally significant manner. The data suggests the same could
be true of interaction duration and eye contact but these mea-
sures did not reach statistical significance.

In consequence, one of the challenges that our study out-
lines is how to determine the specific activities that can best
engage older patients. For example, from figure 7 we can
see how joking was not something that patients in the age
group >80 appreciated. In contrast, for the other two age
groups joking was the most common activity, but for older
people dancing proved more effective. This leads to the hy-
pothesis that more tailored interactions with a focus on mu-
sic and movement —such as music therapy [37]- may be
more beneficial for older people. Likewise, speech and hu-
mour was used more often with younger patients, suggesting



Miguel Sarabia et al.

A “Improvement in my mood.”

S “T lovi nior.”
WHOLLY POSITIVE oved Junio

(16 comments in this

health.”
category)

longer time” [93 year old woman].

& “This is a fun way to encourage a return to

A “[Junior is] lively and amusing.”

% “Funny robot.”

% “Thank you for being chosen to meet Junior.”
% “He is so good and amazing. Well done Junior.”

& “[Interaction was] a bit too short, I prefer a

& “It was a bit of a novelty for the day—the idea of it made me laugh, but I wouldn’t really need any more

POSITIVE, BUT SCEPTIC time with it.”

(10 comments in this

A “[Conversation was] slightly stilted but a great diversion.”

category) & “I can’t say exactly if I have enjoyed it, but it was exciting.”
% “I enjoyed but found it a bit intimidating.”
NEGATIVE & “Tried to ignore it but it didn’t go away. Its limited vocabulary and intellect made it difficult to converse.”
(3 comments in this & “We have enough machines.”
category) % “People want to speak to people.”

Table 1 Example of patients’ comments classified by wholly positive, positive but sceptic and negative. In total, 29 patients provided comments.

Junior is the name we gave NAO for the patients.

with that for the age group >80 speech is a more important
factor in the interaction. Finally, from figure 7 we observe
that reading poetry —which entailed NAO monologuing for
a relatively long period of time— was not attractive to any
age group.

Our results, in contrast, do not show any relevant effects
of gender on the interaction. This suggests that future stud-
ies of robotic social interaction in hospitals should pay more
attention to both the effects of age, interaction duration and
repeated interactions rather than gender. This is somewhat
surprising since previous research established that gender
does affect interaction in some circumstances. For instance,
Siegel et al. found that the sex of users played a role in
whether they perceived the robot as persuasive [29]. Simi-
larly, Heerink et al. states that age and gender have a mod-
erate effect on users acceptance of robots [10].

Results show that interactions with dementia patients were
the shortest. Though most dementia patients were in age
group >80, the effect of age was not found to be significant
in interaction duration. This was in contrast with dementia,
which did have a significant effect in interaction duration.
Despite engagement difficulties, we observed that many pa-
tients with dementia smiled even if they did not speak as
much as other patients.

It is clear then, that dementia strongly affects the inter-
action with the robot (thus answering our last research ques-
tion). Yet, at least for some patients, the interaction with
the robot may still be beneficial. This finding corresponds
with existing research: we have already described the pos-
itive role of PARO on patients with dementia [33, 22] and
recently it was found that NAO could help patients with
dementia stop cognitive decline according to certain met-
rics [35].

Additionally, we were curious about the strong and sta-
tistically significant correlation that we found between the
number of times the robot danced and participants agreeing

with the robot will be useful in the future question. This cor-
relation may be explained by the fact that the dance was the
most sophisticated of NAO’s activities, where it had to move
its arms, torso, head and play music in synchrony. This dif-
fers from conversational interaction which was slower due to
delays related to the operator having to type NAO’s speech
and the noisy audio capture which meant the operator some-
times did not understand what had been said. Indeed, as
Hebesberger et al. note “a robot’s task, its functionality and
usability are a crucial factor influencing its acceptance” [9].
Thus, patients who saw the robot performing a complex task
may have been more agreeable to the future possibilities of
using the robot in healthcare.

6.1 Analysis of Patients’ Comments

Studying the patients’ comments on the questionnaires re-
inforces our finding that patients were largely positive about
their time with NAO. Examples of these comments are shown
in table 1. Out of the 29 questionnaires, 16 were classified
as wholly positive, 10 were positive, but sceptic and just 3
were negative.

The comments in the positive, but sceptic category also
highlight the difficulties we had already identified in the dis-
cussion, namely the risks of the novelty effect and the reac-
tion delay caused by controlling NAO remotely. We were
surprised to find only 3 patients were overly negative to-
wards NAO, particularly given the sensitivity of their situ-
ation as well as possible cultural preconceptions [12].

Finally, eight respondents commented they thought NAO
would be useful with children, which we expected from the
literature [19, 23, 24, 1].
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6.2 Limitations and Future Work

There are several limitations to this study, which at the same
time open new research avenues.

The chief limitation of this study was that the partici-
pants’ contact with the robot was limited to one or two inter-
actions. This limitation did not allow us to observe what —if
any— health effects does interacting with a social compan-
ion have on a patient. Based on our medical experience, we
hypothesise that robots can help keeping patients engaged
mentally, giving them something to look forward to during
their days and encourage them to eat, which should lead to
improved health, fewer accidents and a lower hospital mor-
tality rate. Notwithstanding the short-term nature of the tri-
als with patients, our study does however prove that a more
in-depth study looking at the previous medical effects may
be carried out with reasonable confidence that patients will
not flatly reject to interact with a robot.

The second limitation of this study is the use of a re-
mote operator interface since it requires a full-time operator
controller robot, who could well keep the patient company
directly. Nonetheless, we conjecture than interacting with a
robot may have advantages over directly interacting with the
robot operator (eg. NAO may be perceived as more friendly
and less threatening). Still, taking advantage of recent ad-
vances in conversational agents, a system could be devel-
oped whereby an operator would control several robots re-
motely and simultaneously. Importantly, we do not consider
a fully autonomous solution to be ideal for this scenario,
since a mis-recognition if a patient asks for help or is in pain
could have potentially fatal consequences.

Though the population of this study covered a wide range
of ages and occupations, we hypothesise the interactions
may be improved by the use of user-modelling techniques [4,
17, 26], particularly for a semi-autonomous robot in a long
term study. This would allow the robot to perform the most
successful activities for a particular patient according to their
preferences.

There were also limitations of a more technical nature.
In particular, audio transmission was both lagged —due to the
inherent latency limitations of a wireless network in a public
hospital- and noisy — due to the proximity of NAO’s micro-
phones to its motors. This made the task of NAO’s remote
operator harder as sometimes it was difficult to understand
what the patient was saying. Going forward we will look
into the use of a higher quality directional microphone to
better capture patients’ utterances as well as the use of new,
less congested, network technologies for transmission of the
audio signal.

The challenging and uncontrolled hospital environment
also raised challenges that may have impacted our results. In
particular, strict infection control measures made it impossi-
ble for patients to interact physically NAO. It is possible that

patients, particularly the more senior, would have engaged
better if they could touch the robot. Further, the open-plan
layout of the hospital wards meant that some patients could
see the robot interacting with another patient and, as a result,
chose not to participate in the study.

Finally, we can observe from the patients comments in
table 1 that some patients found the robot not to be respon-
sive enough. This led to patients and the robot speaking at
the same time. As a remedy, we propose that NAO should
convey to the patient that the operator is typing in the re-
mote operator interface via blinking lights or a custom ani-
mation. This technique has already been used in the robotics
literature [32] as well as in instant messaging services.

7 Conclusion

We have presented the outcomes of a week-long trial with
NAO in several wards within a busy London hospital. The
results revealed that, whilst engagement varied in many ways
with age, 84% of patients rated their interaction with the
robot positively. This was further corroborated by comments
written by patients in the study questionnaires as well as a
median interaction duration of 8 minutes and 39 seconds.
In addition, the interactions of four patients with dementia
were qualitatively analysed, showing that many of these pa-
tients smiled, laughed and remained engaged with NAO.

This study confirms our hypothesis that hospitalised pa-
tients are happy to interact socially with a robot, in spite
of the difficulties of their personal situations. Having con-
firmed that social robotic interactions may be successfully
carried out in a hospital, three new questions are now open
for research: how can we develop a semi-autonomous so-
cial robotic companion? Is it possible to sustain a long-term
social robotic interaction? Can social robot provide health
benefits to patients? We believe this to be the case; and, as
the world population grows older and demands on health
services increase, so does the potential impact of assistive
robotic technology in hospitals.
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