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ABSTRACT

Purpose: We aimed to identify assistive technologies that are promising for addressing loneliness in peo-
ple living with dementia in long-term care.
Materials and methods: A scoping review was conducted. EBSCO, PubMed, Cochrane Library, and
ProQuest were searched from 2000 to 2020. The included studies were selected by three independent
researchers and summarised, compared, and categorized according to technology type. Publications were
eligible for inclusion when they reported on psychosocial interventions aiming to reduce loneliness and/
or social isolation in people with dementia in long-term care settings.
Results: Twenty-four papers were included (20 original research papers and four reviews). Most studies
were conducted in Australia and Europe. The studies aimed to investigate two different types of assistive
technology: social robots, and multimedia computer systems. Most studies focussed on behaviour,
engagement, and mood as primary outcomes. Only one study directly aimed to alleviate loneliness.
Conclusions: Even though only one study addressed loneliness directly, it became clear that assistive
technologies used to apply psychosocial interventions have the potential to impact loneliness in people
with dementia in long-term care. However, it remains unclear why loneliness was not included as an out-
come and how loneliness could become a key outcome in evaluating assistive technologies.

� IMPLICATIONS FOR REHABILITATION

� Loneliness among older adults is associated with health risks, such as the development of dementia,
depression, and increased mortality.

� Ambient Assisted Living (AAL) technologies have been studied to address loneliness for older adults;
however people with dementia are often excluded from such studies.

� This diverse group of technologies is shown to have a promising impact on outcomes, such as social
engagement, quality of life, and mood, but loneliness was studied less often.

� More research is needed to discover the potential of assistive technologies for people with dementia
living in long-term care.
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Introduction

Ageing brings various challenges, as it often affects physical, psy-

chological, and social functioning. One of the pressing issues

among older adults is loneliness [1,2]. Loneliness is often defined

“as a subjective feeling state of being alone, separated or apart

from others and is an imbalance between desired and actual

social contacts” [3]. In the literature, the terms “loneliness” and

“social isolation” are often used interchangeably [4–6]. Social isola-

tion is typically defined as social disconnectedness, presenting as

a lack of social relationships and low levels of participation in

social activities [7].

Loneliness among older adults is associated with further health

risks [8], self-neglecting behaviours [9], and increased mortality

rates [10,11]. Loneliness among older adults may also add to the

progression of symptoms of dementia and mild cognitive

impairment (MCI) [12]. The predictive power of loneliness on the

progression of dementia and MCI was found comparable to some

biological measures, such as higher cortical amyloid burden [13],

genetics, diabetes, and vascular diseases [14].

It is common for people with dementia to move from home to

long-term care (LTC) facility as the disease progresses [15]. The

move to LTC exacerbates the likelihood of loneliness, social isola-

tion, and depression [16]. The prevalence of moderate loneliness

in older adults living in LTC facilities is high, ranging from 31 to

100%, and the prevalence of severe loneliness ranges from 9 to

81%, although studies have not reported dementia-specific num-

bers [5].

Loneliness and social isolation among older adults are often

addressed by several psychosocial interventions, e.g., telephone

befriending or horticultural therapy [17]. Psychosocial
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interventions in dementia were defined as physical, cognitive, or

social activities that may help people cope with their dementia

and maintain or improve their functioning, interpersonal relation-

ships, and well-being [18]. However, the experience of loneliness

is largely subjective. As there is no one-size-fits-all approach to

address loneliness, the need to tailor interventions to suit the

needs of individuals is growing [17]. It has been suggested that

future research should focus on identifying evidence-based [17],

sophisticated [19], and theory-driven [20] interventions for people

living with dementia (PlwD).

In the past two decades, there was enormous growth in

research into assistive technologies in dementia care [21].

Assistive technologies for PlwD can be defined as “any item, piece

of equipment, product or system driven by electronics, whether

acquired commercially, off-the-shelf, modified or customized, that

is used to help persons with dementia in dealing with the conse-

quences of dementia” [22]. Assisted living technologies based on

this model are called ambient assisted living (AAL) tools [23].

The potential of technologies to support PlwD and their care-

givers in different care settings is of interest to policymakers and

governments. In fact, the benefits of AAL are visible in many areas

of life for PlwD [24]. In addition to positive effects, ethical con-

cerns are raised, such as the impact of the social robot on the

quality of care and human relations [24].

However, only a few technologies in dementia care are tar-

geted at LTC facilities [25]. Therefore, we performed a scoping

review to provide an overview of studies that used AAL technolo-

gies to impact loneliness for PlwD living in LTC. The following

research questions were applied: (1) what is the function and

impact of AAL technologies in addressing the loneliness of PwlD

living in LTC settings? (2) Which AAL device(s) could be used to

provide psychosocial interventions that are the most promising

for impacting loneliness among PlwD living in LTC settings?

Methods

A scoping review approach was chosen, as the topic of assistive

technologies for people with dementia in LTC settings for loneli-

ness is novel and was not fully examined. The review mapped out

the empirical evidence on the use of assistive technology and

psychosocial interventions that have been proposed to impact

loneliness or social isolation in people with dementia living in

LTC. The conduct of this scoping review was based on PRISMA

frameworks and principles [26].

For the purposes of this review, an LTC facility was defined as

any established setting providing long-term care to older adults

in a residential care facility and/or nursing home. We applied a

broad definition of loneliness [3], which allowed us to include

studies that did not necessarily focus directly on loneliness but on

related concepts, such as social interaction, communication,

engagement, and social behaviour.

The inclusion criteria were as follows: studies with any design

and research method that reported on psychosocial and health

promotion interventions delivered by technology aimed to elicit

change in loneliness and/or social isolation, investigated any out-

comes related to the concept of loneliness, included persons with

all types and stages of dementia (not necessarily clinically diag-

nosed) living in LTC and were published in English. Given recent

advances in technology, studies published between 2000 and

2020 were included.

The exclusion criteria were as follows: mixed cohort studies,

unless the results for study participants with dementia were dis-

tinguishable from the results for other participants; studies

focussed on technologies without their own computing capacity,

for example, rails, wheelchairs, or hearing aids; studies with no

outcomes related to the concept of loneliness, such as improve-

ment in cognition or frequency of falls; and studies published in a

language other than English. Conference proceedings, letters,

news, study protocols, or publications without an abstract were

also excluded. The search string is displayed in Figure 1.

The search terms were adapted for each database: EBSCO,

PubMed, Cochrane Library, and ProQuest. All reference lists of the

included studies were hand-searched to identify any additional

potentially relevant studies. EndNote 9 [27], and COVIDENCE [28]

were used for data management, screening, and data extraction.

The first author (BB) conducted the initial title/abstract screening.

G.A. and V.H. then worked independently of each other to screen

all remaining studies by title and abstract. Studies that did not

meet the eligibility criteria were excluded. The full texts of the

remaining studies were assessed independently by three mem-

bers of the research team (B.B., G.A., and V.H.). Any disagreement

about study inclusion was solved in a discussion within the

author team. Key information, including the year, country, design,

aim, type of technology, type of intervention, outcome measures,

and key findings, was extracted from the included publications.

The studies were summarised, grouped, and compared for similar-

ities and differences. In particular, the studies were compared

according to the aim, type of technology used, key findings, and

proposed mechanisms for the potential impact of technology on

loneliness. Definitions of terms in interventions, outcome meas-

ures, dementia symptoms, and assessment methods were com-

pared. Based on the AAL technologies evaluated in the included

studies categories of AAL compared by function and effect of AAL

Figure 1. Search string.

2 K. B. BUDAK ET AL.



in the included papers were analyzed, thus categories of AAL in

this paper were decided.

The following sections will present our findings categorized

first by the research question, second by activities, and third by

type of technology, i.e., findings on studies involving social robots

and multimedia computer programs. These sections will present

findings from both original research and review papers, with a

specific focus on the function these devices served and the

impact they achieved.

Results

In this section, we first provide information on the characteristics

of the studies before moving on to outcomes. In this review, 20

original research papers and four reviews were identified for inclu-

sion (see the PRISMA flowchart in Figure 2). Most studies were

conducted in Australia (n¼ 10) or Europe (n¼ 9), and the others

were performed in New Zealand (n¼ 2), the USA (n¼ 2), and

Japan (n¼ 1). The included studies reported a broad variety of pri-

mary outcomes: loneliness (n¼ 1) [29,30], perceptions (n¼ 1) [31],

physical fitness (n¼ 1) [32], acceptability of AAL technology

(n¼ 3) [33–35], quality of life (n¼ 3) [29,36,37], agitation (n¼ 3)

[37–39], mood (n¼ 4) [33,36,40,41], engagement (n¼ 5)

[30,32,38,42,43], and behaviour changes (n¼ 9) [36,38,39,44–49].

Only one paper reported secondary outcomes: engagement

(n¼ 1) [39], mood states (n¼ 1) [39], and agitation (n¼ 1) [39].

The studies investigated two different types of AAL technol-

ogy: social robots (n¼ 18) [29,30,33,35–42,45–47,50–52], including

robotic animals (n¼ 14) [29,31,35–39,41,42,45,47,50,51,53], human-

oid robots (n¼ 1) [46], and telepresence robots (n¼ 3) [33,51,52];

and multimedia computer systems (n¼ 6) [32,34,43,44,48,49].

Furthermore, the original studies assessed the effect of technolo-

gies (n¼ 16) [29,31,32,36–40,43–50], the function of technologies

(n¼ 3) [33–35], or both (n¼ 1) [30], whereas the included reviews

addressed heterogeneous outcomes. The papers reported results

for people living with dementia at different stages of the disease.

However, one study compared results across different stages of

dementia [47]. The sample sizes ranged from 4 to 415 partici-

pants. In the qualitative and mixed methods studies (n¼ 11)

[31–33,37,40,44–48,50], most (n¼ 8) [29,32,34–40,43–50] focussed

solely on the perspectives of persons with dementia in their find-

ings, while the rest examined family, staff and mixed perspectives.

The other papers took the perspectives of staff and families into

account. In the mixed methods studies, both standardized meas-

ures for loneliness and related outcomes, as well as qualitative

analyses of interviews, were used. Some studies measured

changes in factors related to QoL, mood states, behaviours, and

care relationships with questionnaires or explored the perspec-

tives of participants, families, or staff through the qualitative

Figure 2. PRISMA chart.
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Table 1. Key findings from original research.

First author
(year) and
country Design Participants Stated aim

Description of
technology

Type of AAL
technology

Psychosocial intervention
and conductor Outcome measures Key findings

Aarhus [32],
Denmark

Mixed methods 13 older adults,
2 w/memory
problems (61–89)

To report on the
understanding of
seniors’ reception of
embodied gaming

Nintendo Wii: an embodied
gaming system with
which the player controls
the game with body
movements

Multimedia
computer
systems

Free group interaction w/
Nintendo Wii (staff)

Physical fitness. The data
from observations and
interviews were coded
and categorized into
themes, i.e., social
engagement and
motivation, in the search
for interrelationships as
well as exceptions.

Nintendo Wii and Nintendo Wii
Fitness may be used in
supervised physical training
sessions for various groups of
seniors. Embodied gaming
motivates seniors to do more
than they think themselves
capable of.

Alm [49], Scotland Observational (RCT) 18 PlwD To assess the prototype of
a multimedia device
for reminiscence

CIRCA: multimedia touch
screen computer system
comprising different
content categories, such
as photographs, music,
and videos

Multimedia
computer
systems

Reminiscence therapy
assisted by CIRCA
(researchers)

User experience and social
behaviour

CIRCA can partially restore the
ability of a person with
dementia to carry out a
satisfying conversation. The
system showed itself to be
superior to traditional methods
of reminiscence sessions.

Astell [43], Scotland Observational 11 PlwD (65–95) To compare staff and
resident interactions in
CIRCA with those in
traditional reminiscence
sessions

CIRCA: multimedia touch
screen computer system
comprising different
content categories, such
as photographs, music,
and videos

Multimedia
computer
systems

Reminiscence therapy
assisted by CIRCA
(researchers)

Choosing with a prompt,
initiation, prompting
(staff), music singing,
pointing to draw
attention, laughter,
direction of eye gaze

CIRCA appears to support
relationships between
caregivers and people with
dementia by providing an
engaging conversation
maintenance activity that is
not replicated in traditional
reminiscence sessions.

Campbell (35), UK Multiple case study 30 PlwD To examine the benefits
and disadvantages of
using robotic animals
in a 30-bed residential
aged care facility

Soft robotic cat and robotic
dog. Robotic cat: small
cat that can act as
conversation catalyst.
Robotic dog: 45 cm high,
has nine sensors,
including touch and light
sensors that allow him
to make dog sounds,
shake his head and lift
his paw, among other
things

Robotics Alternative animal-assisted
therapy w/soft robotic
dog and cat
(researchers)

No formal data collection,
outcome measures, or
analysis stated. The author
described anecdotal
evidence based on
observations of the
acceptability of robotic
animals.

The responses from residents,
relatives, and staff were
positive- the robotic animal
can be considered acceptable
in the LTC environment where
there is a range of constraints.

Chu [46], Australia Cross-sectional
observational

28 PlwD (65–90) To show how engagement
between social robots
and people with
dementia can improve
care quality

“Sophie” and “Jack”:
humanoid robots
designed to increase
interaction and
communication

Robotics Diversional therapy assisted
by social robots Sophie
and Jack (researchers)

Behaviours of PlwD identified
in the coding of videos

The participants had positive
interactions with the social
robots, leading to an
improvement in their social
capabilities.

Gustafsson [37],
Sweden

Mixed methods 4 PlwD (82–90) To explore the reactions
of participants to an
interactive cat robot
and relative and
caregiver perspectives
of the robot

JustoCat: interactive
robotic cat

Robotics Structured interaction
between the
participants and
professional caregivers
through touching,
holding, and petting the
robotic cat (staff
supervised by
occupational therapist)

Quality of life, agitation.
Interview: the professional
caregivers’ and relatives’
perceptions of the robotic
cat. Impact/meaning and
use of the robotic cat in
daily/working life and its
functionality. Activities of
discovery, engagement,
and emotional response,
as well as social
interaction.

An interactive robotic cat can be
a tool for improved interaction
and communication in
dementia care.

Kramer [45], USA Observational 18 PlwD To evaluate the social
behaviours of long-
term care residents
diagnosed with
dementia during a
one-on-one visitation
by a person, a person
accompanied by a live
dog, and a person
accompanied by AIBO.

AIBO: interactive a
robotic dog

Robotics Free individual interaction
w/AIBO (researchers)

The behaviours observed
included conversation,
touch; looking at others,
hand gestures, and smiles
and laughs.

The visits by the dog and AIBO
may have been novel and may
have stimulated more socially
interactive behaviour than did
the visitor alone.

(continued)



Table 1. Continued.

First author
(year) and
country Design Participants Stated aim

Description of
technology

Type of AAL
technology

Psychosocial intervention
and conductor Outcome measures Key findings

Luyten [48],
Netherlands

Observational 6–8 PlwD To explore how
participants responded
to an interactive art
installation and identify
whether their
responses differed
according to
content type

VENSTER: interactive touch
screen art installation
that facilitates nursing
home residents’
connection with the
outside world.

Multimedia
computer
systems

Free group interaction w/
VENSTER (staff)

The responses of the
participants were coded
according to the coding
scheme developed for the
study: “human–artwork”
(verbal-physical),
“human–human” (verbal-
physical)

By evoking and facilitating a
range of responses from verbal
reactions to active physical
engagement, VENSTER
illustrated the potential of
interactive artwork in the
nursing home environment.

Marx [50], USA Mixed methods 56 PlwD (61–101) To evaluate the
effectiveness of a
range of animal stimuli
on the engagement of
nursing home residents
with dementia

Robotic dog, puppy video, 3
live dogs, dog colouring
activity, and plush toy

Robotics Alternative animal-assisted
therapy w/soft dog
(researchers)

Medical and behavioural
history, mastery of ADL,
past leisure activities.
Attitude towards the
stimulus during an
engagement trial was
measured on a 5-point
scale: negative, neutral,
somewhat positive,
positive, and very positive.

Residents with dementia can be
successfully engaged with
AIBO; however, a live dog has
a higher impact than AIBO.

Moyle [36], Australia Experimental 18 PlwD mean age
85.3 years.

To compare the
effectiveness of PARO
in engaging PlwD in
participating in an
interactive reading
group and the effect
on the quality of life
and emotional
expression in people
with moderate to
severe dementia.

PARO: a therapeutic
companion robotic seal

Robotics Structured group
interaction through
discussion about PARO
and touching PARO (an
activity therapist and 2
researchers)

Quality of life mood states,
behaviour

Robotic animals may be an
alternative psychosocial
intervention for older adults
with dementia. The
introduction of PARO
improved quality of life and
pleasure and had a clinically
meaningful influence on QOL-
AD but increased behaviours
of wandering.

Moyle [33], Australia Mixed methods 5 PlwD (79–89) To assess the feasibility of
implementing a
telepresence robot to
enhance engagement
between family and a
person with dementia

Giraff: a remotely controlled,
mobile, human-height,
telepresence robot
equipped with a
videoconferencing
system remotely
controlled by family
outside the LTC facility
to communicate with a
person with dementia

Robotics Structured video calls
between PlwD and
families w/Giraff
(researchers)

Acceptability, implementation,
practicality, integration,
efficacy, and adaptation.
Rate of pleasure and
negative emotions across
call duration, call duration.
Perceived acceptability,
Degree of errors,
resourcing, factors
influencing
implementation, mood,
acceptability.

Giraff is acceptable and feasible
for implementation within
long-term care. The impact of
Giraff on residents and their
families was very positive. The
families reported that Giraff
was able to reduce social
isolation.

Moyle [38], Australia Case study
observational

5 PlwD (68–98) To assess the feasibility
and effect of using a
robotic companion
animal called CuDDler
on engagement and
the emotional states of
five older adults with
dementia

CuDDler: interactive robotic
teddy bear.

Robotics Structured engagement:
introduction, discovery,
engagement, closure w/
CuDDler (researchers)

Agitation, cognitive decline,
emotional and behavioural
engagement.

CuDDler had different effects on
participants, but it provided
the opportunity to engage in
social interactions. Over time,
the facilitator became the
source of engagement.

Moyle [39], Australia Experimental 415 PlwD >60 To test the emotional and
behavioural effects of
individual, unfacilitated
sessions with PARO, a
robotic seal, compared
to those of sessions
with lookalike plush
toy and usual care

PARO: a therapeutic
companion robotic seal.

Robotics Free individual interaction
w/Paro (researchers)

Changes in levels of
engagement, mood states,
and agitation

Although more effective than
usual care in improving mood
states and agitation, PARO was
only more effective than a
plush toy in encouraging
engagement.

Moyle [31], Australia Descriptive
qualitative design
nested within a
larger
cluster RCT

A convenience sample
of 20
family members
from the PARO
(n¼ 10)
and plush toy

To explore the perceptions
of family members
about the use of PARO
and a plush toy with
their older relatives
with dementia in LTC

PARO: a therapeutic
companion robotic seal.
Social robot (PARO) and
plush toy (PARO, but
with robotic features

Robotics Individual, unfacilitated
interaction w/PARO

Perceptions of PARO and the
plush toy: reduced
agitation and improved
mood states and
engagement. Family
members’ perceptions of

Mostly positive perceptions of
PARO were reported; the
family members perceived that
it improved mood, reduced
agitation, and provided
opportunity for communication

(continued)



Table 1. Continued.

First author
(year) and
country Design Participants Stated aim

Description of
technology

Type of AAL
technology

Psychosocial intervention
and conductor Outcome measures Key findings

(n¼ 10) study
conditions

disabled) as the control
condition

PARO (compared to that
of the control plush toy)
þ their experience in
relation to the behavioural
and psychological
symptoms of dementia

for their relative, as it
facilitated conversations and
involvement. PARO was
positively perceived by both
family members and care staff,
and generated modest but
significant improvements in
aspects of engagement, mood,
and agitation.

Nijhof [44],
Netherlands

Mixed methods 10 PlwD (52–86) To explore the impact of
technology-supported
leisure activities
compared to a
traditional leisure
activity on the
behaviour of
participants

The Chitchatters (CC):
technology-based leisure
activity using a radio,
television, telephone,
and treasure box

Multimedia
computer
systems

Reminiscence therapy
assisted by CC (staff)

Mean social AND social non-
verbal behaviour

CC could stimulate
communication and empathy.

Pu [40], Australia Mixed methods 11 PlwD (62–100) To explore how people
with mild to moderate
dementia and chronic
pain perceive PARO as
an alternative
intervention to manage
their pain and mood

PARO: a therapeutic
companion robotic seal

Robotics Free individual interaction
w/PARO (staff)

Perspectives of people with
dementia on interacting
with PARO, particularly on
their mood and pain
experience

The participants had positive
attitudes towards the social
robot PARO and acknowledged
the therapeutic benefits of
PARO on mood improvement
and pain relief, but they also
mentioned limitations
regarding its weight, voice,
and characteristics.

Robinson [29],
New Zealand

Experimental 40 older adults, 48%
with a low
score on the
Abbreviated Mental
Test (AMT)

To explore the effects of
an intervention
program incorporating
the use of a seal robot
primarily as a way to
improve quality of life,
mood, and loneliness
for older residents

PARO: a therapeutic
companion robotic seal

Robotics Free group interaction w/
PARO (staff)

Quality of life, depression,
loneliness

The participants had significant
decreases in loneliness scores.
No main effects of group
scores were found. Depressive
scores slightly decreased in
the PARO group.

Robinson et al. [30],
New Zealand

mixed methods 40 older adults, 8 with
cognitive
impairment (84.4)

To provide additional,
previously unpublished
data about how PARO
sessions were run,
residents’ interactions
with the robot, and
staff perspectives

PARO: a therapeutic
companion robotic seal

Robotics Semistructured group
interaction w/PARO
(staff)

Mood, cognition, residents’
interactions with the robot

The larger randomized controlled
trial through which these data
were collected found that the
residents interacted more
during the robot sessions than
during normal organized
activities.

Subramaniam
[34], UK

Mixed methods 6 PlwD (73–89) To compare the effect of
multimedia Digital Life
Storybooks on quality
of life compared to
that of conventional
life storybooks

Digital Life Storybooks:
software program used
to develop a video for
each participant with
content based on
important events in the
person’s life

Multimedia
computer
systems

Reminiscence therapy
assisted by Digital Life
Storybooks (family
members and
researchers)

Acceptability and efficacy of
the use of multimedia
Digital Life Storybooks as
Stability or improvement
in scale scores

Quality of life improved for most.
All participants showed
stability or improvement in
depression scores.

Takayanagi,
Japan [47]

Observational 30 PlwD (85–100); 2
groups: M (mild), S
(severe).

To compare the effects of
PARO, a robotic seal,
on verbal and
emotional responses of
people with differing
levels of dementia

PARO: a therapeutic
companion robotic seal

Robotics Free individual interaction
w/PARO (staff)

Frequency of talking to the
object, positive emotion,
frequency of laughing,
frequency of neutral
affect. Frequency of
touching the object, staff
member talking.

The participants showed a greater
frequency of positive social
and behavioural interaction
with PARO than with the
plush animal. Regarding
loneliness, the participants
better accepted PARO than the
plush animal, and PARO acted
as a conversation facilitator
with the staff.

PlwD: people living with dementia.



Table 2. Key findings from review articles.

First author (year)
and country Design Participants Stated aim Description of technology

Type of AAL
technology Conclusion

Bemelmans [41],
Netherlands

Systematic review 12/17 studies with
PlwD aged 56–98
and 5 studies
with older adults
without dementia
(no age data)

To assess the published effects
and effectiveness of robot
interventions aiming to
provide social assistance in
elderly care

PARO; AIBO; Bandit, a humanoid
torso mounted on a mobile
platform; NeCoRo, a catlike
robot with synthetic fur

Robotics There seems to be a potential for
the use of robot systems in older
adult care. The generally positive
effects reported call for further
research into the effects and
potential use of socially assistive
robotics in older adult care as
well as dementia care, as the
authors stated that outcomes
linked to loneliness were not
investigated as the main outcome
in the included studies.

Moyle [39], Australia Integrative review PlwD and
professional
caregivers
aged 73–81

To assess the feasibility of
interventions, including SAR,
aimed at facilitating social
connectedness in people with
dementia and their carers

CompanionAble robot conducting
video calls, cognitive training,
and storing and managing
appointments. Guide robot,
designed for cognitively
capable people conducting
video calls. PARO and the
mobile telepresence robot
Giraff.

Robotics All of the reviewed studies reported
positive aspects of using
videoconferencing to facilitate a
social connection between a
person with dementia and his or
her family and friends. The
benefits of telepresence systems
are expected to outweigh any
technical issues.

Neal [51], Australia Scoping review PlwD aged 60–95 To identify and synthesize
evidence focussed on the use
of technology to enhance
meaningful engagement of
people with dementia

PARO; Giraff; “Sophie” and “Jack”;
soft robotic cat and robotic
dog, “JustoCat” and AIBO,
respectively; and CuDDler.
CIRCA, Memory Box, VENSTER,
The Chitchatters (CC), Digital
Life Storybooks, and a
standard computer.

Robotics Technology, when used as a means
to promote human-to-human
interaction, can contribute
effectively to meaningful
engagement by providing a
visible focus of attention and a
topic of conversation.

Pu [42], Australia Systematic review 1042 older adults, of
whom 80% were
diagnosed with
dementia or
cognitive
impairment

To summarise the effectiveness
of social robots on outcomes
(psychological, physiological,
quality of life, or medications)
of older adults from
randomized controlled
trials (RCTs).

PARO, a therapeutic companion
robotic seal; the robotic dog
AIBO; a humanoid
communication robot, NAO; a
humanoid communication
robot with the features of 3-
year-old boy; and two health
care robots, IrobiQ and Cafero

Robotics The systematic review indicates that
interacting with social robots
improves engagement and
communication and reduces
loneliness, stress responses, and
medication use in older adults.

PlwD: people living with dementia.

D
IS
A
B
IL
IT
Y
A
N
D

R
E
H
A
B
IL
IT
A
T
IO
N
:
A
S
S
IS
T
IV
E
T
E
C
H
N
O
L
O
G
Y

7



synthesis of interview data. The key data of the included papers

are summarised in Table 1 (original research papers) and Table 2

(reviews).

Based on the included studies, we identified one AAL device

directly aimed at alleviating the loneliness of people with demen-

tia living in LTC settings and 14 AAL devices that are promising

for the provision of psychosocial interventions impacting loneli-

ness among people with dementia living in LTC settings.

AAL technologies addressing loneliness as a primary outcome

In a study from New Zealand, PARO—a therapeutic companion

robotic seal—was tested in non-facilitated group interactions; the

results of these interactions were compared with those of semi-

structured group interactions with residents without a robot inter-

vention [29,30]. This was the only study included in our review in

which loneliness was directly targeted for intervention using AAL

technology. This study reported that the use of PARO significantly

improved loneliness in people with dementia living in LTC as

measured by the UCLA Loneliness Scale [54]. Comparing PARO

interactions to group interactions, PARO had no significant effect

on QoL and depression [29]. Most participants chose to actively

engage with PARO, speaking to it, touching it, and talking about

it to others. Of the 20 participants initially involved in the study,

six refused to engage with the robot to any significant degree;

they thought the robot was a “silly toy” and did not wish to play

with PARO or quickly lost interest in it. Those who did not want

to interact with the robotic animal did not receive some of the

benefits that the other participants reported, such as comfort and

relaxation from patting it, yet they may still have benefitted from

increased social contact with other residents [29,30].

Family members were particularly interested in the benefits of

PARO for emotional and social engagement and a reduction in

loneliness. Additionally, family members mentioned that it did not

seem to matter whether the robot was a seal or a dog, as long as

the resident perceived it to be real [30,31]. Families were keen on

the idea of their relatives using a social robot that moved and

engaged with them, perceiving it to improve mood, reduce agita-

tion, and provide comfort and opportunity for communication for

their relatives [30,31].

AAL technologies that are promising in providing psychosocial

interventions to impact loneliness

Based on the AAL technologies evaluated in the 24 included stud-

ies, we defined three categories of activities: (a) communication

and interaction with social robots, including the activities in the

aforementioned PARO study [29]; (b) robotic pet therapy; and (c)

leisure and creative activities. AAL technologies were tested in

either individual or group interactions, with or without facilitation,

and in a structured or non-structured way. Except for the study of

Robinson et al., the studies did not directly aim to impact loneli-

ness (not defined it as an outcome), but we determined that

there is potential for these AAL technologies to deliver psycho-

social interventions targeting loneliness.

Communication and interaction with social robots

Ten of the 18 studies on robotics investigated PARO, an inter-

active baby seal robot. The remaining three studies on robotics

examined (1) “Giraff”, a telepresence robot facilitating video con-

ferencing between a person with cognitive impairment and his or

her family; (2) a teddy bear robot called CuDDler; and (3) two

humanoid robots, “Sophie” and “Jack”, used to facilitate leisure

activities.

In a randomized control trial (RCT) from Australia, PARO was

incorporated in daily activities as a therapeutic companion robotic

seal, and the PARO group was compared to an interactive reading

group [36]. The researchers found that PARO significantly

impacted QoL, anxiety, and depression scores [36]. In another

study, Moyle et al. tested non-facilitated sessions with PARO in

comparison to the use of a plush toy and to usual care [39].

Video data showed that PARO was more effective than usual care

in improving pleasure; however, PARO was no different than the

plush animal in reducing neutral emotional affect. The group that

interacted with PARO was significantly more verbally and visually

engaged with PARO than the plush toy group was with the toy.

On the other hand, comparing PARO interactions and the use of

the plush toy with usual care, the researchers observed increased

levels of anger in the PARO and plush toy groups. Video data

analysis indicated that the observed anger was not directed at

PARO or the plush toy but was due to various reasons in a small

group of participants (e.g., PARO or the plush toy interrupted

their current activity). Although significantly more effective than

usual care, PARO was found to have a similar effect on mood and

agitation as plush animals. Compared with usual care, PARO dem-

onstrated effectiveness in reducing agitated behaviour, but this

effect was not observed when measured with a standard scale,

such as the Cohen-Mansfield Agitation Inventory (CMAI) [39].

In another study evaluating the effect of PARO on mood and

pain perception in people with dementia [40], the participants

had positive attitudes towards PARO and acknowledged the

therapeutic benefits of PARO on mood improvement and pain

relief. Staff members mentioned the limitations of PARO regarding

its weight, voice, and characteristics [40]. Takayanagi et al. tested

PARO in individual, non-structured interactions with residents [47].

Compared with residents who interacted with a plush toy lion,

residents in moderate and severe dementia groups who inter-

acted with PARO had a greater frequency of talking to PARO,

more often showed positive emotional expressions, and tended

to laugh during their interactions with PARO [47].

Another robot, Giraff, a telepresence robot, was tested in struc-

tured video calls between families and people with dementia in

LTC [33]. Giraff was found to be acceptable and feasible for imple-

mentation within LTC facilities and to be able to engage families

and people with dementia [33]. Giraff was viewed positively by

families regarding its ability to provide an enhanced alternative to

phone talks and to facilitate conversations with persons with

reduced verbal communication skills [33].

CuDDler, an interactive robotic teddy bear, was tested in

engagement activities supported by a facilitator to identify its

effect on agitation [38]. The researchers found that CuDDler sig-

nificantly increased joy and improved engagement in people with

dementia. Although the CMAI scores indicated slightly increased

agitation, the participants seemed to interact more and even rem-

inisce about previous pets [38]. While CuDDler had differing

effects, such as frustration or affection, among five participants, it

was also clear that CuDDler provided the opportunity for the par-

ticipants to engage in social interaction. Even when CuDDler had

technical problems, such as being slow to react, the participants

continued to speak to CuDDler and/or the facilitator. Therefore,

CuDDler provided a platform for social interaction; however, over

time, the facilitator became the source of engagement [38].

Another study found that people with dementia had positive

interactions with the humanoid robots “Sophie” and “Jack”, which

were designed to increase interaction and communication,
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leading to an improvement in their social capabilities, such as

engagement in group activities [46].

Robotic animals utilized to provide pet therapy

Three studies investigated robotic animals, i.e., (1) a robot dog,

AIBO; (2) a robot cat, JustoCat; and (3) a pair of unnamed cat and

dog robots in providing pet therapy. Robotic animals have been

reported to be a promising alternative to therapy with live pets

[36]. Interacting with robotic animals seems to improve communi-

cation and interaction and reduce stress responses and medica-

tion use in people with dementia. Despite their cognitive decline,

they talked about previous pets and asked questions, comple-

mented, and talked directly to the robotic dog-related stimuli,

with the majority of their verbalizations being appropriate for the

situation. In another study, both a real dog and a robot dog were

received positively by residents with dementia; however, they

engaged longer with the live dog than the robot dog [50].

Although the three real dogs evoked the highest number of spo-

ken comments by the residents, the residents also made com-

ments about the robotic dog and the puppy video. In contrast,

the study participants in the control group made only a few com-

ments [50]. On the contrary, in the study with AIBO, the robotic

dog, participants were more interested in the robotic dog than a

real dog [45].

The JustoCat intervention resulted in positive effects, including

increased interaction, communication, stimulation, relaxation,

peace, and comfort, for individuals with dementia [37]. JustoCat

improved QoL for persons with dementia in LTC [37]. While the

robot increased agitation scores for most residents with dementia

in LTC [37], interestingly, a professional caregiver interpreted

increased this agitation to be a positive sign, with higher scores

viewed as awakening moments in the residents’ otherwise intro-

verted lives [37].

Robotic pets were found to be acceptable in the LTC environ-

ment, as an alternative in the face of a range of constraints, such

as hygiene and phobias [35]. Furthermore, robotic animals were

able to support conversation with a resident with dementia by

providing a common focus of interest to talk about [35,38,45].

Leisure and creative activities via multimedia computer systems

In this scoping review, five multimedia computer systems provid-

ing leisure and/or creative activities were identified: (1) CIRCA, a

multimedia touchscreen computer system comprising different

content categories, such as photographs, music, and videos

[43,49]; (2) The Chitchatters (CC), a technology-based leisure activ-

ity using a radio, television, telephone and treasure box [44]; (3)

Digital Life Storybooks, a software program used in the dyadic

approach to create a video of an individual’s life for reminiscence

therapy [34]; (4) VENSTER, an interactive touch screen art installa-

tion [48]; and (5) Nintendo Wii, a gaming console that can be

used for well-being activities [32].

CIRCA was studied regarding its impact on engagement [43]. It

was found that even when professional caregivers used the

touchscreen, their actions and the response of the system helped

persons with dementia remain engaged and focussed on the task

[49]. The results from this study suggested that the dyads of pro-

fessional caregivers and persons with dementia were able to

establish joint attention much more easily in the CIRCA sessions

than in traditional reminiscence sessions, which failed to achieve

joint attention at all [43]. CIRCA was shown to be able to partially

restore the ability of a resident with dementia to carry out a satis-

fying conversation with a relative, caregiver, or friend [49]. All par-

ticipating caregivers positively reported their experience with

CIRCA and its ease of use [49]. In comparison to traditional remin-

iscence sessions, CIRCA also appeared to support relationships

between caregivers and people with dementia by scaffolding a

conversation [43].

In a study investigating the effect of CC on social behaviour,

the frequencies of “comments” and “talking to oneself” signifi-

cantly increased [44]. CC could stimulate communication and

empathy, which Nijhof et al. interpreted as an indicator of

improved well-being [44].

Digital Life Storybooks was used in The Life Storybook Study

[34] to deliver reminiscence therapy; the study showed that com-

pared to the participants who used conventional life storybooks,

most participants who used Digital Life Storybooks improved their

QoL and autobiographical memory. All participants showed

improvement or stability in their depression scores. Digital Life

Storybooks were considered a tangible aid with therapeutic value

to residents living with dementia [34]. Multiple case studies

showed that in all but one instance, Digital Life Storybooks was

linked to significantly increased QoL [34].

VENSTER elicited a range of responses, from verbal reactions

to active physical engagement, and thus illustrated the potential

of interactive artwork within reminiscence therapy in the LTC

environment [48]. The research found that content that triggered

memories or recognition helped initiate a conversation [48].

Incomplete memory or recognition prompted residents to ask

others, mostly care providers, for more information or confirm-

ation. VENSTER encouraged participants to reminisce and interact

with staff [48]. By providing an interesting topic to talk about, it

triggered social interaction [48].

Nintendo Wii is a gaming console system used with residents

with dementia living in LTC facilities primarily for physical fitness

[32]. The system proved feasible for use in supervised physical

training sessions for various groups of older adults aged 62–89

with or without dementia and with or without physical impair-

ment [32]. Researchers measured social interaction by background

and participatory observations. Later in semi-structured group

interviews, participants remarked that they talked, laughed, and

cheered for each other during the exercises [32]. Participants with

dementia found the experience to be socially engaging since it

facilitated social interaction. However, the competition created

motivation and demotivation when participants had to disclose

their weight and age for the game. Interaction with the game

resulted in more endurance and a generally positive trend in

physical improvement for the participants while they engaged in

the game [32].

Reviews included

Four reviews were included in our scoping review.

The key finding of Neal et al. was that the potential of technol-

ogy to impact meaningful engagement did not lie in the technol-

ogies used in the studies themselves but rather in the

opportunities the technologies provided to facilitate connection

and belonging [51].

Pu et al. evaluated the role of robots in the context of agita-

tion and dementia [42]. They identified two categories of robotics:

social robots and robotic animals. No significant effect of social

robots on agitation was found [42].

Bemelmans et al. also investigated two types of robotics with

the same categorization, within a non-dementia-specific review:

social robots and robotic animals [41]. They reported that the

generally positive effects reported indicating the need for further

research into the effects and potential use of socially assistive
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robotics in older adult care, as the methodological quality of the

studies included in their review was low. Furthermore, they stated

that outcomes linked to loneliness were not investigated as the

main outcome in the included studies [41].

Moyle et al. investigated telepresence robots and found that

all reviewed studies reported positive aspects of the use of video-

conferencing to facilitate the social connection between persons

with dementia and their family and friends [52]. They further

speculated that the benefits of telepresence systems are expected

to outweigh any technical issues [52]. On the other hand, staff

and relatives considered the guide robot to be too complicated

for people with dementia to use, particularly for those with lan-

guage impairments. Participants positively regarded the

CompanionAble robot, specifically its movement and location of

the user, which was similar for Giraff. However, in general, tele-

presence robots were considered expensive in all studies, despite

their significant benefits for persons with dementia since they did

not have to learn specific skills to use them [52].

Discussion

This scoping review, to the best of our knowledge, is the first to

investigate the potential impact of assistive technologies provid-

ing psychosocial interventions on loneliness in older adults with

dementia in LTC. Most of the social robot studies (n¼ 9 out of 15)

were conducted in Australia or New Zealand, whereas all multi-

media systems studies were conducted in Europe (n¼ 6). This

finding opens the way to be interpreted as a difference between

the understandings and preferences of care technologies among

countries.

The focus of our review was on alleviating loneliness; however,

only one paper [29] out of 24 papers was identified that directly

aimed to address loneliness, revealing a shortage of research on

this topic. Most studies reported varying degrees of positive

impacts of the studied technologies; however, most studies either

did not measure loneliness explicitly or measured it only in a lim-

ited capacity. Of the studies that measured behaviours (e.g., par-

ticipating in social activities with AAL technologies), five used

standard measurement tools, most of which were developed by

researchers.

Communication and interaction through robotic animals, such

as PARO and JustoCat have been shown to have the potential to

improve QoL for people with dementia [36,37], but with mixed

results [29]. Beridze et al. showed that loneliness and social isola-

tion are associated with QoL but that the association is context-

dependent (e.g., variation in QoL based on where people with

dementia live) [55]. Thus, interventions aiming to influence QoL

can be seen as interventions with the potential to alleviate loneli-

ness. Interaction with robotic animals, such as PARO, AIBO, and

CuDDler improves engagement and communication [38,39,50],

which holds the potential to reduce loneliness in people with

dementia. The results suggest that residents with advanced

dementia might benefit more from a PARO intervention than

from the use of other robots. This finding might be taken with a

grain of salt because PARO is the most researched robotic animal

within the scope of this review. However, barriers were also found

in the use of PARO, e.g., cost and workload, infection concerns,

and stigma and ethical issues [56]. Hung et al. concluded in their

scoping review that future research should focus on how to over-

come barriers to the adoption of PARO [56].

A bioethics committee in Austria expressed ethical concerns

regarding the design of robots, such as which aspects of human

life can be robotized and whether social robots enable older

adults to retain their skills and avoid potential deception and

infantilization in people with dementia [57]. Hung et al. also

raised the concern that the use of social robots could lead to

infantilizing and dehumanizing care [56]. Furthermore, a

“mismatch between needs and solutions offered by the robot,

usability, and lack of experience with technology, was seen as the

most important barriers for social robot adoption” [58].

Our review indicated that telepresence robots are regarded

positively by residents with dementia, staff, and family members

as they provide an enhanced alternative to phone conversations.

People with dementia valued the self-initiating function of tele-

presence robots, while families enjoyed the ability to carry on a

conversation with residents with reduced verbal communication

skills, in particular when families could not visit in person. During

the COVID-19 pandemic, it became evident that “social isolation is

detrimental on not only an emotional and psychosocial level, but

may also cause long-lasting cognitive damage” [59]. Thus,

increased use of tele-video conferences was observed to alleviate

loneliness in residents with dementia [59].

All robotic animals facilitated better communication, and there-

fore, they may contribute to an effect on loneliness. In most stud-

ies, robotic animals, such as AIBO, PARO, and JustoCat were

regarded usable and considered as an alternative to living animals

for pet therapy [35–37,50]. Robotic animals also provided the

opportunity for people to reminiscence their previous pets, and

they gave people with dementia comfort and reduces their anx-

iety [31]. Furthermore, some studies reported a sense of responsi-

bility that robotic animals inspired in residents, providing another

reason to interact with others, e.g., ask how to feed the puppy

[30]. However, research also indicated aspects of aversion [30]

and feelings of infantilization [38] in regard to robotic animal

interventions. The findings suggest that the potential of technol-

ogy to impact loneliness lies mostly in the perceptions of people

with dementia and how they can relate to those perceptions.

Mordoch et al. concluded in their literature review that pet robots

“affect regulation, social interactions, and decreases in psycho-

logical stress reactions” [60].

In one study, the robotic animal intervention generated more

pleasure and joy for some participants than any individual or

group activity ever did in the participating LTC facility [38]. In

some cases, residents felt anxious and misunderstood when sur-

rounded by people but exhibited a very positive response to

social robots [38]. It can be suggested that social robots in the

LTC environment have the potential to alleviate loneliness by

facilitating interaction with other residents, providing company

for residents when they feel down, and providing an opportunity

for staff to better communicate with residents [29]. Whelan et al.

concluded in their literature review that acceptability can be

improved with humanlike communication, personalized responses

to users, and addressing issues of trust and control of the

robot [61].

Multimedia computer systems were found to improve engage-

ment and communication [32,43,49]. Multimedia computer sys-

tems acted as cognitive prosthetics to aid people with dementia

in carrying out conversations [49]. Nintendo Wii facilitated social

engagement and, despite physical and technical limitations, peo-

ple with dementia were able to use the technology and improve

their physical fitness [32]. Li et al. concluded in their systematic

review that in general, exergames can enhance social well-being

and reduce loneliness; unfortunately, persons with dementia have

often been excluded from these studies. We, therefore, assume

that more research is needed to understand the impact of multi-

media computer systems on persons with dementia [62].
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Robotic animals allow residents with dementia to reminisce

about their previous pets, and they thus bring joy and pleasure

beyond improved social engagement. Telepresence robots bring a

face to a phone conversation, making it easier for families to com-

municate with their relatives and impacting well-being.

Similar to a previous review [51], our review showed that AAL

technology holds the potential to impact loneliness by facilitating

social interaction. However, there is a need to clarify the terms

relating to loneliness and social isolation [6].

Strengths and limitations of the review

This scoping review was conducted in line with recognized meth-

ods [26]. Although efforts were made to minimize the likelihood

of overlooking potentially relevant studies, there is the possibility

that the search terms and eligibility criteria did not capture the

extent of the research available. However, the examination of

MeSH headings, review of recent reviews on similar topic areas,

and hand-searching of reference lists reduced this likelihood.

Another limitation is that our scoping review did not include a

detailed critical appraisal of the included studies, as this was not

our purpose. The aim was to summarise the current evidence on

a topic and provide future directions for research.

Conclusions

The current review showed that loneliness is seldom studied as a

primary outcome measure of psychosocial interventions delivered

via AAL technologies for people with dementia in LTC. Despite

the limitations of this review, we conclude that assistive technolo-

gies hold the potential to impact loneliness in people with

dementia. AAL technologies have been shown to have positive

effects, such as improvement in social engagement and the

potential to impact loneliness in residents with dementia living in

LTC. From the results of our scoping review, it can be concluded

that these AAL technologies can improve the general well-being

of residents with dementia and enhance communication with

others.

Implications for future research

This study suggests the need for further research on the effect of

AAL technologies on loneliness compared to that of traditional

psychosocial interventions, such as (living) pet therapy. Research

has identified the need for effective comparison of interventions

with assistive technologies to traditional interventions.

Additionally, the working mechanism of the potential effect of

assistive technologies on loneliness needs to be analyzed. More

consistency in the measurement of behavioural outcomes related

to loneliness is needed. Finally, the effectiveness of telepresence

robots and PARO needs to be further investigated to determine

whether connecting people with dementia to their loved ones or

supporting interaction with others in facilities better alleviates

loneliness.
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