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Abstract: Some emerging technologies have potential to address older people’s care and support
needs. However, there is still a gap in the knowledge on the potential uses of these technologies in
some care domains. Therefore, a two-round Delphi survey was conducted to establish a consensus of
opinion from a group of health and social technology experts (n = 21) on the potential of 10 emerging
technologies to meet older people’s needs in five care and support domains. Experts were also asked
to provide reasons for their choices in free-text spaces. The consensus level was set at 70%. Free-text
responses were analyzed using thematic analysis. Voice activated devices was the technology that
reached experts consensus in all assessed care domains. Some technologies (e.g., Artificial intelligence
(AI) enabled apps and wearables and Internet of things (IoT) enabled homes) also show potential
to support basic self-care and access to healthcare needs of older people. However, most of the
remaining technologies (e.g., robotics, exoskeletons, virtual and augmented reality (VR/AR)) face
a range of technical and acceptability issues that may hinder their adoption by older people in the
near future. Findings should encourage the R & D community to address some of the identified
challenges to improve the adoption of emerging technologies by older people.

Keywords: Delphi; artificial intelligence; voice activated devices; robotics; older people; care and
support

1. Introduction

Recent statistics in the United Kingdom (UK) estimated that around 22% of males and
31% of females aged over 65 years require care and support due to living with limiting
long-term conditions [1]. Examples of support and care activities include taking medication,
getting around and shopping [2]. The number of older people requiring care and support
is also expected to increase by 25% in the year 2025 [3] and 67% in the year 2040 [4], raising
a challenge to meet the increasing need for care and support from the older population.
Additionally, many older people with care and support needs prefer to continue living
in their homes as long as possible [5]. Supporting older people to continue living in their
own homes and keeping them out of residential care is also a well-recognized priority
to local authorities in the UK [6]. However, many concerns have been raised about the
sustainability of the formal and informal care systems to meet older people’s care and
support needs living at home [6,7]. The health and social care system, for instance, is
facing financial pressures threatening their ability to meet increasing demands from an
ageing population [6]. Family carers are also facing care related physical, mental and
financial challenges that threaten their ability to sustain their caring responsibilities [7].
These challenges have, indeed, resulted in many older people not receiving the care and
support required to continue living in their homes. For example, 55% of older people
who have difficulty with an activity of daily living and 80% with mobility difficulty did
not receive formal or informal support, according to a recent analysis from wave 7 of the
English Longitudinal Study of Ageing (ELSA) [8]. Therefore, there is an urgent need to
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address this gap in care, given the negative impact unmet care needs have on older people’s
health and wellbeing [9].

Technology offers a potential solution to address some of older people’s care needs. In
recent years, a number of technologies have demonstrated a positive impact on older peo-
ple’s physical and mental health and on their social lives [10–14]. For example, a review on
the effectiveness of technologies on social isolation amongst older people reported positive
results, mainly with telecare, video games, information communication technologies (ICT)
and robotics [10]. Similarly, the potential of telehealth in reducing hospital readmission and
improving the health outcomes of older people was documented several times in the last
few years [13,14]. More recently, emerging technologies—technologies characterized by
novelty, growth and potential socio-economic impact—have demonstrated some potential
to support older people’s care needs at home [15–18]. These technologies build on recent
advances and interdependencies between artificial intelligence (AI) and subset technologies
(e.g., speech recognition), sensor technology, and advances in connectivity and computing
(e.g., fifth-generation cellular wireless (5G) and edge computing) to offer new ways of
interacting and communicating with technology [15,16]. For example, voice activated
devices (e.g., Amazon’s Alexa and Google assistant) can support older people with basic
care tasks such as medication reminders and providing information [15]. Similarly, Internet
of Things (IoT) enabled homes can automate home experiences for older people through
allowing various technologies to interact and communicate with each other [15]. However,
it remains the case that the rate of adopting new technologies in the older population is
lower than other age groups [19,20]. Some of the main reasons for this are lack of perceived
value and positive impact of technology on older people’s quality of life as well as lack
of confidence in their digital skills [19,21–23]. For example, a recent study reported that
failure to identify essential uses of Alexa (a voice activated device) was one of the main
reasons for abandoning its use by older people over time [24]. Therefore, there is arguably a
need to further explore the potential of emerging technologies and highlight their potential
uses and benefits for older people. In particular, it will be useful to explore the potential
of these technologies in care domains considered as important areas of support for older
people living at home. These include mobility, self-care and domestic life, social life and
relationships, psychological support and access to healthcare [2].

Recently, a scoping review of grey literature identified a range of emerging tech-
nologies that could potentially address challenges related to these domains [15]. These
technologies included self-driving vehicles, assistive autonomous robots, exoskeletons,
AI-enabled mobile applications and wearables, new drug release mechanisms (e.g., DNA
origami and digital pills), portable diagnostics, voice activated devices, virtual, augmented
and mixed reality (VR/AR/MR) and IoT enabled homes. However, the review highlighted
that there is still a gap in the knowledge on the potential uses of these technologies in
some care domains such as social life and psychological support. Additionally, the review
highlighted that older people were not considered explicitly as potential end users of
technologies that seem to have intuitive benefits for them, such as portable diagnostics
and new drug delivery mechanisms [15]. This necessitates the further exploration of the
potential of these technologies to meet older people’s care needs, particularly from experts’
point of view. Gaining the opinions of experts with relevant knowledge and expertise in
the field under investigation is often an important step in the research and development of
emerging technologies [25,26]. This is because experts can help identify potential important
applications of the emerging technologies [25], which can then be assessed and validated
with older people and other stakeholders. Therefore, the purpose of this study was to
establish a consensus of opinion from a group of experts on the potential of the identified
emerging technologies to meet older people’s care needs in mobility, self-care and domestic
life, social life, psychological support and access to healthcare care domains. In order to
achieve this aim, a 2 round Delphi study was conducted.
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2. Materials and Methods
2.1. The Delphi Technique

Delphi is a technique that is used to aggregate judgment from a group of experts
about a particular topic using a systematic approach [27–31]. The method has also been
traditionally used to gain consensus from experts about priority issues in a particular
field [28–30,32]. Delphi can also be useful in providing more up to date information about
a specific topic than a traditional literature search by drawing upon the knowledge and
expertise of the panel [27]. The key features of this method are the use of self-administered
questionnaires in a series of rounds, the anonymity of experts, and the aggregation and
feeding back of responses [27,29–32]. The anonymous and iterative features of Delphi allow
experts to share and change opinion without the effect of dominant individuals or peer
pressure, which offers an advantage over other group communication methods [33,34]. The
first round in Delphi can include either open-ended questions aiming to generate themes for
the subsequent round, or pre-selected items generated from a variety of sources [29–32,35].
These sources can include literature reviews, previous research findings or clinical practice,
used in combination or singly [30,35]. Each subsequent questionnaire in Delphi is created
based on the findings of the previous questionnaire and will usually involve re-rating of
items by the experts’ panel [27,29–32,35]. The process can continue until there is a stability
of responses and/or until consensus is reached [27,31,33]. However, in most Delphi studies,
two to three rounds of questionnaires are used [29–32]. Overall, the structured, iterative and
anonymous process of group communication offered by Delphi was deemed important for
this study given the complex and interdisciplinary nature of the topic under investigation.

2.2. Participants Identification

One of the key considerations during the conduct of Delphi survey is the identification
of the experts [29,31,32,36]. There is no agreed rule of how to define and identify an expert
in a Delphi study [18,29,31,36]. Generally, experts in Delphi studies are those who have
relevant knowledge or experience as well as interest in the topic under investigation and
are willing to contribute to multiple rounds [29–32,34–37]. Expertise can be judged via
relevant academic publications profile [31,37,38], experience in the area under investiga-
tion [31,35,37,38] or association with professional networks or organisations [31]. An expert
in this study was defined as a professional who has relevant knowledge or experience in
research, development, provision or policy concerning health and social care technologies.
Therefore, experts in this study could have included academics, researchers, engineers,
developers, designers or health and social care practitioners, from academia, industry,
government or non-government sector. Experts were identified purposively using the
following strategies or sources: (1) authors of documents included in the grey literature
review [15]; (2) a list of experts who participated in a recent UK parliamentary evidence on
ageing and technology [39]; (3) members of editorial boards or reviewers of journals in the
fields of gerontechnology, digital health, assistive technology; (4) principal investigators or
senior authors of peer-reviewed publications since 2015 in the area of technology devel-
opment/evaluation for older people or in the field of health and social care; (5) keynote
speakers in key academic and industry technology and health/social care conferences;
(6) a list of experts associated with the Centre for Assistive Technology and Connected
Healthcare; and (7) nominations by experts participating in the study. No restriction was
made on the geographical location of the participants, since the survey was administered
electronically. The search for experts was conducted online. Email addresses of potential
participants were obtained from their publicly available profiles (e.g., contact details on
publications or organizational websites).

In terms of the sample size, there is no agreement on a standard method to calculate
the number of experts required for a Delphi survey. The number of participants in a
Delphi study can range from a few to hundreds of participants [30], depending on the
study objectives, heterogeneity of the group, and resources available [27,30,31]. A group
size of 15–30 has been suggested, on the basis that increasing the group size beyond this
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range does not result in better outcomes and can reduce the response rate [27,30,32]. More
recently, Belton et al. [31] suggested that 5–20 experts may be sufficient for a Delphi survey.
Selecting a heterogenous group of experts was also recommended in order to reduce bias
in opinion [31]. Heterogeneity can be achieved by selecting a panel that differs in sector,
demographics or area of expertise [31]. In this study, it was expected that a valuable and
diverse insights into the topic would be achieved from a minimum of 20 experts from
various technological disciplines and sectors (e.g., academia, industry).

2.3. Data Collection

The 1st round questionnaire was piloted with 5 researchers from the authors’ local
institute prior to sending it to the participants. Minor changes were made to the termi-
nologies used in the questionnaire based on the feedback received. The questionnaire was
also designed to be completed in 30 min. A maximum of three rounds were planned to be
conducted. Stability of responses between round 1 and 2 and consensus achieved in round
2 was used to decide on whether a third round would be required [33]. A personalized
email invitation letter was sent to 150 potential participants identified from the aforemen-
tioned resources. The invitation email included background, aim and details of the Delphi
survey and a link to the study information sheet, informed consent and the survey. All
participants had to indicate their consent to participate prior to undertaking the survey
by clicking all the boxes in the consent form. A maximum of three reminders were sent
to non-responders or those with incomplete responses in each round, keeping at least a
one-week gap. Qualtrics software was used to manage the survey. Data were collected
between March 2020 to May 2020.

2.4. Round 1

Participants were first asked to provide background information including gender,
country of employment, area of expertise and years of experience in the R&D, provision
or policy concerning health and social care technologies. Participants were also asked to
estimate years of experience working with older people with care and support needs in
the context of R & D or provision of health and social care technologies. Participants were
then asked to indicate their agreement or disagreement on the potential of 10 emerging
technologies to meet older people’s needs in 5 care and support domains in the next
10 years. The assessed technologies and care and support domains were identified from
the aforementioned literature reviews [2,15] and are summarized in Figure 1. The 10-year
timeframe was chosen based on estimates that the socio-economic impact of emerging
technologies is generally expected to happen in 10–15 years [40]. The number and type
of care domains assessed for each technology varied depending on the technology under
investigation. For example, the potential of voice-activated devices was assessed in all
care domains, whereas the potential of self-driving vehicles was assessed in mobility and
social life domains only, as the remaining domains were not applicable to it. This was
decided based on discussions in the research team and on the applications areas mentioned
for the technologies in the grey literature review. A brief description of each care and
support domain and emerging technology was also provided (Supplemental Material 1).
In total, 37 items were assessed. An example of an item is as follows: please indicate
your agreement or disagreement that self-driving vehicles have the potential to meet older
people’s mobility needs in the next 10 years. Experts indicated their level of agreement
or disagreement on a 5-point Likert scale (1 = strongly disagree, 2 = somewhat disagree,
3 = neither agree nor disagree, 4 = somewhat agree, 5 = strongly agree). Additionally,
participants were requested to discuss briefly their score in a free text space provided after
each item. They were also given the opportunity to add additional emerging technologies
or other comments at the end of the survey.
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Figure 1. A summary of the emerging technologies and care and support domains that were assessed.
The green colour indicates that the domain has been assessed, whereas the grey color indicates that it
has not been assessed.

2.4.1. Quantitative Analysis

After the completion of round 1, experts’ scores were descriptively analyzed. This
included calculating median, interquartile range (IQR) and frequency distribution, which
are commonly used descriptive statistics in Delphi studies [31]. Consensus was assessed
using level of agreement, which is one of the commonly used criteria to define consen-
sus in Delphi survey, particularly for Likert scales. However, there is no recommended
threshold [31,33,41]. A range of 50–97% has been reported in the literature [33,41]. In
this study, a level of 70% was defined a priori. This means a consensus on an item was
achieved if at least 70% of experts scored an item as agreed (score 4 or 5) or disagreed
(score 2 or 1). Weighted Kappa was used to measure the stability of responses between
the 1st and 2nd round. Weighted Kappa can be used to test stability of ordinal responses
in Delphi surveys by measuring within-participant agreement between rounds [33,42,43].
This measure is found to be more suitable than unweighted Kappa test which does not
take into consideration the size of disagreement between two scores (e.g., 1 vs. 2 or 1 vs.
5) [42,43]. Weighted Kappa was measured for 37 items using SPSS Extensions. Generally,
Kappa values between 0.81–0.99 indicate almost perfect agreement, 0.61–0.80 substantial
agreement, 0.41–0.6 moderate agreement, and 0.21–0.40 fair agreement [44,45].

2.4.2. Qualitative Analysis

Thematic analysis [46] was used to analyze experts’ free text responses in order to
identify common reasons why experts agreed or disagreed on the potential of the technol-
ogy to meet older people’s care needs. Comments related to each technology were collated
in a word document and read several times to get familiar with data. The ‘for’ and ‘against’
arguments were then highlighted for each technology and were used to provide a summary
of the findings of each of the assessed technologies. These summaries were shared with
experts in round 2 (Supplemental Material 2). A further analysis was conducted to identify
common reasons for agreement or disagreement across all technologies. A summary of
these reasons and quotes from experts’ responses are provided in the results section. In the
discussion section, these reasons were used to interpret the levels of consensus achieved in
this study.

2.5. Round 2

A results package was sent to all experts participating in the 1st round. The package
included their individual score of each item and the quantitative and qualitative summary
of the group’s feedback. No changes were made on any of the items since no suggestions
were proposed by the participants in round 1. Participants were requested to re-score
all 37 items taking into consideration the group’s feedback. However, participants were
informed that they did not need to change their score and that it was up to them to keep
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it or change it. Additionally, participants were requested to discuss briefly any changes
made in their score in a free text space provided after each item. The scores and comments
of the experts in round 2 were summarized using similar formats of round 1 results.

3. Results
3.1. Participants Characteristics

A total of twenty-one participants completed round one, whereas 16 participants com-
pleted round two. The majority of experts (n = 19) were based in academic institutions whilst
2 experts were senior technology professionals from industry. Eleven participants were based
in the UK, whereas the remaining participants were from Cyprus, Australia, Netherlands,
Sweden, Spain, US and Canada. Nineteen participants had more than 6 years of experience in
the R & D and/or provision of health and social care technologies, and 11 had at least 6 years
of experience working with older people in this context. The panel had a range of expertise
including AI, sensors technology, digital health, VR, assistive technology, human-computer
interaction, speech and language recognition and decision support systems. Table 1 provides
a summary of the participants’ characteristics. A summary of the individual characteristics of
participants is provided in Supplemental Material 3.

Table 1. A summary of the participants’ characteristics.

Count (%)

Round 1 (n = 21) Round 2 (n = 16)

Gender

Female 11 (52%) 9 (56%)
Male 10 (48%) 7 (44%)

Sector

Academia 19 (90%) 14 (87%)
Industry 2 (10%) 2 (13%)

Country of employment

United Kingdom 11 (48%) 8 (50%)
Cyprus 4 (19%) 3 (19%)

Australia 1 (5%) 1 (6%)
Netherlands 1 (5%) 1 (6%)

Sweden 1 (5%) 1 (6%)
Spain 1 (5%) 1 (6%)

United States 1 (5%) 1 (6%)
Canada 1 (5%) -

Experience in R & D of health and social care
technologies

1–5 y 2 (10%) 2 (13%)
6–10 y 7 (33%) 5 (31%)

Above 10 y 12 (57%) 9 (56%)

Experience in R & D of health and social care
technologies for older people

1–5 y 8 (38%) 6 (38%)
6–10 y 5 (24%) 4 (25%)

Above than 10 y 6 (28%) 5 (31%)
Never 2 (10%) 1 (6%)
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Table 1. Cont.

Count (%)

Round 1 (n = 21) Round 2 (n = 16)

Area of expertise

Multiple areas of expertise (e.g., IoT, AI, robotics,
design research) 6 (29%) 4 (25%)

Digital health 3 (14%) 3 (19%)
Assistive technology 4 (19%) 3 (19%)

Human-computer interaction 2 (10%) 2 (13%)
Speech and language recognition 1 (5%) 1 (6%)

Virtual Reality 1 (5%) 1 (6%)
Speech and language therapy 1 (5%) -

Decision support systems 1 (5%) 1 (6%)
No specific area of expertise 1 (5%) 1 (6%)

Self-rated expertise in R & D of health and social
care technologies

(0—I am not an expert, 100—I have extensive
knowledge/experience)

Median (Q1, Q3) 70 (50, 80) 70 (45, 80)
20–40 5 (24%) 4 (25%)
41–69 3 (14%) 3 (19%)
>70 13 (62%) 9 (56%)

3.2. Main Findings
3.2.1. Quantitative Findings

A total of 37 items were assessed in round 1 and round 2. In round 1, consensus at
70% level of agreement was achieved on 16 items (43%), whereas 19 items (51%) reached
consensus in round 2. It is noteworthy that consensus was achieved on the potential
of the technologies to meet the care needs (agree range) and not that the technology
does not have potential (disagree range). AI-enabled apps, voice activated devices and
portable diagnostics were the technologies that reached consensus in most care and support
domains in both rounds. On the other hand, no consensus was achieved on the potential of
VR/AR/MR, new drug delivery mechanisms and exoskeletons in any domains in either
rounds. A summary of the consensus results, median and IQR values for round 1 and
2 is provided in Table 2. Additionally, mobility, self-care and domestic life and access to
healthcare domains gained experts’ consensus across several technologies, whereas social
life and psychological support gained it in a few technologies only. A summary of the
main care and support applications identified from the qualitative analysis is provided in
Supplemental Material 4.

Table 2. A summary of the consensus results, median and IQR (interquartile range) values for round 1 and 2.

Median (IQR) Consensus Levels *
Weighted Kappa **

Round 1 (n = 21) Round 2 (n = 16) Round 1 (n = 21) Round 2 (n = 16)

Self-driving vehicles

Mobility 4 (1) 4 (0.25) 19 (90%) 13 (81%) 0.667
Social life and relationships 4 (1) 4 (1.25) 12 (57%) 10 (63%) 0.647

Exoskeletons

Mobility 4 (2) 4 (2) 13 (61%) 11 (68%) 0.795
Self-care and domestic life 4 (1) 4 (1.25) 13 (61%) 9 (56%) 0.658

Assistive autonomous robots

Mobility 4 (1) 4 (1) 13 (61%) 9 (56%) 0.816
Self-care and domestic life 4 (1) 4 (0.25) 18 (86%) 12 (75%) 0.913

Social life and relationships 4 (1) 4 (1) 12 (57%) 10 (63%) 0.853
Psychological support 3 (2) 3 (1) 9 (43%) 6 (38%) 0.63
Access to healthcare 4 (1) 4 (0.25) 11 (52%) 12 (75%) 0.36
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Table 2. Cont.

Median (IQR) Consensus Levels *
Weighted Kappa **

Round 1 (n = 21) Round 2 (n = 16) Round 1 (n = 21) Round 2 (n = 16)

AI-enabled apps

Mobility 4 (1) 4 (0.5) 16 (76%) 12 (75%) 0.61
Self-care and domestic life 5 (1) 5 (1) 20 (95%) 14 (88%) 0.868

Social life and relationships 5 (2) 4.5 (2) 15 (71%) 10 (63%) 0.883
Psychological support 4 (2) 4 (1) 15 (71%) 14 (88%) 0.646
Access to healthcare 5 (1) 5 (0.25) 20 (95%) 15 (94%) 0.775

AI enabled wearables

Mobility 5 (1) 4.5 (1) 19 (90%) 15 (93%) 0.765
Self-care and domestic life 5 (1) 5 (1.25) 17 (80%) 12 (75%) 0.867

Social life and relationships 3 (2) 3.5 (1.25) 9 (43%) 8 (50%) 0.592
Psychological support 3 (2) 4 (1.5) 9 (43%) 9 (56%) 0.636
Access to healthcare 4 (1) 5 (1) 16 (76%) 13 (81%) 0.75

New drug delivery mechanisms

Self-care and domestic life 4 (2) 4 (2) 13 (61%) 9 (56%) 0.805
Access to healthcare 4 (2) 4 (2) 13 (61%) 9 (56%) 0.818

Portable diagnostics

Access to healthcare 5 (1) 5 (1) 19 (90%) 16 (100%) 0.62

Voice activated devices

Mobility 5 (1) 4.5 (1) 16 (76%) 13 (81%) 0.627
Self-care and domestic life 5 (1) 4 (1) 21 (100%) 16 (100%) 0.789

Social life and relationships 4 (2) 4 (0.25) 14 (67%) 12 (75%) 0.8
Psychological support 4 (0) 4 (0.25) 16 (76%) 12 (75%) 0.848
Access to healthcare 4 (1) 4 (1) 17 (81%) 14 (88%) 0.686

Virtual, augmented and mixed reality

Mobility 4 (1) 4 (1) 13 (61%) 9 (56%) 0.869
Self-care and domestic life 3 (1) 3 (1) 11 (52%) 6 (38%) 0.698

Social life and relationships 3 (2) 3 (1.25) 9 (43%) 6 (38%) 0.694
Psychological support 3 (2) 3 (1) 10 (47.6%) 6 (38%) 0.634
Access to healthcare 4 (1) 3 (1) 11 (52%) 7 (44%) 0.622

IoT enabled homes

Mobility 4 (1) 4 (0.25) 18 (85%) 14 (88%) 0.918
Self-care and domestic life 5 (1) 5 (1) 19 (90%) 14 (88%) 0.913

Social life and relationships 3 (2) 3.5 (1.25) 9 (43%) 8 (50%) 0.568
Psychological support 3 (1) 3 (1.25) 10 (47.6%) 7 (44%) 0.838
Access to healthcare 4 (2) 4 (0.25) 14 (67%) 14 (88%) 0.623

* Bold: consensus achieved. ** Bold: substantial or almost within-participant agreement.

The analysis of weighted Kappa results and change in responses between rounds
indicated a stability of responses. For example, the majority of items (n = 34, 91%) had
either substantial (n = 25) or almost perfect (n = 9) within-participant agreement between
round 1 and 2, whereas two items had moderate agreement and one had fair agreement
(Table 2). Additionally, 78% of the total number of responses (n = 464) did not change
between round 1 and round 2, whereas 15% changed positively (n = 91), and 6% (n = 36)
changed negatively. Therefore, although consensus was not achieved in all items, a third
round was not conducted as it was anticipated that it would not add significant insight.

3.2.2. Qualitative Findings

The thematic analysis of free-text responses identified three main reasons why experts
agreed or disagreed on the potential of the emerging technology to meet older people’s
care needs. These were: (1) technical and market readiness of the technology; (2) potential
usefulness of the technology to the care domain; and (3) potential acceptance and adoption
of the technology by older people.

Theme 1: Technical and market readiness of the technology
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“Technical readiness” and the “commercial availability” of the technology were the
main reasons why experts agreed on the potential of the technology to support older
people’s care needs. For example, many experts agreed that AI-enabled apps and voice
activated devices are technically ready, have products available in the market and are
already attracting interest from companies, research, older consumers and policy. These
technologies are also expected to improve in the future as underpinning technologies (e.g.,
natural language processing and AI) continue to develop. Similarly, many experts agreed
on the potential of portable diagnostics to facilitate older people’s access to healthcare
as this technology is expected to mature in the next 10 years. Some also agreed on the
potential of IoT enabled homes and wearables to support telehealth applications as some
existing infrastructure are already in place.

“Smart home is growing and this area would likely be accepted by older adults. For
example, devices to manage daily life calendaring, reminders, grocery order are already
on the market”

IoT-enabled homes, P17

“The technology is good, low cost, there is plenty of existing infrastructure and increasing
acceptance amongst older generations”

AI-enabled apps, P19

On the other hand, many experts questioned the potential of exoskeletons and virtual
reality to meet older people’s care needs due to issues related to technical or market readi-
ness. For example, some experts stated that exoskeletons are still “lab-based”, will remain
a “niche area” and are unlikely to achieve “functional utility” in the 10-year timeframe.
Similarly, some questioned the market readiness of virtual reality technology to meet older
people’s care needs:

“It’s already arrived, but needs to be on-boarded in ways that look and feel less technolog-
ical/clunky in order to expand rapidly. The failure of Google glasses is a lesson in this
regard. The alternatives are not yet apparent, but may exist in micro wearables, such as
corneal structures or other less invasive contact-based technologies”

VR/AR/MR, P6

Many experts also agreed on the fact that most robotic assistive systems are still
not flexible. As a result, this will limit their use to certain applications, tasks or settings,
unless a significant development is seen in AI technology. Some experts also questioned
the technical readiness of AI-based conversational systems (e.g., robots, voice-activated
devices, chatbots) to support older people in care domains that require complex interactions
with the technology such as psychological support and social life domains:

“Have a potential, but need adaptability. Most systems are not yet flexible enough to
support persons for a longer time, when health (including mental health) deteriorates.
Therefore, the design first needs optimalisation, and therefore I do not expect great impact
within the coming years for a large group of persons.”

Assistive autonomous robots, P7

Safety and ethical concerns were also raised about the use of some technologies, such
as AI-based technologies, new drug release mechanisms and exoskeletons, in health and
selfcare domains. Similarly, data privacy and security were raised as potential concerns
when using some technologies, such as voice activated devices, highlighting the need for
legislations and regulations to ensure safe and secure deployment of these technologies:

“ . . . . . . . . . privacy is the main concern around this technology and it constantly
listening and processing. I believe it will be a matter of time before the privacy issue is
resolved. GDPR is one of the steps to legally ensure the data is handled with care and
privacy is respected.”

Voice activated devices, P20
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“there are some potential safety, ethical and policy issues that need to be addressed, which
may take longer than the 10 year time frame to properly address. For example, if a person
falls at home and the system does not recognize it accurately, do we blame the system”

AI-enabled apps, P17

“The Market isn’t ready, very little legislation”

Assistive autonomous robots, P13

“requires legislative / regulatory framework”

New drug release mechanisms, P10

Theme 2: Potential usefulness of the technology to the care domain
One of experts’ main reasons for agreeing on the potential of the technology was

seeing a direct benefit of the technology to the care domain, particularly in the self-care and
access to healthcare domains. For example, many experts agreed on the potential of most
technologies to support remote monitoring and care of older people. Many also agreed on
the potential of a range of technologies to support older people in the self-care and domestic
life domain, mainly by prompting medication and helping with other daily reminders.

“Could be useful for home screening and helping to access health care”

AI-enabled apps in self-care domain, P9

“Very helpful for alerting care providers and first-responders (e.g., in case of falls).”

Voice activated device in access to healthcare domain, P16

“These will be essential to remote healthcare. Technology will likely mature and pass
regulations over the next ten years”

Portable diagnostics in access to healthcare domain, P18

Similarly, many experts agreed on the potential of several technologies to support
mobility challenges, although the type of support varied depending on the technology. For
example, self-driving vehicles demonstrated potential to support older people get around,
particularly those who cannot drive or lack access to transportation, whereas AI-enabled
wearables can help in detecting falls and monitoring mobility and activity. Likewise, IoT
enabled homes can help in automating some of the home-based tasks, whilst virtual reality
demonstrated some potential to support rehabilitation of mobility-related challenges.

On the other hand, lower levels of agreement were reported on the potential of
many technologies in the social life and psychological support domains compared to the
remaining domains. Those who agreed saw direct benefits of some technologies in fighting
loneliness and reducing social isolation. Some technologies also demonstrated potential to
support older people’s social life indirectly:

“Potentially assist in managing socially-relevant issues e.g., continence, wayfinding”.

AI-wearables in social life domain, P10

In the psychological support domain, some of the main applications mentioned were
related to monitoring mood related bio signals, facilitating medical triage and decision,
and adapting the environment to the user’s emotional status. Some experts also saw
potential of some technologies (e.g., IoT enabled homes) to indirectly support older people’s
psychological health by improving their confidence and safety at home and reducing
reliance on carers.

On the other hand, several experts questioned the potential of many technologies
to support older people in the social life and psychological support domains. One of the
main reasons mentioned was lack of relevance or direct benefits of the technology to the
care domain:

“Unclear on how these may substantially support social relationships beyond current
available technology”

AI-wearables in social life domain, P12
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“Very difficult to see how such devices will be able to help (and be accepted by older
generations) for this purpose. I can only see an indirect way of their use for entertainment
(games etc.)”

AI-enabled apps in psychological domain, P15

Some experts also raised concerns on social interactions with AI-based conversational
systems (e.g., robots, voice-activated devices, chatbots), describing it, in one instance, as a
“poor substitute for human social interaction”. Limited empirical evidence on usefulness
and benefits was another reason why some experts were uncertain about the potential of
technologies in these domains:

“there is not yet much evidence for the benefits of VR in psychological support. There
are many VR applications in psychology though, but for older adults this will not be the
main application of VR I presume.”

VR/MR/AR in psychological support domain, P7

Theme 3: Potential acceptance and adoption of the technology by older people
Many experts agreed on the potential of some technologies to meet the care needs of

older people because of their potential of being accepted and adopted by older people. For
example, voice activated devices, according to some experts, are expected to be acceptable
by older people because of their ability to offer “natural form” of interaction and simplify
technology use by them. Moreover, one of the main reasons for agreeing on the potential
of IoT enabled homes and AI-enabled wearables was their ability to collect data from older
people non-intrusively:

“The tech is already working and requires little effort on the part of the user to adopt”

IoT enabled homes, P21

“right cut-off between intrusiveness and quality of the data.”

AI-enabled wearables, P5

Cost of the technology was also mentioned by many experts as a potential factor
influencing older people’s adoption of the assessed technologies. For example, in some
instances, cost was seen as one of the factors facilitating the uptake of technology by older
people like in the case of AI-enabled apps and voice activated devices. In other cases, cost
was identified as a major barrier to the wider adoption of the technology.

“Technology is available and not costly anymore, more easily customised and therefore to
be expected to be useful within the next ten years”

AI-enabled apps, P7

“Cost will be the biggest barrier”

Exoskeleton, P3

“I believe this technology will not be available to everyone due to its cost”

New drug release mechanisms, P20

Additionally, older people’s perception of technology and access to technology were
seen as factors that could facilitate or hinder the acceptability and adoption of the assessed
emerging technologies. For example, some experts thought that older people’s “outlook
on technology” and “social and psychological factors” will determine their willingness to
engage with assistive robotics in self-care and social life domains. Similarly, limited access
to smartphones and internet were seen as potential barriers of older people’s adoption of
IoT enabled homes, AI-enabled apps and voice activated devices, despite the potential
benefits demonstrated by these technologies in various care domains:

“Smart home devices are already widespread. I believe the challenges may lie with
acceptability and access. Lots of these devices rely on internet access, so there may be
some challenges there”

IoT enabled homes, P17
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However, it is important to note that some experts thought that older people’s access
and acceptability of some technologies (e.g., smartphones) are expected to change in the
near future. Implementing user-led design principles could also facilitate the acceptability
and uptake of these technologies.

“Some elderly generations are not tech savvy. Nevertheless, the improvements in user
experience should increase the popularity of the mobile device use for health care purposes”

Portable diagnostics, P20

“Would need extensive development from a reoriented user-led framework”

AI-enabled apps, P10

4. Discussion

The aim of this Delphi survey was to establish a consensus of opinion from a group of
health and social care technology experts on the potential of 10 emerging technologies to
meet older people’s needs in 5 care and support domains. AI-enabled apps, voice activated
devices and portable diagnostics were the technologies that reached consensus in most
assessed care and support domains. On the other hand, AI-enabled wearables, IoT enabled
homes, self-driving vehicles and assistive autonomous robots reached consensus in some
domains, whereas VR/AR/MR, exoskeletons, and new drug release mechanisms did not
reach experts’ consensus in any domains. The qualitative findings offer some explanations
for the variations in the levels of consensus reported in this study.

These findings highlight that some of the variations can be attributed to factors related to
the technology such as the technical readiness and potential acceptability of the technology by
older people. For example, voice-activated devices and AI-enabled apps—technologies that
achieved consensus in most of the assessed care domains—already exist and are commercially
available. Potential barriers of adoption of these technologies, such as cost and ease of use, are
also relatively lower compared to the remaining technologies. These findings are in line with
several recent research studies that highlight the potential of AI and subsets technologies, such
as voice recognition and natural language processing (NLP), to support various healthcare and
home assistance applications [17,47–52]. These findings also suggest, in line with [17,24,49,52],
that voice activated devices and AI-enabled apps (e.g., chatbots), are expected to play an
increasing role in the care and support of older people in the near future. On the other hand,
technologies that did not reach consensus, such as exoskeletons and VR/MR/AR, or reached
it in a few domains, such as robotics, appear to have more technical and potential acceptability
issues. For example, in line with previous research [53–55], the qualitative findings reported
that exoskeletons and new drug delivery mechanisms currently face technical challenges
hindering their successful integration into real life. Similarly, this study reported, like [56]
and [57], that robotic systems are still limited in their functionality, which could result in failure
to meet older people’s expectations of robots. Cost of technology—a commonly mentioned
barrier in these technologies—has also been acknowledged to hinder the wider adoption and
acceptability of technology by older people [23]. Therefore, these findings can explain the
lower levels of consensus achieved by these technologies. It also suggests the need to address
various technical and acceptability issues that may hinder the adoption of these technologies.

The qualitative findings also highlight that some of the variations in the consensus
levels can be attributed to the assessed care domain. For example, experts reached con-
sensus on the potential of many technologies in the self-care, access to healthcare and
mobility domains, whereas lower levels were reported in the psychological and social life
domains. Some of the main applications mentioned in the self-care and access to healthcare
domains were related to remote monitoring and automating medication reminders. These
application areas are well-recognised challenges by the research community and have been
targeted by technology R & D for years, explaining some of the consensus achieved in these
domains [13,14,18,47,53,56–59]. Similarly, IoT and related technologies (e.g., wearables)—
technologies achieving consensus in the self-care and access to healthcare domains—have
also been acknowledged to overcome limitations in previous generations of telecare and



Geriatrics 2021, 6, 19 13 of 17

telehealth technologies [59–61]. Additionally, some of the assessed technologies have
intuitive benefits in specific domains, such as self-driving vehicles and mobility [62], which
may have facilitated the assessment of their potential in these domains. On the other hand,
the lower levels of consensus achieved in the psychological support and social life domains
can be attributed to various reasons. There is a possibility that the assessed technologies do
not offer advantage over existing technological solutions in these domains. For example,
many general ICT solutions already exist, such as social networking sites, mobile phones
and video chat apps, with some demonstrating effectiveness in reducing social isolation
and improving wellbeing of older people [10]. There is also a possibility that experts over-
looked the potential of some of the assessed technologies in these domains. For example,
experts did not reach consensus on the potential of wearables and IoT enabled homes in
the psychological support domain, despite agreeing on their potential in the health-related
domains. This finding is in line with Onnela and Rauch [63] and Boonstra et al. [64] who
acknowledged that the potential of sensor-based technologies has not been fully realized
in mental health support. It also reinforces the fact that uncertainties around potential
applications is one of the key characteristics of emerging technologies [40]. Additionally,
it is acknowledged that challenges related to social life and mental health are generally
difficult to evaluate or measure [63,65], which may have influenced the assessment of the
potential of technologies in these domains.

This study highlighted some open issues in relation to the R & D of emerging technolo-
gies with potential care and support applications for older people. In line with previous
research [24,47,48,50,54,66,67], this study reinforced that data privacy and security and
ethical issues, particularly during interacting with AI systems, remain one of the major
concerns for adopting many of the assessed technologies. Improving complex interactions
with conversational technologies, such as chatbots, voice activated devices and robotics, is
another open challenge for the R & D community [24,56,66], which could influence older
people’s experiences with these technologies, particularly in the social and psychological
support domains. Moreover, according to experts in this study and in line with [54,55,68],
evidence around the effectiveness of some technologies in psychological and health-related
domains, such as VR/AR/MR and new drug delivery mechanisms, is still limited. Addi-
tionally, most of the potential applications identified in the self-care and access to healthcare
domains were simple tasks, such as prompting medications and remote monitoring. Lim-
ited examples were given on the technologies’ potential to support more complex care
tasks such as walking, hand or arm use and dressing. This highlights the need to direct
some of the efforts towards the R & D of technologies that could support with these tasks
such as assistive robotics and exoskeletons.

In addition to addressing the above-mentioned challenges, there are other implications
of this study that future researchers may want to consider. This study highlighted that
technical readiness is one of the elements used in assessing the potential of emerging
technologies to meet older people’s care challenges. This finding may therefore suggest
that future evaluations of the potential of emerging technologies to meet older people’s care
needs may benefit from the use of metrics, such as technology readiness levels (TRL) [69,70],
to assess their technical or market readiness. These metrics have received less attention
in the academic literature despite their potential to inform the R & D efforts by providing
information on technology position in the development path whilst creating common
language regarding technology development [69–71]. It will also be important to gain
feedback of older people and other stakeholders, such as care professionals and carers,
on the findings of this study. This is because experts’ views might not necessarily reflect
these groups’ opinions, particularly in care domains that achieved experts’ consensus.
One of the methods that can be used is qualitative interviews or focus group meetings
to discuss in depth older people’s views on the study findings. Co-design workshops is
another method that can be used to design some of the emerging applications identified
in this study with older people and key stakeholders (e.g., formal and informal carers,
technology developers), and further explore issues related to feasibility, acceptability, and
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ethics. This method involves the active participation of the individuals targeted by the
technology in the design process to ensure that the technological solutions are tailored to
their needs [72]. Finally, findings of this study reinforced the complexity of developing
new technologies for older people and the importance of taking into consideration factors
related to the technology, the care domain, older people and the wider context in which
these technologies will be implemented (e.g., legislations and policies).

This study has a number of strengths. One of its strengths is that experts had a range
of expertise in the R & D of health and social care technologies. This helped in providing
an interdisciplinary assessment of the technologies, which is particularly important given
the complexity and interdependencies of recent technological advances [15]. Another
strength of this study was the inclusion of several emerging technologies with potential
care and support applications for older people. This may have helped in the assessment of
technologies in relation to each other and the identification of those with more potential to
meet older people’s care needs.

There are some limitations that need to be acknowledged. Like other Delphi studies,
findings of this study represent the views of the experts included in the panel and do not
necessarily represent the opinions of other experts in their fields. Moreover, experts were
mainly from academia and their views might not be representative of the wider R & D
community of health and social care technologies. Additionally, it is important to note that
lack of consensus reported in this study does not necessarily mean that the technology
does not have potential to address the care needs. But it could mean that the technology
has a relatively lower potential in comparison to other technologies included in the same
domain. In fact, none of the technologies in this study achieved experts’ consensus on their
lack of potential in any care domain.

5. Conclusions

In summary, this Delphi study provided experts’ assessment of the potential of emerg-
ing technologies that could meet older people’s care and support needs. Experts’ levels
of consensus regarding the potential of these technologies varied depending on the as-
sessed care domains and factors related to the technology, such as technical readiness
and potential to be accepted by older people. Based on the findings of this study, it is
plausible to expect that voice-activated devices and AI-enabled apps will play an increasing
role in the care and support of older people in the near future. IoT enabled homes and
AI-enabled wearables can also support some of the basic self-care and access to health
needs of older people. However, most of the remaining technologies (self-driving vehicles,
robotics, exoskeletons, drug release mechanisms and VR/MR/VR) face a range of technical
and acceptability issues that may hinder their adoption by older people in the near future.
This study also reported lower levels of experts’ agreement on the potential of the assessed
technologies in the psychological and social life domains compared to the remaining care
domains, highlighting the complexities associated with these domains. Overall, findings of
this study can be used by the R & D community to further explore some of the issues and
challenges highlighted in this paper. These include addressing data privacy and security
and ethical issues, improving complex interactions with conversational technologies and
addressing complex care tasks.
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Pilot Study with Google Home. In Proceedings of the 2019 CHI Conference on Human Factors in Computing Systems, Glasgow,
UK, 4–9 May 2019; ACM: New York, NY, USA, 2019.

18. Penteridis, L.; D’Onofrio, G.; Sancarlo, D.; Giuliani, F.; Ricciardi, F.; Cavallo, F.; Greco, A.; Trochidis, I.; Gkiokas, A. Robotic and
sensor technologies for mobility in older people. Rejuvenation Res. 2017, 20, 401–410. [CrossRef] [PubMed]

https://files.digital.nhs.uk/83/BB997F/HSE18-Social-Care-rep.pdf
https://files.digital.nhs.uk/83/BB997F/HSE18-Social-Care-rep.pdf
http://doi.org/10.1186/s12877-019-1189-9
http://doi.org/10.1016/S2468-2667(17)30091-9
http://eprints.lse.ac.uk/88376/1/Wittenberg_Adult%20Social%20Care_Published.pdf
https://www.kingsfund.org.uk/sites/default/files/field/field_publication_file/Social_care_older_people_Kings_Fund_Sep_2016pdf
https://www.kingsfund.org.uk/sites/default/files/field/field_publication_file/Social_care_older_people_Kings_Fund_Sep_2016pdf
https://publications.parliament.uk/pa/ld201617/ldselect/ldnhssus/151/151.pdf
https://publications.parliament.uk/pa/ld201617/ldselect/ldnhssus/151/151.pdf
https://www.carersuk.org/for-professionals/policy/policy-library/state-of-caring-report-2017
https://www.carersuk.org/for-professionals/policy/policy-library/state-of-caring-report-2017
http://doi.org/10.1017/S0144686X17001118
http://doi.org/10.1111/hsc.12323
http://www.ncbi.nlm.nih.gov/pubmed/26806296
http://doi.org/10.1016/j.chb.2016.05.092
http://doi.org/10.1080/13607863.2018.1455805
http://www.ncbi.nlm.nih.gov/pubmed/29634287
http://doi.org/10.1093/geront/gny046
http://www.ncbi.nlm.nih.gov/pubmed/29897445
http://doi.org/10.1136/bmj.e3874
http://doi.org/10.1016/j.ijmedinf.2015.05.014
http://doi.org/10.2196/17286
http://doi.org/10.2196/15429
http://doi.org/10.1089/rej.2017.1965
http://www.ncbi.nlm.nih.gov/pubmed/28482748


Geriatrics 2021, 6, 19 16 of 17

19. Anderson, M.; Perrin, A. Tech Adoption Climbs among Older Adults; Pew Research Centre: Washington, DC, USA, 2017; pp. 1–22.
20. Office for National Statistic (UK). Internet Users, UK: 2019. Internet Use in the UK Annual Estimates by Age, Sex, Disability and

Geographical Location; ONS (UK): London, UK, 2019.
21. Berkowsky, R.W.; Sharit, J.; Czaja, S.J. Factors predicting decisions about technology adoption among older adults. Innov. Aging

2017, 1, igy002. [CrossRef] [PubMed]
22. Hill, R.; Betts, L.R.; Gardner, S.E. Older adults’ experiences and perceptions of digital technology:(Dis) empowerment, wellbeing,

and inclusion. Comput. Hum. Behav. 2015, 48, 415–423. [CrossRef]
23. Yusif, S.; Soar, J.; Hafeez-Baig, A. Older people, assistive technologies, and the barriers to adoption: A systematic review. Int. J.

Med. Inform. 2016, 94, 112–116. [CrossRef]
24. Trajkova, M.; Martin-Hammond, A. “Alexa is a Toy”: Exploring Older Adults’ Reasons for Using, Limiting, and Abandoning

Echo. In Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems, Honolulu, HI, USA, 21 April 2020;
ACM: New York, NY, USA, 2020.

25. Gupta, N.; Fischer, A.R.; van der Lans, I.A.; Frewer, L.J. Factors influencing societal response of nanotechnology: An expert
stakeholder analysis. J. Nanopart. Res. 2012, 14, 857. [CrossRef]

26. Scapolo, F.; Miles, I. Eliciting experts’ knowledge: A comparison of two methods. Technol. Forecast. Soc. Chang. 2006, 73, 679–704.
[CrossRef]

27. Delbecq, A.L. Group Techniques for Program Planning: A Guide to Nominal Group and Delphi Processes; Scott Foresman: Glenview, IL,
USA, 1975.

28. Fink, A.; Kosecoff, J.; Chassin, M.; Brook, R.H. Consensus methods: Characteristics and guidelines for use. Am. J. Public Health
1984, 74, 979–983. [CrossRef] [PubMed]

29. Hasson, F.; Keeney, S.; McKenna, H. Research guidelines for the Delphi survey technique. J. Adv. Nurs. 2000, 32, 1008–1015.
[PubMed]

30. McMillan, S.S.; King, M.; Tully, M.P. How to use the nominal group and Delphi techniques. Int. J. Clin. Pharm. 2016, 38, 655–662.
[CrossRef] [PubMed]

31. Belton, I.; MacDonald, A.; Wright, G.; Hamlin, I. Improving the practical application of the Delphi method in group-based
judgment: A six-step prescription for a well-founded and defensible process. Technol. Forecast. Soc. Chang. 2019, 147, 72–82.
[CrossRef]

32. De Villiers, M.R.; De Villiers, P.J.; Kent, A.P. The Delphi technique in health sciences education research. Med. Teach. 2005, 27,
639–643. [CrossRef]

33. Heiko, A. Consensus measurement in Delphi studies: Review and implications for future quality assurance. Technol. Forecast. Soc.
Chang. 2012, 79, 1525–1536.

34. Pandor, A.; Kaltenthaler, E.; Martyn-St James, M.; Wong, R.; Cooper, K.; Dimairo, M.; O’Cathain, A.; Campbell, F.; Booth, A.
Delphi consensus reached to produce a decision tool for SelecTing Approaches for Rapid Reviews (STARR). J. Clin. Epidemiol.
2019, 114, 22–29. [CrossRef] [PubMed]

35. Toma, C.; Picioreanu, I. The Delphi technique: Methodological considerations and the need for reporting guidelines in medical
journals. Int. J. Public Health 2016, 4, 47–59.

36. Alarabiat, A.; Ramos, I. The Delphi method in information systems research (2004–2017). Electron. J. Bus. Res. Methods 2019, 17,
86–99. [CrossRef]

37. Merfeld, K.; Wilhelms, M.P.; Henkel, S.; Kreutzer, K. Carsharing with shared autonomous vehicles: Uncovering drivers, barriers
and future developments—A four-stage Delphi study. Technol. Forecast. Soc. Chang. 2019, 144, 66–81. [CrossRef]

38. Dewa, L.H.; Murray, K.; Thibaut, B.; Ramtale, S.C.; Adam, S.; Darzi, A.; Archer, S. Identifying research priorities for patient safety
in mental health: An international expert Delphi study. BMJ Open 2018, 8, e021361. [CrossRef] [PubMed]

39. UK Parlimanet. London (UK): Ageing: Science, Technology and Healthy Living Publications. Available online: https:
//www.parliament.uk/business/committees/committees-a-z/lords-select/science-and-technology-committee/inquiries/
parliament-2017/ageing-science-technology-and-healthy-living/publications/ (accessed on 28 August 2020).

40. Rotolo, D.; Hicks, D.; Martin, B.R. What is an emerging technology? Res. Policy 2015, 44, 1827–1843. [CrossRef]
41. Diamond, I.R.; Grant, R.C.; Feldman, B.M.; Pencharz, P.B.; Ling, S.C.; Moore, A.M.; Wales, P.W. Defining consensus: A systematic

review recommends methodologic criteria for reporting of Delphi studies. J. Clin. Epidemiol. 2014, 67, 401–409. [CrossRef]
42. Holey, E.A.; Feeley, J.L.; Dixon, J.; Whittaker, V.J. An exploration of the use of simple statistics to measure consensus and stability

in Delphi studies. BMC Med. Res. Methodol. 2007, 7, 52. [CrossRef] [PubMed]
43. Armitage, P.; Berry, G.; Matthews, J.N. Statistical Methods in Medical Research, 4th ed.; Blackwell Science: Malden, MA, USA, 2001.
44. Landis, J.R.; Koch, G.G. The measurement of observer agreement for categorical data. Biometrics 1977, 33, 159–174. [CrossRef]
45. Viera, A.J.; Garrett, J.M. Understanding interobserver agreement: The kappa statistic. Fam. Med. 2005, 37, 360–363. [PubMed]
46. Braun, V.; Clarke, V. Using thematic analysis in psychology. Qual. Res. Psychol. 2006, 3, 77–101. [CrossRef]
47. Nadarzynski, T.; Miles, O.; Cowie, A.; Ridge, D. Acceptability of artificial intelligence (AI)-led chatbot services in healthcare: A

mixed-methods study. Digit. Health 2019, 5. [CrossRef]
48. Miller, E.; Polson, D. Apps, avatars, and robots: The future of mental healthcare. Issues Ment. Health Nurs. 2019, 40, 208–214.

[CrossRef] [PubMed]

http://doi.org/10.1093/geroni/igy002
http://www.ncbi.nlm.nih.gov/pubmed/30480129
http://doi.org/10.1016/j.chb.2015.01.062
http://doi.org/10.1016/j.ijmedinf.2016.07.004
http://doi.org/10.1007/s11051-012-0857-x
http://doi.org/10.1016/j.techfore.2006.03.001
http://doi.org/10.2105/AJPH.74.9.979
http://www.ncbi.nlm.nih.gov/pubmed/6380323
http://www.ncbi.nlm.nih.gov/pubmed/11095242
http://doi.org/10.1007/s11096-016-0257-x
http://www.ncbi.nlm.nih.gov/pubmed/26846316
http://doi.org/10.1016/j.techfore.2019.07.002
http://doi.org/10.1080/13611260500069947
http://doi.org/10.1016/j.jclinepi.2019.06.005
http://www.ncbi.nlm.nih.gov/pubmed/31185276
http://doi.org/10.34190/JBRM.17.2.04
http://doi.org/10.1016/j.techfore.2019.03.012
http://doi.org/10.1136/bmjopen-2017-021361
http://www.ncbi.nlm.nih.gov/pubmed/29502096
https://www.parliament.uk/business/committees/committees-a-z/lords-select/science-and-technology-committee/inquiries/parliament-2017/ageing-science-technology-and-healthy-living/publications/
https://www.parliament.uk/business/committees/committees-a-z/lords-select/science-and-technology-committee/inquiries/parliament-2017/ageing-science-technology-and-healthy-living/publications/
https://www.parliament.uk/business/committees/committees-a-z/lords-select/science-and-technology-committee/inquiries/parliament-2017/ageing-science-technology-and-healthy-living/publications/
http://doi.org/10.1016/j.respol.2015.06.006
http://doi.org/10.1016/j.jclinepi.2013.12.002
http://doi.org/10.1186/1471-2288-7-52
http://www.ncbi.nlm.nih.gov/pubmed/18045508
http://doi.org/10.2307/2529310
http://www.ncbi.nlm.nih.gov/pubmed/15883903
http://doi.org/10.1191/1478088706qp063oa
http://doi.org/10.1177/2055207619871808
http://doi.org/10.1080/01612840.2018.1524535
http://www.ncbi.nlm.nih.gov/pubmed/30605359


Geriatrics 2021, 6, 19 17 of 17

49. Sayago, S.; Neves, B.B.; Cowan, B.R. Voice assistants and older people: Some open issues. In Proceedings of the 1st International
Conference on Conversational User Interfaces, Dublin, Ireland, 22 August 2019; ACM: New York, NY, USA, 2019.

50. McLean, G.; Osei-Frimpong, K. Hey Alexa . . . examine the variables influencing the use of artificial intelligent in-home voice
assistants. Comput. Hum. Behav. 2019, 99, 28–37. [CrossRef]

51. Magyar, G.; Balsa, J.; Cláudio, A.P.; Carmo, M.B.; Neves, P.; Alves, P.; Félix, I.B.; Pimenta, N.; Guerreiro, M.P. Anthropomorphic
Virtual Assistant to Support Self-care of Type 2 Diabetes in Older People: A Perspective on the Role of Artificial Intelligence.
In Proceedings of the 14th International Joint Conference on Computer Vision, Imaging and Computer Graphics Theory and
Applications, Prague, Czech Republic, 25–27 February 2019; ScitePress: Setubal, Portugal, 2019; pp. 323–331.

52. Reis, A.; Paulino, D.; Paredes, H.; Barroso, I.; Monteiro, M.J.; Rodrigues, V.; Barroso, J. Using intelligent personal assistants to
assist the elderlies: An evaluation of Amazon Alexa, Google Assistant, Microsoft Cortana, and Apple Siri. In Proceedings of the
2nd International Conference on Technology and Innovation in Sports, Health and Wellbeing (TISHW), Thessaloniki, Greece,
20–22 June 2018; pp. 1–5.

53. Jung, M.M.; Ludden, G.D. What Do Older Adults and Clinicians Think About Traditional Mobility Aids and Exoskeleton
Technology? ACM Trans. Comput. Hum. Interact. 2019, 8, 1–7. [CrossRef]

54. Martani, A.; Geneviève, L.D.; Poppe, C.; Casonato, C.; Wangmo, T. Digital pills: A scoping review of the empirical literature and
analysis of the ethical aspects. BMC Med. Ethics 2020, 21, 3. [CrossRef]

55. Chen, B.; Zi, B.; Qin, L.; Pan, Q. State-of-the-art research in robotic hip exoskeletons: A general review. J. Orthop. Transl. 2020, 20,
4–13. [CrossRef]

56. Bedaf, S.; Draper, H.; Gelderblom, G.J.; Sorell, T.; de Witte, L. Can a service robot which supports independent living of older
people disobey a command? The views of older people, informal carers and professional caregivers on the acceptability of robots.
Int. J. Soc. Robot. 2016, 8, 409–420. [CrossRef]

57. Bedaf, S.; Marti, P.; Amirabdollahian, F.; de Witte, L. A multi-perspective evaluation of a service robot for seniors: The voice of
different stakeholders. Disabil. Rehabil. Assist. Technol. 2018, 13, 592–599. [CrossRef] [PubMed]

58. Stavropoulos, T.G.; Papastergiou, A.; Mpaltadoros, L.; Nikolopoulos, S.; Kompatsiaris, I. IoT wearable sensors and devices in
elderly care: A literature review. Sensors 2020, 20, 2826. [CrossRef]

59. Ahmadi, H.; Arji, G.; Shahmoradi, L.; Safdari, R.; Nilashi, M.; Alizadeh, M. The application of internet of things in healthcare: A
systematic literature review and classification. Univers. Access Inf. Soc. 2019, 18, 837–869. [CrossRef]

60. Gerdes, M.; Reichert, F.; Pettersen, J.N.; Fensli, R. Future Telehealth and Telecare Reference Design based on IoT Technologies:
From Remote Monitoring to Smart Collaborative Services with Decision Support. Stud. Health Technol. Inform. 2015, 216, 891.

61. Kim, H.S.; Seo, J.S.; Seo, J. A daily activity monitoring system for internet of things-assisted living in home area networks. Int. J.
Electr. Comput. Eng. 2016, 6, 399.

62. Pettigrew, S.; Cronin, S.L.; Norman, R. Brief report: The unrealized potential of autonomous Vehicles for an aging population. J.
Aging Soc. Policy 2019, 31, 486–496. [CrossRef]

63. Onnela, J.P.; Rauch, S.L. Harnessing smartphone-based digital phenotyping to enhance behavioral and mental health. Neuropsy-
chopharmacology 2016, 41, 1691–1696. [CrossRef] [PubMed]

64. Boonstra, T.W.; Nicholas, J.; Wong, Q.J.; Shaw, F.; Townsend, S.; Christensen, H. Using mobile phone sensor technology for mental
health research: Integrated analysis to identify hidden challenges and potential solutions. J. Med. Internet Res. 2018, 20, e10131.
[CrossRef]

65. Baker, S.; Warburton, J.; Waycott, J.; Batchelor, F.; Hoang, T.; Dow, B.; Ozanne, E.; Vetere, F. Combatting social isolation and
increasing social participation of older adults through the use of technology: A systematic review of existing evidence. Australas.
J. Ageing 2018, 37, 184–193. [CrossRef] [PubMed]

66. Abou Allaban, A.; Wang, M.; Padır, T. A Systematic Review of Robotics Research in Support of In-Home Care for Older Adults.
Information 2020, 11, 75. [CrossRef]

67. Hui, T.K.; Sherratt, R.S.; Sánchez, D.D. Major requirements for building Smart Homes in Smart Cities based on Internet of Things
technologies. Future Gener. Comput. Syst. 2017, 76, 358–369. [CrossRef]

68. Snoswell, A.J.; Snoswell, C.L. Immersive Virtual Reality in Health Care: Systematic Review of Technology and Disease States. J.
Med. Internet Res. Biomed. Eng. 2019, 4, e15025. [CrossRef]

69. Webster, A.; Gardner, J. Aligning technology and institutional readiness: The adoption of innovation. Technol. Anal. Strateg.
Manag. 2019, 31, 1229–1241. [CrossRef]

70. Lavoie, J.R.; Daim, T.U. Technology readiness levels improving R&D management: A grounded theory analysis. In Proceedings
of the Portland International Conference on Management of Engineering and Technology (PICMET), Portland, OR, USA, 9–13
December 2017; pp. 1–9.

71. Olechowski, A.L.; Eppinger, S.D.; Joglekar, N.; Tomaschek, K. Technology readiness levels: Shortcomings and improvement
opportunities. Syst. Eng. 2020, 23, 395–408. [CrossRef]

72. Nielsen, L. Personas in co-creation and co-design. In Proceedings of the 11th Human-Computer Interaction Research Symposium,
Frederiksberg, Denmark, 23 November 2011; pp. 38–40.

http://doi.org/10.1016/j.chb.2019.05.009
http://doi.org/10.1145/3311789
http://doi.org/10.1186/s12910-019-0443-1
http://doi.org/10.1016/j.jot.2019.09.006
http://doi.org/10.1007/s12369-016-0336-0
http://doi.org/10.1080/17483107.2017.1358300
http://www.ncbi.nlm.nih.gov/pubmed/28758532
http://doi.org/10.3390/s20102826
http://doi.org/10.1007/s10209-018-0618-4
http://doi.org/10.1080/08959420.2018.1500860
http://doi.org/10.1038/npp.2016.7
http://www.ncbi.nlm.nih.gov/pubmed/26818126
http://doi.org/10.2196/10131
http://doi.org/10.1111/ajag.12572
http://www.ncbi.nlm.nih.gov/pubmed/30022583
http://doi.org/10.3390/info11020075
http://doi.org/10.1016/j.future.2016.10.026
http://doi.org/10.2196/15025
http://doi.org/10.1080/09537325.2019.1601694
http://doi.org/10.1002/sys.21533

	Introduction 
	Materials and Methods 
	The Delphi Technique 
	Participants Identification 
	Data Collection 
	Round 1 
	Quantitative Analysis 
	Qualitative Analysis 

	Round 2 

	Results 
	Participants Characteristics 
	Main Findings 
	Quantitative Findings 
	Qualitative Findings 


	Discussion 
	Conclusions 
	References

