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Abstract

Background: Theintegration of smart technologies, including wearables and voice-activated devices, isincreasingly recognized
for enhancing the independence and well-being of older adults. However, the long-term dynamics of their use and the coadaptation
process with older adults remain poorly understood. This scoping review explores how interactions between older adults and
smart technologies evolve over time to improve both user experience and technology utility.

Objective: Thisreview synthesizes existing research on the coadaptation between older adults and smart technologies, focusing
on longitudinal changesin use patterns, the effectiveness of technological adaptations, and the implications for future technology
development and deployment to improve user experiences.

Methods: Following the JoannaBriggs Institute Reviewer’sManual and PRISMA-ScR (Preferred Reporting Itemsfor Systematic
Reviews and Meta-Analyses Extension for Scoping Reviews) guidelines, this scoping review examined peer-reviewed papers
from databases including Ovid MEDLINE, Ovid Embase, PEDro, Ovid PsycINFO, and EBSCO CINAHL from the year 2000
to August 28, 2023, and included forward and backward searches. The search was updated on March 1, 2024. Empirical studies
were included if they involved (1) individuals aged 55 years or older living independently and (2) focused on interactions and
adaptations between older adults and wearables and voice-activated virtual assistants in interventions for a minimum period of
8 weeks. Data extraction was informed by the selection and optimization with compensation framework and the sex- and
gender-based analysis plus theoretical framework and used a directed content analysis approach.

Results. The search yielded 16,143 papers. Following title and abstract screening and a full-text review, 5 papers met the
inclusion criteria. Study populations were mostly female participants and aged 73-83 years from the United States and engaged
with voice-activated virtual assistants accessed through smart speakers and wearables. Users frequently used simple commands
related to music and weather, integrating devices into daily routines. However, communication barriers often led to frustration
due to devices' inability to recognize cues or provide personalized responses. The findings suggest that while older adults can
integrate smart technologies into their lives, alack of customization and user-friendly interfaces hinder long-term adoption and
satisfaction. The studies highlight the need for technology to be further developed so they can better meet this demographic’s
evolving needs and call for research addressing small sample sizes and limited diversity.
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Conclusions: Our findings highlight a critical need for continued research into the dynamic and reciprocal relationship between
smart technologies and older adults over time. Future studies should focus on more diverse populations and extend monitoring
periods to provide deeper insights into the coadaptation process. Insights gained from this review are vital for informing the
development of more intuitive, user-centric smart technology solutions to better support the aging population in maintaining
independence and enhancing their quality of life.

International Registered Report Identifier (IRRID): RR2-10.2196/51129

(J Med Internet Res 2024;26:€57258) doi: 10.2196/57258
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Introduction

Background

Technology has revolutionized our lifestyles from
communication methods and social interactionsto mobility and
self-care. The integration of artificial intelligence (Al) into
household devices, such as built-in voice-activated virtual
assistants, epitomizes the “Internet of Things’ (1oT) concept,
where devices are interconnected over the internet allowing for
remote monitoring and control [1]. Gigli and Koo [2] described
the 10T concept as an “ongoing movement to consolidate all
resources globally into a shared infrastructure” This
technological integration is particularly significant for
individuals aged 60 years and older, whose numbers are
expected to rise significantly in the coming decades [3].
Ambient-assisted living (AAL) technologies, which form acore
part of 10T applications tailored to persona care, enhance the
quality of life and support the independence of older adults
within their living environments [4,5]. By leveraging loT
capabilities, AAL technologies can provide continuous
assistance and monitoring, thereby enhancing the safety,
independence, and well-being of older adults and supporting
the concept of aging in place [4,5].

Aginginplaceiscrucial for enabling older adultsto stay socially
connected to the places where they live and feel comfortable
and competent [6-9], thus potentially reduce the demand for
institutional care, aleviating the burden on health care systems
[10-14]. Smart technologies facilitate access to the benefits of
the internet and video calls for social interaction and access to
care and are a so equipped with sensors and automation systems
[15] that enhance self-management of chronic conditions and
adapt living spaces to accommodate the changing needs of older
adults [16-20]. For example, such technologies can enable
remote or automated control of various features in the home,
including lighting, temperature, and use of multimedia, aswell
as provide automated fall detection, all of which can mitigate
potential hazards and accidents in the home [21,22]. These
technologies are believed to contribute to high-quality care
standards in the care of older adults [23,24].

Whilethe benefits and potential applicationsof 10T technologies
to support older adults aging in place are well known [25,26],
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particularly in areas such as health management and emergency
readiness[27], thereisagap in the scientific literature regarding
thelong-terminteraction (eg, beyond thefirst few weeks of use)
between smart technologies and this demographic [15].
Cross-sectional studies have provided valuable insights into
older adults' intentionsto use smart technologies[28] and some
initial aspects of coadaptation [29]. However, these studies
typically capture a single point in time and fail to reflect the
evolving nature of use and adaptation. Consequently, there is
ascarcity of research that systematically exploresthe dynamic,
ongoing process of coadaptation where behaviors or actions of
older adults change beyond becoming familiar with the
technology, and smart technologies using automated,
algorithm-driven adaptations adjust to user behaviors and
preferences in real time [30] and continuoudly adjust to each
other over extended periods [31].

Ongoing interaction isessential to fully understand the potential
and challenges of smart technologies in real-world settings.
This need for continuous engagement, a process referred to as
coadaptation, has been noted asalimitationin previousreviews
[28]. Effective integration of technologies relies not only on
their technical capabilities but also on a robust process of
coadaptation, the dynamic and reciprocal adjustments between
older adults and smart technologies that enhance functionality,
usability, and overall user experience [32]. This ongoing
interaction ensures that the technologies evolve to meet the
specific needs of older adults while the users adapt their
behaviors to maximize the benefits of the technology. For
example, voice-activated devices may adapt to recognize and
understand the speech patterns of their users over time,
improving interaction quality [33]. Such interactions ensure
that technologies evolve to meet the specific needs of older
adults, alowing users to optimize use and the benefits of the
technology. However, this is an emerging domain as Al is
increasingly incorporated into everyday consumer products.
The gap we have identified underscores the need for ongoing
research to understand and improve how technol ogies can better
adapt to user preferences over time. Thisiscrucial for improving
the independence, user experience, and sustained technology
adoption of older adults.
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Objectives of the Scoping Review

This scoping review addresses the research gap by examining
existing literature on the interaction between smart technol ogies
and older adults over time. It focuses on wearables and
voice-activated virtual assistants, exploring how these
interactions adapt to enhance user experiences and the benefits
derived from these technologies. We chose to focus on
wearables and voice-activated devices as they are some of the
most common smart technol ogies used by older adults, they are
the key demographic in our study, and they offer convenience
and accessibility by often interacting with other smart home
technologies[34-36]. This study aimsto address several critical
guestions regarding the nature of coadaptation between smart
technologies and older adults, the outcomes of this process,
strategies used by older adultsto adapt, and the methodol ogical
approaches in the existing literature. Specifically, this review
seeks to address the following questions:

1. What is the extent and nature of the existing scientific
literature exploring the coadaptation between smart
technologies and ol der adults, and how do older adultsand
technology coevolve over time to enhance older adults
experience with the technology?

2. What have been the outcomes of the coadaption between
older adults and smart technology?

+  What specific outcome measures have been used in
studies investigating the experiences of older adultsin
terms of coadapting with technology over time?

3. What specific strategies or approaches have participants
used to adapt to the changing circumstances, challenges,
or opportunitiesin their environment, and what process do
they follow when making adaptive decisions?

4. What are the key characteristics of older adult participants
who have been involved in studies examining the
coadaptation between smart technologies and ol der adults?

5 What methodological strengths, limitations, and
recommendations have been documented in the literature
regarding the exploration of coadaptation between smart
technologies and older adults?

6. What research models and theories contribute to the
conceptualization of coadaptation?

By answering these questions, this study aimsto support further
research on tailoring Al-driven technologies to the specific
needs of older adults, developing more user-friendly
technologies, easing caregiver burden, and formulating policies
promoting independent living.

Methods

Design

To address the diverse range of research questions, we used a
scoping review methodology recommended for studies aiming
to comprehensively map the literature on complex or
heterogeneous topics [37]. This scoping review followed the
procedures outlined in the Joanna Briggs Institute manual for
conducting scoping reviews [38] and reported in accordance
with the PRISMA-ScR (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses Extension for Scoping
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Reviews) guidelines (Multimedia Appendix 1) [39]. Key
deviations from the initially registered protocol [15] include
changes in the inclusion criteria related to the duration of
technol ogy use and expansion of the search terms and databases
to ensure comprehensive literature coverage. These adjustments
were necessary to addressthe rapid evolution of technology and
its adoption, ensuring the relevance and comprehensiveness of
our review.

Eligibility Criteria

Weincluded peer-reviewed empirical studies, dissertations, and
conference proceedings that were published in English since
2000 to include the most recent studies and technologies
pertinent to the topic under review [15]. The year 2000 was
chosen as a starting point for the literature search to focus on
the most recent 2 decades of advancements and their application
in supporting older adults, ensuring the review capturesrelevant
and contemporary studies. The turn of the millennium saw
significant advancements in computing technology, such as
faster processors, increased memory capacity, and improved
capabilities [40,41]. Studies had to includeindividuals aged 55
yearsor older living independently in community-based settings
(notingtitutional care) and explore the interactions, coadaptation,
experiences, and outcomes among older adults and smart
technologies, specifically wearables and voice-activated virtual
assistants. The coadaptive technology had to be automated,
algorithm-driven, and adjusting to user behaviors and
preferencesin real timeto beincluded in the study—acriterion
that we believed accommodated the diverse needs of the older
adult users who are more likely to face challenges associated
with lower technical proficiency [42] and declining physical
and cognitive functions [43]. In line with other reviews on
technology and older adults, we modified the age threshold for
older adults to 55 years or older to ensure inclusivity and
comprehensiveness to capture early experiences of aging and
technological interaction, thereby providing a comprehensive
view of the aging spectrum relevant to technology use [44].

Our review highlights aspects such asquality of life, well-being,
socia connectedness, independence, and overall user experience
over a minimum average period of 8 (SD 2) weeks or more .
Based on our preliminary analysis and expert consultations, a
minimum duration of an average of >8 (SD 2) weeks was
identified as reasonabl e for observing meaningful coadaptation
between older adults and smart technologies. This duration is
considered sufficient to allow for user familiarization, routine
integration, and initial feedback cycles essential for coadaptive
processes to become apparent and is supported by literature on
behavioral habituation and technology adoption, which suggest
that several weeks (more than a month) are required for users
to adapt to and integrate new technologiesinto their daily lives
[31,45,46]. We excluded studies that focused on other types of
technologies or forms of literature.

Threereviewers (KMK, AG, and JM) further refined the apriori
digibility criteria. In linewith theiterative nature of conducting
scoping reviews [47], the original minimum study duration
requirement of 6 monthsor more[15] was adjusted to an average
of >8 weeks to accommodate the limited volume of relevant
literature. We had originally selected a 6-month duration based
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on our knowledge of at least 1 paper that conducted ayear-long
study, considering 6 months to be a generous timeframe; this
paper isincluded in our review.

Search Strategy

The primary and senior authors (KMK and JM), in collaboration
with an experienced medical information specialist, iteratively
developed search strategies with feedback from all authors
(MultimediaAppendix 2). The keywordsfor thereview included
age-related terms (“aged,” “seniors,” “older adults,” “elderly,”
“people with disabilities” and “cognitive and physical
disabilities’), technological terms (“wearable electronic
devices,” “voice recognition,” “artificia intelligence,” “smart
technology,” “smart assistive technology,” “virtual reality,” and
“ambient intelligence’), and interaction-related terms
(“coadaptation,” “double-loop learning,” “coevolution,”
“human-computer interface,” “human-environment interaction,”
“interaction design,” “personalization,” “customization,”
“tinkering,” “crafting,” “redesign,” “modification,”
“sensemaking,” “hacking,” “accommodation,” “mutual
adaptation,” “symbioctic evolution,” “reciprocal adjustment,”
“interactive iteration,” “user-technology synergy,” “dynamic
interface refinement,” “adaptive coevolution,”” concurrent
learning,” and “bidirectional refinement”).

Peer review of the Ovid MEDLINE search strategy was
conducted using the PRESS (Peer Review of Electronic Search
Strategies) checklist by an information specialist from another
institution [48]. Adjustments in vocabulary and syntax were
then applied across multiple el ectronic databases (Ovid Embase,
PEDro, Ovid PsycINFO, EBSCO CINAHL, |[EEE Xplore, Web
of Science, the Cochrane Library, Scopus, and Global Index
Medicus). Theinitial search was carried out on August 28, 2023,
aimed at identifying English-language publications from 2000
onward, complemented by scanning reference lists, forward and
backward searching, and seeking expert recommendations to
ensure comprehensive coverage. EndNote (version 9.3.3;
Clarivate Analytics) facilitated the download and deduplication
of retrieved records [49]. The search was updated by the same
information specialist on March 1, 2024, but no additional
papers were included.

Study Selection

Deduplicated records were imported into Covidence software
(Veritas Health Innovation) [50]. Titles and abstracts were
screened by at least 2 reviewers from the full research team
followed by a full-text screening. In our scoping review, we
applied a hierarchical exclusion process prioritizing the wrong
study design (eg, commentaries and reviews), incorrect
technology, a duration of less than 8 weeks, and the absence of
coadaptation. This meant some papers were excluded for
multiple reasons. These exclusions were reported from highest
to lowest frequency in our PRISMA-ScR flow diagram.

nn
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Discrepancies during study selection were resolved through
discussions among the research team, ensuring that decisions
were made collectively and based on a consensus, which adds
to the credibility and reliability of the selection process. One
reviewer (KMK) conducted the hand screening consisting of
theforward and backward screening and the review of reference
lists. All team members reviewed potentially included papers
to confirm the selection.

Data Extraction and Analysis

Using Covidence, a data extraction form was iteratively
developed and pilot-tested by reviewers (KMK, AG, and JM),
facilitating the extraction of study characteristics; participant
demographics such as sex and gender; underlying research
models, theories, and frameworks; study findings; implications
for the technology coadaptation process; and any identified
study quality or limitations. Data were extracted by 1 team
member (KMK), with uncertainties discussed and resolved
among the research team.

Data analysis involved a descriptive review of included papers
detailing study characteristics, followed by a content analysis
by 3 reviewers (KMK, AG, and JM), with a specific focus on
changes in user behavior patterns over time, interaction
modifications, and instances where both users and technol ogies
engaged in reciprocal feedback loops resulting in iterative
adaptations.

Results

Overview

The database literature searches yielded 16,143 unique records
that were screened at the title and abstract phase. A total of 94
paperswere screened at thefull-text stage, and atotal of 5 papers
wereincluded. Toimprovetransparency and to provideinsights
into our rigorous selection process, Multimedia Appendix 3
summarizes the primary reasons for excluding the 89 papers
that had an insufficient focus on the interactive and mutual
adaptation between older adults and technologies. This table
aims to further clarify our stringent criteria for coadaptation,
which necessitates observing changes and adjustments over
time that significantly impact user experience and technology

efficacy.

The finding that only 5 papers met the inclusion criteria
highlights a significant gap in research on the long-term
coadaptation between older adults and smart technologies,
underscoring the need for further investigation in thisemerging
field. One of these papers was found during the hand search.
Figure 1 [51] presentsthe PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) flow diagram
illustrating the paper selection process.
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Figurel. PRISMA flow diagram.
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Main Characteristics of the Included Papers

All studies were published between 2021 and 2023. In total, 2
studieswere mixed methods[52,53], 2 were qualitative [54,55],
and 1 was quasi-experimental [56]. The qualitative data
collection methodsin these papersincluded observations[52,55]
and interviews [52-54] to understand the experiences,
challenges, and interactions of older adults with conversational
agents (CAs) and virtual assistants. Three studies kept

https://www.jmir.org/2024/1/e57258

RenderX

interaction logsto capture the use of participants[53], including
interactionsinitiated by usersthrough voice commands[52,54].
Another study used a quantitative survey at recruitment and
after 2 weeks of use [53].

All but 1 study were conducted in the United States; the
remaining study was conducted in the United Kingdom [53].
Three studies involved data collection in people’'s homes
[52,54,55]. Two studies involved data collected at health care
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facilities[53,56]. Table 1 presents an overview of theincluded papers.
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Table 1. Characteristics of included peer-reviewed studies.
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Author (year), Objective Methods for data collection Lengthof in- Results Limitations Recommendations

country, and and number of participants tervention

design

Cuadraet a The objective of o Theresearcherscon- 5.9-12.6 The interactions Thestudy haslimitaz  The study recom-

(2023) [55],  thisstudy wasto ducted interviewswith weeks (aver- with design probes tionsincluding non- mendsleveraging vir-

United States, explore the experi- 5 participants, re- age 8.64 for hedth datare-  functional design tual personal assis-

and qualitative ences and percep- viewed uselogs, and  weeks) porting and posi-  probes, asmall sam- tants (VFAI) to en-
tions of older provided support to tive reminiscing plesize of 5 partici- hance continuity of
adults who have participants to closely were generally pantsinanurban US care for older adults
become users of observe their interac- positive, with par-  setting, and the intheir homes. VFAIs
voice-activated tions with the VFAI ticipantsappreciat- availability of techni- can support manage-
technologies, over aperiod of time. ing thevaluesug-  cal support, which  ment continuity by
specifically gested by the may not reflect real-  providing consistent
through the use of probes. However,  world scenariosfor  health management
aVFAIZ The therewerechal-  older adults. Addi-  and reminders for
study focuses on lenges with expec- tionally, participants tasks like medication
understanding how tationsregarding ~ wererelatively intake and exercise.

these individuals
interact with the

Alexas ability to
interpret open-end-

healthy, potentially
limiting generaliz-

They can facilitate re-
lational continuity by

VFAI in various ed dialogue and ability, and privacy  fostering ongoing
contexts, including support ambiguity. risksassociated with  therapeutic relation-
health data report- Participants felt VFAI use require shipswith users, offer-
ing and positive that Alexadid not  careful consideration  ing emotional support,
reminiscing, and judge them and infutureresearch.  and maintaining a
how their lived ex- provided a safe nonjudgmental and al-
periencesinfluence space for interac- ways available pres-
their use patterns tion. Overdl, partic- ence. Additionally,
and perceptions of ipants perceived VFAls can promote
the technol ogy. Alexaasacompan- informational continu-

ion and found the
display helpful for
voice-first interac-
tions. Challenges

ity by collecting and

using robust informa-
tion about users’ pref-
erences, health histo-

included skepti- ry, and context to tai-
cism about health lor interactions and
datareporting, hes- support personalized
itance before using care plans effectively.

the probes, and us-
ability issues such
as communication
breakdowns. Ad-
dressing these
challenges could
enhance the user
experience and in-
crease the value of
VFAIsfor support-
ing aging in place.
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Author (year), Objective Methods for data collection Lengthof in- Results Limitations Recommendations
country, and and number of participants tervention
design
Gvozdanovi et Theobjectivewas «  The study adopted a 12 weeks A total of 565 data First, being aproof- __9
a (2022) [53], to assessthefeasi- mixed methodol ogy pointswererecord-  of-concept study
United King-  bility of integrating IDEALC stage 1 design ed, encompassing  (IDEAL stagel), the
dom, and Vinehealth into and was conducted at a various aspects small sample size
mixed meth-  brain tumor care, singletertiary care such assymptoms, precluded the inclu-
ods evaluating its ca- center. In total, 6 pa- activity levels, sion of acomparator
pacity to gather re- tients were enrolled in well-being, and group. Future stages
a-world and the study, of which 4 medication use. (2 and 3) as per the
ePROP data and actively participated by Technical difficul- IDEAL framework
measure subjective downloading and en- ties affected the would necessitate a
improvementsin gaging with the completionratesof larger sample size
care. mHealth? app through- theEORTC®QLQ- for formal outcome
out the 12-week dura- BN20 and EQ-5D-  assessment. While
tion. The primary focus 5L surveys, with  theam wasto on-
was on collecting real- ratesof 54% and  board ll patients.
world and eéPRO data 46%, respectively.  Deforestrgery, logis
through Vinehealth However, when  tical challenges dur-
over the study period. ePROswere used, N9 the COVID-19
Additionally, qualita- completion rates ~ Pandemic disrupted
tive feedback was reached 100%. this plan. The with-
gethered through Participants ex- quNaI of 2 of 6 par-
mixed methodology pressed adesirefor  ficipantsand the
surveysand semistruc- more content spe-  Pregmatic recruit-
tured interviews con- cific to brain can- ~ Mment approach high-
ducted at recruitment cer tumors. Despite l1ght the need for &
and after 2 weeks, This challenges, al par- more robust recruit-
approach alowed for a ticipants endorsed ~ Ment strategy and a
comprehensive assess- the app and per- bette_r understanding
ment of the feasibility ceiveditasenhanc-  Of Withdrawal rex
of integrating Vine- ing their care. g‘?&;ﬁgj 2:36
health into brain tumor and retention rates
i"r";‘éﬁ f‘sse"f"f‘i':t?\fggi limited the availabil-
gathering relevant data &);]?the;i% %aete;,d
and subjectiveimprove- dressed in subse-
ments in patient care. quent iterations
through improved
technology and
longer follow-up pe-
riods with alarger
cohort. Additionally,
future studies should
involvethe multidis-
ciplinary team, facil-
itated by an HCP'
dashboard for real-
time datareview and
collection of HCP
feedback.
Kim and This study aimsto 16 weeks
Choudhury gather empirical
(2021) [54],  evidence on how
United States, the experiences of
and qualitative older adults with a

virtual assistant
change over time,
from novice to ex-
perienced users.
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Author (year), Objective Methods for data collection Lengthof in- Results Limitations Recommendations
country, and and number of participants tervention
design
o  Thisstudy used a 3- Participantsused ~ Thestudy’slimita=  Therecommendations
phase interview proto- thevirtual assistant  tionsinclude poten-  include enriching the
col to investigate older primarily for tasks tial biases due to conversational capabil-
adults' perceptions, such as playing convenience sam- ities of virtual assis-
challenges, coping music, searching  pling from older tants to enhance user
strategies, and use pat- for information, adultdivingcommu-  experiences, support-
terns with avirtual as- making casual con- nities, the exclusion ing alearning phase
sistant over a 16-week versations, and of older adultswith  for novice users, and
period. Participants checking thetime  hearing impair- revisiting form factors
wereintroduced to a and weather. De-  ments, the lack of to align with user ex-
Google Home mini spiteinitial chal-  comparative studies pectations and affor-
during the first inter- lenges, including  acrossdifferent age  dances, particularly
view, followed by 8 bi- unfamiliarity with  groups, and thein-  for older adults who
weekly follow-upinter- the device and ability to analyze may experience diffi-
views. The study also functional errors,  usepatternsquantita-  culty with new tech-
collected device use participantsgradu- tively due to data nologies.
logsfrom Google'sac- ally developed collection through a
tivity history repository competence and single Google ac-
to complement partici- resilienceininter- count.
pants’ perceptionswith acting with the
actual interaction pat- voice-activated
terns. virtual assistant.
o 12 participants Over time, they ap-
preciated the sim-
plicity and ease of
use, convenience
of operating with-
out physical interac-
tion, and benefits
such as not worry-
ing about making
mistakes and
building digital
companionship.
Kim (2023) Theobjectivewas « 166 participants, aged 6 months Both cohorts The study lacked —
[56], United  to assesstheim- 65 years or older and demonstrated im-  control over atti-
States, and pact of integrating enrolled at public proved health sta-  tudes and use pat-
quantitative information and health centers, were tus and behavioral  ternstoward smart
communication given access to the shiftsduringthe  speakers. Follow-up
technologiesinto “Health Today” app postintervention studies should aim
the health care and asmart speaker for assessment. Never-  to identify and con-
management of 6 months to complete theless, the group  trol use patterns for
older individuals health care tasks. The given smart speak- digital devices. Giv-
aged 65 years or study divided partici- ers, dongsidethe  enthat prior re-
older by providing pantsinto 2 groups: health management  search predominant-
them with the one group received app did not exhibit 1y focused on mid-
“Health Today” both the app and decreased depres-  dle-aged individuals,
app and a smart speaker, while the oth- sion, potentialy at- additiona studiesin-
speaker for 6 er only used the app. tributable to the vestigating the ef-
months, measuring Assessments of depres- communication fects of mHealth on
changes in depres- sion, self-efficacy, fre- and music-listen-  older adultsarewar-
sion, self-efficacy, quency of moderate-in- ing features. ranted. Variables,
moderate-intensity tensity exercise, grip such asgrip strength
exercisefrequency, strength, balance, and and balance tests
relative grip 5-times-sit-to-stand recognized asreli-
strength, balance, performancewere con- able indicators of
and 5-times-sit-to- ducted before and after frailty, should be
stand performance the 6-month program. taken into account.
through preinter-
vention and postin-
tervention evalua-
tions.
3x10 weeks
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Author (year), Objective Methods for data collection Lengthof in- Results Limitations Recommendations

country, and and number of participants tervention

design

Zubatiy etal  The objective of o  Thestudy conducted While both care Limitationsinclude Thestudy recommen-

(2023) [52],  thisresearch study three 10-week deploy- partnersand indi-  therelianceon apa-  dationsinclude the

United States, isto investigate ments of Google Nest vidualswith MCI tient populationwith need for future CA

and mixed how older adults Hub devicesin the interacted with the  MCIl andtheir cogni- systemsto prioritize

methods withmcih and homes of participants, device, therewasa tively normal aging flexibility over effi-
their caregiversuse conducting semistruc- consistentincrease  spouses, thelack of ~ ciency ininteractions,
CAS in their tured interviews to un- inuseover time,  atrue healthy con-  encouraging more ro-

derstand the impact
and use of the devices.
User attrition occurred
during the deploy-
ments, and interaction
logswere collected us-
ing Google Takeout,
allowing for quantita-

homes over time,
with afocuson un-
derstanding the
limitations of exist-
ing CAsand identi-
fying requirements
for future systems

Itioméi‘?gircﬁt\?vﬁom tiveanalysisof userin-
. teractions categorized
ederndlyimposed 4 e ond difficulty
goals or tasks. levels. The goa wasto
capture perspectiveson

the usefulness, enter-
tainment value, and
frustrations of using
the devices in day-to-
day lifewithout impos-
ing interaction targets
on participants.

o 26 older adults and
their caregivers

particularly in the
third deployment.
However, chal-
lenges such as
multiuser interac-
tions, lack of per-
sonalization, and
inflexibility in er-
ror recovery were
identified aspersis-
tent themes across
all deployments,
impacting the
overall user experi-
ence and effective-
ness of the devices.

trol group, theimper-
fect metrics used to
measure MCl, the
limited demographic
diversity of the par-
ticipants, variations
intraining protocols,
and the small sample
Size, necessitating
further research to
generdize the find-
ingsto broader popu-
lations and validate
the observed trends.

bust error handling
and facilitating user-
friendly error recov-
ery mechanisms to
minimize frustration
and optimize user ex-
perience. Additional-
ly, thereisacall for
enhancing persondiza-
tion while balancing
privacy concerns,
suggesting that CA
systems should learn
and adapt to user pref-
erences over time
while respecting user
privacy and autono-
my. Finally, the study
advocates for a shift
toward more proactive
interactionsin CA
systems, particularly
in multiuser scenarios,
to reduce the cogni-
tive burden on users,
improve accessibility,
and enhance overall
usability.

3/FAI: voice-first ambient interface.
bePRO: electronic patient-recorded outcome.

CIDEAL: Idea, Developments, Exploration, Assessment and Long-term follow-up

dmHealth: mobile health.

®EORTC: European Organization for Research and Treatment of Cancer.
'HCP: health care professional.

INot available.

PMCI: mild cognitive impairment.

iCA: conversational agent.

Technology Use and Outcomes

Three studies involved older adults using a voice-activated
virtual assistant on either a Google or Amazon smart speaker
[52,54,55]. Another study used an unnamed smart speaker [56].
One study involved wearables[53]. Two studiesinvolved health
apps [53,56,57]. Study intervention periods ranged from 5.9
[55] to 16 weeks [54]. Across al the studies, the use of the
technology was consistently maintained [52]. The majority of
interactionsinvolved simple user-initiated cuesto the technol ogy
[52,53], and the mean use frequency averaged 1.8 times daily
[54]. The most frequent use of the voice-activated virtual
assistant involved playing music, general information searches
(eg, westher), casual conversations, and setting reminders or
alarms[54]. One study also noted that use patternsrevealed use
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peaks at 9 PM and 7 AM, aligning with bedtime and waking
hours [54]. A daytime surge between 1 and 4 PM lacked a
defined use pattern, potentially indicating leisure time between
meals [54]. Participants tended to value the simplicity and ease
of interaction of voice-activated technologies, particularly the
fact that they resulted in hands-free convenience [54-56]. In 1
study using wearables, participants appreciated the seamless
integration of apps with Google Fit and Apple Health,
monitoring vital signsincluding heart rate and blood pressure,
with particular attention to activity levels due to perioperative
fatigue in individuals with brain cancer [53].

Reported Characteristics of Study Participants

Sample sizes ranged from 5 [54,55] to 166 participants [56].
All but 1 study reported the average age of participants. One
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study reported a range of 45-69 years [53]. The average age of
the older adult participants ranged from 73 [55] to 83.8 years
[54]. Four (80%) of the 5 studies included mostly female
participants [53-56], while another included an equal number
of both male and female participants [52]. None of the studies
included gender-diverse people (ie, nonbinary).

In regard to health status, one study targeted older adults
diagnosed with mild cognitive impairment (MCI; n=13 mae
and n=13 female) along with their 26 respective care partners
(n=10 male, n=16 female, average age 65.7 years) [52].
Caregivers were a spouse or partner or adult child [52].
Diagnosis of MCI had to be validated by a neurologist through
a standard set of neuropsychological tests, including the
Montreal Cognitive Assessment scores [52]. The focus was on
understanding their interactions with CAs in caregiving
networks. Another study targeted individuals with brain cancer
[53]. Inanother study with 12 participants, 2 (17%) participants
werereported aswearing ahearing aid, and 3 (25%) participants
used awheelchair dueto various joint issues [54].

Technology access and comfort were reported in al of the
studies. In 1 study, nearly all participants had previously
engaged with a CA at some point, although not regularly [52].
Two studies recruited novice users of voice-activated virtual
assistants [54,55]. One of these 2 studies indicated that
participants had to have no prior experience with a
voice-activated virtual assistant [54]. Two studies noted that
participants had some familiarity with computers, tablets, and
smartphones[54,55]. One study did not comment on computer
or smartphone use or experience [52]. In total, 4 (33%) out of
12 participants mentioned having encountered a smart speaker
in their children’s homes without personal use [54]. Of these,
over half of the participants (7/12, 58%) owned atablet, and all
(12/12, 100%) confirmed regular use of computers for tasks
such asinformation searches and email. Participantsin 2 studies
were observed interacting with multimodal voice-activated
virtual assistantsin public settingsto understand the challenges
faced by this demographic [55,58] and their progression from
novice to more experienced users [54].

The authors seldom reported on racial, ethnic, cultural,
linguistic, educational, or socioeconomic characteristics of the
study participants. One study did not reveal specific
characteristics about their participants other than identifying
their gender, age, and health concerns [54]. Participants in
another study were only identified in the limitations section as
being agroup that reflected “largely White, upper-middie-class
households’ [52]. None of the studies specified or included
information regarding the socioeconomic (income), education,
sexual orientation, or religious affiliation of their participants.

Theories, Modds, and Framewor ksUsed During Study
Designs

Only 1 study was informed by older adult learning theory [52].
Older adult learning theory provided a framework for
interpreting older adults' interactions with technology by
emphasizing self-directed learning, relevanceto life experiences,
and problem-solving orientation [52]. This study posited that
enhancing older adults' successful use and acceptance of
technology may benefit from diverse self-directed learning
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approaches, including trial-and-error, errorless learning,
repetitive practice, and tailored training materials specifically
aimed at this demographic, and involving members of their
social support network inthelearning process[52]. By contrast,
the authors noted that commercial systems for CAs are often
marketed as “intuitive” and seldom incorporated these or other
types of learning strategies and materials to assist new users
[52]. This same study used their prior work to categorize the
interactions using an organizational framework by their types,
such as asking for weather updates or playing music, and by
levels of difficulty [52]. The authors grouped all recorded
interactions into 3 broader categories. “out of the box”
interactions lacked personalized or account-specific qualities,
like inquiring about the weather or setting timers (level 1);
personalized interactions, such as setting reminders, managing
calendars, or setting alarms (level 2); and interactionsrequiring
accessto athird party “Google Action,” such as playing games
or controlling home automation (level 3) [52].

How Older Adultsand Technologies Coadapt or
Coevolve

Papers described the distinctions and intricacies involved in
tailoring voice-activated virtual assistants' interactions to the
needs and capacities of older adultsin the future to enhance use
and support long-term adoption [54]. Older adult participants
formed emotional connectionswith their voice-activated virtual
assi stants, seeing them as companionsor friends. Thisrelational
continuity could potentially increase compliance with
health-related tasks [55]. The technologies demonstrated the
potential to enable management, relational, and informational
continuity of care by providing consistent health management
support and retaining knowledge of the users' health histories
and preferences, which may enhance users trust in these
technologies [55]. Participants in the included studies often
engaged in problem-solving to enhance their use of technol ogy,
with some noting that errors were part of their learning process
[54,56]. As users began to be more familiar with technology,
they exhibited resilience toward errors, attributing someto their
own interaction approaches rather than solely blaming device
shortcomings [54]. Individualswith brain cancer acclimated to
thetechnology by consistently engaging with the app, inputting
health information, and using the educational resources
provided, showcasing alevel of adaptation that surpasses mere
familiarity [53]. This adaptation process was partly automated,
guided by the app’s algorithms, which customize content and
interventions based on the individual's reported conditions and
activities[53].

Participantsal so continually refined their approach to engaging
with the voice-activated virtual assistants based on ongoing
experiences [54]. For example, some adapted by refining their
command phrasing and recognizing the inherent limitations of
the technology [54]. Specifically, participants often evaluated
the challengesthey had with technology to engagein continuous
learning and skill development to better navigate technology
use [52,54]. In particular, participants developed persistent
routines for using the technology [52,54] as potentia solutions
to challenges they had. For example, playing music before bed
and checking time or weather upon waking were prevalent
routines among participants [54]. Thus, over time, older adults
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integrated technology into their daily lives, especially around
bedtime and waking hours [54].

Some participants also adapted their communication style,
trialing the use of different tones and intonations with the
technology; for some, such adaptation led to more successful
interactions, whilefor others, thisresulted in failure [54,55,57].
However, over time, participants began to incorporate additional
words, even with mispronunciations or using alternative phrases
like“Alexid’ and “Alessa,” to engage the voice-activated virtual
assistant. This also paraphrased commands or repeated them
more clearly to enhance the device’ sunderstanding [54,55] and
adjusted their approach if their initial attemptsfailed [55]. When
observing attempts that were successful by other individuals,
participants mimicked these interactions, impacting the virtual
assistant’s responses [55]. However, this created often
interrupted personalized features of the technology being able
to understand the primary user [55]. Attending training on the
technology by care partnersdid not significantly inform the use
of the technology [52].

Sustained Challenges of Prolonged Technology Use

The most widely identified challenge was the result of
human-machine barriers and more specifically the limited
capabilities of virtual assistantsto mimic human communication
patterns. Communication barriers lead to frustration when the
technology did not reply to participant’s replies, resulting in
repeated attempts at communication [52,54]. Specificaly,
participants’ verbal cuesaimed at signaling interaction with the
technology were sometimes missed by the virtual assistant due
to congtraints like the need for precise word use [54,55].
Voice-activated virtual assistants with screens failed to
synchronize visual prompts with participants’ responses to the
technology, causing confusion and frustration [52,55].
Participants in one study had access to a technical-support
contact person to resolveissues, whichisnot arealistic scenario
for many older adults who may lack such immediate support
[55]. The controlled study setting, including the availability of
technical support, doesnot fully reflect the real-world challenges
older adults might face when using such technologies
independently.

Study Strengths, Limitations, and Recommendations
Noted in the Included Studies

None of the study authors explicitly mentioned the strengths of
their studies. The most commonly reported limitations were
related to the technology under investigation and the
demographics of the participant sample. Studies had limited
sample sizes and lacked participant diversity. This limitation
underscores the need for future research to engage a broader
and more representative sample of older adults, considering
variables such as geographic location, culture, or socioeconomic
status [52,54,55]. Moreover, most participants were relatively
healthy; thus, the use of design probesfor health datareporting
could be challenging for those who are more vulnerable or less
technology-savvy, highlighting the need for simpler, more
intuitive interfaces [55].

Studies also primarily took place in urban environments,
potentially restricting the relevance of the results to similar
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settings [55]. Additionally, the scope of the technology used in
the studieswaslimited, raising questions about the applicability
of findingsto other types of voice-activated smart technologies
(eg, Google Assistant and Alexa) used in diverse geographical
locations and settings [55]. One study noted that subsegquent
research should aim to include older adults with varying levels
of technology expertise and from various demographic
backgrounds [55]. For example, Kim and Choudhury [54] noted
that the need for future research to focus on addressing
voice-activated virtual assistant use among older adults with
hearing impairmentsis crucial to promoteinclusivity. Thiscould
involve exploring innovative ways to integrate voice-activated
functionality discreetly into hearing aids. Exploring how these
findings apply to other voice devicesis recommended by study
authorsto broaden the understanding of technology use among
older adults [55].

One study noted the challenge of conducting a detailed
guantitative analysis of use patterns due to variability in study
start dates among participants [54]. Further studies should use
a more rigorous recruitment strategy to enhance repeatability
and should also endeavor to collect additional information, in
a nonintrusive manner, regarding the reasons for participant
withdrawal, especially considering that 2 of 6 participants
withdrew [53]. This points to the need for methodological
approaches that can accommodate and analyze variations in
technology use over time.

Discussion

Summary of Findings

With an increasing aging population and the rapid expansion
of the IoT, there is growing interest in the role of AAL
technologiesfor supporting aging in place [57-59]. Thisscoping
review aimed to investigate the interaction between these
technologies and older adults, with an interest in exploring how
both technologies and users adapt to enhance user experiences
and generate benefits from these technologies over time.
Specifically, this study delved into the coadaptation process
between older adults and wearables and voice-activated virtual
assistants, a critical yet underexplored area in the scientific
literature. Despite the importance of this area for informing
technology design and intervention development, we found a
gap inlong-terminteraction research, with only 5 studies, mostly
from the United States, addressing this topic. These studies
focused on the use of voice-activated virtua assistants in the
context of commercially available smart speakers, exploring
how older adults engage with and adapt to these technol ogies
over short periods of time. We found that older adults often
engagein aniterative learning process, adjusting their interaction
styles and approaches with technology over time. Participants
tend to develop routines for using the technology and adapted
their behaviors, such as words to engage with the technology
and to navigate challenges encountered during technology use.
However, persistent challenges related to communication
barriers between older adults and the technologies were
observed, impacting user confidence and hindering personalized
interactions by the technology. The included studies also
highlighted several limitations to existing research, including
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small samplesizes, limited participant diversity, and constraints
associated with the technology used. These limitations suggest
the need for further research involving larger and more diverse
cohorts of older adults, encompassing various demographics
and geographic locations. Future studies should also explore
the applicability of findings to different virtual assistants and
voice-activated devices.

Lack of Diversity

Our review identified that within the scarce literature exploring
the coadaptation of older adults using voice-activated virtual
assistants and wearables, studies tend to reflect a limited
diversity of participants across racial, ethnic, cultural, and
socioeconomic backgrounds among the participants. The lack
of diversity in the context of technology adaptation has been
reported in previous reviews [44], and most smart technol ogies
have been trained using native English accents [60]. This lack
of diversity in the design process leads to oversights in
accommodating various cultural, socioeconomic, linguistic, and
individual differencesamong older adults[61]. Existing studies
have noted that often individuals from racialized groups feel
that the voices of virtua assistants do not resonate with their
culturein terms of tone and dialect [62]. Similarly, technologies
often struggle to identify and respond to accents of individuals
for whom English is a second (or third) language [63,64].
Scholars have argued that encouraging the active involvement
of diverse older adults throughout the design process spanning
from conception to product development and deployment is
essential to improving smart technol ogies to meet the needs of
diverse older adults [65]. Future research is encouraged to
explore how adults of various linguistic, ethnic, cultural, and
socioeconomic backgrounds adapt to voice-activated virtual
assistants and CAs, especially those without prior experience
with these technologies. This future research can help
researchers and technology developers better understand the
nuanced requirements of older adults. Moreover, our review
noted that participants tended to be relatively healthy, with one
study including individual swith MCI [52] and another including
those with hearing devices, but no communication difficulties
[54]. As such, we lack the opportunity to identify the unique
needs of older adults with various forms of disability looking
to adopt technology to support their aging in place. Our study
therefore highlights the necessity of future research to
concentrate on evaluating how older adults with various forms
of disability and illness coadapt to technology over time. These
studies would shed light on the underlying factors contributing
to varying adoption rates among ol der adults, providing insights
into the reasons behind the differing adoption speeds of personal
health records. Moreover, evaluations of technology use over
time should encompass additional demographic indicators, like
educational status (only reported in 1 study), to enhance
comprehension of the findings among older adult participants.
This inclusion would provide a broader context and facilitate
better extrapolation of the study outcomes.

Methods Used for Coadaptation

Our review noted that while papers lacked a precise definition
of coevolution or coadaptation, they did note the importance of
exploring changes in older adults' use of smart technologies
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over time and emphasized the need to further tailor
commercially available technol ogies to meet the specific needs
and capacities of older adults. Thistailoring will be critical to
enhance the redlization of anticipated benefits of these
technologies for supporting aging in place, considering earlier
studies highlight the importance of personalized interactions
based on individual preferences and habits [66-68]. However,
sustained challenges in prolonged technology use were also
identified, primarily stemming from communication barriers
between humans and machines, mirroring existing
cross-sectiona studies [69,70]. Moreover, while the design of
commercialy available technologies often overlooks elements
of communication typical of older adults as noted in other
studies[71], thereverseisalso true with older adults not always
understanding the commands and unique features of these
technologies, leading to misunderstandings and frustration.
Instructions requiring accessto additional platformsor technical
knowledge added to the confusion, highlighting the need for
clearer, more user-friendly interfaces that incorporate multiple
types of affordancesto help older adults use smart technologies
more easily to accomplish desired tasks, thereby leading to more
positive user experiences [72]. Comparatively, future
longitudinal research could delve deeper into the nuanced
dynamics of human-machine communication and interaction
over time (eg, longer than 10 weeks), aiming to bridge the gap
between older adults and technology. The absence of a
consistent definition of coadaptation across studies suggeststhe
importance of developing a unified framework to facilitate
clearer communication and comparison of findings in future
research on technology adaptation among older adults.

The included studies in this review revealed how older adults
use smart technology changes over time, particularly as they
become more familiar with their challenges using technology.
Future research in this domain could delve deeper into the
bidirectional adaptation process, exploring how Al-driven
technological systems can become more responsive, intuitive,
and personalized for older adults. Thisexploration might involve
investigating adaptive features, machine learning algorithms,
or user interface design tailored explicitly to accommodate the
evolving needs and challenges encountered by older adults.

Limitations

The inclusion criteria of this scoping review required each
selected paper to be published in English from 2000 onward,
contain primary data, and include mention of coadaptation
between an older adult user and technol ogy over time. We used
acomprehensive and methodol ogically rigorous search strategy,
devel oped with expert consultation and peer-reviewed to ensure
accuracy and thoroughness. Despite these efforts, the rapidly
evolving nature of technology and the broad conceptual scope
of coadaptation might limit the absolute inclusivity of our study
selection. In particular, the terminology and application in
studies involving CAs, smart speakers, and voice-activated
virtual assistantsare diverse and continuously developing. While
we are confident in the relevance and applicability of the studies
included, we acknowledge that the field’s dynamic nature may
yield additional relevant studies after our review period. This
recognition underlinestheimportance of continuous surveillance
and updating of theliteraturein thisdomain to capture emerging
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insights and innovations that could further elucidate the
coadaptation processes between older adults and smart
technologies. These limitations highlight areas for
methodol ogical refinement in future research to ensure broader
applicability and understanding of the coadaptation process.

Conclusions

This scoping review aimed to explore the dynamics of
interaction between older adults and 2 prevalent types of smart
technologies, wearables, and voice-activated virtua assistants,
over time. Through asystematic search across multiple databases
using acomprehensive set of keywords, thisreview endeavored
to synthesize existing literature on how older adults engage with
these technologies, adapting their use to enhance their daily
lives. Despite the rigorous search strategy, the review identified
only 5 papersthat met theinclusion criteria, revealing ascarcity
in the body of literature on this subject.

The findings from the included studies focused on
voice-activated virtual assistants and highlighted an iterative
learning process undertaken by older adults, who adapt their
interaction styles and behaviors to navigate and overcome
challenges presented by the technology. Notably, these
adaptations reflect a resilience and willingness to integrate
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technology into their routines, despite encountering persistent
communication barriers. These barriers, which often impede
personalized interactions and undermine user confidence,
highlight critical areas for technological improvement.

Moreover, the review brings to light significant limitations
within the existing studies, such as small sample sizes, lack of
participant diversity among participants, and a narrow
technological focus. These shortcomingssignal apressing need
for further research that encompasses broader and more diverse
populations of older adults. Such research is essential to
devel oping adeeper understanding of the diversewaysinwhich
older adults from various backgrounds engage with and adapt
to smart technol ogies. By addressing these research gaps, future
studies have the potential to significantly contribute to the
development of more inclusive, user-friendly, and effective
technological solutionstailored to the needs and preferences of
the aging population.

In conclusion, this scoping review highlights many unexplored
areas for investigation. Expanding the scope of research to
include larger, more diverse cohorts and a wider range of
technologies will be crucia to advancing the use of smart
technology to improve the quality of life and independence of
older adults.
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