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Background: Behavioral and psychological symptoms of dementia (BPSD) affect patients’
daily life and subjective well-being. International recommendations stress nonpharmacological
interventions as first-line treatment. While newer psychosocial initiatives adapted to geriatric
populations based on social robot therapy have emerged, to our knowledge, no studies on dif-
ferential efficacy depending on BPSD profiles have been conducted yet.

Objectives: This pilot study examined the impact of short exposure to a social robot (Paro®)
on the subjective emotional well-being of patients with major neurocognitive disorder as well
as its impact on differential effects for 3 BPSD profiles.

Methods: Seventeen patients with major NCD with apathy (n=6), depression (n=7), and agita-
tion (n=4) were recruited. The intervention was composed of four 15-minute individual sessions.
Exposure occurred without the simultaneous presence of a health care provider. A pre—post
assessment of emotional well-being was conducted with the International Positive and Negative
Affect Schedule Short-Form, which measures positive and negative affectivity.

Results: Overall findings showed a significant increase of positive affectivity (p=0.02). Subgroup
analysis demonstrated that agitated patients reduced negative affectivity significantly more than
depressed patients (p=0.03). Results also confirmed users’ overall acceptability of the robot.
Conclusion: These findings support the usefulness of brief interactive sessions with the Paro
robot for elderly patients with major NCD. These preliminary results encourage further research
focused on brief interventions using social robotics, as well as on their specific benefits depend-
ing on the behavioral typology of patients with neurocognitive disorders.

Keywords: neurodegenerative disorders, agitation, depression, apathy, well-being, social robot

Introduction

Over the past decade, major neurocognitive disorder (NCD) has become a public health
priority. According to the World Health Organization and to Alzheimer’s Disease Interna-
tional, more than 110 million people will suffer from major NCD by 2050." The increasing
number of people living with major NCD raises the question of care, especially when
behavioral and psychological symptoms of dementia (BPSD) affect 90% of people at
any stage of the disease.? Apathy is the most frequent BPSD in dementia with a median
prevalence rate of 44.5%, followed by depressive (28%), agitation (27%), irritability
(25%), and anxiety symptomatology (22.5%), whereas psychosis (18.5%) and delusion
(12.5%) are the least frequent ones.** Though the presence of these symptoms is quite
heterogeneous among patients,’ its consequences are severe. Indeed, behavioral symptoms
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increase the risk of hospitalization,” nursing home placement,?
and the burden of professional and informal caregivers,*® and
as a consequence lead to increased care costs.!® Moreover,
BPSD is negatively correlated to patients’ well-being.'"'2

New initiatives based on psychosocial interventions such
as social-robot-based therapy have been developed to improve
the quality of life of patients and caregivers. Thus, increased
interest in the Paro® robot (Intelligent System Co., Kyoto,
Japan) has been noted in the recent scientific literature.'> Paro
(Figure 1) is an animal-like robot modeled after a baby harp
seal. Some authors hypothesized that Paro might improve
well-being in older adults because it meets some of their
needs — it is companionable, it has the capacity for artificial
empathy, it can respond to a person’s voice and touch, and
it looks like an unfamiliar animal.!* The later characteristic
seems to make it more acceptable to users.' This kind of pet
robot could have promising effects such as those observed
with traditional pets, without the disadvantages (eg, hygiene
and safety issues).'® Paro triggers with most physical interac-
tion, eye contact, and verbal communication, like a dog."”

Over the past years, a growing number of studies have
assessed the impact of Paro-based therapies on BPSD. %1822
These studies have shown a positive impact on emotions and
subjective well-being, as well as on feelings of loneliness.!*!®
Nevertheless, some methodological aspects limited the gen-
eralizability and reproducibility of these studies, such as the
lack of control group, a small number of participants, or the
unclear research protocol allowing replication.'®* There is
a need for increased studies on Paro impacts to enable the
reliability of findings,* but also to promote the research
outcomes’ application into the clinical areas.”**

There is little literature on the differential effects of social
robots depending on neuropsychiatric profiles in geriatric

Figure | Paro® robot seal.

populations. However, we were encouraged by informal
observations conducted in our hospital indicating that Paro’s
effectiveness may depend on neuropsychiatric profiles. In
fact, these observations suggested that agitated patients
would benefit more from Paro than patients with symptoms
of depression or apathy. To our knowledge, this hypothesis
had not been addressed yet. Thus, this research aimed to
explore the differential effect of a brief interaction with Paro
for 3 neuropsychiatric profiles in a pilot study.

This work tackled 3 main aspects. First, the method-
ological dimension — a clear, standardized intervention
protocol is defined to enable replication. Second, the clinical
dimension — not only do we study the overall intervention
efficacy, but we also analyze the differential effect of the
intervention based on neuropsychiatric profiles. This aims
to save health care providers from unrealistic expectations
and subsequent burnout,?® as well as to avoid spending
unnecessary time and financial resources. Third, we assessed
the efficacy of an intervention protocol that could easily be
implemented in a real context, with limited resources, by
keeping the intervention of the health care provider as short
as possible.

Methodology

Participants
This quasi-experimental pilot study was conducted between
January and June 2016 in a geriatric hospital in Paris. The
3 units involved in this study admit patients for between
20 days until many years. The geriatrists and nurses were
given information about the study protocol during formal
meetings and in posters. All the participants (and their legal
representatives when necessary) received written and oral
information about the protocol in accordance with the Decla-
ration of Helsinki. Only those who gave written consent were
included in the study. This study was submitted and approved
by the Hospital Broca clinical research committee.
Participants were hospitalized in a geriatric unit and had
been diagnosed with major NCD according to the criteria of
the Diagnostic and Statistical Manual, 5th Edition.?’ Patients
scored between 10 and 20 at the Mini Mental State Examina-
tion (MMSE),?® and presented one of the following neurop-
sychiatric symptoms — agitation, apathy, or depression — as
measured by the Neuropsychiatric Inventory for Health Staff
(NPI-ES).” Participants who had visual, hearing limitations,
or aphasia and could not complete the assessment protocol
were excluded. Participants with severe motor deficits who
could not physically interact with the Paro robot were also
ineligible.
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Paro robot
Paro is an animal-like robot modeled after a baby harp
seal.’® Paro is covered with white artificial fur and weighs
approximately 2.7 kg. It is equipped with light, tactile, and
sound-recognition sensors. Paro was designed/developed “to
track human motion and pay attention to someone interact-
ing with it.”1830:31

Assessment and intervention protocols

The pre- and postintervention assessments were conducted

by a trained neuropsychologist. Each participant was given

2 weekly sessions of 15 minutes over 2 weeks (Figure 2).
The intervention sessions were conducted in a private

room with the patient either sitting or lying on a bed. Each
session was video-recorded. Any patient refusal or nega-
tive reaction interrupted the session. Consistently with the
research study aim (evaluating Paro robot efficacy) during
the intervention, the patient only interacted with the Paro
robot, with the practitioner leaving the room but waiting in
the next room in order to supervise the interaction. In order
to control implementation error,* practitioners were trained
to implement this 6-step predetermined protocol:

(a) Meeting Paro: the health care providers introduced him/
herself and introduced the robot as follows: “I would like
to show you Paro, it is a plush coated, animal-like robot.
It reacts to your touch and to your voice, so it moves or
makes sounds when you touch it or if you talk to it.”
The health care providers kept the robot in her/his arms,
and showed the patient how to touch the robot’s back,
whiskers, or head.

(b) Proposing contact and modeling: the health care provid-
ers handed the robot to the patient and asked if he/she
wished to try by him/herself. If the patient agreed, the
health care providers placed it in his/her arms, or on a
nearby chair or table if necessary. Again, the health care

Preintervention
assessment

Eligibility

provider showed how to touch the robot’s back, whiskers,
or head, and encouraged the patient to touch it: “You can
hold it in your arms, cuddle it, talk to it, and caress it if
you want.”

(¢) Using Paro individually (I): if the participant accepted
to touch Paro, the health care providers offered to let the
participant to use Paro alone for a brief period of time
(7 minutes 30 seconds). If the participant accepted, the
health care providers added: “Ok, I will leave the room
for you to be alone with the robot, but I will be by the
door, you can call me if you need anything.” Whenever
the patient asked for help or refused to continue, the ses-
sion was interrupted. No persuasive arguments were used
when the participant refused. The health care providers
just asked why and asked if the participant was willing
to try it another day.

(d) Mid-session checking: the health care providers came
back to the room and checked whether the participant
agreed to continue the interaction. If the patient accepted,
the health care providers repeated: “I will be by the
door, you can call me if you need anything” and left the
room.

(e) Using Paro individually (II): participants were given
additional time (7 minutes 30 seconds) with Paro. The
session was interrupted at any moment if the patient asked
for help, or refused to continue, whatever the reason was.
Ifthe patient seemed disoriented or did not understand the
context, the health care professional acted reassuringly
and mitigated the feeling of uneasiness.

(f) Ending exposure: after 15 minutes (less when the sessions
were interrupted), the health care professional asked the
participant for brief feedback on how he/she experienced
this time. Due to frequent memory impairment in these
participants, it was necessary to check that each partici-
pant still agreed to continue after each session.

Postintervention
assessment

4 sessions
intervention

MMSE scale . : . . |-PANAS SF
: NPLES scale 1 I-PANAS SF ﬁl Session 1 ﬁl Session 2 ﬁl Session 3 — Session 4 ﬁl acceptability scale
1 1

1 1 1 1 1 1 1

! 15 min 1 15 min I 7.5min I 7.5min I 7.5min I 7.5min !

! ! ' Pause ' Pause ' Pause I Pause ! 20 min

! ! " 75mn ' 75mn ' 75mn ' 75min !

Day 1 Day 2 Day 3 Day 4 Day 10 Day 11 Day 12 >

Figure 2 Protocol phases.

Abbreviations: |-PANAS SF, International Positive and Negative Affect Schedule Short-Form; MMSE, Mini Mental State Examination; NPI-ES, Neuropsychiatric Inventory

for Health Staff.
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Measures
Primary outcome: emotional well-being
Kahneman et al** underline the strong influence of emotional
experiences on subjective evaluations. As stated by these
authors “an individual who was recently experienced mostly
negative effects is unlikely to describe herself as very happy
or satisfied.”* Thus, we hypothesized that a pleasant experi-
ence might increase the subjective perception of well-being
by improving positive effects and diminishing negative ones,
as assessed by the International Positive and Negative Affect
Schedule Short-Form (I-PANAS SF),**3 one of the most com-
mon scale used to evaluate positive and negative effects.
The 10-item scale measures positive (determined, atten-
tive, active, inspired, alert) and negative (upset, hostile,
ashamed, nervous, afraid) affects through simple sentences.
Individuals have to answer the question “Thinking about your-
self and how you normally feel, to what extent do you gener-
ally feel” by rating each affect on a Likert scale from never
(1) to always (5). The I-PANAS SF scale offers a subscale
score for positive affectivity (PA) and negative affectivity
(NA), each one scoring between 5 and 25, with higher scores
representing a higher mood level (positive or negative).

Secondary outcome: robot’s usability and perception
Paro’s usability was subjectively measured by participants with
the System Usability Scale (SUS) after the intervention.* This
scale is composed of 10 statements measuring Paro’s perceived
effectiveness, efficiency, and satisfaction, with a 5-point Likert
scale from strongly disagree (1) to strongly agree (5). The total
score varies from 0 to 100 with a cutoff of 68 (Table 1).

We also measured with a 3-point Likert scale the per-
ceived intrusiveness, infantilizing, and stigmatization, when
using Paro (Table 1).

Table | Usability and perception measures of Paro® robot

Controlled variables

Cognitive status was measured with the MMSE. This scale
is the most common instrument to screen global cognitive
status in aging people.*® This 11-item scale evaluates 5 cog-
nitive functions: orientation, immediate memory, attention,
calculation, short-term memory, and language functions. This
scale ranges from 0 to 30. Higher scores are interpreted as
better cognitive status.

Neuropsychiatric symptoms were assessed with the
NPI-ES.? This French version of the NPI was mainly devel-
oped to evaluate 12 different neuropsychiatric symptoms of
patients with NCD, living in a geriatric unit or in a nursing
home, based on reports by health care staff. In this study, only
the scores for apathy, depression, and anxiety were analyzed.
The cutoff score selected for each neuropsychiatric symptom
was 3. Total scores ranged from 0 to 12. When a participant
displayed more than 1 neuropsychiatric symptom, the pre-
dominant symptom was retained after clinical confirmation
by the patient’s geriatrist.

Data analysis
Participants’ anonymity was preserved while conducting data
analysis. Participants’ characteristics were described using
means, SDs, and percentages for categorical variables.
After checking normality and homoscedasticity of primary
outcome (emotional well-being) using Shapiro-Wilk and
Brown—Forsythe tests, respectively, a general linear model,
repeated measures analysis of variance, was used on [-PANAS
SF scores across pre- and postintervention assessments.
Then, Kruskal-Wallis nonparametric test was used when
data did not meet assumptions to use parametric analysis,
to test for differences between each behavioral profile on
I-PANAS SF scores.

Dimension Item Response patterns

Usability o | think that | would like to use Paro frequently LIK
e | found Paro unnecessarily complex LIK
e | think that Paro was easy to use LIK
e | think that | would need the support of a person to be able to use Paro LIK
e | found the various functions of Paro are well integrated LIK
e | think that Paro shows too much inconsistency LIK
e | would imagine that most people would learn to use this Paro very quickly LIK
e | found Paro very complicated to use LIK
o | felt very confident using Paro LIK
e | needed to learn a lot of things before | could interact with Paro LIK

Perception e | think that Paro is intrusive LIK
e | think that Paro is stigmatizing LIK
e | think that Paro is childish LIK

Note: LIK, Likert-type scale, with scores ranging from strongly disagree (1) to strongly agree (5).
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Eligible patients
n=24

Refused to participate:

— Not being interested by robots, n=4
— Finding the robot childlike, n=2

— Refusing any care proposed, n=1

Recruited, n=17

— Depressive (n=7)
— Apathetic (n=6)
— Agitated (n=4)

Preintervention
assessment
n=17

Dropped-out:*
— Agitated group, n=1
— Apathetic group, n=1

Table 2 Demographics, psychometrics, and clinical characteristics
of participants

Characteristics Agitated Depressed Apathetic p-value
patient  patient patient
group group group

Sample size, n (%) 4 (24%) 7 (41%) 6 (35%)

Gender, % of women  75% 85% 83% 0.90
Age (years), mean (SD) 84.8 (I1.1) 88.1 (5.4) 835(72) 0.62

Level of education,® 55(1.3) 4.7(1.8) 4.7 (1.9) 0.72
mean (SD)
MMSE,® mean (SD) 135(24) 17 (4.5) 168 (3.3) 023
NPI-ES, mean (SD)¢
Agitation score 8(3.2) 0(0) 0.83 (2) 0.002
Depression score 3.0(34) 746 2.3(1.8) 0.07
Apathy score 0(0) 0(0) 6.5 (1.7) 0.00

Postintervention
assessment
n=15

Analyzed
n=17

Figure 3 Flowchart of the quasi-experimental pilot study.
Note: *After medical advice.

Finally, Pearson linear correlations were drawn between
primary outcome and robot’ usability and perception
measurements.

All analyses were conducted using Statistica 10.0
software (Statsoft®, Tulsa, OK USA).?” A 2-tailed o level
of <0.05 was adopted.

Qualitative data of patients’ behavioral and verbal mani-
festation during the interaction were informally analyzed.
Each recorded intervention was examined by a trained psy-
chologist (MD) who was briefed on the thematic analysis
method (Braun and Clarke?®), though the verbalizations were
not transcribed. For that, verbal and nonverbal manifestations
were noted, classified into emerging themes and categories
of behaviors, then discussed and validated with investigators.
For the purpose of the current publication, verbal interactions
were translated from French to English and verified by two
bilingual neuropsychologists (VCL and MD).

Results
As summarized in the flowchart (Figure 3), out of 24 hospi-
talized patients screened, 7 refused to participate for 3 main
reasons: 1) being uninterested in robots (n=4), 2) finding the
robot “childlike” (n=2), and 3) refusing all care (n=1). No
significant sociodemographic or clinical differences were
found between the patients who accepted and those who
refused the intervention.

Most of the participants were women (80%), aged
77-95 (mean =83 y/o, SD =7.9). The MMSE mean score

Notes: *Scored from | to 7; ®scored from 0 to 30; “scored from 0 to 12.
Abbreviations: MMSE, Mini Mental State Examination; NPI-ES, Neuropsychiatric
Inventory for Health Staff.

was 16.1 (SD =3.9). The participants’ sociodemographic
characteristics are summarized in Table 2. The cognitive
and sociodemographic variables of the 3 neuropsychiatric
groups were similar.

In terms of adherence, 88% of the participants completed
at least 3 sessions out of the 4 sessions initially planned and
76% (n=15) completed all the sessions. Two patients were
excluded because of adverse events after 2 therapeutic sessions.
One patient suffered from an acute physical disease. Though
this impeded the intervention, it seemed unrelated to the robot
exposure. The second patient had nightmares on the night fol-
lowing the Paro session which subsided the next day. Since this
might have been due to the interaction with Paro, the patient was
excluded from the study to prevent further sleep disturbances.

Primary outcome: emotional well-being
Regardless of patient profile, the results showed an over-
all significant difference (7[14] =2.15, p=0.02) between
pre- and post-measures of positive affectivity, as assessed
by the I-PANAS SF (Figure 4). No significant intervention
effect was found on negative affect scores between pre- and
postintervention assessments (#{14] =0.88, p=0.19).

Further analysis of the differential impact of the intervention
for each behavioral profile (apathetic, agitated, and depressed)
was also conducted. Thus, the Kruskal-Wallis test and post hoc
analysis of NA between the 3 groups showed that the scores
of depressed patients differed significantly from those with
agitation (H[2,15] =6.98, p=0.03). NA decreased in patients
with agitation than in patients with depression (Table 3). No
statistical differences were found between the apathetic group
and the other groups (depressed and agitated patients).
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Figure 4 Overall affectivity scores pre- and postintervention.
Note: *Significant result (p<<0.05).

Secondary outcome: robot usability and
perception

The mean patient score on the SUS scale regarding the robot-
based intervention was 76.17 (SD =13.05) with minimal and
maximal scores of 52.5 and 97.5, respectively. The mean
score was higher than the cutoff score of 68 provided for SUS.
No significant differences were observed between groups
(Table 3). Analyses of linear correlations also showed that
higher acceptance level was positively associated with the
improvement of PA reported between baseline and the fol-
low-up period (»=0.56; p<<0.05). Overall most participants in
the study had higher negative than positive reactions (“strongly

disagree”, “tend to disagree”) in respond to the robot’s quali-
fying adjectives. This trend concerns 60% of participants for

the item ““I think that Paro is childish” and 67% for the item

Table 3 Comparison of outcomes between groups

“I think that Paro is stigmatizing”. For the item “intrusive”,
reactions were more divided among participants.

Qualitative analysis

Qualitative analysis of the interaction between the patient

and Paro’s robot enabled to identify 3 main topics, as shown

in Table 4.

1. Expression of emotional feelings: most of the patients
displayed verbal and/or nonverbal affective behaviors
toward the robot such as caresses, smiles, kisses, and hugs
during the interaction with Paro. They also communicated
and shared feelings and moods with Paro.

2. Interpretation of Paro’s behavior: patients tried to under-
stand or to explain Paro’ behavior. For instance, they
compared its movements and sounds with behaviors
in other well-known situations (eg, for the patients the
robot’s sounds mean that the robot is crying). In some
cases, patients ascribed human feelings to Paro.

3. Triggering memories: during and after exposure, nearly
30% (5/17) of participants mentioned to investigators and
health care providers that Paro had triggered positive or
negative past memories.

Discussion

This study aimed to evaluate the impact of a brief intervention
with Paro on the subjective emotional well-being of hospi-
talized older adults with major NCD displaying 3 different
neuropsychiatric profiles.

Our findings showed that a brief Paro-based intervention
of a few individual sessions and without the simultaneous
physical presence of a health care provider may significantly
increase PA as measured by the [-PANAS SF, and this is
regardless of participants’ neuropsychiatric profile. While

Outcomes Agitated patient | Depressed Apathetic p-value Adjusted®
group patient group patient group p-value

Positive affectivity - mean (SD)

_g’ Baseline (day 1) 9.25 (1.71) 10.17 (1.72) 12.40 (3.21) 0.21 0.10

é’ Postintervention (day 12) 14.25 (4.11) 15.50 (4.18) 10.80 (3.96) 0.10 0.28

g Mean difference (day 12 — day I) +5.00 (3.46) +5.33 (3.72) —-1.60 (5.73) 0.10 0.08

g Negative affectivity — mean (SD)

b Baseline (day 1) 9.75 (4.43) 8.17 (2.79) 9.80 (5.36) 0.82 0.8l

UEJ Postintervention (day 12) 6.50 (1.29) 10.33 (5.28) 7.60 (3.44) 0.59 0.50
Mean difference (day 12 —day 1) —-3.25 (3.20) +2.16 (3.60) —2.20 (2.59) 0.03° 0.02°
Robot usability and perception — mean (SD)
Postintervention (day 12) | 7125 (13.62) | 80.83 (11.90) | 74.50 (14.83) | 053 0.55

Notes: *Adjusted based on multiple imputation method; ®significant results (p<<0.05).
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Table 4 Categories and examples of responses during Paro®

exposition

Topics Examples

Expressing Mrs G, 95 y/o: “l am happy with you”

emotions Mrs D, 68 y/o: “When you are here, | am as calm

as you”

Mrs R, 92 y/o: “l am tired, | am sick [...] That’s
why | stay in bed”

Mr G, 84 y/o: “l am not well at all”

Mrs R, 77 ylo: “You feel a little worried [...].
Do not cry, or | am going to cry too.”

Interpreting
Paro’s behaviors
Mrs D, 87 y/o: “You seem upset.”
Reminiscing Mrs M, 83 y/o: “You remind me of my dog [...].
We played together when | was young.”
Mrs C, 81 y/o: “Look how beautiful it is today, it
is summer [...]. In the summer we go swimming
with my parents. Those were better days, don’t

you think so?”

Notes: The interventions were conducted in French and were recorded. The
responses were then translated from French to English and verified by two bilingual
neuropsychologists (VCL and MD) for the purpose of this publication.

studies evaluating individual or group interventions with Paro
conclude the improvement of well-being of patients with major
NCD, many of these have different methodological limitations,
notably the lack of a control group or small sample-sizes.
Moreover, these effects are found after longer intervention
periods.?>¥4 In this regard, the present study has fostered a
brief, innovative, and possibly cost-effective intervention.
Further analysis of the differential impact of the interven-
tion in 3 groups (agitated, apathetic, and depressed) was also
conducted. We could confirm the previous clinical impres-
sions based on the clinical staff’s informal observations.
We found a higher impact of the intervention in agitated
patients compared to depressed patients. In fact, agitated
patients showed a significant decrease of NA in comparison
with depressed patients. This differential effect might be
explained by the distinctive factors associated with agitation
(behavioral disturbance) and depression (mood disturbance)
in major NCD.* Agitation seems related to disturbing envi-
ronmental stimuli (eg, disruption of routines, lack of relatives,
or under- or overstimulation),*>* while depressive symptoms
which may begin in adulthood or in late life could be due to
various causes and could often be associated with atrophy
of subcortical and amygdala regions when they begin in late
life.>*! In accordance with our results, a literature review
reports positive effects of stimulation-oriented approaches on
patients with major NCD with agitation,* such as massage
and touch, aromatherapy, music therapy, or animal-assisted
therapy. Paro’s effect on agitated patients was attributed
to the acute calming effect of tactile stimulation®* and
to a reduction of cortisol levels.**® Also, Robinson et al*
have shown significant reduction in systolic and diastolic

blood pressure, suggesting that a pet robot could provide an
experience that buffers stress reactions.* Nevertheless, since
these studies are for the most in a pilot stage, the conclusions
should be considered cautiously.

Globally, the positive effect on well-being resulting from
Paro-based interventions was described regardless of the psy-
chometric instrument used (eg, The Faces scales, The Dementia
Care Mapping™, University of Bradford, Bradford, UK).
Based on definitions of well-being,’**! individuals’ subjec-
tive emotional perception would influence the levels of their
subjective well-being in this study. We chose the -PANAS SF
to measure the subjective well-being linked to the individual’s
current positive and NA. Thus, we hypothesized that interacting
with Paro would influence the individuals’ affects, while their
moods would remain stable in the short-term. Interestingly, this
scale offers an affect measure within a continuum ranging from
negative to positive mood, whereas most of the tools only assess
improvement of positive feelings. We thought that targeting the
reduction of negative feelings would also be a useful measure
especially in patients in medium- or long-stay facilities, who
may suffer from pain or/and other chronic illness.

The dimensions of usability and perception were also ana-
lyzed since these variables are known to significantly influence
pharmacological and nonpharmacological outcomes.”>> In the
present study, findings are entirely consistent with this. Usabil-
ity positively affected the impact of the intervention. Thus, a
positive correlation was observed between levels of usability
and the improvement of PA after the intervention. It should
be noted that the average score of usability was very high,
regardless of neuropsychiatric profile. However, this study also
revealed a higher percentage of refusals than these described in
the literature. Two reasons for refusals were particularly high-
lighted: being uninterested in robots (n=4) and finding the robot
“childlike” (n=2). Hence, in spite of Paro’s positive impact, its
use might be constrained by attitudes toward robots.*

Informal qualitative analysis of video recordings enabled
us to identify different kinds of interactions between the patient
and the robot, when no one else was in the room. It should be
noted that no negative reactions were observed, but spontane-
ous, empathetic reactions were. For instance, most of the par-
ticipants demonstrated positive verbal or nonverbal affective
behaviors toward Paro.> Interestingly some participants tried
to understand or seemed to interpret Paro’s behavior(s). They
also brought up memories during or after the sessions.>

In our study, only one participant had a negative reaction
possibly linked to exposure to the robot (nightmares following
the session). This possible reaction led us to believe that an inter-
view about the patient’s history would be necessary to prevent
negative reactions during or after the interaction with Paro.
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Limitations and perspectives
Despite our efforts to conform to methodological standards over
the course of this study, we have to underline some limitations.
First, the protocol calls for larger sample size, participants’
follow-up, and a control group to improve the reliability of
these results. Second, the recruitment was based on pragmatic
sampling and included mostly women (80%). This gender
imbalance may skew the analyses. In fact, Miller et al* have
described in a small sample, a significant difference in women’s
serum oxytocin levels pre- and postinteraction with their dogs,
while this difference was not observed in men. Third, some fac-
tors that may affect subjective well-being were not controlled.
For instance, the modification of pharmacological treatment in
patients suffering from pain or other comorbidities during the
intervention should be taken into account.’’ Fourth, the stud-
ies assessing behavioral disorders (eg, screaming, wandering,
etc) seem warranted after a short exposure to Paro. Fifth, the
choice of the I-PANAS SF scale limited the profile of recruited
patients, since it demanded that patients be able to understand
questions and produce coherent answers. Thus, we had to
exclude patients with severe stages of major NCD, whereas
other studies have reported higher effects of animal-like robots
in these patients.” Sixth, early-onset depression should be
distinguished from late-onset depression, and neuropsychiatric
comorbidities should be identified, to control these confound-
ing variables.*! Finally, as mentioned earlier investigating
patients’ past experience, will help to limit the consequences
of negative reminiscences (as much as possible).

Conclusion

This study shows that a brief intervention using Paro without
the simultaneous physical presence of a health care provider
appears to improve the psychological well-being in patients
with major NCD. Interestingly, analysis also revealed a dif-
ferential effect depending on the neuropsychiatric profile.
The intervention reduced the NA of agitated patients more
significantly than those of depressed patients. From a quali-
tative perspective, Paro seems to stimulate PA and the remi-
niscing of memories. These results have paved the way for
further research into short Paro robot exposure in patients
with major NCD with neuropsychiatric problems.
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