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Abstract

Background: Aged care has recently undergone major transformations due to demographic aging and the concomitant need to
manage health care costs. New emerging technologies (ETs) have started to play central roles in the daily management of older
adults. For these transformations to effectively promote successful and active aging, it is essential to understand the opinions of
older adults on the impact that technology can have on their vulnerabilities and aging process.

Objective: This work aims to study the ethically related impact of ETs on cognitively healthy older adults’ vulnerabilities.

Methods: Using the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines, we
conducted a systematic review of empirical (qualitative) evidence exploring the relationship between ETs and older adults’
vulnerabilities as perceived by older adults (older than 65 years) without cognitive impairments. Five major databases
(PubMed, Web of Science, Embase, CINAHL, and Philosopher’s Index) were queried on March 1, 2022. After eliminating
duplicates, titles, abstracts, and full texts were screened for relevance. Data analysis and synthesis followed the preparatory
steps of the coding process detailed in the Qualitative Analysis Guide of Leuven methodology, which involved carefully
reading the publications included, identifying significant themes, and constructing conceptual schemes for each paper. The
quality of the publications was evaluated by using the Critical Appraisal Skills Program.

Results: A total of 11,631 results were obtained. Eventually, 70 articles were included, and of these, 46 articles had a
high level of methodological quality. The remaining 24 articles had moderate quality. ETs appeared to have an ambivalent
effect, mitigating some already existing vulnerabilities, and at the same time, worsening already existing vulnerabilities or
creating new vulnerabilities. For example, unconventional monitoring techniques (eg, wearables) often mitigated relational
vulnerability, helping to maintain independence and remain at home and in one’s community. Conversely, these same devices
may negatively affect moral vulnerability, threatening older adults’ privacy linked to data confidentiality.

Conclusions: This systematic review, which focused on the perceptions of older adults without cognitive impairments,
enriches the vast literature about the everyday management and care of seniors by exploring the ethical implications of ETs.
This research is complementary to another systematic review of qualitative evidence, which analyzed the views of older people
with cognitive disorders on the same topic. Although a certain ambivalence in the use of ETs was identified by both population
groups, it is interesting how cognitively healthy older adults give more importance to some dimensions of vulnerability, such
as the moral and relational ones, which, in the case of cognitively impaired older adults, are not as significant. Two important
aspects identified were the respect of privacy and data security, and the perceived risk of control and surveillance linked to the
use of monitoring technologies.
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Introduction

Background

On December 14, 2020, the United Nations General
Assembly declared 2021-2023 the decade of healthy aging
[1]. Healthy aging, as described by the World Health
Organization (WHQO), aims to improve older adults’ lives
globally [2,3] by focusing on not only individuals’ functional
capacities and residual abilities but also the broader environ-
mental context.

The world population is aging rapidly, with 9% of the
global population being older than 64 years [4], and in
Europe, 19% of people are older than 65 years [4]. By
2050, these figures will rise to 16% and 28%, respectively.
This demographic shift reflects major improvements in public
and individual health [5]. However, aging is often associated
with increased vulnerability, frailty, psychophysical decline,
reduced functional capacity and autonomy, and the onset
of chronic conditions or major disabilities. These challenges
require health care systems, communities, and individuals to
adopt innovative tools and care models to ensure sustainabil-
ity and long-term manageability [5].

In this context, technology has become a key resource,
being increasingly pervasive in society and having a
particular significance for aged care. Various terms, for
example, AgeTech, ElderTech, SilverTech, and GeronTech
[5,6], refer to the health-related industrial sector develop-
ing devices that support older adults and formal or infor-
mal caregivers. Many emerging technologies (ETs) have
entered the market, defined as “radically novel and rela-
tively fast-growing” technologies “characterized by a certain
degree of coherence persisting over time and with the
potential to exert a considerable impact on the socioeconomic
domain(s)” [7]. Some examples considered in this work
include wearables (smartwatches, smart bands, and emer-
gency pendants), smart home technologies, assistive robots,
and virtual reality [8]. Purely mechanical devices, such as
ramps and rails, mobility aids like wheelchairs, and toilet
modifications (shower chairs and bath seats), fall outside the
scope of this work.

When used in aged care, these technologies are sometimes
referred to as “welfare technologies™ or “assistive technolo-
gies” [9]. Welfare technologies, a subgroup of ETs, can be
applied across various social domains (health care, educa-
tion, work, art, etc) and include technologies intended to
enable older adults to remain at home, support independ-
ent living, compensate for staff shortages in health care
sectors, reduce costs, and enhance self-reliance [9]. Simi-
larly, assistive technologies promote individual functioning
and social participation [10]. These technologies support not
only healthy aging but also active aging [11,12], fostering
patient engagement [13], empowerment, and shared decision-
making in health care and self-management [14,15]. Such
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initiatives, by encouraging older adults to actively participate
in their own care and preserve their physical, psychological,
relational, and emotional capacities, may also reduce health
care costs [8] and ease the burden on informal caregivers.
Promoting active aging also supports a shift from reactive
care to health promotion and disease prevention, aligned
with a “salutogenic perspective” [16,17], which emphasizes
individuals’ holistic reflection on managing the vulnerabilities
and stressors of old age and prioritizes well-being [12]. ETs
can thus contribute substantially to ageing-in-place initia-
tives [5,18-22] and, for cognitively healthy older adults, to
successful aging [21], which is understood as maintaining a
life within one’s own community [18].

As aged care evolves, the home may increasingly become
the primary setting for care, delaying institutionalization
and helping older adults in maintaining routines consistent
with their identity. This transition is supported by ETs and
do-it-yourself tools, that is, devices that can be managed
autonomously by older adults themselves.

The growing integration of ETs in aged care has led
to gerontechnology, which studies how advances in technol-
ogy address older people’s needs [23]. Substantial literature
has since examined ETs conceptually and philosophically,
focusing on their ethical implications in the everyday care
of older adults [9,24-28]. Among them, some studies have
also explored the perspectives of older adults and carers on
the desirable features of ETs [29,30], and numerous quantita-
tive and qualitative studies have analyzed the impact of ETs,
especially the ethical challenges they raise [30-34]. Within
this body of research, older adult populations are heterogene-
ous and often categorized based on cognitive functioning.
Some studies have focused on individuals with cognitive
impairments (eg, mild cognitive impairment, Alzheimer
dementia, vascular dementia, Lewy body dementia, and
frontotemporal lobar dementia) [35,36], while others have
considered cognitively healthy older adults who remain
relatively independent [37]. To ensure that transformations
in aged care driven by the spread of ETs truly support the
well-being and successful aging of all older adults, it is
essential to understand how both population groups perceive
the impact of ETs on their vulnerabilities and aging more
broadly.

Working Hypothesis

To the best of our knowledge, no study currently provides
a systematic overview of the qualitative evidence regarding
the perceptions of older adults without cognitive impair-
ments toward ETs in general (across all the different forms,
from robots to monitoring technologies), their use, and their
ethically related impact, particularly the relationship between
ETs and older adults’ vulnerabilities. The novelty of this work
lies both in its systematic mapping of all available qualita-
tive evidence in an aging population and its attention to the
intersection between ETs and older adults’ vulnerabilities, a
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narrow and largely undertheorized area within the broader
bioethical debate.

Vulnerability in aged care has been analyzed in multi-
ple facets [38]. Six key types of vulnerabilities have been
identified: (1) physical vulnerability (PHV), referring to
physiological and pathological bodily decline; (2) psycholog-
ical vulnerability (PV), encompassing emotional, cognitive,
and experiential factors affecting mental health; (3) rela-
tional or interpersonal vulnerability (RV), rooted in human
ontological interdependence and dependence in real-life
contexts; (4) moral vulnerability (MV), which positively
fosters dignity, respect, and moral preferences, but may
also lead to infantilization, depersonalization, and stigmatiza-
tion if negatively interpreted; (5) sociocultural, political, and
economic vulnerability (SPEV), caused by unfair situational
factors; and (6) existential or spiritual vulnerability (ESV),
relating to intrinsic existential and spiritual conditions that
intensify with aging.

However, a gap remains regarding how ETs influence
these vulnerabilities. Using these 6 dimensions of vulnera-
bility as a reference and considering their potential interac-
tions with ETs, this study aims to fill this literature gap by
analyzing how ETs may affect older adults’ vulnerabilities
and by assessing their ethically related impact, understood as
contents relating to ethical issues within well-known ethical
approaches (eg, principlism and relational care ethics) [39].

Methods

Systematic Review Procedure

We carried out a systematic review of qualitative evidence to
gain a deeper understanding of the perceptions and experi-
ences of older adults without cognitive impairments with
respect to their vulnerabilities in relation to the use of ETs.
Systematic reviews of qualitative evidence are methodologi-
cally rigorous reviews presenting an up-to-date, comprehen-
sive overview of qualitative studies, that is, semistructured
interviews, focus groups, and informal observations [40].

The analysis followed several steps. First, we formulated
the research questions. Second, we conducted a systematic
search of the literature, consisting of an electronic database
search and a “snowballing” process. Third, we identified
relevant publications on the basis of well-defined inclusion
and exclusion criteria. Lastly, published research results,
which met the inclusion criteria, were analyzed and synthe-
sized, creating conceptual schemes in order to identify and
define the ethical arguments in response to our research
questions.

Research Questions

We formulated the following interrelated research questions:
1. What is the ethically related impact of ETs on
cognitively healthy older adults’ vulnerabilities?
2. What suggestions or strategies do cognitively healthy
older adults provide for addressing vulnerabilities
related to ETs?
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Literature Search

We developed 3 groups of search terms that guided us in
formulating the aforementioned research questions (Multime-
dia Appendix 1). Group 1 consisted of terms that refer to the
type of participant, namely, cognitively healthy older adults.
Group 2 consisted of terms that pertain to technology and
more specifically to ETs. The terms reported in Groups 1
and 2 were identified on the basis of two previous works
[8,41]. We used the expressions “social robots” and “assistive
robots” (instead of “social and assistive robots™) to intercept
as many results as possible. Group 3 consisted of terms
that refer to the concept of vulnerability or similar concepts
(ie, frailty, fragility, frailness, acceptance, attitude, concerns,
discomfort, distress, ethical issues, and ethics). Indeed, as
already stated, when associated with the aging population, the
concept of vulnerability has a specific connotation, represen-
ted in the 6 dimensions presented earlier in the text. How-
ever, since there may be some papers that refer, in the
content of their reflections, to 1 of the 6 dimensions of
vulnerability while nonetheless using a different framing or
different expression to refer to it, other terms (eg, distress
and discomfort) were added. The keywords “acceptance,”
“attitude,” and “concerns” were used for similar reasons. In
qualitative studies involving older adults, ethical issues are
often not explicitly presented to participants during inter-
views, focus groups, or other types of approaches. At the
most, these issues may be inferred from the broad questions
posed to seniors, who are typically asked simpler questions
about their adoption of ETs, their concerns, the perceived
benefits and drawbacks, the usability, and similar topics.

The 3 groups of concepts were gathered and expressed
according to the properties of each major database (Multi-
media Appendix 2). The terms and the search strings were
chosen and devised by the first author (AF) in consulta-
tion with the other authors (VS and CG). The following 5
electronic databases were queried: PubMed, Web of Science,
Embase, CINAHL, and Philosopher’s Index. These databases
cover the literature in biomedicine, bioethics, philosophy, and
(medical) anthropology.

Database queries were conducted on March 1, 2022,
and studies not available in English were excluded. Multi-
media Appendix 2 presents the number of results returned
using the search terms. We used EndNote (version XO9;
Clarivate Analytics) reference library software to organize
the citations of the identified papers, and duplicates were
manually deleted.

Inclusion and Exclusion Criteria

For publications to be included in our systematic review and
appraisal, they had to meet a predetermined set of inclusion
and exclusion criteria (Multimedia Appendix 3). Screening of
the articles was not limited by publication date.

As for the population under study, we included two
categories of contributions in our selection of papers: (1)
studies using standardized tests to assess cognitive function
(eg, Mini Mental State Examination and Montreal Cognitive
Assessment) and (2) studies that, while not using formal
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cognitive assessments, explicitly stated that participants were
capable of understanding the study and providing informed
consent. In these cases, participants were considered to be not
only legally competent (ie, able to consent) but also cogni-
tively competent, as explicitly stated or implied by the authors
of selected contributions.

The first (AF) and last (VS) authors screened the titles,
abstracts, and full texts of identified papers according to these
criteria. The abstract screening was performed separately
by the first (AF) and last (VS) authors to make sure that
the selection criteria were applied consistently. For 87.3%
(3077/3526) of the abstracts, the authors agreed on the
items to be included or excluded. For questionable abstracts
(449/3526, 12.7%), the first 2 authors (AF and MDL)
discussed the candidate abstracts until an agreement was
reached.

If the full text of an article was not available, the first
author or corresponding author of that article was contac-
ted via email to request a PDF copy. To ensure the search
was exhaustive, the “snowball technique” was applied to the
reference lists of eligible publications to identify additional
potentially relevant publications. The search process was
performed according to the PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) statement
[42]. The PRISMA checklist is provided in Checklist 1.

All the included publications were from the qualitative
research literature; thus, they provided insights on the concept
of vulnerability and/or related concepts (ie, frailty, frailness,
and fragility) in relation to ETs, as expressed by older
adults without cognitive impairments during semistructured
interviews or focus groups, or in other settings (eg, informal
observations).

The final list of included publications and the descrip-
tions of the characteristics of the included publications are
presented in Multimedia Appendices 4 and 5, respectively.

Quality Appraisal

The quality of the included publications was evaluated by
using the Critical Appraisal Skills Program (see the Methodo-
logical Quality section). The second author (MDL) assessed
each full-text article and constantly discussed the assess-
ments with the first author (AF), who also carefully read
and assessed the full texts. When doubts arose, discussions
were held until a consensus was reached. This appraisal tool
allowed the identification of studies with a high, medium,
or low methodological quality. None of the studies were
excluded based on methodological quality, because after
careful verification, they were all found to be sufficiently
adequate.

Data Extraction and Synthesis

Procedure

For data extraction and synthesis, we decided to follow the
5 preparatory stages of the coding process detailed in the
Qualitative Analysis Guide of Leuven (QUAGOL) [43]. In
the first stage, the second author (MDL) thoroughly read
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and reread all the included publications to familiarize herself
with the data and to identify the significant themes descri-
bed. Ethically related content was identified based on themes
and concepts present in a previously completed review of
argument-based ethics literature [39] and those stemming
from the relational care ethics approach as operationalized
in the dignity-enhancing care model of bioethics [44]. In the
second stage, the first (AF), second (MDL), and last (VS)
authors developed a narrative summary of the highlighted
parts. In the third stage, for each publication, a conceptual
scheme was created. This scheme summarized the various
concepts that are important to answer the research questions.
An example of a conceptual scheme is illustrated in Multi-
media Appendix 6. Each conceptual scheme was examined
separately by the authors (AF, MDL, and VS) to verify that
it corresponded to each selected publication. The authors
discussed conceptual schemes until they agreed on adequate
content. In the fourth stage, these individual conceptual
schemes were compared to verify that the content of the
conceptual schemes reflected the most important concepts
to answer the research questions. All conceptual schemes
were transformed into a global scheme that showed the
ethics-related impact of ETs on the dimensions of aged care
vulnerabilities (Multimedia Appendix 7), as gleaned from
the perceptions and experiences of older adults. An iterative
analysis and a check between this scheme and the previous
stages of QUAGOL were conducted to ensure that the scheme
was consistent with the included papers. In the last stage,
as reported in this review, we prepared a description of the
results.

Categories of ETs

The ETs used in the qualitative studies under review were
organized in this work according to the categories pro-
posed in a previous publication [8]. Conventional monitor-
ing techniques (CMTs) are those technologies that rely on
traditional devices, such as oximeters or blood pressure
monitors, to continuously observe older adults’ physiological
and physical parameters and keep track of their condition
through technological platforms [8,45-47]. On the other hand,
unconventional monitoring techniques (UNMTs) introduce
innovative technology components, such as body or envi-
ronmental sensors, that allow more pervasive monitoring,
and they comprise, for instance, smart home technologies
or ambient intelligence [48.49]. Virtual reality techniques
(VRTs) refer to headsets that create 3D environments in
which older adults are “immersed” [50,51]. Finally, socially
assistive robots (SARs) are robots that are able to interact
with older adults and provide physical or cognitive assistance
[52,53].

Conceptual Framework

In conducting data extraction and synthesis, we adopted
a 2-fold strategy (top-down and bottom-up) to assess the
ethically related impact of ETs on vulnerabilities. The
top-down approach, a deductive and theory-driven method,
helped guide and focus our research questions. The approach
originally set out was relational care ethics, which empha-
sizes the moral significance of care relationships and
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human dependencies. This approach was operationalized in
a dignity-enhancing model of care [44] where both dignity
and vulnerability played central roles. We also relied on a
framework of macro-themes and key issues derived from
the relevant literature [8,24,26,39]. This interpretative lens,
encompassing several sensitive ethical concerns, such as
security, privacy, and autonomy, was applied, refined, and
adapted to analyze the selected studies and to assess their
ethical impact in relation to older adults’ vulnerabilities.

The concept of vulnerability itself was informed by a
recent systematic review of argument-based literature [38],
which proposed a taxonomy we adopted to present ethically
related findings. This allowed for a more analytical under-
standing of how ETs interact with both existing and potential
vulnerabilities in cognitively healthy older adults.

The bottom-up approach relied on an inductive, data-
driven method, seeking to infer underlying meaning directly
from participants’ words and expressions.

Results

General Descriptions of Included
Publications

A total of 70 publications (Multimedia Appendix 4) met our
inclusion criteria: 67 were identified from the research queries
and 3 were identified through the snowball technique. For
a detailed description of the general characteristics of the
included papers, see Multimedia Appendix 5. The PRISMA
flowchart is provided in Figure 1.

All the included publications were from the qualitative
research literature; thus, they provided insights on the concept
of vulnerability and/or related concepts (ie, frailty, frailness,
and fragility) in relation to ETs (Multimedia Appendix 3),
as expressed by older adults without cognitive impairments
during semistructured interviews or focus groups and in
other qualitative research settings (eg, informal observations)
(Multimedia Appendix 5). With respect to the method used to
obtain the qualitative data, 61 (87%) studies used semistruc-
tured or general interviews (38/70, 54%) or focus groups
(23/70, 33%), and 5 (7%) studies used a combination of
semistructured interviews and focus groups. Other methods
included observations (7/70, 10%), usually in combination
with interviews or focus groups, and self-report diaries (1/70,
1%).

Publication years ranged from 2004 to 2022, with 53
(76%) articles published between 2015 and 2022. The
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Americas, Europe, Australia-Oceania, and Asia are represen-
ted in this systematic review, meaning that the included
studies had first authors from all these different continents.
However, most studies were conducted in Europe (36/70,
51%) and the Americas (22/70, 31%). Within Europe and the
Americas, the authors’ affiliations varied widely. For authors
based in Europe, the affiliation for 16 (23%) publications was
an institution in Britain or Sweden. For authors based in the
Americas, the affiliation for 19 (27%) publications was an
institution in the United States.

For inclusion in this review, papers had to involve older
adults without cognitive impairments in the context of aged
care. All the included papers featured older adults aged 65
years or older. More specifically, 20 (28%) studies included
older adults aged 70 years or older, and 2 (3%) included older
adults aged 80 years or older. Among the included studies, 47
(67%) were unclear about or did not mention the health status
of the participants. Moreover, 26 (37%) studies reported
the participants’ pathological conditions and/or physical
impairments, and 11 (16%) studies indicated cardiovascular
pathologies or not-specified chronic conditions.

With regard to technologies, all previously mentioned
categories of ETs, except for VRTs, were used in the included
publications. The most studied category was that of UNMT,
which was reported in 41 (58%) publications. Moreover, 29
(41%) studies focused on the use of environmental sensors
(eg, chair and bed sensors, motion sensors, and fall detection
sensors) [37,54-81]. In the papers, the authors often referred
to these monitoring tools using the term “smart home,” and
they less frequently used “ambient intelligence” or “Inter-
net of Things.” In 14 (20%) studies [54-56,67,69-71,78,82-
87], the focus was on the use of wearable sensors, such as
smartwatches and smart bands, which can collect a variety
of information regarding physical activity or vital signs. For
example, in 1 study [84], participants used Fitbit, a wearable
device that monitors some aspects of the user’s behavior
and vital parameters (eg, number of steps, distance covered,
calories burned, heart rate, and blood pressure).

CMT was the second most studied category, which was
noted in 25 (36%) publications. More traditional and common
information and communication technologies, such as mobile
phones, smartphones, tablets, and computers, were used to
provide health-related services (eg, televisits; teleconsulta-
tions; and tips for self-management and self-monitoring of
one’s health, well-being, and/or illness) through the use of
so-called mHealth apps [88,89]. The use of such ETs in health
care is referred to as “telehealth” [80,90,91].
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flowchart showing the electronic database search,
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Finally, the least studied category was SAR, which was noted
in 16 (23%) publications. These robots, which were described
in detail in 9 (13%) studies [30,92-99], can be divided into 3
groups: nonanthropomorphic [92,93,95,98,99], anthropomor-
phic [30,95], and zoomorphic [95-97]. An example of the
first type of SAR is the robotic platform Hobbit [92,99],
which is connected to an ambient assisted living environment
and provides entertainment, reminders, fall and emergency
detection, and prevention services. Regarding the second
group, NAO [95] and Alice [30] are humanoid robots, which
are mostly used as companion-type robots to interact and
communicate with older adults. Among robots with animal
features, the most famous one is PARO [95-97], a baby seal
robot that can elicit positive emotions. PARO was originally
designed for older adults with dementia, but it has also proven
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to be a valid tool for older adults without cognitive disorders,
as noted in 3 (4%) studies included in this review.

The fourth category of ETs, VRT, was not present in any
of the included studies, and the possible reason is that it is
still a state-of-the-art technology and has a high cost.

Methodological Quality

The quality assessment results of all included publications
are summarized in Multimedia Appendix 8. According to the
evaluation carried out, 46 (66%) studies had a high level of
methodological quality. On the other hand, the remaining 24
(34%) studies were classified as having moderate quality.

All the papers had a clear statement of the aims of the
research, explained the relevance, clarified the methodology
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followed, and presented the findings explicitly and clearly. In
66 (94%) studies, the researchers also discussed the contribu-
tion of the study to existing knowledge and identified new
areas of research.

With regard to data collection and recruitment strategies,
61 (87%) studies took appropriate measures, paying adequate
attention to ethical issues, such as obtaining ethical approval
from ethics committees and informed consent from partici-
pants. On the other hand, with regard to data analysis, 22
(31%) studies did not provide an in-depth description of the
analysis process.

Finally, the quality appraisal revealed 2 important
limitations. First, in 56 (80%) studies, researchers failed
to justify the research design and describe how they deci-
ded which method to use. Second, in 64 (91%) studies,
researchers did not take into consideration the influence they
would have on participants and the research project, thereby
presenting a potential risk for bias.

Ethics-Related Analysis

The included articles were analyzed using a 2-fold strategy
(top-down and bottom-up; see the Conceptual Framework
section).

Figure 2 provides an illustration to help understand the
results of our systematic review in relation to the broader
debate surrounding vulnerability in aged care.

Fasoli et al

Basic human vulnerability refers to the inherent fragility
and finitude of human existence, which cannot be eliminated
by technological or other means. In response, humanity has
developed various cultural and social constructs, including
art, health care, social services, education, politics, econom-
ics, and technology, to manage both basic and situational
vulnerabilities. These constructs are particularly relevant
to the 6 dimensions of vulnerability in aging populations.
Among them, ETs may impact both basic and situational
vulnerabilities; however, some situational vulnerabilities may
resist intervention due to their complexity or deep existential
roots.

As summarized in Multimedia Appendix 7, the next
sections will present the ethically relevant results of the
review, analyzing the impact of ETs on the vulnerabilities of
older adults, based on what was reported by study partici-
pants. Each of the following paragraphs explores 1 of the 6
dimensions of vulnerability, and they are ordered from the
most frequently mentioned dimension to the least frequently
mentioned one. Finally, the emerging theme of usability,
which was not originally present in the taxonomy, has also
been presented.

Figure 2. Illustration of the relationship among emerging technologies (ETs), vulnerabilities of older adults, and cultural and social constructs.
BHV: basic human vulnerability; CSC: cultural and social constructs; ESV: existential or spiritual vulnerability; MV: moral vulnerability; PHV:
physical vulnerability; PV: psychological vulnerability; RV: relational or interpersonal vulnerability; SPEV: sociocultural, political, and economic

vulnerability.

BHV
CSsC
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MV Dimension

MV was the dimension of vulnerability most cited by
the qualitative studies in this review, with 43 out of the
70 publications addressing it in its different nuances and
meanings.

After analyzing the included papers, we further organized
this dimension into the following subcategories: decisional
autonomy and/or self-determination (noted in 14 studies),
privacy linked to confidentiality (noted in 24 studies), privacy
linked to control and surveillance (noted in 19 studies),
privacy meant as respect for integrity and identity (noted in
9 studies), and stigmatization and infantilization (noted in 13
studies).

Older people participating in the studies included in
this review emphasized the impacts that ETs have on
privacy linked to confidentiality and more specifically to the
management of personal data collected by devices and their
disclosure to third parties (ranging from caregivers to health
professionals and to potential strangers). This aspect was
consistently framed in negative terms by the interviewees.
In fact, in all the 24 studies in which the theme of confi-
dentiality emerged, ETs were believed to have a negative
impact, as most participants felt that ETs violated their
sensitive and personal data. This was especially true for
UNMTs, which were studied in 19 out of 24 publications. In
particular, two functions of monitoring technologies seemed
to be of great concern for older adults: (1) the recording
of images and sounds [54,57,58,60,62,64,70] and (2) the
collection of personal data [29,57-59,64-67,71,73,74,77,85,
86]. For example, in 1 study [54], older adults felt that the
use of a camera was intrusive and violating. One participant
said, “I wouldn’t want to feel that somebody was watching
my activities.” In another study [57], talking about an IP
web camera, participants said that it was “too invasive and
would make them feel uncomfortable in their own home.”
With regard to a smart speaker, a few participants “expressed
concerns it would be used to listen into private conversa-
tions.” Considering data collection, storage, and transfer,
older adults were concerned about data security and expressed
the desire to be protected from possible privacy breaches
and from the possible misuse and abuse of their personal
data [29,58,59,66,67,71,73,74,77,85,86]. For example, in 1
study [58] that addressed home monitoring techniques, such
as wireless motion sensors, in-kitchen temperature sensors,
and door contact sensors, a participant stated:

I might be concerned about confidentiality issues, such
as a breach of my personal information or poten-
tial harms due to my information being exposed to
others....There could be a possibility that a burglar
could see my data accidentally and come along after 1
go out.

In another study [29], in relation to the use of different

kinds of technologies based on artificial intelligence, the
following statement was made:
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If they’re [the technologies] so sensitive, they know
three weeks before we know what’s going wrong with
our bodies. It seems to me that that kind of information
could really be compromised, and seniors could, uh,
who are very vulnerable, could really be hoodwinked
more easily.

Participants were also concerned about the transfer of data,
which they would like to keep confidential and share only
with their relatives and/or caregivers [59,63]. In 1 study [59],
a participant said:

When you get older, you don’t feel that safe on your
feet...and you mean — is it — I have to announce that
to everybody? .. I think that’s the most private thing that
you're really interfering with.

In another study [63], older adults had concerns even
“about family members potentially ‘knowing too much’ and
some were concerned that data could be used by families to
the detriment of the older adults.”

The second most recurrent topic concerning MV was
privacy linked to control and surveillance, which was noted
in 19 studies. Among these studies, 16 reported that ETs had
a mostly negative impact, 2 [77,83] reported that devices had
an ambivalent effect on MV, and 1 [100] mentioned that ETs
appeared to mitigate MV.

Among the critical issues identified, the most promi-
nent concern associated with ETs in general (CMTs [101]
and SARs [30,102]), but especially UNMTs [54,55,59,62,
65,70,73,78,79,84]) is surveillance. For example, in 1
study [55], a participant associated this negative feeling of
constant monitoring with past traumatizing experiences, when
“there were ‘folkpolice’ everywhere watching everyone, and
everyone watched everyone else in East Germany... and we
don’t want that system here. And, at least not here in our
home.” In another study [59], a participant said that “you’d
feel like a puppet on a string...I don’t want to be — something
watching me.” Finally, in another study [79], participants
linked surveillance to the Big Brother Syndrome [103], and
the following statement was made:

While they do not mind having the system monitoring
them 24/7, the incorporation of a camera into such
system would be “too intrusive.” “No, definitely no
photos. It’s like big brother, and i’'m not having that.”

In 2 studies, UNMTs were reported to have both positive
and negative effects. In 1 study [83], which examined a
wrist-worn monitoring device, the positive aspect highligh-
ted was the increased sense of safety, resulting from the
awareness of being constantly monitored. For example, a
participant said:

1 feel safe. It must be safer...In this way they can keep
a track of me even when they are not here, which is
good because I'm alone here in my house.
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This perception of protection, linked to surveillance, was
particularly emphasized in relation to falls, as also stated in
another study [100]. On the other hand, in these studies, a
strong discomfort also emerged, resulting from the feeling
of being “watched,” which was perceived as a violation of
personal and private space.

Among the included studies, 14 reported that older adults
felt that ETs had either a positive or negative impact on their
decisional autonomy and/or self-determination. In a positive
way, CMTs and UNMTSs improved older adults’ decisional
autonomy and minimized their loss of control, as they enabled
older adults to control certain elements of their house or their
life [61,76,104-106]. For example, in some studies [61,76],
smart home technologies were really appreciated because
these devices provided the possibility to remotely control the
environment (eg, lights, television, and doors). With regard
to GatorTech Smart Home [61], an older woman liked above
all “the ability to command the house to open blinds, doors,
lights” and “the ability to see who was at the front door
and make the choice to see if wanted to respond rather than
having to go over and look through the peephole.”

However, despite this benefit, ETs (CMTs, UNMTs, and
SARSs) can also interfere in a negative way with older adults’
decisional autonomy, as they direct the life of older adults and
make them lose control of their daily activities and deci-
sion-making capacity [29,30,55,59,77,94,101,107]. This fear
emerges not only in relation to monitoring technologies [29,
55,59,77,101,107] but also in relation to the use of SARs [30,
94]. Talking about Alice [30], a robot with a small human-
oid body and a human-like face, a study mentioned about
“negative feelings related to feeling powerless in stopping the
perceived technological imperative. Participants felt as if they
had no choice but to comply with the evolution of SAR.” One
participant said that SARs “cannot take over,” and another
claimed that “not everything can just happen because it [the
SAR] says it.”

Other frequently mentioned themes in relation to MV
were stigmatization and infantilization, which appeared in
13 publications. Twelve publications highlighted how ETs
exacerbate feelings of stigmatization and infantilization
because older adults associate the use of these devices
(mostly UNMTs) with aging and dependency [30,47,55,62,
64,74,76,79,80,94,95,104]. For instance, both CMTs and
UNMTs [47,62,64,74,76,79,80,104], especially smart home
technologies, were despised because the participants believed
that these are tools for more vulnerable people with serious
disability problems and not devices for healthy individuals
like them. Two studies specifically pointed out the phenom-
enon of depersonalization, as monitoring techniques like
sensors [55] and SARs [30] gave older adults the idea of
being seen as an object rather than a person with individual
needs. With respect to the infantilization phenomenon, the
issue emerged negatively in relation to the use of SARs. In
particular, in 1 study [94], it was stated:

Some participants found the concept of interaction with
companion robots demeaning....Craig was similarly
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condemnatory of ElliQ: “Crazy. I do think I'm a bit
more intelligent than that.”

Likewise, in some studies [30,95], the use of robots was
described as childish and dehumanizing.

Only 1 publication showed that ETs could have a positive
impact on MV, as, according to the participants of the
study, Interaktor, an interactive app for regular reporting of
health concerns, allowed health care personnel to take care of
older adults as people, reducing depersonalization [46]. Older
adults reported a “feeling of being appreciated” and a “feeling
of being acknowledged as a valued person.”

Shifting the perspective on privacy again, the last 2
connected themes were integrity and identity. In 9 studies
where these themes were mentioned, the negative impact
of ETs was emphasized, mostly with reference to UNMTs
[54,55,57,59,62,71,77], such as smartwatches, health trackers,
chair and bed sensors, motion sensors, and home energy
sensors. In 8 publications [54,55,57,59,62,71,94,101], the
problem was the perceptions of obtrusion, intrusion, and
invasion, which were interpreted as violations of personal
space, a kind of “attack,” compromising personal integrity
and identity. In addition, in 1 study [60], a participant was
very concerned about the potential misuse of her identity,
which was caused by the use of “welfare technology” (ie,
ambient assisted living).

RV Dimension

The second most frequently cited dimension of vulnerabil-
ity was RV, which appeared in 40 out of the 70 publi-
cations. These 40 studies focused on interdependence in
real-world settings, and none of them reported an impact on
the ontological interdependence characterizing human nature,
that is, the intrinsic relational and social nature of human
beings.

The relationships among older adults, caregivers,
personnel, and/or family members appeared in 36 publica-
tions. In 19 studies, older adults highlighted only the positive
impacts of ETs on RV. In 7 studies, on the other hand, some
disadvantages concerning RV emerged. Finally, in 10 studies,
participants emphasized the ambivalent effects of ETs on RV.

Most publications showed that ETs can positively
influence RV as participants saw ETs as a support to maintain
their independence and remain at home and in their own
community [57,65,75,81,94,108,109]. This was especially
true for UNMTs like smart home technologies. For example,
in 1 study [75], with regard to a sensor monitoring system,
which included passive infrared motion sensors, magnetic
contact sensors on doors and cabinets, and a flush sensor in
the toilet, a participant said:

It may be useful for the future....People can stay at
home longer with the help of sensors because there is
more supervision... It is always nice to stay in your own
neighborhood, especially for elderly people who have
neighbors and friends in their neighborhood.
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Another important benefit with regard to RV was the
relief from loneliness [61,65,92,94,106,108,110,111]. SARs,
in particular, were seen by older adults as pleasant compan-
ions to spend time with. In 1 study [94], ElliQ, a nonmo-
bile home assistant robot with moving parts, conversation
functions, and a female-sounding voice, was praised by
respondents, and it was stated:

..would be comforting in a quiet and lonely household:
“It breaks the silence of the day.” For Sarah, the
more linguistically sophisticated presence of ElliQ had
a positive side, because it was like having a person in
the house.

CMTs, such as tablets, smartphones, and laptops, which
enable remote communication and video conferencing, were
also highly appreciated as ways to connect with members of
one’s network and receive practical and emotional support
from them [37,89,9198,106,107,112]. In 1 study [89], a
participant’s point of view on the use of mHealth apps was
reported:

You’ll [the doctor] assist me in keeping an eye on it
[the remedy] and reporting back through the app and
then I can connect with a trusted advisor just through
the app — that would be great. Convenient.

In another study [112], an interviewee made the following
statement about tablets (such as iPad and Kindle Fire): “I feel
more informed; I feel I’'m in more contact with my family.”

In other publications, however, ETs were reported to have
a negative impact on the relationships among older adults,
caregivers, personnel, and/or family members. According to 1
study [73], UNMTs like ambient assisted living might reduce
the independence of older adults, and a female participant
stated:

I think it’s very intrusive and I think people who are
over 70 as I am would find it just one step down from
you making dependent on somebody.. If you feel you’ve
got your independence..you know.. I think it would be
own step down.. .yes I didn’t like it.

Sometimes ETs were despised because they can replace
human interaction and reduce “face-to-face care” [80,90,100,
101], increasing the sense of loneliness [101,113]. Interest-
ingly, ETs were considered problematic because they might
generate misunderstandings and mistrust among people [113,
114]. For example, in 1 study [113], with regard to the use
of a tablet-based communication app allowing asynchronous
multimedia communication, it was stated:

Six participants verbalized that the technology created
family tensions....Our older people preferred asynchro-
nous communication, to send audio messages, and to
receive text messages, but family preferred synchro-
nous communication and video and photo messages.
Farticipants were “disappointed” with relatives that
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instead of replying to their messages via the app called
them on the telephone.

Finally, as anticipated, in 10 studies with regard to RV,
older adults expressed their opinions on ETs in ambivalent
terms. ETs appeared to enable older adults to maintain and
improve their autonomy and independence in daily activi-
ties [30,67,72,77,104,105], but the use of these same tools
raised their fear of losing residual autonomy and abilities
[76,95,104], that is, the set of psychophysical capacities
and functions that are not (for the time being) affected
by the deterioration that normally characterizes human
aging. Moreover, while ETs appeared to improve contact
and provide support [30,46,66], which can reduce feelings
of loneliness [30,76,95], they may exacerbate this same
loneliness [105] and raise fears of a gradual loss of human
interaction [30,46,66,67,72,77].

With regard to human-robot interaction, in 4 studies
[93,97,108,115], older adults only emphasized the positive
aspects of using ETs. In 4 other studies [71,91,92,100],
however, only critical issues emerged. In 3 studies [30,94,95],
older adults’ opinions were ambivalent. Paradoxically, the use
of SARs was appreciated for contradictory reasons. On the
one hand, participants appreciated the resemblance of robots
to living beings (human beings [95] or animals [94]). For
example, in 1 study [94], talking about Biscuit, an animal-like
robot, an interviewee said that it showed compassion and “a
dog-like affection,” and the interviewee made the following
comment:

You could touch Biscuit... It’s got eyes you can look in.
So, you get some sort of empathy back, or feeling back,
the way it tilts his head when you talk to him... More
like a real dog.

In I study [95], with regard to home robotic devices, it
was mentioned that “participants reacted to the nonverbal
communication capabilities of some robots, stating: It’s like
having another person in the flat that would communicate
with me.” However, other older adults held the opposite view,
and it was stated that robots are more appreciable because
they do not have the “defects” of living beings, both human
[30,108] and animal [97]. For instance, in 1 study [108], the
following statement was made: “the fact that the robot could
not ‘speak, offend, or get angry like a human being’ was
mentioned as an advantage of this special companion by one
participant.” Likewise, in another study [97], PARO, a baby
seal robot, was appreciated because, as a participant stated,
“you don’t have to feed him or clean his litter box or sweep
up his hair from rugs.” In another study [30], the humanoid
robot Alice was described as follows:

Very accurate. They will not be hasty, or they will not
have a bad mood.... They won’t forget anything....They
will not be distracted, will not have a headache. I think
it is positive that they will always be 100%....Availa-
ble....Concentrated... Trustworthy.
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In addition, other emphasized aspects were features like
a nice physical appearance [93,97], inviting and “unintimidat-
ing” attitudes and cuteness [97], and relational support [115].

These results, however, were mirrored by criticism. While
some older adults appreciated SARs for their “roboticism”
and “nonsimilarity” to living beings, others despised the fact
that they are programmed to “pretend” to be what they are
not. Indeed, some older adults refused their inauthenticity
and lack of spontaneity [30,92,94,95,100]. Their simulation of
living beings’ capabilities (affective, social, etc) was strongly
rejected as phony. For example, in 1 study [94], ElliQ, a
nonmobile robot, and Vector, a toy-like robot, were described
as follows:

..dlacking feeling and being “cold.”..Stephanie said:
.. don’t’ like the sort of seeming humanizing of the
whole thing. It’s ridiculous.

Even Biscuit [94], which was praised for its “dog-like
affection” by 1 older adult, was criticized by another:

...the simulation of a living dog and the reactions it
prompts are phony... A live dog is “not programmed to
be joyous when it sees you” (Sarah)....Gwen.. found
Biscuit repellent because, “It’s false. It’s something
that I'm trying to be happy or I'm trying to be
something that I'm not.”

This criticism was reiterated in another study [95], where
an older adult said that “the only thing that a robot could do to
me or respond to me would be a response that’s been built in,
it’s not spontaneous.” The critique of the lack of authenticity
was connected to the rejection of the robot-provided mode of
care, as stated in a study [30], in response to the use of Alice:

..only could interact in a preprogrammed man-
ner....According to most participants the care SARs
provide to older adults would lack a fundamental
quality of human care: “empathy,” “care for the
hearth” and so forth.

In 2 papers [71,91], the issue of human-robot interaction
emerged in connection with the use of CMTs and UNMTs. In
particular, older people complained about a sense of anxiety
and doubt. In the first study [71], talking about some digital
services, such as Amazon and Google, activity trackers like
Fitbit, and home energy sensors like Nest, a participant said:

Although I use the computer, I do find it quite frighten-
ing. The reason is that I don’t understand it. And I don’t
know how to put things right.

In the second study [91], it was mentioned that telehealth
technologies, such as videoconferencing, elicited anxiety for
various reasons: “(1) receiving spam, (2) experiencing system
updates, (3) losing written text, (4) damaging a device, (5)
fearing the use of technology in general, (6) fearing micro-
wave radiation, (7) fearing inadequate privacy protection, (8)
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feeling unsafe using the internet, and (9) fearing online scams
or cyber criminals.”

PHV Dimension

PHV was reported in 36 out of 70 publications, thus
constituting the third most frequently cited dimension by
participants in qualitative studies. An analysis of these 36
studies showed that in most cases, ETs appeared to have a
positive impact on PHV.

Indeed, 33 studies revealed that ETs mitigated PHV, which
was interpreted as nonpathological physical or physiological
bodily deterioration related to aging. Participants appreciated
ETs, particularly UNMTs, for different reasons. ETs with
monitoring functions can detect emergencies like accidents
and falls [30,37,46,58,62,64,66,75,79,81,87,99,100,116] and
can monitor health conditions, daily habits, therapy compli-
ance, and health changes [54,56,57,70,75,77,81,83,85,99,101,
104]. They were also useful in some cases to monitor the
environment and the opening of doors and windows [61,
65,70,74,92,100]. These factors, according to older adults,
increased the sense of safety and security [37,46,55,65,
66,70,72,74,75,77,79,81,83,85,92,100,101,104]. This positive
impact was associated with the possibility of remaining in
one’s own home and avoiding institutionalization in a nursing
home [66,77,83,101]. For example, in 1 study [75], the
importance of environmental sensors for both fall detection
and detection of physical decline was emphasized:

Mrs. D explained this as follows: “Well, you are on
your own, so something can happen, like when you fall
and can‘t get up...I had the idea that this should be
watched by someone somewhere.”.. Mrs. A expressed
this as follows: “if there should be a slow change in my
daily pattern, I certainly wouldn’t report it. I wouldn’t
notice, and therefore, I find it important that the nurse’s
station gets a signal like: keep an eye on that”

Similarly, in 1 study [100], the robot Jibo was admired for
the home security it provides:

P12 told a story of how the robot could help them...
“It seems like a useful idea that if I'm sleeping, and I
could have a robot that detects something unusual that
I would like to be alerted to...You could program the
thing and say if I have a sound like somebody trying to
get through the window, please wake me up.”

Other participants highlighted how the use of ETs, above
all wearable activity trackers, such as Garmin Vivofit 2,
Fitbit, Apple Watch, Jawbone, Misfit Nike, and Gear Fit,
which automatically track and monitor various indicators of
physical activity (eg, steps taken, pulse or heart rate, calories
consumed, etc), could motivate them to be more physically
active and improve their health status [30,57,75,82,84,86].
For instance, in 1 study [86], it was stated:

Participants agreed that tracker use motivated them
to walk more, driven by quantifying activity (counting
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steps) and continuously making users “more conscious
of extra walking” (female participant, non-user).

Finally, the last important positive aspect concerning PHV
in terms of nonpathological deterioration was the physical
support and assistance SARs can provide [99,115], assisting
older adults in house chores and picking up and transporting
objects.

Some studies [30,58,61,77,81,88,117] showed that ETs
can also mitigate PHV linked to pathological physical
age-related conditions. Some participants perceived ETs,
mostly UNMTs, as useful tools to prevent diseases and
manage illnesses, such as diabetes, heart failure, demen-
tia, and Alzheimer disease [58,77,81,88,117], and physical
impairments, such as vision deficits [30,61]. In 2 studies [79,
91], however, participants reported that ETs could exacer-
bate PHV. They were concerned about the possibility of
CMTs and UNMTs negatively impacting a person’s health,
causing diseases (eg, cancer). For example, in 1 study [79], a
participant asked:

Could the sensor radio waves give you cancer? I think
this is what I would be worried about.

In another study [91], the use of telehealth technologies,
such as videoconferencing, elicited similar comments, and
older adults expressed their fear of microwave radiation.

PV Dimension

PV was the fourth most frequently mentioned dimension
by older adults, appearing in 33 out of 70 studies. These
33 papers dealt only with strictly psychological dimensions
(cognitive, emotional, or both).

The emotional aspects were those most often mentioned by
older people, and they appeared in 23 out of 33 publications.
Of these studies, 21 showed how ETs could mitigate PV. In
only 8 studies, older adults highlighted the negative aspects.

Focusing on the positive comments, according to
participants, the use of ETs could have a positive influ-
ence on older adults’ emotions and improve their mood:
CMTs and UNMTs could provide a sense of safety, secur-
ity, and reassurance [37,61-64,69,74,80,101,107]. With their
monitoring functions, these devices not only contribute to
improving PHV but also provide peace of mind. For example,
in 1 study [62], a participant commented on the use of smart
home technologies, saying that “his friend has decided to
use such a device to have ‘peace of mind.”” ETs in general,
but especially SARs, are stimulating tools that older people
enjoy using [46,82,86,92-94,97,112]. Hobbit [92], a robotic
platform with personal and social functionalities, raised the
following comments:

He's interesting and amusing.

It is great fun when he is working well.
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When he moves and his head moves, I get happy and
compassionate... .He’s charming.

Another SAR, PARO [69,110], was really appreciated
because of its calming effect and its positive influence on
emotions. The use of other technologies [46,86,106,112]
conveyed a sense of achievement and appreciation. Finally,
the appearance of the technology, especially in the case of
robots that look like living creatures, aroused positive feelings
in users (eg, empathy, compassion, and tenderness) [93-95].

On the other hand, 8 studies revealed how ETs, mostly
UNMTs, could have a negative effect on PV, generating
adverse emotions and negative attitudes, such as irritation,
frustration and annoyance [68,94,95,106], fear [55,56,107],
reduced sense of safety [37], and self-doubt and lack of
self-worth [106]. For instance, the robot EIliQ was criti-
cized for its cold manners and its disturbing intrusiveness.
Participants said:

It talks all the time.

I don’t know whether that would drive me mental if it
kept interrupting me and telling me what to do...I might
want to get an ax and cut it up.

In 1 study [107], older adults, reflecting on the use of
UNMTs and CMTs, stated that they evoked the fear of
“not being able to manage the technology, making a fool of
oneself, and having to ask for help.” Moreover, the follow-
ing statement was made: “Also, fear of being forced into
something unwanted and of ruining something was descri-
bed.” Finally, another study [106] stated that even the use of
more common technologies, such as tablets, smartphones, and
laptops, has challenged older adults, who feel incompetent
when they are unable to use the devices, experiencing a sense
of inadequacy:

Jennifer (female, 71, tablet) demonstrate how her
frustration with online activity leads to self-doubt: ...
“Is it me doing something wrong?”

With regard to the cognitive level, 8 studies [30,57,67,
82,99,102,108,118] showed how ETs could have a pos-
itive effect, compensating for memory deficits through
the reminder function [30,57,67,99,102,108], influencing
motivation and awareness [82], or improving intellectual
functions [118]. For example, in 1 study [67] analyzing
CMTs and UNMTs like smartwatches, an older adult said:

I think it’s good because there’s some people who as
time goes by lose certain of their faculties as time goes
by, and memory beginning to fade and so on.

In another study [82], the Jawbone bracelet, an UNMT that
monitors daily activity, was described as follows:

I was motivated by the technology, that I freely admit....
I have walked a little more while being monitored.
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In another study [118], participants said:
It [the tablet] keeps the brain active.

Learning any new skill, surely is helping the cognitive
function.

At the same time, paradoxically, 5 studies [56,76,95,113,
118] revealed that ETs could have a negative impact on the
cognitive aspects of PV, because they could make older adults
more aware of their cognitive decline [56,113] or they could
cause a loss of intellectual functioning [76,95,118].

SPEV Dimension

SPEV appeared in 25 publications. According to 1 study
[38], sociocultural vulnerability (SCV) arises when older
adults experience social exclusion, isolation, marginalization,
or stigma, exacerbated by gender discrimination, educational
disparities, and low social support. Economic vulnerability
(EV) and political vulnerability (POV) include discrimination
in health care access and exposure to unjust judicial systems.
These 3 SPEV subdimensions will be analyzed separately.

SCV was identified in 13 studies. Most of these focused
on the isolation of older adults and their exclusion from
social life, highlighting the positive [58,80,104,106,109,111,
112,115] or negative [72,77,101,118] impact of ETs (CMTs
and UNMTs for the most part) on SCV.

In 8 studies addressing the advantages of ETs, older adults
said that these devices can help them integrate into society
and reduce the sense of isolation. For example, in 1 study
[115], the SAR was appreciated because it could provide
company for older adults, in addition to performing house
chores: “Robots will be welcome if I can return to my home,
where they can bring me water and live and play with me...
(Male, participant 13).” CMTs, such as tablets (eg, iPad)
[112], were seen as tools to stay connected to not only family
and friends, mitigating RV, but also society and the outside
world at large:

Harold stated: “I feel more informed; I feel I‘m in more
contact with my family.” .. Connie said, “I feel like I'm
connected to the world.”...“Well, I feel like I‘ve come
up in the world.”...Carol, 80-years-old, said she felt
more “modern..I'm up par with other people.” Mary,
who is 89-years-old, mentioned that she felt like she
was “coming into the 21st century.”

However, some studies indicated that ETs may exac-
erbate SCV by increasing isolation and social exclusion.
Specifically, older adults expressed concerns about losing
human contact, abandonment, and isolation linked to the
growing use of monitoring technologies [72,77]. In 1 study
[77], participants said that ambient assisted living technolo-
gies “should not replace human care...‘Nothing can replace
human contact. The more helpless you are, the more you need
for people to come and check on you once in a while.”” In
another study [101], the use of CMTs (ie, assistive technol-
ogy services) made older adults fear being “neglected by the
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official health care system and society.” In another study
[118], the concern was different, as the cause of isolation was
not the excessive use of monitoring technology, but rather
older adults’ lack of access to it or inability to use it, which
prevented them from keeping in touch with others and the
society as a whole:

“I'd really like to be in the modern world and to be
able to manage these things and to be able to access
more. I just feel very limited in what I'm doing....” (G2,
P6). Participants in the no computer experience group
also stated: G3, P6: “I think we’re missing out a lot,
because all the information is at hand and we don’t
know how to collect that information.”...G3, P5: “I just
think we’re like a forgotten generation, that’s what I
feel like. You want to go in and you want to be able to
talk with your family and your grandchildren and not
look vacant when they say, I'm going to do this.”

In 2 studies, older people focused on the barriers to ET
use. Participants in the first study [104] expressed concerns
about access to CMTs and about their inexperience with these
devices. In the second study [114], older adults stressed how
different understanding and use of technology between young
and older people expose intergenerational differences, and the
paper stated:

Grandchildren preferred to send videos and receive
video/images, while participants mostly sent audio
and preferred to receive text messages. Additionally,
grandchildren would not receive replies within a
day and thought it was frustrating. Grandparents
showed surprise and confusion when we told them that
grandchildren were expecting quicker replies, as they
wanted to “take time and think about what to say
back.”

A study on home monitoring techniques (wireless motion
sensors, in-kitchen temperature sensors, door contact sensors,
and pressure mats) considered SCV by examining older
adults’ living situations [58]. It highlighted the positive
contribution of ETs in reducing abandonment [58], as
these technologies compensate for the lack of support from
children.

EV was addressed in 13 studies. All of them, except for
1 study [89], highlighted how ETs exacerbate this vulnerabil-
ity. Most older adults’ comments indicated that ETs have a
strong financial impact on their income. Many participants
expressed concerns about the high costs of these devices and
their maintenance, which they could not afford [30,57,62,65,
66,72,79,83,88,90,105,118]. This criticality emerged for all 3
types of ETs, but especially in relation to UNMTs, such as
smart home technologies. Only 1 study reported how mHealth
apps mitigate EV, as they could allow older adults to save
money on health management [89]:

I mean one of the things I think is terrific that we can
email our doctors and get an answer quickly. I'm all for
it. It makes good sense. Participant 11.
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Finally, POV was discussed in only 1 study [111], and
older adults found that the use of CMTs had a negative
impact on this vulnerability. The study showed that ETs
exacerbate POV because the lack of skills and knowledge on
ETs could complicate older adults’ participation in political
life and decrease their possibility to be informed and obtain
economic benefits [111].

ESV Dimension

Lastly, ESV was by far the least cited, as it appeared in
only 1 publication [113]. In this study [113], according to the
participants, a CMT, such as a tablet-based communication
app, which allows asynchronous multimedia communication,
can exacerbate ESV because it makes older adults aware of
their existential limitations and of their finitude:

They reported how “inadequate” and “limited” they
felt. For Ike (aged 74), the technology made his
“Parkinson’s battles” more noticeable, from eyesight
problems to “losing cognitive abilities” when he forgot
about some app’s “features.” The technology empha-
sized his health status and a compromised sense of
personhood and identity: “I was not like this before,”
he told us.

Usability

Beyond the ethical impact of ETs on older adults’ vulnera-
bilities examined through a top-down approach, adopting a
bottom-up perspective revealed significant findings regard-
ing usability. Usability issues were addressed in 36 of the
70 publications reviewed. According to the International
Organization for Standardization (ISO), usability is “the
extent to which a system, product, or service can be used by
specified users to achieve specified goals with effectiveness,
efficiency, and satisfaction in a specified context of use” (ISO
9241-11:2018) [119]. Usability was reported to significantly
shape users’ perceptions of a technology’s usefulness and
acceptability [120].

Regarding this topic, we observed that participants’
perceptions related to the usability of ETs could be both
positive and negative. A total of 18 publications highlighted
the advantages of all types of ETs (CMTs, UNMTs, and
SARs). However, critical issues were emphasized more often
in 25 publications.

The first usability issue identified was the design or the
interface of the devices, which raised many concerns among
older adults. It was described by participants as uncomforta-
ble or cumbersome [47,61,69,70,80,86,105,114,116,118]. For
example, in 1 study [69], with regard to UNMTs (ie, motion
and door sensors, smoke detectors, and fall detectors), the
following information was provided:

Several older adults remarked on the light flashes
coming from sensors....She did not see its benefits and
was also bothered by the light emitted from the sensors:
“The watch kept falling out of her hand. It bothered
her when she slept. She asked why the sensor light was
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flashing, why it was red, why this, and why that. It
really drove me crazy. Then she said she did not want
to wear it anymore, that it was useless” (Carer 5).

Similarly, in another study [86], wearable activity trackers,
in particular Garmin Vivofit2, elicited the following critique:

Nonusers described the band as plastic (ie, cheap and
of bad quality), clunky, annoying, rigid, and uncomfort-
able: “It’s very rigid. The design is poor. It collects
water underneath. 1 end up having a really loose
bracelet. Which could have some effect on accuracy.
I don’t know. I found it totally uncomfortable. It’s really

ugly.”

With regard to SARs, in 1 study [92], Hobbit was deemed
“too big,” and it was mentioned that “he gets very hot”
and generates too much noise. In another study [116], the
concern was about the excessive bulkiness of SARs, which
could be dangerous if the older person lives in a small house
with “potential presence of architectonic barriers.” Moreover,
the following statement was made: “Older adults’ worries
were also expressed in relation to the furniture or ornaments
located inside their houses that could be damaged by robot
movements.” Other critical remarks were made about ETs,
which were not user-friendly [84,91,106,121] and hard to
understand [70,71,79,84,88,89,95]. In 1 study [84], older
adults showed reluctance to use the wearable device Fitbit,
which can monitor physical activity and vital signs:

..doubted their ability to manage the “complex”
system....For example, one senior said that “It sure
takes a long time to use this Fitbit, I'm not sure it’s
worth it.” .. After using the devices,...seniors were more
concerned with the output complexity of the weara-
ble device, ie, the complexity of the measurements
provided, expressed in incomprehensible data for them.

Another type of UNMT, an integrated smart home system
[70], was criticized in similar terms:

One participant.. perceived the usability of an ISHS
very complicated and was very hesitant to continue
using an ISHS, “I find it difficult to use this technology,
so I am not very confident I could properly use them in
my life.”

Moreover, the interaction with technology evoked in
the older adults feelings of frustration [29,70,82,84,89,90,95,
99,111], disappointment [86], doubts about their efficacy
and anxiety [82,86,91], fear [80], and apprehension [79].
These feelings sometimes emerged because of the device’s
inaccuracy and/or errors [84,86,99].

Participants also complained about their lack of knowledge
and experience with the technologies and mentioned that this
is a barrier preventing them from using the technologies
[29,82,88,89,118]. For example, in 1 study [88], interview-
ees believed that “not knowing how to operate” mHealth
technologies, such as mobile phones, tablet computers, patient
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monitoring devices, and mobile apps, “kept older adults from
using such technology.” Some interviewees commented:

I think they’re good, but I just don’t know how to use, to
work it. I just don‘t have the knowledge on how to work
it.

[ think the first thing is the lack of technical know-how
is one of the barriers.

Another barrier posed by some kinds of ETs was their
inaccessibility to users with disabilities, such as reduced
visual acuity [105].

Lastly, participants reported a sense of annoyance because
the technology use was dependent on power supply and the
need to charge the battery (and not simply replace it with a
new one) [70,91,106].

Shifting the focus to publications that reported the benefits
of ETs in terms of usability, many participants judged the
different types of ETs as easy to use, user-friendly [46,54,
61,75,82,87,88,92,98,109,112,114], and intuitive to operate
and understand [57,87,107]. In other cases, the technology
was appreciated because it was comfortable [70,90], versatile
[118], and accessible, as it was designed with and for older
people [114]. One paper showed how participants appreciated
the communication service of SARs, enjoying the cooperation
with the robots (ORO, DORO, and CORO) [93]. In 1 study
[68], the reassuring features that indicated the technology was
working were found to be important by older adults.

Analysis of several publications revealed that older adults
have identified strategies to address 2 key usability issues:
inadequate design/interface and lack of knowledge/experi-
ence. First, to improve the design of some technologies,
participants were pragmatic in their recommendations [54,
81,87]. For example, they asked for simple instructions,
fewer buttons, larger fonts, manageable sizes, and speech-
activated tools [81]. Second, to compensate for the lack of
knowledge about technology, some participants suggested
adequate and practical training on how to use it [79,88],
while others highlighted the importance of support, encour-
agement, and education, considering that older adults need
slow and individual guidance while using technology [111].
Other participants suggested receiving tailored instructions
through readable and understandable manuals or handouts
that accompany technology devices [79,81,118].

Means to Address Vulnerabilities

Our analysis showed that older adults’ suggestions for
addressing vulnerability were closely tied to the specific
technologies examined. Four publications [66,79,88,113]
described strategies to mitigate particular vulnerability
dimensions, including PHV [79]; RV [113]; MV understood
as privacy/confidentiality [66] and decisional autonomy/
self-determination [66,79,113]; SCV, particularly regarding
isolation/exclusion from social life [113]; and EV [88].

In 1 study [79], which involved UNMTs (wireless sensor
network-based systems that collect a range of environmental
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and structural sensory information such as weight and blood
sugar), participants expressed 2 contrasting views. Some
participants prioritized autonomy and independence, arguing
that “users should be allowed to turn the system off when
desired,” thereby emphasizing MV mitigation related to
decision-making. Others prioritized safety, proposing time
limits on deactivation or preventing users from turning the
system off entirely, given its purpose of enabling prompt
medical assistance. PHV containment took precedence, even
at the cost of reducing individual autonomy.

In another study [66], which was also focused on UNMTs,
older adults suggested mitigating privacy-related MV by
“processing the information before it is transferred.” To
further address MV interpreted as decisional autonomy, older
adults emphasized that they “should decide what information
is collected and transferred and to whom” and that technolo-
gies should be tailored to self-determined needs.

Regarding RV, participants in 1 study [113], which
reflected on the use of a CMT (tablet-based communication
app), stressed the need to “destigmatize loneliness, making
it ‘OK to talk about it’ (Elsie, 86)” and avoid exacerbat-
ing reduced agency or compromised personhood. For this
purpose, they recommended to “(1) understand interests and
backgrounds to identify interventions, (2) provide a list of
options for people to choose from and experiment with, and
(3) ensure activities that entail active involvement and afford
opportunities for meaningful interaction within and across
generations.” These suggestions support decisional autonomy
and call for the improvement of SCV, understood in a
broad sense as the possibility of connection and interaction
with others and specifically as the reduction of isolation
and exclusion from social life, by fostering intergenerational
relations.

Finally, in 1 study [88], to address EV, participants
recommended providing mHealth tools free of charge:

I would consider this kind of technology only if it were
given to me.

Well, I tell you like this, if they are going to pay for me
to use one, then I will use one for my health...

Discussion

Main Findings

This review aimed to systematically examine the perceptions
and experiences of healthy older adults exposed to CMTs,
UNMTs, VRTs, and SARs, and to investigate the ethically
related impact of such technologies on the vulnerabilities of
these older adults.

MYV emerged as the most frequent concern. Many older
adults emphasized the potential negative impact of ETs,
especially monitoring technologies (wearables and environ-
mental sensors), on privacy in terms of confidentiality, data
handling, and disclosure to third parties. Others noted positive
implications for autonomy and self-determination, as these
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devices provide greater control over oneself and one’s living
environment.

RV was identified as the second most frequently men-
tioned vulnerability. ETs positively influenced relationships
among older adults, care staff, caregivers, and family
members by supporting independence and community living
while also facilitating practical and emotional support.
Concerns remained that technologies might replace human
interaction, reduce face-to-face care, increase misunderstand-
ing and mistrust, or exacerbate loneliness, and this is
consistent with prior literature, particularly regarding SARs
[23,122-125].

Comparing these findings with those of another systematic
review on older adults with cognitive impairments [126],
we observed similar ambivalence. ETs can mitigate existing
vulnerabilities but can also create new and/or worse (already
existing) vulnerabilities. This depends on both the specific
type of technology used and the dimension of vulnerability
considered.

Both cognitively impaired older adults and healthy older
adults recognized the positive impact of ETs on PHYV,
particularly through the ability of UNMTSs to monitor health
changes, detect falls and emergencies, and identify intruders,
confirming previous findings [41].

A similar ambivalence emerged with RV. Yet, unlike
cognitively impaired individuals (who focused on PV, RV,
and PHV), cognitively healthy older adults emphasized the
negative impact of ETs on MV. UNMTs, in particular,
appeared to interfere with decisional autonomy, jeopardize
privacy (confidentiality), compromise privacy through control
and surveillance, undermine integrity and identity, and cause
stigmatization and infantilization. This aligns with concerns
described in the so-called Big Brother Syndrome [23], that
is, the perception of being constantly observed by monitoring
systems and feeling bewildered by the presence of numerous
devices, which invade personal space [125]. In general, the
literature shows that older adults are often willing to accept
some privacy infringements in favor of safety and other
benefits provided [127], but they nonetheless expect ETs to
be reliable and trustworthy [128] and often react negatively
to the invasiveness, intrusiveness, and obtrusiveness of ETs
[122].

In conclusion, older adults with cognitive impairments
tend to accept more tradeoffs in exchange for even modest
physical or psychological benefits, due to greater psychophys-
ical fragility, whereas cognitively healthy older adults tend
to prioritize general, age-independent values, most notably
privacy and autonomy.

Strengths and Limitations

The main strength of this work is that our study design
is unique in that there are no other systematic reviews
examining the relationship among ETs (taken as a whole),
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cognitively healthy older adults, and ethically related content,
with a focus on vulnerability. Second, this review allows both
a broader overview of the impact of ETs on older adults’
vulnerabilities and a detailed analysis of how specific types of
ETs affect distinct vulnerability dimensions. In other words,
our research is highly informative with regard to both its
breadth (ie, the number of ETs included) and depth (ie, the
fine-grained scrutiny it enables on the specific challenges
that every single family of ETs raises on distinct dimensions
of older adults’ vulnerabilities). Third, as a complement to
another systematic review of qualitative studies [126], this
review contributes to advancing a broader research agenda
on aging that includes both cognitively healthy and cogni-
tively impaired populations. Finally, by reviewing qualitative
studies conducted with older adults, this research foregrounds
their perspectives, including needs, desires, and concerns.

There are some limitations. First, the search was conduc-
ted 2 years ago and included only English-language articles,
potentially limiting its temporal and linguistic scope. Second,
some included studies may have inadvertently involved
participants with cognitive disorders (eg, Alzheimer disease),
as screening for such conditions was not always explicitly
reported in the primary research. Third, as this is a systematic
review rather than a trial, the findings are not generalizable.
Nonetheless, by synthesizing all available translated studies
on the topic, this work offers a broad overview and highlights
the conceptual trends of potential relevance.

Conclusions and Future Directions

This study offers a solid theoretical foundation for future
research, especially on strategies for addressing vulnerabil-
ity in the context of aged care. Understanding older adults’
vulnerabilities, especially in relation to ETs, is essential for
identifying areas that demand greater sensitivity and tailored
care approaches. Privacy and data confidentiality concerns
(risks of breaches and data misuse or abuse) are crucial
when deploying monitoring technologies, especially those
involving audio or video recording in intimate settings. Cost
also remains a significant barrier. Many older adults express
interest in adopting ETs, but financial constraints may hinder
their ability to do so. Equally important are the psychologi-
cal impacts that such technologies may provoke, including
anxiety, frustration, irritation, and feelings of inadequacy.
Both ethics-by-design solutions and psychosocial interven-
tions may help mitigate these effects.

Future research would benefit from complementing this
theoretical framework with empirical studies aimed at
identifying domains where psychological, sociopolitical,
and economic interventions are most needed. Qualitative
methodologies would be particularly useful to capture the
perspectives of key stakeholders, including formal and
informal caregivers, health care professionals, and policymak-
ers.

Interact ] Med Res 2026 | vol. 15 1e69676 1 p. 16
(page number not for citation purposes)


https://www.i-jmr.org/2026/1/e69676

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Fasoli et al

Acknowledgments

The authors attest that there was no use of generative artificial intelligence technology in the generation of text, figures, or
other informational content of this manuscript.

Funding

This research is part of the project “Emerging Technologies and Vulnerabilities in Aged Care” (ElderTech), funded by
Fondazione Cariplo (Social Research: Science, Technology and Society; grant number: 2020-1322).

Data Availability

Additional data are provided in Multimedia Appendix 4. The conceptual schemes generated during this study are available
from the corresponding author upon reasonable request.

Authors’ Contributions

CG and VS originated the idea of conducting a systematic review of qualitative evidence exploring the relationship between
emerging technologies and vulnerabilities in older adults without cognitive impairments. CG assisted in devising the search
algorithms, cross-checked publication selection, analyzed the material, and revised the final manuscript. AF, VS, and MDL
conducted the literature search, worked out most of the search and analysis methods used, and analyzed and synthesized the
material. AF wrote most of the paper. MDL, GB, and VS contributed to the writing of parts of the manuscript. All authors read
and approved the final manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1

Groups of organizing concepts for searching the literature and their associated database search terms.
[DOCX File (Microsoft Word File), 23 KB-Multimedia Appendix 1]

Multimedia Appendix 2

Search strings used for searching databases stratified by organizing concepts.
[DOCX File (Microsoft Word File), 21 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Inclusion and exclusion criteria.
[DOCX File (Microsoft Word File), 23 KB-Multimedia Appendix 3]

Multimedia Appendix 4

List of included publications.
[DOCX File (Microsoft Word File), 80 KB-Multimedia Appendix 4]

Multimedia Appendix 5

Detailed characteristics of the included publications.
[DOCX File (Microsoft Word File), 41 KB-Multimedia Appendix 5]

Multimedia Appendix 6

Example of the Qualitative Analysis Guide of Leuven conceptual scheme.
[DOCX File (Microsoft Word File), 23 KB-Multimedia Appendix 6]

Multimedia Appendix 7

Ethically related impact of emerging technologies on older adults’ vulnerabilities as gleaned from the perceptions and
experiences of the older adults.
[DOCX File (Microsoft Word File), 53 KB-Multimedia Appendix 7]

Multimedia Appendix 8

Quality assessment of the included articles (Critical Appraisal Skills Programme).
[DOCX File (Microsoft Word File), 56 KB-Multimedia Appendix 8]

Checklist 1

PRISMA checklist.
[PDF File (Adobe File), 85 KB-Checklist 1]

https://www.i-jmr.org/2026/1/e69676 Interact ] Med Res 2026 | vol. 15 1e69676 | p. 17
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=ijmr_v15i1e69676_app1.docx
https://jmir.org/api/download?alt_name=ijmr_v15i1e69676_app1.docx
https://jmir.org/api/download?alt_name=ijmr_v15i1e69676_app2.docx
https://jmir.org/api/download?alt_name=ijmr_v15i1e69676_app2.docx
https://jmir.org/api/download?alt_name=ijmr_v15i1e69676_app3.docx
https://jmir.org/api/download?alt_name=ijmr_v15i1e69676_app3.docx
https://jmir.org/api/download?alt_name=ijmr_v15i1e69676_app4.docx
https://jmir.org/api/download?alt_name=ijmr_v15i1e69676_app4.docx
https://jmir.org/api/download?alt_name=ijmr_v15i1e69676_app5.docx
https://jmir.org/api/download?alt_name=ijmr_v15i1e69676_app5.docx
https://jmir.org/api/download?alt_name=ijmr_v15i1e69676_app6.docx
https://jmir.org/api/download?alt_name=ijmr_v15i1e69676_app6.docx
https://jmir.org/api/download?alt_name=ijmr_v15i1e69676_app7.docx
https://jmir.org/api/download?alt_name=ijmr_v15i1e69676_app7.docx
https://jmir.org/api/download?alt_name=ijmr_v15i1e69676_app8.docx
https://jmir.org/api/download?alt_name=ijmr_v15i1e69676_app8.docx
https://jmir.org/api/download?alt_name=ijmr_v15i1e69676_app9.pdf
https://jmir.org/api/download?alt_name=ijmr_v15i1e69676_app9.pdf
https://www.i-jmr.org/2026/1/e69676

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Fasoli et al

References

1.

UN decade of healthy ageing: plan of action. World Health Organization. 2020. URL: https://www.who.int/publications/
m/item/decade-of-healthy-ageing-plan-of-action [Accessed 2025-12-23]

2. WHO'’s work on the UN decade of healthy ageing (2021-2030). World Health Organization. URL: https://www.who.int/
initiatives/decade-of-healthy-ageing [Accessed 2024-02-08]

3. Healthy ageing and functional ability. World Health Organization. 2020. URL: https://www.who.int/news-room/
questions-and-answers/item/healthy-ageing-and-functional-ability [Accessed 2024-02-08]

4. World development indicators: population dynamics. World Bank Group. URL: https://wdi.worldbank.org/table/2.1
[Accessed 2025-12-23]

5. Genge C, McNeil H, Debergue P, Freeman S. Technology to support aging in place: key messages for policymakers and
funders. Front Psychol. 2023;14:1287486. [doi: 10.3389/fpsyg.2023.1287486] [Medline: 38078234]

6. Etkin K. The AgeTech Revolution: A Book about the Intersection of Aging and Technology. New Degree Press; 2022.
ISBN: 9798885045131

7. Rotolo D, Hicks D, Martin BR. What is an emerging technology? Res Policy. Dec 2015;44(10):1827-1843. [doi: 10.
1016/j.respol.2015.06.006]

8. Fasoli A, Beretta G, Pravettoni G, Sanchini V. Mapping emerging technologies in aged care: results from an in-depth
online research. BMC Health Serv Res. May 23,2023;23(1):528. [doi: 10.1186/s12913-023-09513-5] [Medline:
37221528]

9. Pajalic Z, de Sousa DA, Strgm BS, et al. Welfare technology interventions among older people living at home-A
systematic review of RCT studies. PLOS Digit Health. Jan 2023;2(1):e0000184. [doi: 10.1371/journal.pdig.0000184]
[Medline: 36812629]

10.  Vichitvanichphong S, Talaei-Khoei A, Kerr D, Ghapanchi AH. Assistive technologies for aged care: comparative
literature survey on the effectiveness of theories for supportive and empowering technologies. Information Technology
& People. Mar 2018;31(2):405-427. [doi: 10.1108/ITP-03-2017-0090]

11.  Active ageing: a policy framework. World Health Organization. 2002. URL: https://iris.who.int/items/46476232-b305-
47b4-ab28-e3931607c70c [Accessed 2025-12-23]

12.  Bernardo J, Apdstolo J, Loureiro R, et al. eHealth platforms to promote autonomous life and active aging: a scoping
review. Int J Environ Res Public Health. Nov 29, 2022;19(23):15940. [doi: 10.3390/ijerph192315940] [Medline:
36498018]

13.  Patient engagement. World Health Organization. 2016. URL.: https://iris.who.int/items/86fdfc1c-b581-4caf-97ab-
6439ffac7cfb [Accessed 2025-12-23]

14.  Elwyn G, Frosch D, Thomson R, et al. Shared decision making: a model for clinical practice. J Gen Intern Med. Oct
2012;27(10):1361-1367. [doi: 10.1007/s11606-012-2077-6] [Medline: 22618581]

15. Kondylakis H, Kazantzaki E, Koumakis L, et al. Development of interactive empowerment services in support of
personalised medicine. Ecancermedicalscience. 2014;8:400. [doi: 10.3332/ecancer.2014.400] [Medline: 24567757]

16.  Antonovsky A. The salutogenic model as a theory to guide health promotion. Health Promot Int. 1996;11(1):11-18. [doi:
10.1093/heapro/11.1.11]

17.  Eriksson M. The sense of coherence in the salutogenic model of health. In: Mittelmark MB, Sagy S, Eriksson M, et al,
editors. The Handbook of Salutogenesis. Springer; 2017:91-96. [doi: 10.1007/978-3-319-04600-6 11]

18.  Ollevier A, Aguiar G, Palomino M, Simpelaere IS. How can technology support ageing in place in healthy older adults?
A systematic review. Public Health Rev. Nov 23, 2020;41(1):26. [doi: 10.1186/s40985-020-00143-4] [Medline:
33292707]

19. Kim D, Bian H, Chang CK, Dong L, Margrett J. In-home monitoring technology for aging in place: scoping review.
Interact J Med Res. Sep 1,2022;11(2):¢39005. [doi: 10.2196/39005] [Medline: 36048502]

20.  Orlofsky S, Wozniak K. Older adults’ experiences using Alexa. Geriatr Nurs (Lond). Nov 2022;48:247-257. [doi: 10.
1016/j.gerinurse.2022.09.017]

21.  Lodi Rizzini C, Maino F, De Tommaso CV. Ageing in place, healthy ageing: local community involvement in the
prevention approach to eldercare. SI. Jan 25, 2023;12:1-17. [doi: 10.17645/51.7438]

22. Read E, Woolsey C, Donelle L, Weeks L, Chinho N. Passive remote monitoring and aging in place: a scoping review.
Can J Aging. Mar 2023;42(1):20-32. [doi: 10.1017/S0714980822000198] [Medline: 35912590]

23.  Sundgren S, Stolt M, Suhonen R. Ethical issues related to the use of gerontechnology in older people care: a scoping
review. Nurs Ethics. Feb 2020;27(1):88-103. [doi: 10.1177/0969733019845132] [Medline: 31113266]

24. Czaja S, Beach S, Charness N, Schulz R. Older adults and the adoption of healthcare technology: opportunities and
challenges. In: Sixsmith A, Gutman G, editors. Technologies for Active Aging. International Perspectives on Aging. Vol
9. Springer; 2013:27-46. [doi: 10.1007/978-1-4419-8348-0 3]

https://www.i-jmr.org/2026/1/e69676 Interact ] Med Res 2026 | vol. 15 1e69676 | p. 18

(page number not for citation purposes)


https://www.who.int/publications/m/item/decade-of-healthy-ageing-plan-of-action
https://www.who.int/publications/m/item/decade-of-healthy-ageing-plan-of-action
https://www.who.int/initiatives/decade-of-healthy-ageing
https://www.who.int/initiatives/decade-of-healthy-ageing
https://www.who.int/news-room/questions-and-answers/item/healthy-ageing-and-functional-ability
https://www.who.int/news-room/questions-and-answers/item/healthy-ageing-and-functional-ability
https://wdi.worldbank.org/table/2.1
https://doi.org/10.3389/fpsyg.2023.1287486
http://www.ncbi.nlm.nih.gov/pubmed/38078234
https://doi.org/10.1016/j.respol.2015.06.006
https://doi.org/10.1016/j.respol.2015.06.006
https://doi.org/10.1186/s12913-023-09513-5
http://www.ncbi.nlm.nih.gov/pubmed/37221528
https://doi.org/10.1371/journal.pdig.0000184
http://www.ncbi.nlm.nih.gov/pubmed/36812629
https://doi.org/10.1108/ITP-03-2017-0090
https://iris.who.int/items/46476232-b305-47b4-ab28-e3931607c70c
https://iris.who.int/items/46476232-b305-47b4-ab28-e3931607c70c
https://doi.org/10.3390/ijerph192315940
http://www.ncbi.nlm.nih.gov/pubmed/36498018
https://iris.who.int/items/86fdfc1c-b581-4caf-97ab-6439ffac7cfb
https://iris.who.int/items/86fdfc1c-b581-4caf-97ab-6439ffac7cfb
https://doi.org/10.1007/s11606-012-2077-6
http://www.ncbi.nlm.nih.gov/pubmed/22618581
https://doi.org/10.3332/ecancer.2014.400
http://www.ncbi.nlm.nih.gov/pubmed/24567757
https://doi.org/10.1093/heapro/11.1.11
https://doi.org/10.1007/978-3-319-04600-6_11
https://doi.org/10.1186/s40985-020-00143-4
http://www.ncbi.nlm.nih.gov/pubmed/33292707
https://doi.org/10.2196/39005
http://www.ncbi.nlm.nih.gov/pubmed/36048502
https://doi.org/10.1016/j.gerinurse.2022.09.017
https://doi.org/10.1016/j.gerinurse.2022.09.017
https://doi.org/10.17645/si.7438
https://doi.org/10.1017/S0714980822000198
http://www.ncbi.nlm.nih.gov/pubmed/35912590
https://doi.org/10.1177/0969733019845132
http://www.ncbi.nlm.nih.gov/pubmed/31113266
https://doi.org/10.1007/978-1-4419-8348-0_3
https://www.i-jmr.org/2026/1/e69676

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Fasoli et al

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Saplacan D, Khaksar W, Torresen J. On ethical challenges raised by care robots: a review of the existing regulatory-,
theoretical-, and research gaps. Presented at: 2021 IEEE International Conference on Advanced Robotics and Its Social
Impacts (ARSO); Jul 8-10, 2021; Tokoname, Japan. [doi: 10.1109/ARS0O51874.2021.9542844]

Schicktanz S, Schweda M. Aging 4.0? Rethinking the ethical framing of technology-assisted eldercare. Hist Philos Life
Sci. Aug 3,2021;43(3):93. [doi: 10.1007/s40656-021-00447-x] [Medline: 34342739]

Predel C, Timmermann C, Ursin F, Orzechowski M, Ropinski T, Steger F. Conflicting aims and values in the
application of smart sensors in geriatric rehabilitation: ethical analysis. JMIR Mhealth Uhealth. Jun 23,
2022;10(6):€32910. [doi: 10.2196/32910] [Medline: 35737429]

Khaksar W, Lindblom DS, Bygrave LA, Torresen J. Robotics in elderly healthcare: a qualitative analysis of 20 recent
European research projects. J Hum-Robot Interact. Jun 30, 2025;14(2):1-38. [doi: 10.1145/3711936]

Wang S, Bolling K, Mao W, et al. Technology to support aging in place: older adults’ perspectives. Healthcare (Basel).
Apr 10, 2019;7(2):60. [doi: 10.3390/healthcare7020060] [Medline: 30974780]

Vandemeulebroucke T, Dierckx de Casterlé B, Welbergen L, Massart M, Gastmans C. The ethics of socially assistive
robots in aged care. a focus group study with older adults in Flanders, Belgium. J Gerontol B Psychol Sci Soc Sci. Oct
16,2020;75(9):1996-2007. [doi: 10.1093/geronb/gbz070] [Medline: 31131848]

Puri A, Kim B, Nguyen O, Stolee P, Tung J, Lee J. User acceptance of wrist-worn activity trackers among community-
dwelling older adults: mixed method study. JMIR Mhealth Uhealth. Nov 15,2017;5(11):e173. [doi: 10.2196/mhealth.
8211] [Medline: 29141837]

Muiioz Esquivel K, Gillespie J, Kelly D, et al. Factors influencing continued wearable device use in older adult
populations: quantitative study. JMIR Aging. Jan 19, 2023;6:¢36807. [doi: 10.2196/36807] [Medline: 36656636]

Lu W, Silvera-Tawil D, Yoon HJ, et al. Impact of the smarter safer homes solution on quality of life and health
outcomes in older people living in their own homes: randomized controlled trial. J Med Internet Res. Jan 22,
2025;27:€59921. [doi: 10.2196/59921] [Medline: 39608020]

Wu M, Xue Y, Ma C. The association between the digital divide and health inequalities among older adults in China:
nationally representative cross-sectional survey. J Med Internet Res. Jan 15, 2025;27:¢62645. [doi: 10.2196/62645]
[Medline: 39813666]

Betriana F, Tanioka T, Osaka K, Kawai C, Yasuhara Y, Locsin RC. Interactions between healthcare robots and older
people in Japan: a qualitative descriptive analysis study. Jpn J Nurs Sci. Feb 28, 2021;18(3):e12409. [doi: 10.1111/jjns.
12409] [Medline: 33644983]

Fan W, Zhao R, Liu X, Ge L. Intelligent robot interventions for people with dementia: systematic review and meta-
analysis of randomized controlled trials. ] Med Internet Res. Mar 10, 2025;27:¢59892. [doi: 10.2196/59892] [Medline:
40063933]

Akerlind C, Martin L, Gustafsson C. eHomecare and safety: the experiences of older patients and their relatives. Geriatr
Nurs (Lond). Mar 2018;39(2):178-185. [doi: 10.1016/j.gerinurse.2017.08.004]

Sanchini V, Sala R, Gastmans C. The concept of vulnerability in aged care: a systematic review of argument-based
ethics literature. BMC Med Ethics. Aug 16, 2022;23(1):84. [doi: 10.1186/5s12910-022-00819-3] [Medline: 35974362]
Howes J, Denier Y, Gastmans C. Electronic tracking devices for people with dementia: content analysis of company
websites. JIMIR Aging. Nov 11,2022;5(4):e38865. [doi: 10.2196/38865] [Medline: 36367765]

Dixon-Woods M, Agarwal S, Jones D, Young B, Sutton A. Synthesising qualitative and quantitative evidence: a review
of possible methods. J Health Serv Res Policy. Jan 2005;10(1):45-53. [doi: 10.1177/135581960501000110] [Medline:
15667704]

Vandemeulebroucke T, Dierckx de Casterlé B, Gastmans C. The use of care robots in aged care: a systematic review of
argument-based ethics literature. Arch Gerontol Geriatr. Jan 2018;74:15-25. [doi: 10.1016/j.archger.2017.08.014]
[Medline: 28926749]

Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting systematic reviews and meta-analyses of
studies that evaluate health care interventions: explanation and elaboration. PLoS Med. Jul 21, 2009;6(7):e1000100.
[doi: 10.1371/journal.pmed.1000100] [Medline: 19621070]

Dierckx de Casterlé B, Gastmans C, Bryon E, Denier Y. QUAGOL.: a guide for qualitative data analysis. Int J Nurs
Stud. Mar 2012;49(3):360-371. [doi: 10.1016/j.ijnurstu.2011.09.012] [Medline: 21996649]

Gastmans C. Dignity-enhancing nursing care: a foundational ethical framework. Nurs Ethics. Mar 2013;20(2):142-149.
[doi: 10.1177/0969733012473772] [Medline: 23466947]

Greenwood DA, Young HM, Quinn CC. Telehealth remote monitoring systematic review: structured self-monitoring of
blood glucose and impact on A1C. J Diabetes Sci Technol. Mar 2014;8(2):378-389. [doi: 10.1177/1932296813519311]
[Medline: 24876591]

https://www.i-jmr.org/2026/1/e69676 Interact ] Med Res 2026 | vol. 15 1e69676 | p. 19

(page number not for citation purposes)


https://doi.org/10.1109/ARSO51874.2021.9542844
https://doi.org/10.1007/s40656-021-00447-x
http://www.ncbi.nlm.nih.gov/pubmed/34342739
https://doi.org/10.2196/32910
http://www.ncbi.nlm.nih.gov/pubmed/35737429
https://doi.org/10.1145/3711936
https://doi.org/10.3390/healthcare7020060
http://www.ncbi.nlm.nih.gov/pubmed/30974780
https://doi.org/10.1093/geronb/gbz070
http://www.ncbi.nlm.nih.gov/pubmed/31131848
https://doi.org/10.2196/mhealth.8211
https://doi.org/10.2196/mhealth.8211
http://www.ncbi.nlm.nih.gov/pubmed/29141837
https://doi.org/10.2196/36807
http://www.ncbi.nlm.nih.gov/pubmed/36656636
https://doi.org/10.2196/59921
http://www.ncbi.nlm.nih.gov/pubmed/39608020
https://doi.org/10.2196/62645
http://www.ncbi.nlm.nih.gov/pubmed/39813666
https://doi.org/10.1111/jjns.12409
https://doi.org/10.1111/jjns.12409
http://www.ncbi.nlm.nih.gov/pubmed/33644983
https://doi.org/10.2196/59892
http://www.ncbi.nlm.nih.gov/pubmed/40063933
https://doi.org/10.1016/j.gerinurse.2017.08.004
https://doi.org/10.1186/s12910-022-00819-3
http://www.ncbi.nlm.nih.gov/pubmed/35974362
https://doi.org/10.2196/38865
http://www.ncbi.nlm.nih.gov/pubmed/36367765
https://doi.org/10.1177/135581960501000110
http://www.ncbi.nlm.nih.gov/pubmed/15667704
https://doi.org/10.1016/j.archger.2017.08.014
http://www.ncbi.nlm.nih.gov/pubmed/28926749
https://doi.org/10.1371/journal.pmed.1000100
http://www.ncbi.nlm.nih.gov/pubmed/19621070
https://doi.org/10.1016/j.ijnurstu.2011.09.012
http://www.ncbi.nlm.nih.gov/pubmed/21996649
https://doi.org/10.1177/0969733012473772
http://www.ncbi.nlm.nih.gov/pubmed/23466947
https://doi.org/10.1177/1932296813519311
http://www.ncbi.nlm.nih.gov/pubmed/24876591
https://www.i-jmr.org/2026/1/e69676

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Fasoli et al

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Goransson C, Eriksson I, Ziegert K, et al. Testing an app for reporting health concerns-experiences from older people
and home care nurses. Int J Older People Nurs. Jun 2018;13(2):1-10. [doi: 10.1111/0opn.12181] [Medline: 29210218]
Thomas L, Little L, Briggs P, McInnes L, Jones E, Nicholson J. Location tracking: views from the older adult
population. Age Ageing. Nov 2013;42(6):758-763. [doi: 10.1093/ageing/aft069] [Medline: 23761455]

Byrne CA, Collier R, O’Hare GMP. A review and classification of assisted living systems. Information. 2018;9(7):182.
[doi: 10.3390/info9070182]

Stavropoulos TG, Papastergiou A, Mpaltadoros L, Nikolopoulos S, Kompatsiaris I. [oT wearable sensors and devices in
elderly care: a literature review. Sensors (Basel). May 16, 2020;20(10):1-22. [doi: 10.3390/s20102826] [Medline:
32429331]

Lanyi CS. Virtual reality in healthcare. In: Ichalkaranje N, Ichalkaranje A, Jain L, editors. Intelligent Paradigms for
Assistive and Preventive Healthcare. Studies in Computational Intelligence. Vol 19. Springer; 2006:87-116. [doi: 10.
1007/11418337 3]

Brown JA. An exploration of virtual reality use and application among older adult populations. Gerontol Geriatr Med.
2019;5:2333721419885287. [doi: 10.1177/2333721419885287] [Medline: 31723574]

Feil-Seifer D, Mataric MJ. Socially assistive robotics. IEEE Robot Automat Mag. 2011;18(1):24-31. [doi: 10.1109/
MRA.2010.940150]

Sharkey N, Sharkey A. The crying shame of robot nannies: an ethical appraisal. Interaction Studies.
2010;11(2):161-190. [doi: 10.1075/is.11.2.01sha]

Bian C, Ye B, Hoonakker A, Mihailidis A. Attitudes and perspectives of older adults on technologies for assessing
frailty in home settings: a focus group study. BMC Geriatr. May 8, 2021;21(1):298. [doi: 10.1186/s12877-021-02252-4]
[Medline: 33964887]

Bostrom M, Kjellstrom S, Bjorklund A. Older persons have ambivalent feelings about the use of monitoring
technologies. TAD. 2013;25(2):117-125. [doi: 10.3233/TAD-130376]

Cabrita M, Tabak M, Vollenbroek-Hutten MM. Older adults’ attitudes toward ambulatory technology to support
monitoring and coaching of healthy behaviors: qualitative study. JMIR Aging. Mar 12, 2019;2(1):e10476. [doi: 10.2196/
10476] [Medline: 31518252]

Choi YK, Thompson HJ, Demiris G. Internet-of-things smart home technology to support aging-in-place: older adults’
perceptions and attitudes. J Gerontol Nurs. Apr 2021;47(4):15-21. [doi: 10.3928/00989134-20210310-03] [Medline:
34038251]

Chung J, Thompson HJ, Joe J, Hall A, Demiris G. Examining Korean and Korean American older adults’ perceived
acceptability of home-based monitoring technologies in the context of culture. Inform Health Soc Care. Jan
2017;42(1):61-76. [doi: 10.3109/17538157.2016.1160244] [Medline: 27100664]

Courtney KL. Privacy and senior willingness to adopt smart home information technology in residential care facilities.
Methods Inf Med. 2008;47(1):76-81. [doi: 10.3414/me9104] [Medline: 18213432]

Courtney KL, Demiris G, Rantz M, Skubic M. Needing smart home technologies: the perspectives of older adults in
continuing care retirement communities. Inform Prim Care. 2008;16(3):195-201. [doi: 10.14236/jhi.v16i3.694]
[Medline: 19094406]

Davenport RD, Elzabadani H, Johnson JL, Helal A (Sumi, Mann WC. Pilot live-in trial at the GatorTech Smarthouse.
Top Geriatr Rehabil. Jan 2007;23(1):73-84. [doi: 10.1097/00013614-200701000-00010]

Demiris G, Rantz M, Aud M, et al. Older adults’ attitudes towards and perceptions of “smart home” technologies: a pilot
study. Med Inform Internet Med. Jun 2004;29(2):87-94. [doi: 10.1080/14639230410001684387] [Medline: 15370989]
Demiris G, Oliver DP, Dickey G, Skubic M, Rantz M. Findings from a participatory evaluation of a smart home
application for older adults. Technol Health Care. 2008;16(2):111-118. [Medline: 18487857]

Demiris G, Hensel BK, Skubic M, Rantz M. Senior residents’ perceived need of and preferences for “smart home”
sensor technologies. Int J Technol Assess Health Care. 2008;24(1):120-124. [doi: 10.1017/S0266462307080154]
[Medline: 18218177]

Dermody G, Fritz R, Glass C, Dunham M, Whitehead L. Factors influencing community-dwelling older adults’
readiness to adopt smart home technology: a qualitative exploratory study.J Adv Nurs. Dec 2021;77(12):4847-4861.
[doi: 10.1111/jan.14996] [Medline: 34477222]

Elers P, Hunter I, Whiddett D, Lockhart C, Guesgen H, Singh A. User requirements for technology to assist aging in
place: qualitative study of older people and their informal support networks. JMIR Mhealth Uhealth. Jun 6,
2018;6(6):e10741. [doi: 10.2196/10741] [Medline: 29875083]

Holender A, Sutton S, De Simoni A. Opinions on the use of technology to improve tablet taking in >65-year-old patients
on cardiovascular medications. J Int Med Res. Jul 2018;46(7):2754-2768. [doi: 10.1177/0300060518770578] [Medline:
29730949]

https://www.i-jmr.org/2026/1/e69676 Interact ] Med Res 2026 | vol. 15 1e69676 | p. 20

(page number not for citation purposes)


https://doi.org/10.1111/opn.12181
http://www.ncbi.nlm.nih.gov/pubmed/29210218
https://doi.org/10.1093/ageing/aft069
http://www.ncbi.nlm.nih.gov/pubmed/23761455
https://doi.org/10.3390/info9070182
https://doi.org/10.3390/s20102826
http://www.ncbi.nlm.nih.gov/pubmed/32429331
https://doi.org/10.1007/11418337_3
https://doi.org/10.1007/11418337_3
https://doi.org/10.1177/2333721419885287
http://www.ncbi.nlm.nih.gov/pubmed/31723574
https://doi.org/10.1109/MRA.2010.940150
https://doi.org/10.1109/MRA.2010.940150
https://doi.org/10.1075/is.11.2.01sha
https://doi.org/10.1186/s12877-021-02252-4
http://www.ncbi.nlm.nih.gov/pubmed/33964887
https://doi.org/10.3233/TAD-130376
https://doi.org/10.2196/10476
https://doi.org/10.2196/10476
http://www.ncbi.nlm.nih.gov/pubmed/31518252
https://doi.org/10.3928/00989134-20210310-03
http://www.ncbi.nlm.nih.gov/pubmed/34038251
https://doi.org/10.3109/17538157.2016.1160244
http://www.ncbi.nlm.nih.gov/pubmed/27100664
https://doi.org/10.3414/me9104
http://www.ncbi.nlm.nih.gov/pubmed/18213432
https://doi.org/10.14236/jhi.v16i3.694
http://www.ncbi.nlm.nih.gov/pubmed/19094406
https://doi.org/10.1097/00013614-200701000-00010
https://doi.org/10.1080/14639230410001684387
http://www.ncbi.nlm.nih.gov/pubmed/15370989
http://www.ncbi.nlm.nih.gov/pubmed/18487857
https://doi.org/10.1017/S0266462307080154
http://www.ncbi.nlm.nih.gov/pubmed/18218177
https://doi.org/10.1111/jan.14996
http://www.ncbi.nlm.nih.gov/pubmed/34477222
https://doi.org/10.2196/10741
http://www.ncbi.nlm.nih.gov/pubmed/29875083
https://doi.org/10.1177/0300060518770578
http://www.ncbi.nlm.nih.gov/pubmed/29730949
https://www.i-jmr.org/2026/1/e69676

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Fasoli et al

68.

69.

70.

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Holthe T, Halvorsrud L, Lund A. A critical occupational perspective on user engagement of older adults in an assisted
living facility in technology research over three years. J Occup Sci. Jul 2, 2020;27(3):376-389. [doi: 10.1080/14427591.
2020.1758200]

Hvali¢-Touzery S, Smole-Orehek K, Dolnicar V. Exploring reciprocity in perceptions on telecare within the informal
carer-care receiver dyad. Teorija in Praksa. 2021;58(3):840-859. [doi: 10.51936/tip.58.3.840-859]

Jo TH, Ma JH, Cha SH. Elderly perception on the internet of things-based integrated smart-home system. Sensors
(Basel). Feb 11,2021;21(4):1284. [doi: 10.3390/s21041284] [Medline: 33670237]

Knowles B, Hanson VL. Older adults’ deployment of ‘distrust’. ACM Trans Comput-Hum Interact. Aug 31,
2018;25(4):1-25. [doi: 10.1145/3196490]

Leikas J, Kulju M. Ethical consideration of home monitoring technology: a qualitative focus group study.
Gerontechnology. Apr 16, 2018;17(1):38-47. [doi: 10.4017/gt.2018.17.1.004.00]

Lie MLS, Lindsay S, Brittain K. Technology and trust: older people’s perspectives of a home monitoring system.
Ageing Soc. Aug 2016;36(7):1501-1525. [doi: 10.1017/S0144686X15000501]

Peek STM, Luijkx KG, Rijnaard MD, et al. Older adults’ reasons for using technology while aging in place.
Gerontology. 2016;62(2):226-237. [doi: 10.1159/000430949] [Medline: 26044243]

Pol M, van Nes F, van Hartingsveldt M, Buurman B, de Rooij S, Krose B. Older people’s perspectives regarding the use
of sensor monitoring in their home. Gerontologist. Jun 2016;56(3):485-493. [doi: 10.1093/geront/gnu104] [Medline:
25384761]

Portet F, Vacher M, Golanski C, Roux C, Meillon B. Design and evaluation of a smart home voice interface for the
elderly: acceptability and objection aspects. Pers Ubiquit Comput. Jan 2013;17(1):127-144. [doi: 10.1007/s00779-011-
0470-5]

Sénchez VG, Anker-Hansen C, Taylor I, Eilertsen G. Older people’s attitudes and perspectives of welfare technology in
Norway. J Multidiscip Healthc. 2019;12:841-853. [doi: 10.2147/IMDH.S219458] [Medline: 31802884]

Stack E, King R, Janko B, et al. Could in-home sensors surpass human observation of people with Parkinson’s at high
risk of falling? An ethnographic study. Biomed Res Int. 2016;2016:3703745. [doi: 10.1155/2016/3703745] [Medline:
26981528]

Steele R, Lo A, Secombe C, Wong YK. Elderly persons’ perception and acceptance of using wireless sensor networks to
assist healthcare. Int ] Med Inform. Dec 2009;78(12):788-801. [doi: 10.1016/j.ijmedinf.2009.08.001] [Medline:
19717335]

Walsh K, Callan A. Perceptions, preferences, and acceptance of information and communication technologies in older-
adult community care settings in Ireland: a case-study and ranked-care program analysis. Ageing Int. Mar
2011;36(1):102-122. [doi: 10.1007/s12126-010-9075-y] [Medline: 21654869]

Wild K, Boise L, Lundell J, Foucek A. Unobtrusive in-home monitoring of cognitive and physical health: reactions and
perceptions of older adults. J Appl Gerontol. 2008;27(2):181-200. [doi: 10.1177/0733464807311435] [Medline:
19165352]

Ehn M, Eriksson LC, Akerberg N, Johansson AC. Activity monitors as support for older persons’ physical activity in
daily life: qualitative study of the users’ experiences. JMIR Mhealth Uhealth. Feb 1, 2018;6(2):e34. [doi: 10.2196/
mhealth.8345] [Medline: 29391342]

Essén A. The two facets of electronic care surveillance: an exploration of the views of older people who live with
monitoring devices. Soc Sci Med. Jul 2008;67(1):128-136. [doi: 10.1016/j.socscimed.2008.03.005]

Farivar S, Abouzahra M, Ghasemaghaei M. Wearable device adoption among older adults: a mixed-methods study. Int J
Inf Manage. Dec 2020;55:1-14. [doi: 10.1016/].ijinfomgt.2020.102209] [Medline: 32834339]

Hein Willius A, Torres Hidalgo M, Arroyo Zuiiiga P, et al. An acceptability study of a personal portable device storing
critical health information to ensure treatment continuity of home-dwelling older adults in case of a disaster. Patient
Prefer Adherence. 2019;13:1941-1949. [doi: 10.2147/PPA.S218232] [Medline: 31806942]

Kononova A, Li L, Kamp K, et al. The use of wearable activity trackers among older adults: focus group study of tracker
perceptions, motivators, and barriers in the maintenance stage of behavior change. JMIR Mhealth Uhealth. Apr 5,
2019;7(4):€9832. [doi: 10.2196/mhealth.9832] [Medline: 30950807]

Thilo FJ, Bilger S, Halfens RJ, Schols JM, Hahn S. Involvement of the end user: exploration of older people’s needs and
preferences for a wearable fall detection device - a qualitative descriptive study. Patient Prefer Adherence.
2017;11:11-22. [doi: 10.2147/PPA.S119177] [Medline: 28053509]

Cajita MI, Hodgson NA, Lam KW, Yoo S, Han HR. Facilitators of and barriers to mHealth adoption in older adults with
heart failure. Comput Inform Nurs. Aug 2018;36(8):376-382. [doi: 10.1097/CIN.0000000000000442] [Medline:
29742549]

https://www.i-jmr.org/2026/1/e69676 Interact ] Med Res 2026 | vol. 15 1e69676 | p. 21

(page number not for citation purposes)


https://doi.org/10.1080/14427591.2020.1758200
https://doi.org/10.1080/14427591.2020.1758200
https://doi.org/10.51936/tip.58.3.840-859
https://doi.org/10.3390/s21041284
http://www.ncbi.nlm.nih.gov/pubmed/33670237
https://doi.org/10.1145/3196490
https://doi.org/10.4017/gt.2018.17.1.004.00
https://doi.org/10.1017/S0144686X15000501
https://doi.org/10.1159/000430949
http://www.ncbi.nlm.nih.gov/pubmed/26044243
https://doi.org/10.1093/geront/gnu104
http://www.ncbi.nlm.nih.gov/pubmed/25384761
https://doi.org/10.1007/s00779-011-0470-5
https://doi.org/10.1007/s00779-011-0470-5
https://doi.org/10.2147/JMDH.S219458
http://www.ncbi.nlm.nih.gov/pubmed/31802884
https://doi.org/10.1155/2016/3703745
http://www.ncbi.nlm.nih.gov/pubmed/26981528
https://doi.org/10.1016/j.ijmedinf.2009.08.001
http://www.ncbi.nlm.nih.gov/pubmed/19717335
https://doi.org/10.1007/s12126-010-9075-y
http://www.ncbi.nlm.nih.gov/pubmed/21654869
https://doi.org/10.1177/0733464807311435
http://www.ncbi.nlm.nih.gov/pubmed/19165352
https://doi.org/10.2196/mhealth.8345
https://doi.org/10.2196/mhealth.8345
http://www.ncbi.nlm.nih.gov/pubmed/29391342
https://doi.org/10.1016/j.socscimed.2008.03.005
https://doi.org/10.1016/j.ijinfomgt.2020.102209
http://www.ncbi.nlm.nih.gov/pubmed/32834339
https://doi.org/10.2147/PPA.S218232
http://www.ncbi.nlm.nih.gov/pubmed/31806942
https://doi.org/10.2196/mhealth.9832
http://www.ncbi.nlm.nih.gov/pubmed/30950807
https://doi.org/10.2147/PPA.S119177
http://www.ncbi.nlm.nih.gov/pubmed/28053509
https://doi.org/10.1097/CIN.0000000000000442
http://www.ncbi.nlm.nih.gov/pubmed/29742549
https://www.i-jmr.org/2026/1/e69676

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Fasoli et al

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

Johnson A, Shukla N, Halley M, et al. Barriers and facilitators to mobile health and active surveillance use among older
adults with skin disease. Health Expect. Oct 2021;24(5):1582-1592. [doi: 10.1111/hex.13229] [Medline: 34190397]
Ladin K, Porteny T, Perugini JM, et al. Perceptions of telehealth vs in-person visits among older adults with advanced
kidney disease, care partners, and clinicians. JAMA Netw Open. Dec 1,2021;4(12):¢2137193. [doi: 10.1001/
Jamanetworkopen.2021.37193] [Medline: 34870680]

van Houwelingen CT, Ettema RG, Antonietti MG, Kort HS. Understanding older people’s readiness for receiving
telehealth: mixed-method study. J Med Internet Res. Apr 6, 2018;20(4):e123. [doi: 10.2196/jmir.8407] [Medline:
29625950]

Bajones M, Fischinger D, Weiss A, et al. Results of field trials with a mobile service robot for older adults in 16 private
households. ] Hum-Robot Interact. Jun 30, 2020;9(2):1-27. [doi: 10.1145/3368554]

Bevilacqua R, Felici E, Cavallo F, Amabili G, Maranesi E. Designing acceptable robots for assisting older adults: a pilot
study on the willingness to interact. Int J Environ Res Public Health. Oct 12, 2021;18(20):1-9. [doi: 10.3390/
ijerph182010686] [Medline: 34682433]

Coghlan S, Waycott J, Lazar A, Neves BB. Dignity, autonomy, and style of company: dimensions older adults consider
for robot companions. Proc ACM Hum Comput Interact. Apr 2021;5(CSCW1):1-24. [doi: 10.1145/3449178] [Medline:
34308262]

Deutsch I, Erel H, Paz M, Hoffman G, Zuckerman O. Home robotic devices for older adults: opportunities and concerns.
Comput Human Behav. Sep 2019;98:122-133. [doi: 10.1016/j.chb.2019.04.002]

McGlynn SA, Kemple SC, Mitzner TL, King CH, Rogers WA. Understanding older adults’ perceptions of usefulness for
the Paro robot. Proc Hum Factors Ergon Soc Annu Meet. Sep 2014;58(1):1914-1918. [doi: 10.1177/1541931214581400]
[Medline: 31320791]

McGlynn SA, Kemple S, Mitzner TL, King CHA, Rogers WA. Understanding the potential of PARO for healthy older
adults. Int ] Hum Comput Stud. Apr 2017;100:33-47. [doi: 10.1016/].ijhcs.2016.12.004] [Medline: 28943748]

Niemeld M, van Aerschot L, Tammela A, Aaltonen I, Lammi H. Towards ethical guidelines of using telepresence robots
in residential care. Int J of Soc Robotics. Jun 2021;13(3):431-439. [doi: 10.1007/s12369-019-00529-8]

Pripfl J, Kortner T, Batko-Klein D, Hebesberger D, Weninger M, Gisinger C. Social service robots to support
independent living: experiences from a field trial. Z Gerontol Geriatr. Jun 2016;49(4):282-287. [doi: 10.1007/s00391-
016-1067-4] [Medline: 27220733]

Ostrowski AK, Harrington CN, Breazeal C, Park HW. Personal narratives in technology design: the value of sharing
older adults’ stories in the design of social robots. Front Robot AI. 2021;8:716581. [doi: 10.3389/frobt.2021.716581]
[Medline: 34651018]

Harrefors C, Axelsson K, Sidvenstedt S. Using assistive technology services at differing levels of care: healthy older
couples’ perceptions. J Adv Nurs. Jul 2010;66(7):1523-1532. [doi: 10.1111/§.1365-2648.2010.05335 x] [Medline:
20497268]

Broadbent E, Tamagawa R, Patience A, et al. Attitudes towards health-care robots in a retirement village. Australas J
Ageing. Jun 2012;31(2):115-120. [doi: 10.1111/7.1741-6612.2011.00551 x] [Medline: 22676171]

Welsh S, Hassiotis A, O’mahoney G, Deahl M. Big brother is watching you--the ethical implications of electronic
surveillance measures in the elderly with dementia and in adults with learning difficulties. Aging Ment Health. Sep
2003;7(5):372-375. [doi: 10.1080/1360786031000150658]

Baric V, Andreassen M, Ohman A, Hemmingsson H. Using an interactive digital calendar with mobile phone reminders
by senior people - a focus group study. BMC Geriatr. Apr 23, 2019;19(1):116. [doi: 10.1186/s12877-019-1128-9]
[Medline: 31014276]

Fisher K, Easton K. The meaning and value of digital technology adoption for older adults with sight loss: a mixed
methods study. Technology and Disability. 2019;30(4):177-184. [doi: 10.3233/TAD-180205]

Wilson-Nash C, Tinson J. ‘I am the master of my fate’: digital technology paradoxes and the coping strategies of older
consumers. Journal of Marketing Management. Feb 12, 2022;38(3-4):248-278. [doi: 10.1080/0267257X.2021.1945662]
Ehn M, Johansson AC, Revenis A. Technology-based motivation support for seniors’ physical activity: a qualitative
study on seniors’ and health care professionals’ views. Int J Environ Res Public Health. Jul 8,2019;16(13):1-20. [doi:
10.3390/ijerph16132418] [Medline: 31288398]

Daniele K, Marcucci M, Cattaneo C, Borghese NA, Zannini L. How prefrail older people living alone perceive
information and communications technology and what they would ask a robot for: qualitative study. J Med Internet Res.
Aug 6,2019;21(8):e13228. [doi: 10.2196/13228] [Medline: 31389341]

Peek STM, Luijkx KG, Vrijhoef HIM, et al. Understanding changes and stability in the long-term use of technologies by
seniors who are aging in place: a dynamical framework. BMC Geriatr. Aug 28, 2019;19(1):236. [doi: 10.1186/s12877-
019-1241-9] [Medline: 31462214]

Huang TY, Huang C. Elderly’s acceptance of companion robots from the perspective of user factors. Univ Access Inf
Soc. Nov 2020;19(4):935-948. [doi: 10.1007/s10209-019-00692-9]

https://www.i-jmr.org/2026/1/e69676 Interact ] Med Res 2026 | vol. 15 1e69676 | p. 22

(page number not for citation purposes)


https://doi.org/10.1111/hex.13229
http://www.ncbi.nlm.nih.gov/pubmed/34190397
https://doi.org/10.1001/jamanetworkopen.2021.37193
https://doi.org/10.1001/jamanetworkopen.2021.37193
http://www.ncbi.nlm.nih.gov/pubmed/34870680
https://doi.org/10.2196/jmir.8407
http://www.ncbi.nlm.nih.gov/pubmed/29625950
https://doi.org/10.1145/3368554
https://doi.org/10.3390/ijerph182010686
https://doi.org/10.3390/ijerph182010686
http://www.ncbi.nlm.nih.gov/pubmed/34682433
https://doi.org/10.1145/3449178
http://www.ncbi.nlm.nih.gov/pubmed/34308262
https://doi.org/10.1016/j.chb.2019.04.002
https://doi.org/10.1177/1541931214581400
http://www.ncbi.nlm.nih.gov/pubmed/31320791
https://doi.org/10.1016/j.ijhcs.2016.12.004
http://www.ncbi.nlm.nih.gov/pubmed/28943748
https://doi.org/10.1007/s12369-019-00529-8
https://doi.org/10.1007/s00391-016-1067-4
https://doi.org/10.1007/s00391-016-1067-4
http://www.ncbi.nlm.nih.gov/pubmed/27220733
https://doi.org/10.3389/frobt.2021.716581
http://www.ncbi.nlm.nih.gov/pubmed/34651018
https://doi.org/10.1111/j.1365-2648.2010.05335.x
http://www.ncbi.nlm.nih.gov/pubmed/20497268
https://doi.org/10.1111/j.1741-6612.2011.00551.x
http://www.ncbi.nlm.nih.gov/pubmed/22676171
https://doi.org/10.1080/1360786031000150658
https://doi.org/10.1186/s12877-019-1128-9
http://www.ncbi.nlm.nih.gov/pubmed/31014276
https://doi.org/10.3233/TAD-180205
https://doi.org/10.1080/0267257X.2021.1945662
https://doi.org/10.3390/ijerph16132418
http://www.ncbi.nlm.nih.gov/pubmed/31288398
https://doi.org/10.2196/13228
http://www.ncbi.nlm.nih.gov/pubmed/31389341
https://doi.org/10.1186/s12877-019-1241-9
https://doi.org/10.1186/s12877-019-1241-9
http://www.ncbi.nlm.nih.gov/pubmed/31462214
https://doi.org/10.1007/s10209-019-00692-9
https://www.i-jmr.org/2026/1/e69676

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Fasoli et al

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

Kirki A, Sallinen M, Kuusinen J. How to live independently with or without technology? Stud Health Technol Inform.
2015;217:306-310. [Medline: 26294489]

Tsai HYS, Shillair R, Cotten SR, Winstead V, Yost E. Getting grandma online: are tablets the answer for increasing
digital inclusion for older adults in the U.S.? Educ Gerontol. 2015;41(10):695-709. [doi: 10.1080/03601277.2015.
1048165] [Medline: 26877583]

Barbosa Neves B, Waycott J, Maddox A. When technologies are not enough: the challenges of digital interventions to
address loneliness in later life. Sociol Res Online. Mar 2023;28(1):150-170. [doi: 10.1177/13607804211029298]

Neves BB, Mead G. Digital technology and older people: towards a sociological approach to technology adoption in
later life. Sociology. Oct 2021;55(5):888-905. [doi: 10.1177/0038038520975587]

Park YH, Chang HK, Lee MH, Lee SH. Community-dwelling older adults’ needs and acceptance regarding the use of
robot technology to assist with daily living performance. BMC Geriatr. Aug 5,2019;19(1):208. [doi: 10.1186/s12877-
019-1227-7] [Medline: 31382887]

Pigini L, Facal D, Blasi L, Andrich R. Service robots in elderly care at home: users’ needs and perceptions as a basis for
concept development. Technology and Disability. 2012;24(4):303-311. [doi: 10.3233/TAD-120361]

Chang CP, Lee TT, Mills ME. Experience of home telehealth technology in older patients with diabetes. Comput Inform
Nurs. Oct 2017;35(10):530-537. [doi: 10.1097/CIN.000000000000034 1] [Medline: 28291156]

Vaportzis E, Clausen MG, Gow AJ. Older adults perceptions of technology and barriers to interacting with tablet
computers: a focus group study. Front Psychol. Oct 4,2017;8:1687. [doi: 10.3389/fpsyg.2017.01687] [Medline:
29071004]

ISO 9241-11:2018: ergonomics of human-system interaction-part 11: usability: definitions and concepts. International
Organization for Standardization. URL: https://www .iso.org/standard/63500.html [Accessed 2026-01-15]

Chung J, Demiris G, Thompson HJ. Ethical considerations regarding the use of smart home technologies for older
adults: an integrative review. Annu Rev Nurs Res. 2016;34(1):155-181. [doi: 10.1891/0739-6686.34.155] [Medline:
26673381]

Harris MT, Rogers WA. Developing a healthcare technology acceptance model (H-TAM) for older adults with
hypertension. Ageing Soc. Apr 2023;43(4):814-834. [doi: 10.1017/s0144686x21001069] [Medline: 37007645]

Ienca M, Wangmo T, Jotterand F, Kressig RW, Elger B. Ethical design of intelligent assistive technologies for dementia:
a descriptive review. Sci Eng Ethics. Aug 2018;24(4):1035-1055. [doi: 10.1007/s11948-017-9976-1] [Medline:
28940133]

Lehoux P, Grimard D. When robots care: public deliberations on how technology and humans may support independent
living for older adults. Soc Sci Med. Aug 2018;211:330-337. [doi: 10.1016/j.socscimed.2018.06.038]

Tan SY, Taeihagh A. Governing the adoption of robotics and autonomous systems in long-term care in Singapore.
Policy and Society. Apr 3,2021;40(2):211-231. [doi: 10.1080/14494035.2020.1782627]

Zhu J, Shi K, Yang C, et al. Ethical issues of smart home-based elderly care: a scoping review. J] Nurs Manag. Nov
2022;30(8):3686-3699. [doi: 10.1111/jonm.13521] [Medline: 34806243]

Sanchini V, Fasoli A, Beretta G, Gastmans C. Emerging technologies and vulnerabilities in older adults with cognitive
impairments: a systematic review of qualitative evidence. BMC Geriatr (forthcoming). [doi: 10.1186/s12877-025-
06792-x]

Ji YA, Kim HS. Scoping review of the literature on smart healthcare for older adults. Yonsei Med J. Jan
2022;63(Suppl):S14-S21. [doi: 10.3349/ym|j.2022.63.S14] [Medline: 35040602]

Pirzada P, Wilde A, Doherty GH, Harris-Birtill D. Ethics and acceptance of smart homes for older adults. Inform Health
Soc Care. Jan 2, 2022;47(1):10-37. [doi: 10.1080/17538157.2021.1923500] [Medline: 34240661]

Abbreviations

CMT: conventional monitoring technique

ESV: existential or spiritual vulnerability

ET: emerging technology

EV: economic vulnerability

MYV: moral vulnerability

PHV: physical vulnerability

POV: political vulnerability

PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PV: psychological vulnerability

QUAGOL: Qualitative Analysis Guide of Leuven

RV: relational or interpersonal vulnerability

SAR: socially assistive robot

SCV: sociocultural vulnerability

SPEV: sociocultural, political, and economic vulnerability
UNMT: unconventional monitoring technique

https://www.i-jmr.org/2026/1/e69676 Interact ] Med Res 2026 | vol. 15 1e69676 | p. 23

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/pubmed/26294489
https://doi.org/10.1080/03601277.2015.1048165
https://doi.org/10.1080/03601277.2015.1048165
http://www.ncbi.nlm.nih.gov/pubmed/26877583
https://doi.org/10.1177/13607804211029298
https://doi.org/10.1177/0038038520975587
https://doi.org/10.1186/s12877-019-1227-7
https://doi.org/10.1186/s12877-019-1227-7
http://www.ncbi.nlm.nih.gov/pubmed/31382887
https://doi.org/10.3233/TAD-120361
https://doi.org/10.1097/CIN.0000000000000341
http://www.ncbi.nlm.nih.gov/pubmed/28291156
https://doi.org/10.3389/fpsyg.2017.01687
http://www.ncbi.nlm.nih.gov/pubmed/29071004
https://www.iso.org/standard/63500.html
https://doi.org/10.1891/0739-6686.34.155
http://www.ncbi.nlm.nih.gov/pubmed/26673381
https://doi.org/10.1017/s0144686x21001069
http://www.ncbi.nlm.nih.gov/pubmed/37007645
https://doi.org/10.1007/s11948-017-9976-1
http://www.ncbi.nlm.nih.gov/pubmed/28940133
https://doi.org/10.1016/j.socscimed.2018.06.038
https://doi.org/10.1080/14494035.2020.1782627
https://doi.org/10.1111/jonm.13521
http://www.ncbi.nlm.nih.gov/pubmed/34806243
https://doi.org/10.1186/s12877-025-06792-x
https://doi.org/10.1186/s12877-025-06792-x
https://doi.org/10.3349/ymj.2022.63.S14
http://www.ncbi.nlm.nih.gov/pubmed/35040602
https://doi.org/10.1080/17538157.2021.1923500
http://www.ncbi.nlm.nih.gov/pubmed/34240661
https://www.i-jmr.org/2026/1/e69676

INTERACTIVE JOURNAL OF MEDICAL RESEARCH Fasoli et al

VRT: virtual reality technique

Edited by Naomi Cahill, Taiane de Azevedo Cardoso; peer-reviewed by Diana Saplacan Lindblom, Sanka Amadoru,
Ye-Fong Du; submitted 05.Dec.2024; final revised version received 30.Sep.2025; accepted 30.Sep.2025; published
19.Feb.2026

Please cite as:

Fasoli A, De Luca M, Beretta G, Gastmans C, Sanchini V

Emerging Technologies and Vulnerabilities in Older Adults Without Cognitive Impairments: Systematic Review of
Qualitative Evidence

Interact J Med Res 2026,15:¢69676

URL: hitps://www.i-imr.org/2026/1/e69676

doi: 10.2196/69676

© Annachiara Fasoli, Maria De Luca, Giorgia Beretta, Chris Gastmans, Virginia Sanchini. Originally published in the
Interactive Journal of Medical Research (https://www.i-jmr.org/), 19.Feb.2026. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in the Interactive
Journal of Medical Research, is properly cited. The complete bibliographic information, a link to the original publication on
https://www.i-jmr.org/, as well as this copyright and license information must be included.

https://www.i-jmr.org/2026/1/e69676 Interact ] Med Res 2026 | vol. 15 1e69676 | p. 24
(page number not for citation purposes)


https://www.i-jmr.org/2026/1/e69676
https://doi.org/10.2196/69676
https://www.i-jmr.org/
https://creativecommons.org/licenses/by/4.0/
https://www.i-jmr.org/
https://www.i-jmr.org/2026/1/e69676

	Emerging Technologies and Vulnerabilities in Older Adults Without Cognitive Impairments: Systematic Review of Qualitative Evidence
	Introduction
	Background
	Working Hypothesis

	Methods
	Systematic Review Procedure
	Research Questions
	Literature Search
	Inclusion and Exclusion Criteria
	Quality Appraisal
	Data Extraction and Synthesis

	Results
	General Descriptions of Included Publications
	Methodological Quality
	Ethics-Related Analysis
	MV Dimension
	RV Dimension
	PHV Dimension
	PV Dimension
	SPEV Dimension
	ESV Dimension
	Usability
	Means to Address Vulnerabilities

	Discussion
	Main Findings
	Strengths and Limitations
	Conclusions and Future Directions



