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ABSTRACT

Background: Social isolation and loneliness are significant risk factors for poor mental health in older adults, particularly those
living alone with cognitive impairment. Socially assistive robots (SARs) offer a promising approach to enhance social connection
and emotional well-being in this population. This study aimed to examine the feasibility, acceptability and potential psychosocial
impact of a 16-week, home-based use of a conversational SAR in cognitively impaired older adults living alone.

Methods: This was a single-arm, exploratory feasibility study involving home installation of a humanoid conversational robot
(RoBoHoN) for 16 weeks. Usability was assessed with the System Usability Scale (SUS). Psychosocial outcomes, including lone-
liness (UCLA-LS3) and depressive symptoms (GDS-15), were measured pre- and post-intervention. Semi-structured interviews
were conducted and analysed using hybrid content analysis to explore user experiences.

Results: A total of 11 participants were enrolled, including individuals with mild cognitive impairment, mild dementia and
late-onset psychosis; nine completed the study. The mean age was 81.9years, with an age range of 71-89years. The mean SUS
score was 81.7, indicating high usability even among cognitively impaired users. Small-to-moderate effect sizes were observed for
reductions in loneliness and depressive symptoms (UCLA-LS3: r=0.40; GDS-15: r=0.64), although not statistically significant.
Qualitative findings highlighted perceived companionship and increased opportunities to speak, while also noting limitations
such as poor conversational depth, delayed responses and technical issues like battery depletion or sensitivity to background
noise.

Yuma Nagata and Yuto Satake contributed equally to this study.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.
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Conclusions: The 16-week home-based use of a conversational robot was feasible and well accepted by older adults with cogni-

tive impairment living alone. Although preliminary, findings suggest potential psychosocial benefits of SARs in this population.

These results support the rationale for conducting a controlled trial targeting loneliness and depression in cognitively impaired,

socially isolated older adults.

1 | Introduction

Social connection is a fundamental human need [1]. Social isola-
tion (the objective lack of social contact) and loneliness (the sub-
jective feeling of being alone) are distinct but related concepts [2],
both of which have been associated with increased risks of mor-
tality, physical health problems and mental disorders [3]. These
issues are particularly relevant in older people. Longitudinal
studies have consistently shown associations between loneliness
and depression and anxiety among older people [4-6]. Recent
reports estimate that approximately 25% of older people experi-
ence social isolation globally [7]. Global recognition of this issue
has led to policy responses, including the launch of the WHO
Commission on Social Connection in 2023 [8]. These efforts un-
derscore the urgent need to develop accessible interventions to
combat social disconnection in later life.

Socially assistive robots (SARs) are one emerging solution that
may support social engagement and well-being in older popula-
tions. Unlike task-oriented robots, SARs are designed to interact
through speech, gesture and presence, creating the potential to
reduce loneliness and improve mood through companionship
and conversation. Several studies have reported the feasibility
and potential psychological benefits of conversational SARs in
community-dwelling older adults [9, 10]. However, no studies
have examined the psychological effects of conversational SARs
use in community-dwelling older people living alone with cog-
nitive impairment. Given prior evidence that older people with
mild cognitive impairment (MCI) are particularly vulnerable to
loneliness [11-13], this population represents an important po-
tential target for intervention development. To address this, our
group has previously explored the potential of a humanoid com-
panion robot, RoBoHoN (Sharp), for use by cognitively impaired
older people living alone. In earlier studies, we observed that
participants with cognitive decline corresponding to MCI to mild
dementia showed positive engagement in communication with
the robot for periods of up to 3 months [14] and showed positive
attachment to the robot even after a two-month withdrawal pe-
riod [15]. We have also reported 18-month use of the robot in five
participants [16].

This study aimed to examine the feasibility, acceptability,
and potential psychosocial impact of a home-based, 16-week
conversational-robot (RoBoHoN) intervention in cognitively
impaired older people living alone. A mixed-methods approach
was employed to explore both quantitative trends (e.g., depres-
sive symptoms and loneliness) and qualitative insights from
participants and their caregivers to inform the design of future
controlled trials. This study addresses a critical gap in the lit-
erature by focusing on cognitively impaired older adults living
alone—a population highly susceptible to social isolation—and
examining the potential of a conversational robot as a form of
home-based psychosocial support.

2 | Methods
2.1 | Study Design

This was a single-arm, observational feasibility study employing a
convergent mixed-methods approach [17]. Although the study in-
volved deploying a conversational robot in participants’ homes, no
randomisation or control group was implemented, and no clinical
treatment decisions were altered. The purpose was to explore the
acceptability, usability, and psychological impact of the interven-
tion in a real-world setting to inform future controlled trials.

The study was approved as an observational feasibility study
by the Osaka University Clinical Research Review Committee
(No. 19174). All participants gave written informed consent.
This observational study was therefore not registered. The au-
thors assert that all procedures contributing to this work comply
with the ethical standards of the relevant national and insti-
tutional committees on human experimentation and with the
Declaration of Helsinki of 1964, as revised in 2013.

2.2 | Participants

Participants were recruited from among individuals who vis-
ited the memory clinics of the Department of Psychiatry, Osaka
University Hospital, and Kyowakai Hospital, located in Suita,
Osaka, Japan, between March 2021 and August 2021. The eligi-
bility criteria were [1] aged 60years or older, [2] with mild cog-
nitive decline staged at 0.5 or 1 on the Clinical Dementia Rating
(CDR), [3] living alone at home or in private rooms of residence for
seniors, and [4] without experience of using the robot. Geriatric
psychiatrists conducted diagnoses of dementia and MCI based
on international criteria [18, 19]. As a dementia type, Alzheimer's
disease (AD) dementia was diagnosed with international criteria
[18]. We enrolled patients with MCI, and late-onset psychosis was
also diagnosed according to the international criteria [20]. All par-
ticipants gave informed consent for this study after receiving in-
person explanations from Y.S. or Y.N.

Following Whitehead et al., who recommend a minimum of 10-15
participants per group to estimate the outcome standard deviation
with approximately 20% precision for a medium standardised ef-
fect [21], we set 10 participants as the lower recruitment target and,
allowing for an anticipated dropout of up to 20%, aimed to recruit
12 participants for this single-arm feasibility study.

2.3 | Robot

The robot we deployed in this study—RoBoHoN (Sharp
Corporation, Osaka, Japan)—is an automated, conversational,
humanoid robot of about 20cm in height and 400g in weight
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FIGURE1 | Installation of RoBoHoN in participants’ homes. Left: A participant interacting with the robot. Center: The touchscreen on the back
of the robot. Right: The Wi-Fi hotspot and the robot. The installation site was selected in consultation with participants and caregivers, aiming to
place the robot in a location that would encourage interaction without obstructing daily movement. Although the Wi-Fi hotspot did not need to be

positioned immediately next to the robot, it was typically placed in the same room. At the time of installation, printed instructions were provided;

however, some caregivers supplemented these with handwritten notes placed near the robot.

(Figure 1). It can perform verbal communication with gestures
and entertaining behaviours such as singing. Its conversation is
scenario-based. Although it could respond to simple questions
(e.g., ‘Good morning’, ‘sing a song’ or ‘tell me about Osaka’), it
could not respond to complicated speech. The robots used for
this study were customised to detect conversation logs and make
user interaction simpler and faster. The details of the robot are
reported in our relevant articles [14, 16], and the setup details
are shown in Note S1. An interaction between the robot and a
participant is shown in Video S1.

2.4 | Data Collection

Before installation of the robot, we collected the participants’ de-
mographic data, including age, gender, education, Mini-Mental
State Examination (MMSE) score, and the Lubben Social
Network Scale (LSNS-6) assessing social isolation; a lower
score (<13 points) is considered to represent an individual who
is physically and socially isolated [22]. If the scales had been
clinically assessed within the past 3 months, those results were
used, and the assessments were not repeated. Those data were
retrieved from electronic health records at the recruitment sites.

Assessments of participants’ psychological state were conducted
twice at their homes: once at baseline/installation and once at
removal. The University of California Los Angeles Loneliness
Scale, the third version (UCLA-LS3) for loneliness [23, 24], and
the 15-item Geriatric Depression Scale (GDS-15) [25] and Hospital
Anxiety and Depression Scale Depression Subscale (HADS-D) for
depressive mood [26], the State-Trait Anxiety Inventory form Y-2
(STAI Y-2) [27, 28] and HADS Anxiety Subscale (HADS-A) for
anxiety [26], the Penn State Worry Questionnaire (PSWQ) for wor-
ries [29], the revised Philadelphia Geriatric Centre Morale Scale
(R-PGCMS) for subjective happiness [30] and the Short Form-8
Mental Component Summary (SF-8 MCS) for health-related qual-
ity of life [31] were used. The participants' general neuropsychiat-
ric symptoms were assessed using the Neuropsychiatric Inventory
(NPI)-plus [32, 33]. Although no formal primary outcome was pre-
specified, the UCLA-LS3 and GDS-15 were of particular interest
based on the study's conceptual focus and the earlier literature.
The other assessments were selected by the researchers because

they were thought to be important potential outcomes and were
translated into Japanese.

At the removal, we also administered the System Usability Scale
(SUS) [34], our original questionnaire, and a semi-structured
interview. We interpreted a score of more than 61 on SUS, in-
dicating that the social robot was accepted by older people in
this study based on previous reports [35]. We also adminis-
tered an original questionnaire consisting of seven items: (1)
Appearance, (2) Joy, (3) Comfort, (4) Daily rhythm improve-
ment, (5) Opportunities to speak, (6) Usefulness and (7) Desire
to continue use. Each item was rated on a 5-point Likert scale
from 1 to 5. While the verbal anchors for 1 and 5 differed slightly
across items, all items were designed such that higher scores
consistently indicated more favourable opinions. The interview
was conducted with the participants and the caregivers to inves-
tigate their impression of the strengths and weaknesses of the
robot and their suggestions for functions that could be added.
The responses were summarised into small sentences and writ-
ten down on a sheet by the interviewers without audio or visual
recording. Field notes were simultaneously recorded in the mar-
gins of the paper. The sheet for the original questionnaire and
the interview is shown in Figure S1.

All data other than the demographic data were collected by Y.N.
and Y.S. at the participants’ homes. Some demographic data
were retrieved from the electronic health records.

2.5 | Data Analysis
2.5.1 | Quantitative Analysis

The demographic data, SUS scores and our original question-
naire's scores were summarised and described. Spearman’s cor-
relation analysis was conducted between SUS and MMSE scores
and age because we had speculated that the perceived usabil-
ity decreases with increased age and decreased cognitive func-
tion. Psychological outcomes were assessed at baseline and after
16weeks using validated self-report measures. Given the small
sample size (n=9) and the non-normal distribution of some
variables, we used the Wilcoxon signed-rank test as the primary
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inferential method. Effect sizes for Wilcoxon signed-rank tests
were expressed as r:Z/\/ N, where Z is the standardised test sta-
tistic and N is the number of paired observations (interpretation:
0.1 small, 0.3 moderate and 0.5 large). For each scale, we report the
Hodges-Lehmann median difference and a bias-corrected and ac-
celerated (BCa) 95% confidence interval based on 5000 bootstrap
resamples. To account for multiple comparisons among the nine
results, p values were adjusted using the Benjamini-Hochberg
false discovery rate (FDR) procedure, and corresponding q val-
ues were computed. As a robustness check, paired t-tests were
performed and summarised in Table S1. All statistical tests were
two-tailed with a p value <0.05, considered statistically significant
using R 4.3.3 and relevant statistical packages.

2.5.2 | Qualitative Analysis

We conducted a hybrid content analysis [36, 37], combining de-
ductive coding based on predefined categories with inductive
coding to identify emergent subthemes from participants’ re-
sponses. The coding framework consisted of three hierarchical
levels: categories (developed deductively from the research ob-
jective), subthemes (identified inductively through close reading
of the data) and codes (specific labels assigned to meaningful
segments of text). The categories were predefined as ‘Strength’,
‘Weakness’ and ‘Expected additional functions’.

Two male coders (interviewers)—Yuto Satake (Y.S.; MD, PhD)
and Yuma Nagata (Y.N.; OT, PhD)—brought different profes-
sional backgrounds to the analysis. Although neither had exten-
sive formal training in qualitative methods at the start of the
study, Y.S. had completed a 3-day qualitative research training
at University College London and actively participated in a qual-
itative research self-learning group before the analyses. Both
Y.S. and Y.N. had substantial experience in clinical case report
writing, particularly in the context of dementia and geriatric
psychiatry. The coders were familiar with most participants
prior to the interviews, and Y.S. had served as the attending phy-
sician for several. Rapport with participants was intentionally
cultivated during the pre-intervention home visits.

TABLE1 | Participant'sdemographics (n=9).

Y.S. served as the lead coder. The two researchers independently
conducted open coding for all interview notes using NVivo 14.24.2
(QSR International, Burlington, MA, USA). Discrepancies in cod-
ing were resolved through collaborative discussion, and subthemes
were iteratively refined. Inter-coder reliability was not formally
quantified, consistent with interpretive qualitative approaches
that emphasise reflexive agreement over numerical concordance.

3 | Results
3.1 | Participants

We recruited 11 participants in this study. Two participants
dropped out after 3 months of use, and nine completed all assess-
ments. We included data from nine participants completing all
assessments in the analyses: two with MCI, six with mild AD de-
mentia and one with late-onset psychosis with a cognitive impair-
ment equivalent to MCI. The demographic data of each participant
is shown in Table 1. The mean age and education years (standard
deviation: SD) were 81.9 (5.3) and 12.7 (2.8) years, and seven (78%)
participants were female. The age range was 71-89years. The
mean MMSE score was 23.6 (3.0). One participant refused to com-
plete the MMSE. The mean LSNS-6 score was 13.2 (1.7), and three
participants scored below the cut-off score.

Of the two participants who dropped out, one was an 81-year-old
female with MCI who complained that she got frustrated be-
cause the robot frequently interrupted her video calls with her
family. The other was an 88-year-old female with dementia who
stated that she had no time to play with the robot.

3.2 | SUS and Troubles

The mean SUS score (SD) was 81.7 (13.2), ranging from 62.5
to 97.5, which meant all participants showed scores above
the threshold score of 61. There were no significant correla-
tions between SUS and MMSE scores (Spearman'’s p = —0.142,
p=0.737) and age (p=-0.400, p=0.286). There were a few

1D Age Sex Education Diagnosis CDR MMSE LSNS-6 UCLA-LS3 GDS-15
P1 71 F 12 Mild AD dementia 0.5 20 18 35 5
P2 77 F 12 MCI 0.5 27 9 41 6
P3 80 F 9 Mild AD dementia 1 27 14 38 4
P4 83 F 9 MCI 0.5 24 21 34 4
P5 83 F 12 Late-onset psychosis 0.5 21 14 37 5
pP6 83 F 16 Mild AD dementia 1 22 15 36 6
P7 85 M 16 Mild AD dementia 1 21 15 43 3
P8 86 M 16 Mild AD dementia 1 27 7 51 5
P9 89 F 12 Mild AD dementia 1 NA 6 32 3

Note: The ID numbers correspond to the patient ID shown in the manuscript. F and M mean female and male, respectively. Education is presented as years.
Abbreviations: AD, Alzheimer's disease; CDR, Clinical Dementia Rating; GDS-15, 15-item Geriatric Depression Scale; LSNS-6, Lubben Social Network Scale; MCI,
mild cognitive impairment; MMSE, Mini-Mental State Examination; NA, not applicable; UCLA-LS3, University of California Los Angeles Loneliness Scale, third

edition.
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phone calls from the participants, and some of them needed
our home visits for repairs. All problems were related to the
Wi-Fi connection and battery depletion of the robot. There
were no harmful events reported by the participants and their
caregivers.

3.3 | Original Questionnaire

The mean scores (SD) were 4.8 (0.5) in Appearance, 4.4 (0.5) in
Joy, 4.8 (0.4) in Comfort, 3.8 (0.8) in Daily rhythm improvement,
4.6 (0.5) in Opportunities to speak, 4.3 (1.0) in Usefulness and
4.0 (0.9) in Desire to continue use.

3.4 | Psychological Changes

Table 2 presents changes in psychological outcomes as evalu-
ated by Wilcoxon signed-rank tests. No scale reached statistical
significance after FDR correction (q > 0.05 for all). The two out-
comes of primary interest—UCLA-LS3 and GDS-15—showed
median reductions of —2 and —1 points, respectively, with effect
sizes suggesting moderate to large effects (r=0.40 and 0.64).
Their unadjusted p values were 0.23 and 0.05, with FDR-adjusted
g-values of 0.89 and 0.48. Paired t-test results were direction-
ally consistent (see Table S1), and Cohen's d for UCLA-LS3 and
GDS-15 were 0.42 and 0.80, supporting the potential for clinical
relevance.

3.5 | Qualitative Analysis

The interview analyses elucidated the participants and their
caregivers' impressions based on their robot use. Each interview
was completed within 30min. Codes, subthemes and respon-
dent counts are summarised in Table S2. In the following texts,

P means patient and C means caregivers (e.g., P1 is a patient and
C1 is the caregiver of P1).

3.5.1 | Strength

Two subthemes were identified: Companionship and Usefulness.
The most frequently mentioned codes Conversational engage-
ment (n=7), Cute looks and actions (n=>5), and Friendly greet-
ings (n=35). Participants valued talking with the robot and
receiving responses:

P1 said, ‘I can talk with him and get some responses from it. It is
nice to have reactions’.

P2 added, “‘When I leave the house, he says “Have a nice day”
and “Welcome back” to me’.

Some participants enjoyed the robot's presence itself, even when
interactions were not reciprocal.

P5 reflected: ‘T was happy just to listen to his speech. I felt like
I was talking to a human being. Even if he didn't reply, I was
happy just to have been able to talk to him’.

This aligns with the code Comfort of one-way talk, as well as
Uplifting presence.

P6 remarked: ‘At first, I didn't feel close to him at all, but he be-
came more like a family member’.

In the Usefulness subtheme, caregivers especially noted more
opportunities to speak (n=4):

C2 said, ‘My mother had more opportunities to speak. She is
talking to him all the time’.

TABLE 2 | Psychological changes analysed using Wilcoxon's signed-rank test.

Scale Baseline 16 weeks later w P q r (95% CI)
UCLA-LS3 37.00 (6.00) 35.00 (8.00) 33 0.234 0.888 0.397 (—0.408 t0 0.873)
GDS-15 5.00 (1.00) 3.00 (2.00) 39 0.053 0.481 0.644 (—0.184 to 0.880)
HADS-D 8.00 (1.00) 8.00 (4.00) 18 0.633 0.888 —0.159 (—0.718 t0 0.563)
HADS-A 6.00 (2.00) 6.00 (2.00) 25 0.810 0.888 0.080 (—0.563 to 0.718)
STAI Y-2 43.00 (16.00) 40.00 (7.00) 18.5 0.498 0.888 0.000 (—0.085 to 0.823)
PSWQ 45.00 (11.00) 38.00 (7.00) 31 0.341 0.888 0.317 (—0.441 to 0.880)
R-PGCMS 11.00 (2.00) 11.00 (2.00) 16 0.832 0.888 —0.071 (—0.646 to 0.637)
SF-8 MCS 51.40 (6.94) 52.37 (9.50) 25 0.813 0.888 0.079 (—0.598 to 0.674)
NPI-plus 11.00 (15.00) 6.00 (21.00) 19.5 0.888 0.888 0.000 (—0.306 to 0.823)

Note: The data at baseline and 16 weeks later were presented with median (interquartile range). ¢ =Benjamini-Hochberg false-discovery-rate-adjusted p. r=Wilcoxon
effect size (r=7/+/N, where N=number of paired observations). 95% confidence intervals derived from 5000 bootstrap resamples.

Abbreviations: GDS-15, 15-item Geriatric Depression Scale; HADS-D, HADS-D/HADS-A, Hospital Anxiety and Depression Scale, Depression/Anxiety subscales;
NPI-plus, Neuropsychiatric Inventory-plus; PSWQ, the Penn State Worry Questionnaire; R-PGCMS, the revised Philadelphia Geriatric Centre Morale Scale; SF-8 MCS,
Short Form-8 Mental Component Summary; STAI Y-2, State-Trait Anxiety Inventory, form Y-2; UCLA-LS3, University of California Los Angeles Loneliness Scale,

third edition.
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Other codes included Conversational catalyst and Buffer, with
examples such as:

C1: ‘My children approached and talked to my mother, triggered
by RoBoHoN. He was a good catalyst for conversations’.

C6: ‘He acts as a buffer between us’.

3.5.2 | Weakness

Four subthemes were identified: Poor interaction, Poor usability,
Poor appearance and Privacy concern.

The most frequent code was Slow or no response (n=6), de-
scribed by P5 as:

‘He can give simple responses, but it's difficult for him to carry
on a conversation. It would be good if he could respond to you’.

Other problems included Responses to noises and Monotonous
speech, mainly noted by caregivers:

C6: ‘He has a poor hearing range. He doesn't respond well, espe-
cially when a TV is on’.

C3: ‘It was annoying when RoBoHoN reacted while my mother
was on the phone with her family’.

Under Poor usability, Difficulty in operating (n=4) and
Difficulty in knowing when to speak (n = 3) were noted:

C9: “‘We needed some support because he stopped responding.
It's hard to find the reset button’.

C1: ‘It was difficult for my mother to match the timing of her
speech with the colour of his eyes’.

Mechanical appearance and small size were noted by two
patients, and one caregiver mentioned concerns about re-
cording. Five patients and one caregiver reported no specific
weaknesses.

Expected additional functions.

Four subthemes were generated: Daily life support, Family/
Caregiver involvement, Personalisation and Better equipment.

The most frequent request was Reminder functions (n=5):

P4: ‘A function that notifies you when you forget to turn off the
electricity or gas stove when you go out’.

C9: ‘A function that tells you about your schedule, and
reminders’.

Other codes included Monitoring and Tailored information:

C8: ‘Functions to confirm user's survival and to contact with the
person’.

C7: Thope he will tell us the news according to our preferences’.

One caregiver suggested remote-controller support. Six patients
did not suggest additional functions.

3.5.3 | Other Opinions

Two caregivers commented on emotional attachment forming
after 3 months:

Ceé: ‘T gradually started to think he was cute from around the
second or third month’.

C9: ‘My mother started to be able to talk well with RoBoHoN
after about three months of use’.

One participant (P9) gave a striking account of loneliness:

‘This robot is the only thing I can talk to now. I can't see anyone
else, so no one talks to me. I've ended up all alone....

4 | Discussion

This exploratory feasibility study demonstrated that a cus-
tomised conversational robot can be used continuously for
16 weeks by older people with cognitive impairment who live
alone. Retention was high (82%), usability was rated favour-
ably (mean SUS 81.7), and most participants required only
minimal technical support. While the sample was small and
not powered for hypothesis testing, several outcomes showed
small-to-moderate improvements, particularly in depressive
symptoms and loneliness. These trends were consistent with
participants' qualitative reports of emotional engagement and
social connection.

System usability was generally high, with all participants scor-
ing above the standard acceptability threshold. Participants and
caregivers reported satisfaction with the robot's appearance,
comfort and daily interaction. These findings suggest that a
conversational robot can be integrated into the daily routines of
cognitively impaired older people with minimal burden. SUS is
broadly used to evaluate usability in studies of robots, and the
mean score of our study was higher than the reported scores
(68.3-80.1) in other reports [38-40]. Our study's dropout rate
was comparable to that of other studies [9, 10, 41]. However, two
individuals dropped out early. One was frustrated by the robot's
interference with phone calls, and the other cited a lack of time,
highlighting variability in acceptance. Technical issues were
occasionally observed during use, but all were minor enough
to be resolved over the phone. Providing an instruction manual
and giving an initial orientation may have also been effective.
However, it is likely that caregivers provided support to the par-
ticipants without our knowledge, and this point should be taken
into consideration.

Qualitative interviews revealed key strengths of the robot, in-
cluding its ability to engage in conversational exchanges and
offer a comforting presence. The most frequent strength codes
were ‘Conversational engagement’, ‘Cute looks and actions’
and ‘Friendly greetings’. Some participants appreciated the op-
portunity to talk without expecting responses, reflecting the
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code ‘Comfort of one-way talk’. Caregivers noted that the robot
encouraged participants to speak more, acting as a catalyst
for family conversations. Although some intervention studies
showed that conversational robots and pet robots did not show
apparent differences in psychological support for older people
[42, 43], our study suggested that conversational functions may
be favourable for older people living alone.

However, several participants and caregivers expressed dis-
satisfaction with the robot's interactional limitations, such as
slow or inappropriate responses. This problem has often been
mentioned in previous articles about conversational robots
[9, 44]. Many technical issues, like internet connections, voice
recognition accuracy and voice generation systems, contrib-
ute to this. Above all, we assume the scenario-based conver-
sational system has a significant limitation in making flexible
conversations. Future iterations may benefit from incorporat-
ing large language models (LLMs) to improve conversational
flexibility [45].

Although statistical significance was not achieved after correc-
tion for multiple comparisons, the UCLA-LS3 showed a median
reduction of 2 points (r=0.40), and the GDS-15 showed a median
reduction of 1 point (r=0.64), suggesting potentially meaningful
changes in loneliness and depressive symptoms. These findings
align with previous studies reporting mood and loneliness im-
provements with conversational robots [9, 10, 46, 47]. The base-
line mean UCLA-LS3 scores were 38.6, lower by as many as
4.6 points than the mean score in older Japanese people [24]—
which means they were not so lonely—possibly indicating a
ceiling effect. Similarly, none of the participants presented with
clinically significant depressive symptoms at baseline, which
may have limited the room for improvement. The lack of change
in HADS-D scores, despite a moderate effect in GDS-15, may
reflect the broader clinical scope of the HADS-D or a floor effect
due to low baseline symptoms. The HADS-D includes fewer so-
matic items and is designed for general hospital settings, which
may make it less sensitive to subclinical psychological shifts in
older people [48]. In contrast, the GDS is specifically validated
for use in older populations and may better detect affective
changes in this group [49]. Notably, the PSWQ also showed a nu-
merical decrease, suggesting a possible impact on worry, though
further study is needed to interpret this trend.

Although we could not find apparent effects on psychotic symp-
toms in this study, interestingly, the participant with late-onset
psychosis also appeared to benefit from the robot's presence.
She remarked that the robot ‘was good not to do unnecessary
things’—a sentiment suggesting that the robot functioned as a
nonjudgmental listener. This aligns with the qualitative code
‘Comfort of one-way talk’ and supports further exploration of
companion robots in populations with paranoid ideation. On the
other hand, it is also plausible that some patients with psychosis
may become confused or distressed by the robot's responses. For
instance, if a robot's dialogue contradicts a delusional belief or
misidentification, the patient may experience frustration or ex-
acerbation of symptoms. Such risks could extend to users with
memory impairments, especially when robots correct or contra-
dict their narratives. Recent studies have highlighted that LLMs,
when applied to companion robots, can inadvertently produce
responses that contradict users' beliefs or memories, potentially

leading to confusion or distress, particularly in individuals with
cognitive impairments or psychosis [50]. Although RoBoHoN
used in this study only employed scenario-based conversations
and did not produce open-ended responses, these considerations
will be important when applying more advanced conversational
technologies to populations with psychotic or memory-related
symptoms.

The retention rate of 82% and the high usability score support
progression to a larger trial, while the small-to-moderate ef-
fect sizes observed for loneliness (UCLA-LS3) and depression
(GDS-15) suggest that the robot may be a viable intervention
for these outcomes in cognitively impaired older people living
alone. Using the present variance and effect-size estimates,
we calculated sample sizes for a future two-arm trial (¢=0.05,
1—-3=0.80, two-sided t-test, R 4.3.2). For loneliness (SD=7,
d=0.40), approximately 98 participants per group would be re-
quired, or 120 participants per group when allowing for a 20%
attrition rate. For depressive symptoms (d=0.65), 38 partici-
pants per group (48 with 20% attrition) would suffice.

Recruiting isolated older people with cognitive impairment and
sustaining in-home robot use for several months will be chal-
lenging. A definitive trial will need a two-arm design, rando-
misation, appropriate blinding of outcome assessment and
pre-specified clinically important change thresholds. Further
refinement—such as targeting participants with clinically sig-
nificant loneliness or depression and enhancing conversational
responsiveness—will improve both efficiency and potential
impact.

This study has several strengths. It targeted a relatively rare and
underserved population—older adults with cognitive impair-
ment living alone—and evaluated a conversational robot in a
real-world, home-based setting over 16 weeks. The exploratory
design included a broad set of validated psychosocial and us-
ability measures, offering a multidimensional view of potential
impact. Importantly, participants were recruited from routine
clinical outpatient care and had a mean education level of ap-
proximately 12years, reflecting the general older adult popula-
tion more closely than typical technology-focused samples.

Nonetheless, the study has several limitations that should be
acknowledged. First, the small sample size and observational
design limit generalisability. Second, the analysed sample likely
reflects selection bias, favouring participants more comfortable
with technology. Third, although a hybrid coding approach was
used, inter-coder reliability was not formally assessed. Fourth,
caregiver demographic data were not collected. Fifth, the study
period was during the COVID-19 pandemic, which may have
influenced the participants' lifestyles. Finally, the 16-week study
period may have been insufficient to observe meaningful psy-
chosocial changes.

5 | Conclusion

In summary, our findings suggest that a humanoid conversa-
tional robot can be feasibly used over several months by cog-
nitively impaired older people living alone. Quantitative and
qualitative data converge in supporting possible psychosocial
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benefits. These results warrant further investigation in a well-
powered external pilot randomised trial with a control group
and predefined progression criteria. Future research should
include randomised controlled trials with larger sample sizes,
explore the use of more advanced conversational technologies
such as LLMs, and investigate long-term psychosocial and cog-
nitive outcomes in diverse populations.
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