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Abstract

Background: Lonelinessand socia isolation are mgjor public health concerns for older adults, with severe mental and physical
health consequences. New technologies may have a great impact in providing support to the daily lives of older adults and
addressing the many challenges they face. In this scenario, technol ogies based on voice assistants (VAS) are of great interest and
potential benefit in reducing loneliness and social isolation in this population, because they could overcome existing barrierswith
other digital technologies through easier and more natural human-computer interaction.

Objective: This study aimsto investigate the use of VAs to reduce loneliness and social isolation of older adults by performing
asystematic literature review and a bibliometric cluster mapping analysis.

Methods: We searched PubMed, Embase, and Scopus databases for articles that were published in the last 6 years, related to
the following main topics: voiceinterface, VA, older adults, isolation, and loneliness. A total of 40 articles were found, of which
16 (40%) were included in this review. The included articles were then assessed through a qualitative scoring method and
summarized. Finally, a bibliometric analysis was conducted using VOSviewer software (Leiden University’s Centre for Science
and Technology Studies).

Results: Of the 16 articles included in the review, only 2 (13%) were considered of poor methodological quality, whereas 9
(56%) were of medium quality and 5 (31%) were of high quality. Finally, through bibliometric analysis, 221 keywords were
extracted, of which 36 (16%) were selected. The most important keywords, by number of occurrences and by total link strength;
results of the analysis with the Association Strength normalization method; and default values were then presented. The final
bibliometric network consisted of 36 selected keywords, which were grouped into 3 clusters related to 3 main topics (ie, VA use
for social isolation among older adults, the significance of age in the context of loneliness, and the impact of sex factors on
well-being). For most of the selected articles, the effect of VA on social isolation and loneliness of older adults was a minor
theme. However, more investigations were done on user experience, obtaining preliminary positive results.

Conclusions: Most articles on the use of VAs by older adults to reduce social isolation and loneliness focus on usability,
acceptability, or user experience. Nevertheless, studies directly addressing the impact that using a VA has on the social isolation
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and loneliness of older adults find positive and promising results and provide important information for future research,
interventions, and policy development in the field of geriatric care and technology.

(J Med Internet Res 2024;26:€50534) doi: 10.2196/50534
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Introduction

Background

Nowadays, the aging of the population presents new challenges
that requires consideration and response [1]. Among the major
public health concerns regarding older adults, 2 significant
concerns are loneliness and socia isolation [2].

In fact, social networks seem to decrease with age and the
prevalence of loneliness is estimated to increase as the
population ages [2], to the extent that Valtorta and Hanratty [ 3]
define loneliness and isolation as being “increasingly part of
the experience of growing old.”

Social isolation and loneliness have severe consequences for
older adults mental and physical health, including depressive
symptoms [4], dementia[5], coronary heart disease and stroke
[6], and mortality [7]. Moreover, social isolation and loneliness
also have adverse outcomes concerning the use of hedth
services, increasing emergency department and physician visits,
hospital readmissions, and long-term care admissions [8].

https://www.jmir.org/2024/1/e50534

New technol ogies may have agreat impact on providing support
inthedaily livesof older people, especialy intheareas of health
monitoring, security, and comfort [9]. Therefore, they could be
valuable tools to respond to the many challenges that older
adults face.

In this scenario, technologies based on voice assistants (VAS)
areof great interest and have potentia benefits. VAsare systems
based on artificial intelligence techniquesthat are programmed
to be activated at a specific wake word to capture the user’'s
voice, process and interpret the command via a server, and
respond back with a voice response or completed task [10].

VA systems have the potential to support behaviora
interventions using everyday life technologies such as
smartphones, tablets, and smart speakers [9]. The strength
behind the use of voice-based technology, having reached a
significant stage of maturity, is strictly related to the concept
of ubiquitous computing (Figure 1), introduced by Weiser in
1991 when thinking about a paradigm of technology able to
adapt to the human environment that vanish in the background
[11]. Indeed, VA technology is physically intangible; it does
not force the user to be physically at aparticular placeto operate,
and it provides interaction using natural language [9].
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Figure 1. The functioning of ubiquitous computing. VR: virtual redlity.

Devices

I

Information
Context Aware

SRS
fo mgtay s

o

.

Telemetry and ((((CP))))

content platform

Edge
connection

Real-time

feedback Q

==

Marziai et d

Situation
Context Aware

Embedded
. s_;ensors

Space virtual or
physical information

Context aware Places: location

information aware Information
analytics VR augmentation
-, Process
‘aﬁj embedded ] Boards: meter
feedback KA
devices

Pads: hand held
decimeter

)

- devices
Tabs: sub
centimeter
size devices

Internet of Things

Concerning the application to older people, thiseasy and natural
human-computer interaction gives VA systems the potential to
overcome possible barriers existing with other digital
technologies, which appears particularly promising and
appropriate [9].

Objectives

In light of this, the objective of this study is to investigate the
use of VAs to reduce loneliness and social isolation of older
adults by performing a literature review and a bibliometric
analysis.

Methods

Database Creation

A literature search of scientific articles published from January
1, 2018, to April 4, 2023, was conducted. Considering that VA
technology had not reached a significant stage of maturity,
especialy initsapplication for social purposes, thistime range
was defined.

The PubMed, Embase, and Scopus databases were searched to
extend the range of eligible articles. In particular, the search
was performed by setting up the “Title/Abstract” field in
PubMed, the“Titleor Abstract” fieldin Embase, and the* Title,
Abstract, Keywords’ field in Scopus.

The search was performed using an appropriate sequence of
keywords, based on the research objectives. The first part of

https://www.jmir.org/2024/1/e50534
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the search string was focused on synonyms for VA, whereas
the second part specified the application for isolation and
lonelinessin older adults. The search string used was asfollows:
((voiceinterface) OR (voice assistant) OR (vocal interface) OR
(vocal assistant) OR (speech agent) OR (vocal agent)) AND
(olde* OR elder*) AND (isolation OR loneliness).

We collected atotal of 40 publications: 34 from Scopus, 4 from
PubMed, and 2 from Embase.

Study Selection

The selection of the eligible studies was performed according
to the following principles:

1. Including only publications in English language: no
documents were excluded.

2. Removal of overlaps between the different databases: 3
overlapping documents were identified.

3. Excluding papers in which the title and abstract were not
relevant to the research question: 12 papers were excluded.

4. Removal of articles not retrieved: 1 article was excluded.

5. Excluding articles not pertinent to the research question: 8
documents were excluded.

The studies were assessed independently by 3 authors (CF,
RAM, and AD). Any disagreement and uncertainties in the
study selection were resolved by discussion. In particular, 2
authors conducted the first assessment, and another one solved
the divergences.
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Multimedia Appendix 1 [12-19] reports the list of excluded
articles concerning eligibility assessment and details about the

motivations for their exclusion.

The final database was composed of 40% (16/40) of the

collected documents.

Marziai et d

Figure 2 reports the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) flow diagram [20],
summarizing the identification, screening, and inclusion
procedures performed.

Figure2. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram. VA: voice assistant.
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Quiality Scoring

As systematic reviews are comprehensive and rigorous
assessments of existing literature on a specific research question
and they aim to synthesize the available evidence to provide a
reliable and unbiased summary, the “Tool for Scoring Quality
of Non-Empirical Data Sources’ [21], owned by the Aerospace
Medicine Systematic Review Group, was used to assess the
quality of individua studiesincluded in thisreview. In total, 2
authors (RAM and CF) performed this eval uation independently,
solving any disagreements or doubts through discussion. It is
important to note that the purpose of quality scoring in
systematic reviewsis not to exclude studies but rather to provide
an evaluation of their methodological strengths and weaknesses.
The scoring process helps reviewers assess the overall risk of

https://www.jmir.org/2024/1/e50534
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bias in the body of evidence and inform their conclusions and
recommendations.

Data Extraction

To perform the synthesis of findings, adata extraction from the
16 selected articles was conducted. The extraction consisted of
a further evaluation of the full text of the articles. In total, 2
authors (MDR and CF) independently extracted information
from the selected studies, including reference, population,
technological solution, environment, study design, outcomes,
and main results. The assessors made the information
homogeneous and analyzed the articles together in the case of
doubts or missing data. The data extracted were reported in the
corresponding section of the synthesis of findingstable (Table
1).
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Table 1. Synthesisof findings.

Marziai et d

Study, year  Population Technological so- Environment  Study design Outcomes Main results
lution
Baasubrama- A total of 44 adults  \/p2 commercial  Home Qualitative (ser-  Acceptance and user experi-  Positiveimpact onthe health
nian et a (2typesof cohorts:  yayice (Alexa vice evaluation enceabout assistivetechnol- and social well-being of the
[22],2021  onespecifically fo-  Echo Show 8) and market re-  ogy for health and socia users, many direct and indi-
cused on diabetes search for api- well-being rect benefitswereidentified:
and the other on a lot servicere- reminders for medications
range of long-term design pro- and appointments; improved
health conditions gram) adherence and disease con-
such as multiple trol; increased independence
sclerosis, demen- and productivity; and, for
tia, and depression) those living alone, the de-
and 7 informal car- vice helped combet their
ers, with age loneliness and low mood
ranged from 50 to
Ny
Bravoeta A total of 10 older VA embeddedin Retirement Quantitative VA evaluation: naturalness, Average satisfaction score
[23],2020  adults(aged 60to amobile app homeor home (evaluationtest) embodiment, interactionand of 3.98 on ascale of 1 (low-
77y) with their fam- affect, joy of use, ease of est) to 5 (highest; natural-
ily use, acceptability, and utility  ness: 3.8, embodiment: 3.73,
(5-point Likert scale) interaction and affect: 4.18,
joy of use: 3.99, ease of use:
4.03, acceptability: 3.68, and
utility 4.29)
Caselgrandi  Atotal of 39adults VA commercial Home Quantitative Assessment of clustersof ~ PACS cluster symptoms,
eta [24], aged >50y (mean  device (Google (pre-post study) PACS symptoms, frailty, frailty, and HRQoL im-
2021 63; 78% male Nest) and HRQoL®: depression, ~ Proved at 6 mo follow-up;
adults) with anxiety, and stress (DASS- 96% of the participants con-
PACS”, previously 219%; resilience (CD-RISC.  S.dered VA useful; 44%
hospitalized for se- T i used VA for e_ntertal nment
vere COVID pneu- 259, frailty (Refer enceSités  and to cope with loneliness;
monia Network for Preventionand - and 48% of the participants
Care of Frailty and Chronic  modiified sedentary life
Conditions in community
dwelling persons of EU
Countries—SUNFRAIL),
quality of life (EQ-5D-5L"),
insomnia(1S9Y), health (SF-
36h); frailty phenotype; as-
sessment for sarcopenia
(hand grip measured with
dynamometer); satisfaction
with the VA tool; patients
empowerment: proportion
of peopleacquiring anormal
caloric and normal protein
diet, reduction of sedentary
life, and engagement with
moderate and vigorous
physical activity
Corbettetal  Older adults VAs Commercial Home Mini review Social isolation and loneli-  VAs are perceived by many
[25], 2021 devices (eg, ness older adult usersas* compan-
Amazon Echo ions’ and improve social
and Google Nest) connectedness and reduce

loneliness
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Study, year ~ Population Technological so- Study design Outcomes Main results
lution
Farias-Bar-  Atotal of 1adult VA with open- Quantitative Right answer ratio and per-  Alphatest: in al the com-
razaet a (female; alpha source software (development  centagefor all 20 commands mands, right answer ratio
[26],2022  tests) and 6 older  and available tests [alpha (alphatests). Functionssuc-  percentage >75% (lowest
adultsaged >65y  technologies (PC tests] and users  cesspercentage; key indica-  percentages given in
(3 female adults application) test [betatests]) tors of success: language, “Timer” and“ Conversation”
and 3 male adults) right answers, app cost, and  functions). Betatest: lan-
with no experience 20 basic existing commands  guage, app cost, 20 basic
with VA technolo- (beta tests) existing commands and right
gy (betatests) answers. achieved (average
number of correct answers
86.9% and conversation
function within the fewest
values)
GarciaaMén- A total of 31 older VA developedas Laboratory Mixed (evalua- Users experience: satisfac- Users’ satisfaction with the
dezetd adults (20 female  achatbot (tablet) tion test) tion, amazement, and chat-  service closeto 4 and the
[27],2021  adultsand 11 male implementing bot-human likeliness (5-lev-  perception of chatbot-human
adults; mean 75.5, Google Voice el Likert scale); users abili- likelinesscloseto 3 on aver-
SD 6.95y; 10had  Android Software ty to describe the content age. Describing presented
somebasictechnol-  Development Kit presented (NGD') between ~ content, focused users with
ogy skills[such as news metadata and the technology skills selected
experience with words usersexplicitly chose  €ffective words
Google or What- to search for news; knowl- (NGD=0.56), whereas
sApp]) and 8 had edge about the newsin the ~ Stressed or confused users
hearing problems dialogue between the chat- provided vague terms
bot and the users (NGD):; (NGD=0.84). Visual indica-
and liked or disliked aspects tions of the user’sturn to
speak, chatbot empathy,
frontend avatar, and news-
caster functionality were
praised. Confused users
were particularly baffled by
chatbot interruptions when
they paused for too long
Jones et al A total of 16 older VA commercial Mixed (single-  Perceived loneliness (8-item  Significant reductionsin
[28],2021  adults(69%femae device (Amazon group quasi-ex-  University of Californig, Los perceived loneliness after 4
adults and 31% Echo) perimental Angeles Loneliness Scale)  wk of using the VA. Rela
male adults) aged study) and anthropomorphic as- tional greetingstothe Alexa
>75y (mean 85.2, pects of theinteractions (re- VA predicted 4-wk loneli-
SD 5.02 y) with lational greetings, comments nessreductions, whereasthe
normative cogni- and questions, politeinterac-  number of reactions, polite
tive functioning tions, and reaction) interactions, or comments
and questionsdid not signif-
icantly predict 4-wk loneli-
ness reductions
O'Brieneta Atota of 16 adults VA Commercial Home Qualitative Experience with the device; A total of 288 comments
[29], 2022 (14 femaleadults  device (Google (evaluationtest) codes and overarching were received from which 8
and 2 maleadults): Home) themes major themes were identi-
11 geriatric experts fied as possible beneficial
aged >21y and 5 functionsof VA: administra-
older adults aged tive, companionship, home
>65y control, education, emergen-

cies, entertainment, health
and well-being, and re-
minders
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Study, year ~ Population Technological so- Environment  Study design Outcomes Main results
lution
Pech et a A total of 109 Digital intelligent Home Mixed (pre-post  System use and acceptabili- A total of 39% used the ser-
[30],2022  adults(86 female platform avail- study) ty, service use and satisfac-  vicesat least once; 63% had
adultsand 23 male able on smart- tion, intervention global apositive opinion toward
adults) aged >50  phone, tablet, or perception, systemimprove-  the system; 22% had a posi-
(mean 81.2, SD computer and a ment, and operational team’s  tive opinion on theinterven-
8.6) ywithnose- VA feedback tion, 55% a mixed opinion
verevisual or hear- and 23% a negative one;
ingimpairment and proposed improvements
no moderate to se- were easy access to trusted
vere cognitive im- professionals, communica-
pairment tion about city events, late-
night pharmacy, activity
propositionstailored to their
needs, and videoconferenc-
ing option; and the team
emphasized older adults’ re-
sistance to change, un-
planned workload, and spe-
cific technological obstacles
Péreset a Older adultswitha Digital intelligent Home Study protocol  Program impact and effec- /Al
[31],2021  digital device platform avail- tiveness; technical use; inter-
able on smart- vention mechanisms, trans-
phone, tablet, or ferability, and scalability
computer and a conditions; health care con-
VA sumption and outcomes,
perceived social support;
quality of life; loneliness;
participation; sense of useful-
ness, self-esteem; frailty;
activity limitation; pro-
gram’simpact on health and
care trgjectories
Pradhaneta A total of 7older VA commercid  Homeorolder Quadlitative Initial perceptions of VA Inconsistent use of persona
[32],2019  adults (6 femae device (Amazon  adult living (pre-post study) technology, device percep-  pronouns for VA, users po-
adultsand 1 male) Echo Dot) witha community tions and use, technology litebehaviors, users percep-
aged >65 (mean paired tablet desired use, daily diary en-  tions of VA did not clearly
71.7) y withlow  (Amazon Fire tries, voice commandsuse  classify into “humanlike” or
technology use tablet) logs, and participants’ onto-  “object-like,” and VA role
logical categorization of moving through different
VAs ontological categories
Razavi etal A total of 19 older Web-based auto- Home Mixed (random-  Verbal and nonverbal behav-  Significant improvement in
[33],2022  adults(13female mated version of ized controlled iorinsocial communication eyecontact and facial expres-
adultsand 6 male  aVA designed to trial) (SSPAN); dialogue content  SIVity, Userson averagetend
adults) aged >60  improve commu- to provide longer responses
(mean 71) y, with  nication skills asthey proceed in a conver-
mild difficultieson sation, topic classes signifi-
social skills, depres- cantly affect users' response
sion and anxiety length, and user sentiment
symptoms, and significantly more positive
nonverbal impair- for some topics than others
ment
Reiset d Older adults VA commercial  Older adult Quantitative VAs performance on ac- VAs obtained good results
[34], 2018 devices (Google care center (VAstest) knowledgment, engagement,  in the acknowledgment and

Assistant, Ama-
zon Alexa, Apple
Siri, and Mi-
crosoft Cortana)

effectiveness, usefulness,
and follow-up in 4 types of
interaction (basic greeting,
email management, social
media, and social games)

engagement, mixed results
in effectiveness and useful -
ness, and bad resultsin fol-
low-up (except for social
games)

https://www.jmir.org/2024/1/e50534
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Study, year ~ Population Technological so- Environment  Study design Outcomes Main results
lution
Simpsonet  Medical communi- VA embodied as  Homeorretire-  Conference Physical and mental health  Development of device pro-
a [35],2020 ty, 2 older adults, ahousehold pot- ment home speechonde-  challengesthat aVA could  totype
adults ted flower sign-thinking help mitigate; older adults
approach everyday life, challenges,
social interaction, thoughts
on Vas, and their possible
use; and device approachabil-
ity and improvement
Striegl etal A total of 9older VA developed Day-carefacil- Mixed (usabili- System usability, concept High interest in talking to
[36],2021  adults(2 femae usingthe Ama- ity ty test) feasibility (5-point Likert  the VA and itsfunctionality,
adultsand 7 male  zon Alexa plat- scale), and participants high system feasibility to
adults) visiting form and Alexa technology affinity (test support people with demen-
day-care centers,  Voice Services with older adults); task exe-  {jain ADL', and step-by-
without dementia cution time, task number of step instructions perceived
(test with older interaction, task number of a5 ysefyl (test with older
adult participants); mistakes, system feasibility adults); high system feasibil-
4 professionas and usefulness (S-point Lik- jty to support people with
caregiversworking ert scal€), opinion ONNEW  gementiain ADL, step-by-
inaday-carefacili- technology inthework envi-  gen jnstructions perceived
ty (2 female adults ronment, and technology as useful, appreciation for
and 2 male adults) affinity (test with caregiver) pergonalization option, user
with age ranging interface perceived as effec-
from33to6ly tive and motivating, mixed
who had experi- results on efficiency, and
ence in caring for high results on efficiency
peoplewith demen- and effectiveness (test with
tia caregiver)
Torresetal  Older adults VA Home Conference Definition of project objec- N/A
[37], 2018 speech on tives, scientific and techno-
project logical goals, and actions

3VA: voice assigtant.

bpaCsS: postacute COVID-19 syndrome.
°HRQoL : hedlth-related quality of life.
9DASS-21: Depression Anxiety Scale-21.
€CD-RISC-25: Connor-Davidson Resilience Scale-25.
fEQ-5D-5L: EuroQol-5 Dimensions-5 Levels.
91SI: Insomnia Severity Index.

NSF-36: 36-Item Short Form Health Survey.
INGD: normalized Google distance.

IN/A: not applicable.

KSSPA: Social Skills Performance Assessment.
|ADL: activities of daily living.

Bibliometric Analysis

A bibliometric analysis was al so conducted to construct a map
of the selected articles using VOSviewer software (version
1.6.19; Leiden University’s Centre for Science and Technology
Studies). Thistool represents one of the most popular programs
for bibliometric cluster mapping [38].

To illustrate the keyword co-occurrence network, keywords
were extracted from the list of the 16 included articles.

During the map creation, the authors choose the co-occurrence
type of analysis on keywords and selected full counting as the
counting method. The threshold of the minimum number of
occurrences of a keyword was set at 2 keywords. All the
keywords were illustrated regardless of the greatest total link
strength. At the selected keywords' verification step, the authors

https://www.jmir.org/2024/1/e50534

RenderX

considered it convenient to merge similar words by creating a
thesaurus file. Thus, the thesaurus file included a column of
similar keywords and another column with the keyword to be
replaced with. Hence, in the final step, the selected keywords
were analyzed using the Association Strength normalization
method and default values. In addition, for clustering, the default
values of resolution (ie, 1.00), minimum cluster size(ie, 1), and
merge small cluster option were used.

Results

In the following sections, the synthesis of the findings and
results of the bibliometric analysis and qualitative scoring of
the 16 selected articles are presented.
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Synthesis of Findings

The selected articles were assessed with regard to population,
technological solution, environment, study design, outcomes,
and main results. Table 1 presents a synthesis of the findings.

Population

In summary, the population most frequently involved in the
selected studies is older adults. In some cases, informal
caregivers[22], geriatric experts [29], the medical community,
the general public [35], or formal caregivers working in a
day-care facility with experience in caring for people with
dementia [36] are aso involved. All the articles detail the total
number of people engaged, except for 31% (5/16) of the articles
[26,31,32,34,35]. The remaining articles involve a minimum
of 7 and a maximum of 109 older adults. Among the selected
articles, the age of the population varieswidely, including people
aged >50[22,24,26,30], >60[23,33], >65[27,29], and >75 years
[28]. Naturally, professionals are younger, ranging from 21 [29]
to 33[36] years. However, for somearticles[25,31,34-37], there
isno information on the age of the population involved. Instead,
the sex of the participantsisonly specified in 56% (9/16) of the
articles[24,26-30,32,33,36], in which amajority of female users
areincluded.

In addition, 25% (4/16) of the articles consider participants
familiarity with technology, involving only people with no
experience with VA technology [26] and digital devices [31],
involving only people with low technology use [32], or
specifying people’s technological abilities [27]. In addition,
some studies consider clinical conditions: 6% (1/16) of the
articles[22] included people with diabetes or long-term health
conditions, whereas others include people with postacute
COVID-19 syndrome[24]; with normative cognitive functioning
[28]; with no severe visua or hearing impairment and no
moderate to severe cognitive impairment [30]; with mild
difficulties in social skills, depression and anxiety symptoms,
and nonverbal impairment [33]; and without dementia [36].

Technological Solution

Regarding VA technology solutions, 44% (7/16) of the articles
[22,24,25,28,29,32,34] report the use of commercially available
VAs, for example, Google Assistant, Amazon Alexa, Apple
Siri, and Microsoft Cortana. Some studies specify the design
of new VA systemsdevel oped using the Amazon Alexaplatform
and Alexa Voice services [36] or implementing the Google
Voice Android Software Development Kit on a tablet [27]. In
other studies, the newly designed VA is embedded in a mobile
app [23], a PC application [26], or even embodied as a
household potted flower [35]. A total of 13% (2/16) of the
articles [31,32] describe the design and the testing of a new
VA-based digital intelligent platform. Finally, 1 (6%) article
[33] presents aweb-based automated version of a VA designed
to improve communication skills, whereas another one [37]
involves a personalized and expressive VA.

Environment

The environment in most of the articles[22,24,25,29-31,33,37]
is the home, which is alternated, in the study by Pradhan et al
[32], with the older adult living community and, in the studies
by Bravo et a [23] and Simpson et a [35], with the retirement
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home. Instead, the environments in other articles are the
laboratory [26,27], theindependent living facility [28], the ol der
adult care center [34], and the day-care facility [36]. Thus, the
selected articles concerning the use of a VA for social isolation
and loneliness address both older adults living independently
at home and those living in afacility.

Study Design

Regarding the study design, among the 16 selected studies, 4
(25%) are quantitative, including 1 (6%) evaluation test [23],
1 (6%) pre-post study [24], 1 (6%) development and user test
[26], and 1 (6%) VAs test [34]. Qualitative studies include 1
(6%) service evaluation [22], 1 (6%) evaluation test [29], and
1 (6%) pre- post study [32]. Then, there are 5 (31%) mixed
studies, including both qualitative and quantitative methods, of
which 1 (6%) isan evaluation test [27], 1 (6%) isasingle-group
quasi-experimental study [28], 1 (6%) is a pre-post study [30],
1 (6%) is arandomized controlled trial [33], and 1 (6%) was a
usability study [36]. Finaly, the remaining studies include 1
(6%) mini review [25], 2 (13%) conference speeches [35,37],
and 1 (6%) study protocol [31]. More detailed information on
the methodology results is presented in the Quality Scoring
section.

Outcomes

Among the outcomes, only 31% (5/16) of the articles
[22,25,28,31,35] consider londliness or social isolation. Of these
16 studies, only 1 (6%) [ 28] uses astandardized instrument—the
8-item University of California, Los Angeles (UCLA)
Loneliness Scale—to assessthe perception of loneliness. Instead,
most articles (9/16, 56%) [22-24,27,29,30,32,35,36] focus on
topicsrelated to the acceptability, user experience, satisfaction,
and usability of the technological solution, whereas a smaller
number (2/16, 13%) [26,34] focuses on its technical
performance. To evaluate these aspects, 5-point Likert scales
are used only by 19% (3/16) of the articles [23,27,36].

Further outcomes addressed are verbal and nonverbal behavior
in social communication [33], definition of project objectives,
scientific and technological goals and actions [37], program
impact on health and care trajectories [31], codes and
overarching themes [29], interaction anthropomorphic aspects
[28], and psychological and physical aspects such asfrailty and
quality of life[24,31].

Main Results

Turning to the main results of using a VA, the impact on
loneliness and social isolation is positive, leading to an
improvement in users’ perceptions. Specifically, the participants
in 13% (2/16) of the studies [22,24] report that the VA helped
them cope with loneliness, whereas another study (1/16, 6%)
[28] finds a significant reduction in perceived loneliness after
4 weeks of use and that the relational greetings from the user
to the VA predict this reduction. Moreover, the loneliness
experienced by the person forecasts the number of greetings he
or she makes to the VA. Finally, amini review (1/16, 6%) [25]
outlines that the use of VA in older adults improves social
connectedness and reduces loneliness.
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Other benefits obtained include a positive impact on health and
social well-being [22]; improvement in postacute COVID-19
syndrome symptoms, frailty, and health-related quality of life
at 6 months follow-up [24]; sedentary life changes [24]; and
significant improvement in eye contact and facial expressivity
[33].

Regarding the VA, it is considered useful [24], satisfying
[23,27], and interesting [36], and it obtains good resultsin the
acknowledgment (the ability to recognize user contextual
information) and engagement (the ability to maintain a coherent
conversation) performance [34]. In addition, among participants
in the study by Pech et al [30], 63% have a positive opinion
toward the system used, and in the study by Striegl et a [36],
both older adults and formal caregivers describe that the VA
used have a high feasibility to support people with dementiain
activities of daily living.

The main results also include technical information about the
VA. For example, in 1 (6%) study [26], the VA abtains, in all
the commands, aright answer ratio percentage >75%; another
(1/16, 6%) study [29] identifies 8 major themes as possible VA
beneficial functions; and another (1/16, 6%) study [32] presents
crucia information for VA development, whereas in another
(1/16, 6%0) study [35], the device prototypeisdeveloped. Findly,
critical issuesemerge: VA interruptionswhen the person pauses
for too long [27], older adults' resistance to change, unplanned
workload for aformal caregiver, specific technological obstacles
[30], and bad resultsin the ability to suggest and perform some
related activities at the end of the interaction [34]. Instead, the
proposed improvements include facilitated access to
professionals, communication at community events, late-night

Table 2. Keywords merging using the thesaurusfile.

Marziali et a
pharmacy service, customized activity proposals, and
videoconferencing [30].

For 13% (2/16) of the articles [31,37], it is not applicable to
define the main results.

Bibliometric Analysis

Along with the bibliometric analysis, the authors built a
thesaurus file containing the words that can be replaced,
considering their very close meaning. The thesaurus file is
presented in Table 2.

The bibliometric analysis extracted 221 keywords from the
included articles, of which 36 (16%) met the threshold of 2
occurrences. The keyword list is presented in Table 3, in
descending order of occurrence, showing the number of
occurrences and the total link strength.

As can be observed in Table 3, the most used keywords by
occurrence were as follows:. “social isolation” (n=8), “human”
(n=6), “older adults’ (n=6), “aged” (n=5), “covid-19” (n=5),
“loneliness’ (n=5), “human computer interaction” (n=4), and
“voice assistant” (n=4).

The most used keywords by total link strength, as shown in
Table 3, were as follows. “human” (n=53), “aged” (n=44),
“loneliness’ (n=44), “socid isolation” (n=42), “covid-19”
(n=42), “pandemics’ (n=29), “very elderly” (n=29), “older
adults’ (n=28), “prospective study” (n=25), “quality of life’
(n=25).

The bibliometric network isillustrated in Figure 3 and consists
of 3 clustersof 36 keywords. The clustersare presented in more
detail in Table 4, where each keyword from a cluster is shown
in descending order by occurrence.

Label

Replace by

human-computer interaction
humans

pandemic

Prospective studies

Voice assistants

human computer interaction
human

pandemics

Prospective study

\oice assistant
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Table 3. Thelist of keywords, number of occurrences, and total link strength. Keywords are presented in descending order of occurrence.

Keyword Occurrences Total link strength
social isolation 8 42
human 6 53
older adults 6 28
aged 5 44
covid-19 5 42
loneliness 5 44
human computer interaction 4 16
voice assistant 4 18
aging 3 17
artificia intelligence 3 12
conversational agents 3 10
pandemics 3 29
prospective study 3 25
quality of life 3 25
very elderly 3 29
adult 2 21
aged, 80 and over 2 17
ambient assisted living 2 9
anthropomorphism 2 11
assisted living 2 9
assistive technology 2 13
clinical article 2 21
clinical assessment 2 17
conversational interface 2 8
digital divide 2 14
elderly people 2 7
female 2 21
health 2 12
healthy aging 2 14
male 2 21
middle aged 2 21
natural language generation 2 7
Ssars-cov-2 2 17
social interactions 2 9
user interfaces 2 8
well-being 2 17
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Figure 3. Bibliometric network visualization.
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Table 4. Keywords clustering.

Marziai et d

Cluster and keywords Occurrences Total link strength
Cluster 1 (red color; size: 17 items)
social isolation 8 42
human 6 53
older adults 6 28
human computer interaction 4 16
voice assistant 4 18
aging 3 17
artificial intelligence 3 12
conversational agents 3 10
ambient assisted living 2 9
anthropomorphism 2 11
assisted living 2 9
assistive technology 2 13
conversational interface 2 8
elderly people 2 7
natural language generation 2 7
social interactions 2 9
user interfaces 2 8
Cluster 2 (green color; size: 13items)
aged 5 44
covid-19 5 42
loneliness 5 44
pandemics 3 29
prospective study 3 25
quality of life 3 25
very elderly 3 29
aged, 80 and over 2 17
clinical assessment 2 17
digital divide 2 14
health 2 12
healthy aging 2 14
sars-cov-2 2 17
Cluster 3 (blue color; size: 6 items)
adult 2 21
clinical article 2 21
female 2 21
male 2 21
middle aged 2 21
well-being 2 17
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Quiality Scoring

According to the scoring tool, 13% (2/16) of the documents
were assessed as being of poor quality in terms of the
methodology. In the study by Simpson et al [35], it is unclear
what the methodological information is based on, how it is
presented, and if it isin line with other sources. The document
is based on a conference speech on methods for the
design-thinking approach. Instead, in the study by Torres et al
[37], most of theinformationisnot clearly sourced; it isunclear
what the methodological information is based on and if itisin
line with other sources. In addition, this paper is based on a
speech at a conference on the objectives, goals, and actions of
aresearch and innovation project.

A total of 56% (9/16) of the documentswere considered medium
quality. Specifically, 44% (7/16) articles [22,23,25-27,29,31]
contain clear sources, methodological quality, and information
value, presenting findings in line with the literature.
Nevertheless, study designs were not of very high quality,
representing mostly multiple case reports and case studies,
whereas the study by Corbett et al [25] is aliterature review.

A total of 13% (2/16) of the articles[24,34] haveinstead amore
rigorous approach in the study design, representing aqualitative
study and a single-group quasi-experimental study, respectively.
However, the former is an abstract document lacking
bibliographic references, while in the latter, it is unclear what
the methodol ogical information is based on. In both cases, the
information presented is not clearly linked with the literature
findings.

Finaly, 31% (5/16) of the documents were deemed of high
quality, considering that the information presented and the
methodological information are clearly referenced. Among
these, 1 (6%) article [33] isarandomized controlled study, while
the remaining 25% (4/16) [28,30,32,36] are descriptive or
observationa studies.

Multimedia Appendix 2 [22-37] provides details of the quality
scoring performed on the selected articles.

Discussion

Principal Findings
The purpose of this study isto synthesize knowledge about the

use of VAs to reduce loneliness and social isolation among
older adults.

Initially, after conducting the literature research, the quality of
the selected articles is investigated, focusing on the strengths
and weaknesses of the methodologies used. Of the 16 articles
included in the review, only 2 (13%) articles [35,37] are
considered poor quality, 9 (56%) articles [22-27,29,31,34] are
medium quality, and 5 (31%) articles are high quality
[28,30,32,33,36]. In summary, athough recent publicationsin
the literature on the use of VA by older adults for the reduction
of loneliness and social isolation are not numerous, most of
them are of medium to high methodological quality in terms of
study design, authenticity, clear methodological quality, clear
informational value, and representativeness of available primary
SOUrcCes.
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After assessing the methodological quality of the selected
articles, the findings are summarized, focusing on population,
technological solution, environment, study design, outcomes,
and main results for a more detailed overview. Among the 16
articles presented, most focus on the evaluation of acceptability,
user experience, satisfaction, usability, or performance of the
VA, while only 5 (31%) papers deepen the theme of socia
isolation and loneliness. Of these studies, 1 (6%) [31] has no
availableresults, asitisastudy protocol, and another (6%) [35]
reached the development stage of a VA prototype. Therefore,
3 (19%) articles remain that investigate the possible effect of
the use of a VA on social isolation and loneliness by older
adults.

Thefirst paper [22], aservice evaluation study, found that using
aVA for 2 months at home helped people with diabetes or other
long-term health conditions (such as multiple sclerosis,
dementia, and depression) combat loneliness. Thisisparticularly
relevant because it seems that social isolation increasesthe risk
of mortality through physiological upregulation of chronic
inflammation. Thisimpact is significant even for middle-aged
people, but is greater for older adults, particularly men [39].
Thus, the results obtained from the use of VAs are particularly
relevant considering the population the study targeted but an
assessment of loneliness would be needed to investigate the
actual impact of the use on this dimension.

The second paper, asingle-group quasi-experimental study [28],
reported asignificant reduction in perceived loneliness, assessed
through the 8-item UCLA Loneliness Scale, after older adults
living in an independent living facility used a VA for 4 weeks.
Thus, loneliness among older adults living alone using a VA
has decreased. Moreover, the loneliness perceived at the
beginning of theintervention by participants predicts the number
of greetingsto the VA (such as“Good morning” or “Alexa, I'm
home”), and, in addition, these relational greetings forecast
loneliness reduction during the month of use. Therefore,
according to the authors, VA anthropomorphization might have
arolein combating loneliness in older adults.

Finally, the results of a mini review [25] suggest that the VA
reduces loneliness among older adults and increases their
connectedness. Older adults perceivethe VA asa* companion,”
especialy those who live alone or have solitary lives for most
of the day.

These studies show encouraging results about the potential of
aVA inreducing socia isolation and lonelinessin older adults,
in line with the suggestion from a systematic review [40] that
new technologies can be promising opportunities to reduce
social isolation and loneliness in this population. For example,
1 (6%) study found that the use of technology by older adults
predictslessloneliness, which hasin turn been associated with,
on the one hand, better self-reported health and subjective
well-being and, on the other hand, fewer chronic diseases and
less depression [41]. Therefore, these are preliminary results
suggesting that the association between technology use and
physical and mental health may be mediated by loneliness.

VAshavethe potential to be used by older adultsto reducetheir
social isolation and loneliness, and the results presented go in
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that direction; however, they cannot be exhaustive nor
conclusive.

Finally, the bibliometric cluster mapping analysis provides
valuable insights into the relationships between keywords in
the included articles. The generated keyword co-occurrence
network revealed 3 distinct clusters, each representing aspecific
theme or concept in the literature.

Cluster 1, represented by keywords such as “social isolation,”
“elderly people” “voice assistant,’ and “human computer
interaction,” highlights the relevance of VA technology in
combating social isolation among older adults. This cluster
emphasizes the relevance of the topic. A VA could be a
promising tool for facilitating social interactions, promoting
well-being, and addressing the challenges faced by older people
regarding social isolation. The relevance of VAsin addressing
social isolation among older adults aligns with the findings of
Portet et al [9] on the design and evaluation of a smart home
VA for older adults. Thiscluster a so correspondsto the author’s
focus on the use of quality scoring to evaluate the
methodological strengths and weaknesses of the studies, asthe
inclusion of studies exploring the effectiveness of VAs in
combating social isolation would be of particular interest. This
cluster emphasizes the importance of designing user-friendly
interfaces and incorporating natural language generation and
recognition for effective human-computer interaction. This
cluster aligns with the literature on ambient assisted living,
assistive technology, and artificial intelligence, and it is
supported by the work presented in 1 (6%) article [10] on VAs
and their applications, as well as in another (1/16, 6%) article
[8] that discusses technological solutions for addressing social
isolation and loneliness in primary care.

Cluster 2 emphasizes the significance of age in the context of
loneliness. Keywords such as “loneliness” “human,” and
“quality of life” indicate the importance of understanding the
psychological and emotional aspects of loneliness, considering
the diverse experiences of individuals across different
demographics. This is supported by the works presented by
Valtortaand Hanratty [3] and Holt-Lunstad et al [ 7], who discuss
the association between loneliness, social isolation, and health
outcomes in older adults, emphasizing the importance of
considering demographic factors in understanding and
addressing these issues. Cluster 2 isalso relevant in the context
of the COVID-19 pandemic, as it includes keywords such as
“COVID-19,” *“pandemics” and “digital divide,” which
illustrates the impact of the pandemic on social isolation and
the need for technological solutions, such asVAs, to bridge the
digital divide and ensure connectivity and support for older
adults during times of crisis. A study [6] on the association
between social isolation, loneliness, and health outcomesin the
context of coronary heart disease and stroke further emphasizes
the significance of addressing social isolation during pandemics.

Cluster 3 encapsulates a range of keywords related to sex,
clinical research, and well-being. The presence of keywords,
such as “adult,” “female” and “male” along with “clinical
article” and “well-being” underscores the importance of
understanding how sex-specific factors can significantly impact
overal well-being. This cluster likely refers to studies and
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investigations that explore the intersection of sex-related
variables with clinical research outcomes, shedding light on
how these factors can influence health and well-being differently
among various demographic groups. Moreover, Cluster 3 may
offer valuable insights into the evolving landscape of clinical
research and its focus on addressing sex-specific health
concerns, thus promoting a more comprehensive approach to
well-being across diverse populations.

These clusters shed light on important topics related to social
isolation, loneliness, and the use of VAs in addressing these
issues among older adults. The findings underlined here can
inform future research, interventions, and policy development
inthefield of geriatric care and technology.

Strengthsand Limitations

The study provides a comprehensive exploration of voice
assistance systems used by older individuals, highlighting
popular examples such as Amazon Alexa, Google Assistant,
Apple Siri, Microsoft Cortana, Samsung Bixby, and Huawei
HiVoice. The study examines the strengths and limitations of
these systems.

One of the notable strengths of this study is its investigation
into the use of VAsto alleviate loneliness and socia isolation
among older adults. Thistopic isfairly recent, but itsrelevance
isgrowing in both the scientific and technological communities.

Moreover, this investigation is supported by both a literature
review and abibliometric analysisto gather as much knowledge
as possible on the role of technology in combating loneliness
and social isolation in older adults.

In addition, the selection of studies included in the article
underwent an independent evaluation process by the authors,
with any disagreements or uncertainties being resolved through
discussion.

Another strength is the consideration of the scientific articles
published in 2018. This choice was driven by the fact that VAs
arerelatively new and are continually advancing technological
solutions. Furthermore, the application of such technology
among older individuals is not yet widespread, resulting in a
limited number of studies available on the topic. Despite this
limitation, the potential benefits of VA solutionsfor older adults
are highly intriguing, and this study aims to shed light on
possibl e applications and the associated impact on older users.

This study aso haslimitations that need to be pointed out. First,
the number of publicationsin the systematic review isreduced
because the topic has only gained rel evance recently. However,
the authors decided to proceed with the bibliometric analysis
to contribute in terms of interpretation, even though the number
of papers on the use of VAs to reduce loneliness and social
isolation among older adultsislimited. Further limitationsrelate
to the fact that 1 (6%) article [42] could not be retrieved and
that the synthesis of findingsis not comprehensive, as only the
abstract was available for 1 article [24], nor complete, asit was
not applicable to define the main results of 13% (2/16) articles
[31,37]. Moreover, the sel ected studies had great heterogeneity,
with only 6% (1/16) of studies [33] having a control group and
6% (1/16) of studies [28] having follow-up. Concerning the
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information about the population, it is not specified if people
involved in the studies live alone or not. This could limit
considerationsregarding social isolation and loneliness. Finally,
most articles collected qualitative data without providing
guantitative instruments to assess the actual impact of VA use.

Future Directions

On the basis of thisliterature review and bibliometric analysis,
several priorities for future research can be identified. First,
working with keywords from clusters 1 and 2, it is easy to see
that “loneliness’ and “social isolation” have a huge impact on
older people[43]. Onthe basis of our literature review, authors
are more interested in system use and acceptability [30],
acceptance user experience [22], and system usability [36],
which arejust some examples. The main pointsare“loneliness”
and “social isolation,” and we only found 1 study [28] to reduce
perceived loneliness in older adults. Thus, the topic of the use
of VA for socia isolation and loneliness among older adults
seems to be underestimated in comparison to user experience
aspects, which are more deeply investigated in the scientific
literature.

Similarly, we encourage that researchersinclude questionnaires
to measure lonelinessin future studies, for example, the Revised
UCLA Lonéliness Scale [44], the De Jong Gierveld Loneliness
Scale [45,46], the Steptoe Social Isolation Index for social
isolation [44], and the Cornwell Perceived Isolation Scale for
perceived isolation [47], for use with VA systems based on
artificial intelligence techniques or other related systems to
improve the life expectancy of older people. For other specific
information about these questionnaires, refer to Social Isolation
and Loneliness in Older Adults: Opportunities for the Health
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Care System[48]. Second, thiswork shows that the terms social
isolation and loneliness are till often treated asinterchangeabl e,
although they are actually related but distinct concepts[3].

In fact, nowadays, the tendency is to refer to loneliness as a
subjective negative feeling of perceiving alack of social network
or desired companion, whereas social isolation is the objective
lack or scarcity of social contacts and interactions with family,
friends, or community [3]. Therefore, it would be particularly
relevant if future studieswould clearly define which dimensions
they measure, as mentioned in the preceding section. Third,
future research should examine the large heterogeneity within
the older adult population. Some of the selected articles
described different characteristics of the population, but none
delved into the possible different impacts of VA usein relation
to these variables. Future studies should explore the effects of
using a VA onthe social isolation and loneliness of older adults,
investigating possible differences in sex, socioeconomic
background, and also familiarity with technology and living
conditions.

Conclusions

This paper conducted a literature review and a bibliometric
analysis of the use of VAs among older adults to reduce social
isolation and loneliness. Thefindingsindicate that most studies
focus on the usability, acceptability, or user experience of the
VA. However, studies directly addressing the impact that using
a VA has on the socia isolation and loneliness of older adults
have positive results and provide important information for
future research, interventions, and policy development in the
field of geriatric care and technology.
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