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Abstract

Background: Over recent years, interest in the development of smart health technologies aimed at supporting independent
living for older populations has increased. The integration of innovative technologies, such as the Internet of Things, wearable
technologies, artificial intelligence, and ambient-assisted living applications, represents a valuable solution for this scope. Designing
such an integrated system requires addressing several aspects (eg, equipment selection, data management, analytics, costs, and
users’needs) and involving different areas of expertise (eg, medical science, service design, biomedical and computer engineering).

Objective: The objective of this study is 2-fold; we aimed to design the functionalities of a smart health platform addressing 5
chronic conditions prevalent in the older population (ie, hearing loss, cardiovascular diseases, cognitive impairments, mental
health problems, and balance disorders) by considering both older adults’ and clinicians’perspectives and to evaluate the identified
smart health platform functionalities with a small group of older adults.

Methods: Overall, 24 older adults (aged >65 years) and 118 clinicians were interviewed through focus group activities and
web-based questionnaires to elicit the smart health platform requirements. Considering the elicited requirements, the main
functionalities of smart health platform were designed. Then, a focus group involving 6 older adults was conducted to evaluate
the proposed solution in terms of usefulness, credibility, desirability, and learnability.

Results: Eight main functionalities were identified and assessed—cognitive training and hearing training (usefulness: 6/6, 100%;
credibility: 6/6, 100%; desirability: 6/6, 100%; learnability: 6/6, 100%), monitoring of physiological parameters (usefulness: 6/6,
100%; credibility: 6/6, 100%; desirability: 6/6, 100%; learnability: 5/6, 83%), physical training (usefulness: 6/6, 100%; credibility:
6/6, 100%; desirability: 5/6, 83%; learnability: 2/6, 33%), psychoeducational intervention (usefulness: 6/6, 100%; credibility:
6/6, 100%; desirability: 4/6, 67%; learnability: 2/6, 33%), mood monitoring (usefulness: 4/6, 67%; credibility: 4/6, 67%; desirability:
3/6, 50%; learnability: 5/6, 50%), diet plan (usefulness: 5/6, 83%; credibility: 4/6, 67%; desirability: 1/6, 17%; learnability: 2/6,
33%), and environment monitoring and adjustment (usefulness: 1/6, 17%; credibility: 1/6, 17%; desirability: 0/6, 0%; learnability:
0/6, 0%). Most of them were highly appreciated by older participants, with the only exception being environment monitoring and
adjustment. The results showed that the proposed functionalities met the needs and expectations of users (eg, improved
self-management of patients’ disease and enhanced patient safety). However, some aspects need to be addressed (eg, technical
and privacy issues).

Conclusions: The presented smart health platform functionalities seem to be able to meet older adults’ needs and desires to
enhance their self-awareness and self-management of their medical condition, encourage healthy and independent living, and
provide evidence-based support for clinicians’ decision-making. Further research with a larger and more heterogeneous pool of
stakeholders in terms of demographics and clinical conditions is needed to assess system acceptability and overall user experience
in free-living conditions.
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Introduction

Background
Currently, 22% of the total population in Europe is aged >65
years, and this number is estimated to increase to 51% by 2070
[1]. More than 50% of the existing older adults have ≥3 chronic
disorders (eg, hypertension, heart disease, and diabetes) that
negatively affect their quality of life (QoL) and independent
living [2]. The multiple comorbidities of chronic conditions
with co-occurring age-related cognitive and behavioral changes
make older adults frail, with a consequent increased risk of
geriatric syndromes, hospitalization, and disability. Hence, the
aging population is expected to be a great challenge for health
care systems and represents a perfect target for developing new
smart health platforms [3].

Smart health is a concept that refers to the multidimensional
change that medical care is facing as a result of the integration
of mobile devices (eg, smartphones), wearables (eg, fitness
bands), and smart medical devices (eg, smart blood pressure
monitors). These instruments enable the collection of massive
amounts of health-related data that, when analyzed with artificial
intelligence models, can provide insights for a personalized
intervention. Smart health systems have become increasingly
feasible in recent years because of the remarkable technological
advancements in processing power, network infrastructures,
and big data analytics, leading to a high level of information
processing [4]. Big data may offer many advantages in the health
care sector [4-6]: they are decisive in the prevention and early
detection of diseases, risk monitoring, definition of tailored
interventions based on a patient-centered over a disease-centered
approach, objective reporting and evidence-based medicine,
reduction of social and medical costs, and public health
surveillance.

Over the past decade, the needs of the aging society have been
investigated, and several smart health solutions have been
proposed. The ultimate goal of smart health systems devoted
to the older population is to encourage healthy lifestyles,
increase autonomy, facilitate social inclusion, guarantee
continuity of medical therapy even at home, and provide remote
monitoring and teleconsulting. Technologies capable of
monitoring an individual’s activities and behaviors [7-9] have
been developed to promote healthy habits (eg, active living and
healthy nutrition). For better management of age-related
diseases, devices supporting a proper intake of medication
[10,11] have been suggested, and mobile apps providing remote
monitoring [5], cognitive training [12], and psychological
support [13-15] have been proposed. In addition, systems
enabling the monitoring of home environmental conditions
[16,17] or the detection of falls [9,18] have been designed to
increase the safety of older adults.

The use of smart health solutions by the older population has
been widely explored in the current literature [19-22]. In that
regard, the attractiveness, ease of use (eg, understandable and
simple language and easy access to information), and perceived
added value of the technology (eg, relevant and valuable
functionalities) are considered facilitators of the adoption of
new technology for older adults [21,23]. Other enablers lie in
an individual’s adequate education to the use of technology
because of prior experience with digital devices and mobile
apps and in the curiosity toward the new technology [23]. The
presence of support for older adults in learning to use the
technology positively predisposes them to the use of new
technological solutions [23]. In contrast, the literature suggests
that the main barriers to the prolonged use of technology by
older adults are issues in the usability of the system and
perceived irrelevance of an application or a device with a
resulting sense of the uselessness of the entire technology [23].
Moreover, the physical and functional age (ie, a combination
of physiological, psychological, and social age determined by
measures of functional capability indexed by age-normed
standards), the absence of instructions or guidance, computer
anxiety, and lack of confidence can lead to premature
abandonment of those solutions by older populations [21,24,25].
Furthermore, relative to their use, older adults expressed privacy
concerns, disapproval of possible excessive control from the
caregivers, and lack or reduction of social interaction [20,21].

An important step in the design process of technology for
community-dwelling older adults is to collect and address the
needs of all involved stakeholders (eg, older patients, caregivers,
and clinicians) [19,20,26]. A recent study [27] on a
telepsychiatry service suggested that clinicians’ concerns must
be considered and addressed in the design and development of
a service targeted for older adults. Another work [28]
highlighted that poor involvement of the health care team in the
development of an assistance and intervention service leads to
reduced treatment adherence for patients [28]. Hence, all end
users have to be involved in the design and implementation
phases of a smart health platform for the older population.

However, research exploring attitudes, perceptions, expectations,
and concerns about smart health technologies of both older
adults and clinicians is limited, and users’ well-being is often
treated as a secondary outcome by assistive technology designers
[29]. Moreover, the focus of most studies has been on exploring
a single device (eg, tablet) [21] or function (eg, telemonitoring
of daily activities) [20,26,27] and not a platform or a system
including different devices and services.

Objective
This study, conducted within the Horizon 2020 European project
SMART BEAR, addresses the aforementioned limitations. The
idea underpinning this project is the implementation of an
affordable, accountable, and privacy-preserving innovative
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platform (ie, SMART BEAR platform), integrating off-the-shelf
smart and medical devices. The focus of developing such a
platform is to support the healthy and independent living of
aging people with five prevalent health-related conditions:
hearing loss, cardiovascular diseases, cognitive impairments,
mental health issues, and balance disorders. For every medical
condition, the platform intends to provide the end users with
remote monitoring and intervention based on several
functionalities that may improve their QoL and facilitate disease
management. More specifically, the platform aims to fulfill five
objectives: (1) promote patients’ self-awareness of health status,
(2) promote patients’ self-management of their own health
conditions, (3) encourage patients’ active living, (4) enable
patient’s independent living, and (5) provide evidence-based
support for clinicians’ decision-making.

Within this context, this study aims to collect key requirements
for the SMART BEAR platform design by involving both older
adults and clinicians. Specifically, the objective of the study is
2-fold; we aimed to understand stakeholders’ beliefs, attitudes,
needs, expectations, and concerns about the SMART BEAR
platform (objective 1) and to evaluate the proposed solution
with a small group of older adults (objective 2). The paper is
structured as follows: the methodology, methods, data collection,
sample population, and data analysis are described in the
Methods section; results obtained are reported in the Results
section; and discussion on the insights gained is narrated in the
Discussion section. The paper ends with the conclusions, limits,
and future work being presented.

Methods

Overview
A 2-phase experimental procedure was designed to address the
objectives of this study. The first phase (requirements collection)
was devoted to gaining a comprehensive understanding of the
behaviors and perceptions of both clinicians and older adults,
as well as exploring environmental factors that influence their
adoption of the technology (objective 1). Once this process was
completed and the collected data were analyzed, the main
functionalities to make the SMART BEAR platform effective
and adoptable by the end users could be identified. The second
phase (evaluation) was intended to provide an overall
assessment of the designed platform and its functionalities
(objective 2).

Methodology
The methods used to gather clinicians’ and older adults’ data
can be distinguished into two categories: focus group and
web-based questionnaire.

A focus group activity can be defined as a discussion within a
small group of people (eg, 4-10 participants) about a specific
topic led by a well-trained facilitator (eg, a psychologist or a
researcher able to stimulate an active engagement of participants
in the debate). Although it is a time-consuming activity, the
focus group is well-appreciated in medical research as it
represents a valid method for collecting qualitative and
quantitative information. Conversely, web-based questionnaires
allow gathering information from a large sample in a short

period; it is easy to fill in remotely using a computer or a
smartphone, and its answers are simple to analyze as a more
structured survey.

To establish the content and structure of the methods used in
the study, a draft of questions was first created according to
preliminary informal interviews conducted with experts (eg,
neuropsychologists, geriatricians, and engineers). Then, a
brainstorming session was conducted to decide which questions
to include or exclude (eg, “Is this question really needed?”).
The brainstorming was helpful in avoiding the temptation to
include questions without critical evaluation of their contribution
toward the achievement of the study objectives. Finally, special
attention was given to the wording, length, order, and format
of questions (eg, several factors such as the age of the target
respondents were considered, and the font size of the
questionnaires was adapted accordingly). The questions were
organized and worded to encourage respondents to provide
accurate, unbiased, and complete information.

Requirements Collection Phase
The requirements collection phase included three subsequent
activities: first, a focus group activity with clinicians (focus
group for clinicians) was conducted to collect qualitative
exploratory information for a better understanding of how the
SMART BEAR platform can benefit older adults and their
physicians. Clinicians with various medical specialties (eg,
geriatricians, cardiologists, psychiatrists, neurologists, and
psychologists) were encouraged to participate in the activity.
Indeed, their experience with older patients and their caregivers
may offer valuable perspectives on the problems faced in clinical
practice and how the technology may facilitate the management
of prevalent age-related conditions. Moreover, they were invited
to debate about the intrinsic capacity (IC) model [30] introduced
by the World Health Organization, according to which the
individual’s functional abilities need to be considered to ensure
a comprehensive characterization of older patients. Second, a
structured questionnaire was issued via the web to a large sample
of clinicians (web-based questionnaire for clinicians) to learn
about their beliefs, attitudes, and expectations on the SMART
BEAR platform. In the third phase, a web-based questionnaire
was set up and disseminated among older adults (web-based
questionnaire for older adults) to collect their feedback and
impressions about the SMART BEAR platform.

Evaluation Phase
The evaluation phase included a focus group activity with older
adults using a storytelling approach (focus group for older
adults). The participants, as potential users of the SMART
BEAR platform, were invited to answer structured questions
while observing archetypal users (ie, users with similar age and
clinical conditions) experiencing the proposed technological
solution and its functionalities.

Experimental Procedure
During the requirements collection phase, once the participants’
demographic data were gathered, 5 areas were investigated
overall through the focus group for clinicians, web-based
questionnaire for clinicians, and web-based questionnaire for
older adults (Table 1). In detail, in the focus group for clinicians,
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the facilitator (ie, a neuropsychologist) explored four areas of
interest for clinicians (ie, impact of disease in everyday life,
remote monitoring, use of technology in medical practice, and
about SMART BEAR) by administering a set of 33 open-ended
questions to the participants (Multimedia Appendix 1). Instead,
the web-based questionnaire for clinicians comprised 13 closed,
multiple-choice questions to guarantee clarity, brevity, and
usability of the questionnaire, given its web-based nature. The
questions were selected from among those used in the focus
group for clinicians. They covered 3 of the 4 areas of clinicians’
interest (ie, impact of disease in everyday life, being a very
broad and complex topic, was excluded to avoid an excessive
workload for the respondents).

Furthermore, free-form comment boxes were added to gather
further participants’ insights. The web-based questionnaire for

clinicians (Multimedia Appendix 1) was published on the
Limesurvey platform, and its link was spread through the
internal mailing lists of Istituto di Ricovero e Cura a Carattere
Scientifico (IRCCS) Policlinico Ca’ Granda (Milan, Italy),
Ospedale Maggiore (Crema, Italy), and IRCCS Ospedale San
Raffaele (Milan, Italy). Similarly, for the web-based
questionnaire for older adults, the multiple-choice, close-ended
questions structure was preferred, and 35 questions were selected
to cover the areas targeted for older adults (ie, impact of disease
in everyday life, remote monitoring, older adults’ relationship
with technology, and about SMART BEAR). The questionnaire
for older adults (Multimedia Appendix 1) was published on the
Limesurvey platform, and the link was shared among the
contacts of clinicians, colleagues, and older participants of
previous research projects.

Table 1. Investigated areas and used methods for each phase.

Older adultsCliniciansPhase

Requirements collection phase (areas)

Web-based questionnaireFocus groupImpact of disease in everyday life

Web-based questionnaireFocus group and web-based questionnaireRemote monitoring

Web-based questionnaireN/AaOlder adults’ relationship with the technology

N/AFocus group and web-based questionnaireUse of technology in medical practice

Web-based questionnaireFocus group and web-based questionnaireAbout SMART BEAR

Evaluation phase (interventions)

Focus group: S1
bN/APhysical training

Focus group: S1N/ADiet plan

Focus group: S1N/AMonitoring of physiological parameters

Focus group: S2
cN/APsychoeducational intervention

Focus group: S2N/AMonitoring of the mood

Focus group: S2N/ACognitive training

Focus group: S2N/AHearing training

Focus group: S2N/AEnvironment monitoring and adjustment

Evaluation phase (transversal functions)

Focus group: S1 and S2N/AData visualization

Focus group: S1 and S2N/AGamification

Focus group: S1 and S2N/ARegular report

Focus group: S1 and S2N/ARegular report to clinician

Focus group: S1 and S2N/ASuggestion

Focus group: S1 and S2N/AReminder

Focus group: S1 and S2N/AData access to caregiver

Focus group: S1 and S2N/ATeleconsulting

aN/A: not applicable.
bS1: Carlo’s story.
cS2: Lidia’s story.
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According to the data collected in the focus group for clinicians,
web-based questionnaire for clinicians, and web-based
questionnaire for older adults and their analysis, 8 interventions
and 8 transversal functions of the SMART BEAR platform were
proposed and assessed in the evaluation phase through the focus
group for older adults’ activity (Table 1). It comprised a
discussion based on a narration where the contents of the
research questions are merged with the story of personas (ie,
archetypal users). This method was selected as it encourages
the identification of the participants with the protagonist, which
facilitates the comprehension of the proposed technology use.
Moreover, it enables participants to bring new ideas and personal
insights into the discussion. In more detail, 2 stories (Carlo’s
story and Lidia’s story; Multimedia Appendix 1), describing 2
personas (ie, Carlo and Lidia) interacting with the platform and
making use of specific interventions and transversal functions,
were presented and discussed. More specifically, in each story,
different interventions were illustrated according to the
protagonist’s problems (eg, physical training is offered in
Carlo’s story as Carlo conducts a sedentary lifestyle). The
presented interventions were evaluated in terms of usefulness
(ie, Do you find it useful to meet your needs?), credibility (ie,
Do you think or feel it credible?), desirability (ie, Would you
find it desirable?), and learnability (ie, Would you be able to
learn to use it?). Transversal functions were presented in both
stories because of their versatility and evaluated in terms of
usefulness and desirability.

Sample Population
An overall sample of 148 participants (Figure 1), comprising
both clinicians (118/148, 79.7%) and older adults (30/148,
20.3%), took part in the study. The research was designed in
accordance with the European Union Guidelines for Clinical
Practice and the current revision of the Declaration of Helsinki.
The study was approved by the Ethics Committee of the
University of Milan (nr. 50.20 on May 14, 2020). All

participants provided informed written consent before
enrollment in the study.

As shown in Figure 1, clinicians (16/118, 13.6%) with expertise
in all medical domains from two hospitals, IRCCS Policlinico
Ca’ Granda and Ospedale Maggiore, were involved in the focus
group for clinicians. A focus group was planned in each
hospital. More specifically, 56% (9/16) of participants took part
in the first focus group at Policlinico Ca’ Granda (focus group
1 for clinicians), whereas the second focus group was performed
with the involvement of 44% (7/16) of medical experts at
Ospedale Maggiore in Crema (focus group 2 for clinicians).
Each focus group lasted approximately 90 minutes and was
conducted in a specifically furnished room at the hospital’s
premises. The focus groups were led by a neuropsychologist,
whereas 2 biomedical engineers took notes.

Physicians (102/118, 86.4%) with expertise in ≥1 of the medical
condition of interest were enrolled from IRCCS Policlinico Ca’
Granda, Ospedale Maggiore, and IRCCS San Raffaele Hospital
for the following step of the study (ie, filling the web-based
questionnaire for clinicians).

Participants aged ≥65 years with any of the target age-related
conditions were recruited for the last 2 activities through
word-of-mouth communication. In particular, of the 30 older
adults, 24 (80%) participated in the web-based questionnaire
for older adults’ activity in the requirements collection phase,
and 6 (20%) took part in the last focus group for older adults’
activity in the evaluation phase.

The focus group for older adults was conducted by a
neuropsychologist and 2 bioengineers in a medical office in
Chiesa in Valmalenco (Sondrio, Italy) and lasted approximately
90 minutes. More specifically, the neuropsychologist conducted
the discussion of the topics, and the 2 bioengineers took notes
of the discussions and occasionally intervened to obtain a better
explanation of concepts that emerged from the discussion. Users’
comments and feedback were collected in dedicated sheet forms.

Figure 1. Sample population diagram.

JMIR Aging 2022 | vol. 5 | iss. 1 | e29623 | p. 5https://aging.jmir.org/2022/1/e29623
(page number not for citation purposes)

Cristiano et alJMIR AGING

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Data Analysis
The collected data were digitalized (focus group for clinicians
and focus group for older adults) or exported (web-based
questionnaire for clinicians and web-based questionnaire for
older adults) in Microsoft Excel (Microsoft Corporation).

A separate content analysis was conducted on the qualitative
data gathered in the requirements collection phase (focus group
for clinicians, web-based questionnaire for clinicians, and
web-based questionnaire for older adults). Every answer was
assigned to a group of common opinions or preferences to allow
the conversion of qualitative information into quantitative data.
Then, the quantitative data collected in the focus group for
clinicians and a web-based questionnaire for clinicians referring
to the same questions were combined to gain the clinicians’
overall outcomes. Hence, a frequency analysis was conducted,
and the results, in terms of the number of occurrences and
related percentage values, were reported separately for each
area investigated and involved stakeholders (clinicians or older
adults).

At the end of the requirements collection phase analysis,
researchers with heterogeneous expertise (eg, biomedical
engineers, neuropsychologists, geriatric specialists, and
computer scientists) formed a working group to design the
functions and interventions of the smart health platform. For
this purpose, the design considered the project’s objectives;
namely, to address the five areas of the IC model (ie,
locomotion, cognition, vitality, sensory, and psychology). The
results obtained in the requirements collection phase allowed
for the assessment of the impact of such technology on the life
of the target population in terms of needs satisfaction and
technology acceptance. Moreover, implementation factors were
considered, resulting in the endorsement of consumer
technology. The working group debated on the possible solutions
to reach these objectives and finalized the design by identifying
8 interventions and 8 transversal functions, which constitute
the subject for the evaluation phase.

Here, a content analysis was conducted for qualitative data, and
a frequency analysis was conducted for quantitative data. The
results obtained in that phase were reported only in terms of
percentage as a small group of older adults participated in the
focus group for older adults.

Results

Requirements Collection Phase

Focus Group for Clinicians Sample Population
A group of 16 clinicians (8/16, 50% women) between the ages
of 27 and 64 years (mean 42, SD 13 years) was recruited for
the focus group for clinicians (ie, 7/16, 44% physicians; 3/16,
19% geriatricians; 3/16, 19% cardiologists; 1/16, 6% surgeons;
and 2/16, 12% medical scientists). They all agreed that high
blood pressure, ischemic disease, cardiac arrhythmias,
imbalance, hearing loss, falling, dementia, depression, anxiety,

and stress are the principal clinical problems that challenge
older adults’everyday lives. The most treated medical conditions
were high blood pressure (12/16, 75%), ischemic heart disease
(10/16, 63%), arrhythmias (9/16, 56%), dementia (9/16, 56%),
depression (7/16, 44%), falls (6/16, 38%), imbalance (6/16,
38%), anxiety (6/16, 38%), stress (3/16, 19%), and hearing loss
(2/16, 13%).

Web-Based Questionnaire for Clinicians Sample
Population
A sample of 102 participants completed the web-based
questionnaire for clinicians. Approximately 98% (100/102) of
the respondents expressed their area of expertise (ie, 59/102,
57.8% had expertise in geriatrics; 7/102, 6.8% had expertise in
surgery; 6/102, 5.8% had expertise in general medicine; 4/102,
3.9% had expertise in neurology and physiotherapy; 2/102,
1.9% had expertise in cardiology, emergency medicine, and
internal medicine; and 1/102, 0.9% had expertise in ear, nose,
and throat, psychiatry, gastroenterology, pathological anatomy,
urology, rheumatology, nephrology, radiology, psychology,
odontology, endocrinology, oncology, and nutrition). The most
frequently treated medical conditions by the surveyed clinicians
were dementia (68/102, 66.6%), hypertension (64/102, 62.7%),
falls (58/102, 56.8%), arrhythmias (55/102, 53.9%), ischemic
heart disease (50/102, 49%), anxiety and depression (46/102,
45%), imbalance (39/102, 38.2%), stress (21/102, 20.5%), and
hearing loss (9/102, 8.8%). Regarding the frequency of visits,
25.4% (26/102) of the sample declared that they visited their
older patients more than once per month, 31.3% (32/102) visited
every 1 to 3 months, 34.3% (35/102) visited every 6 months,
and 9.8% (10/102) visited once per year.

Web-Based Questionnaire for Older Adults Sample
Population
A total of 24 participants (16/24, 67% women) aged >65 years
completed the web-based questionnaire for older adults. The
sample was distributed as follows: 67% (16/24) in the 65 to 70
age range group, 17% (4/24) in the 71 to 75 age range group,
8% (2/24) in the 76 to 80 age range group, and 8% (2/24) in the
>81 years group. Most respondents (16/24, 67%) declared that
they lived with someone (all of them claimed to share their
home with their spouse and 5/24, 21% with their progeny as
well). The medical conditions prevalent among participants
were hypertension (9/24, 38%), cardiovascular disease (6/24,
25%), anxiety (4/24, 17%), hearing difficulties (3/24, 13%),
arrhythmias (4/24, 17%), balance disorders (2/24, 8%), and
depression (1/24, 4%). Instead, 21% (5/24) of participants
claimed to have experienced none of the abovementioned
disorders.

A description of stakeholders involved in the first phase of the
experimental procedure (focus group for clinicians, web-based
questionnaire for clinicians, and web-based questionnaire for
older adults) clustered according to the medical condition treated
or experienced is summarized in Table 2.
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Table 2. Requirements collection phase medical conditions treated or experienced (N=142).

Older adults (n=24), n (%)Clinicians (n=118), n (%)Medical conditions

3 (12.5)11 (9.3)Hearing loss (ie, tinnitus and unreceptiveness)

16 (66.7)82 (69.5)Cardiovascular diseases (ie, arrhythmias, ischemic heart disease, and hypertension)

0 (0)77 (65.3)Cognitive impairments (ie, dementia)

4 (16.7)68 (57.6)Mental health problems (ie, anxiety, depression, and stress)

2 (8.3)68 (57.6)Balance disorders (ie, imbalance and falls)

5 (20.8)0 (0)None

Area 1: Impact of Disease on Everyday Life
Table 3 summarizes the clinician (focus group for clinicians)
and older adult (web-based questionnaire for older adults) inputs
related to the impact of disease in everyday life.

All clinicians (16/16, 100%) agreed on the impact of age-related
disorders on older adults’ daily living activities, and
approximately all of them (13/16, 81%) considered that a
personalized intervention was required. Approximately all
participants (15/16, 94%) suggested that the family members
of the older person were most affected by the onset of the
disease. Specifically, according to clinicians, 88% (14/16) of
caregivers report having mental health problems (eg, burnout,
depression, and sleeping difficulties). Other issues encountered
by caregivers in handling the patient, as observed by clinicians,
are the reconciliation of their own commitments and time with
the needs of the patient (eg, daily assistance, scheduling medical
appointments, and bringing them to the appointments), the
experience or know-how to manage the disease or the adverse
clinical situations, therapy management, and supervision. The
whole group (16/16, 100%) suggested that a significant barrier
for older adults in their disease management is therapy
compliance. Thus, the clinicians claimed that these issues have

a relevant impact on caregivers’ mental health (ie, caregivers
often report stress and anxiety).

Older adults reported effects on cardiorespiratory functions
(6/24, 25%), sleep (6/24, 25%), and diet (3/24, 13%) for the
vital area, whereas impact on sight (7/24, 29%), hearing (4/24,
17%), and smell (4/24, 17%) were observed for the sensorial
area. Impacts on anxiety (7/24, 29%), depression (1/24, 4%),
irritability (5/24, 21%), energy (5/24, 21%), and sociality (2/24,
8%) were found within the psychological area, whereas effects
on balance (2/24, 8%), locomotion (3/24, 13%), and muscle
strength (6/24, 25%) were noticed in the motor area. With regard
to the cognition area, participants reported memory (10/24,
42%), attention (5/24, 21%), and language (1/24, 4%)
difficulties. Most of the older adults (17/24, 71%) declared that
no help was needed to manage their medical condition.
However, the remaining 29% (7/24) were used to asking for
help (3/24, 12% sometimes and 4/24, 17% rarely) in daily living
activities (eg, personal hygiene and visiting the physician).
Moreover, participants declared that they visited the clinician
more than once per month (7/24, 29%), every 1 to 3 months
(7/24, 29%), every 6 months (8/24, 33%), and less than once
per 5 years (2/24, 8%). They joined their clinician on phone
calls (18/24, 75%), written messages (10/24, 42%), and
webpages (1/24, 4%).

Table 3. Results related to the impact of disease in everyday life (N=40).

Older adults (n=24), n (%)Clinicians (n=16), n (%)Intrinsic capacity model areas

13 (54)15 (94)Vital area (eg, cardiorespiratory functions, appetite, and autonomy)

11 (46)6 (38)Sensorial area (ie, vision, hearing, and smell)

17 (71)13 (81)Psychological area (eg, anxiety, depression, euphoria, and irritability)

14 (58)9 (56)Motor area (eg, balance, locomotion, coordination, and strength)

10 (42)10 (63)Cognitive area (ie, memory, attention, and language)

Area 2: Remote Monitoring
On the basis of the discussion stimulated among clinicians
during the focus group, it was found that the most adopted
intervention for older adults with the targeted clinical conditions
seemed to be outpatient monitoring (96/118, 81.3% of
clinicians), and only in some cases (30/118, 25.4% of clinicians),
hospitalization was considered necessary.

Furthermore, 2.5% (3/118) of clinicians reported at the focus
group for clinicians to have experience with remote monitoring
of older patients, and the most monitored parameters were blood
pressure and therapy compliance. The most commonly used

means for remote communication were phone calls (74/118,
62.7%), emails (52/118, 44%), and WhatsApp communication
(47/118, 39.8%). However, one of the clinicians reported feeling
stressed from remote monitoring.

Regarding older adults, only 58% (14/24) of the interviewees
used remote monitoring devices; in particular, 54% (13/24) of
the participants claimed to use a smart blood pressure monitor,
whereas 4% (1/24) stated that they used an electrocardiogram
monitor. Table 4 shows the primary outcomes related to remote
monitoring from clinicians (focus group for clinicians and
web-based questionnaire for clinicians) and older adults
(web-based questionnaire for older adults).
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Table 4. Results related to remote monitoring (N=142).

Older adults (n=24), n (%)Clinicians (n=118), n (%)Parameters considered useful

12 (50)85 (72)Blood pressure

1 (4.2)13 (11)House temperature

3 (12.5)11 (9.3)Air pollution

0 (0)37 (31.4)ECGa

2 (8.3)74 (62.7)Fall detection

5 (20.8)65 (55.1)Heart rate

0 (0)47 (39.8)Glycemia

2 (8.3)42 (35.6)Social interaction frequency

8 (33.3)68 (57.6)Diet habits

1 (4.2)13 (11)Levels of noise exposure

4 (16.7)0 (0)None

Other

10 (41.7)8 (6.8)Physical activity

—b68 (57.6)Cognitive functions

—1 (0.8)Weight

—1 (0.8)Medication adherence

3 (12.5)50 (42.4)Behavioral changes and mood

8 (33.3)3 (2.5)Sleep quality

—1 (0.8)Pain

—1 (0.8)Eyesight

aECG: electrocardiogram.
bNot available.

Area 3: Older Adults’ Relationship With Technology
Multimedia Appendix 2 provides the results from the web-based
questionnaire for older adults related to older adults’
relationship with technology.

Area 4: Use of Technology in Medical Practice
Table 5 illustrates the clinicians’ results (focus group for
clinicians and web-based questionnaire for clinicians) related
to the use of technology in medical practice.

As reported in Table 5, smart devices were considered useful
in medical practice by most participants (107/118, 90.7%).
However, 42.4% (50/118) of the clinicians never used smart
devices in clinical practice, whereas only 5.1% (6/118) used
them all the time. The same percentage of participants (50/118,
42.4%) did not suggest any of the proposed or other devices,
whereas 1.7% (2/118) of clinicians judged the use of a device
to recognize the patient’s position and movement (eg, GPS
tracking device) as significant. Monitoring of a person’s sleep
quality and oxygen saturation was also suggested by a
participant.
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Table 5. Results related to the use of technology in medical practice (N=118).

Clinicians, n (%)Use of technology

107 (90.7)Technology is useful in medical practice

Frequency of use

50 (42.4)Never

34 (28.8)Rarely

14 (11.9)Sometimes

14 (11.9)Often

6 (5.1)Everyday

Apps and devices prescribed or suggested

20 (16.9)Nutrition app

23 (19.5)Physiotherapy app and smart devices

10 (8.5)Smart hearing aids

23 (19.5)Smart pillboxes

23 (19.5)Physical activity app and smart devices

32 (27.1)Smart blood pressure tracker

50 (42.4)None

2 (1.7)Other: movement tracking

1 (0.8)Other: oxygen saturation and sleep quality app

Area 5: About SMART BEAR
Most clinicians (108/118, 91.5%) would recommend their
patients to participate in the SMART BEAR project. Moreover,
almost all participants would like to receive regular reports
regarding the patients’ health status. More specifically, they
preferred daily reports (8/118, 6.7%), weekly reports (58/118,
49.1%), and monthly reports (35/118, 29.6%). Approximately
11.8% (14/118) of the participants would like to receive a report
only if an abnormality was detected, whereas 1.7% (2/118) of
the participants did not answer. During the focus group for
clinicians, 94.1% (111/118) of the clinicians expressed interest
in sending the reports to the patient, 75.4% (89/118) of them
suggested sending the reports to both physicians and patients,
and 38.1% (45/118) suggested sending the reports to the patient
and caregiver.

Even older adults (18/24, 75%) expressed interest in receiving
periodic reports about their own health status (weekly reports
were preferred by 4/24, 17%, whereas monthly reports were
favored by 20/24, 83%). In addition, they would like their own
clinician (8/24, 33%), wife or husband (9/24, 38%), son or
daughter (7/24, 29%), or none (4/24, 17%) to have access to

the content of those reports. Regarding how to receive the
reports, written messages (17/24, 71%), voice messaging (3/24,
13%), and email (9/24, 38%) were indicated. Approximately
63% (15/24) of the older adults showed an interest in
notifications and suggestions that the platform could generate
based on the collected data. This information was expected to
be shared with the spouse (11/24, 46%), son or daughter (6/24,
25%), physician (2/24, 8%), and friend (2/24, 8%), whereas
some (3/24, 13%) of participants preferred that no one had
access to such notifications and suggestions. The expressed
preferred ways of receiving notifications and suggestions were
written messages (18/24, 75%), voice messaging (2/24, 8%),
and email (10/24, 42%).

Table 6 reports the main clinicians’ (focus group for clinicians
and web-based questionnaire for clinicians) and older adults’
(web-based questionnaire for older adults) inputs related to
about SMART BEAR.

At the end of the requirements collection phase, the outcomes
gained by considering both clinicians’and older adults’opinions
and suggestions were mapped to the domains of the IC model
to define a list of interventions and transversal functions worth
including in the platform.
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Table 6. Results related to about SMART BEAR (N=142).

Older adults (n=24), n (%)Clinicians (n=118), n (%)About SMART BEAR

16 (66.7)108 (91.5)Participation in SMART BEAR project

Expectations

3 (12.5)40 (33.9)Less unnecessary visits

9 (37.5)39 (33.1)Enhanced patient’s safety

10 (41.7)77 (65.3)Better self-management of patients’ health status

4 (16.7)37 (31.4)Better patient’s social interactions

3 (12.5)2 (1.7)None

—a2 (1.7)No answer

Other

3 (12.5)—Enhanced patient’s autonomy

4 (16.7)55 (46.6)Enhanced patient’s confidence

—12 (10.2)Improved patient’s health status

2 (8.3)28 (23.7)Improved patient’s diet habits

—9 (7.6)Improved patient-physician communication

6 (25)23 (19.5)Time saving

2 (8.3)19 (16.1)Money saving

Concerns

5 (20.8)19 (16.1)Privacy

3 (12.5)28 (23.7)Change of routine

4 (16.7)37 (31.4)Erroneous measurements

3 (12.5)31 (26.3)Erroneous notifications (suggestions by platform)

7 (29.2)60 (50.8)Technical issues of the devices

2 (8.3)75 (63.6)Education on devices and platform use

5 (20.8)25 (21.2)Increased stress for the user

6 (25)4 (3.4)None

—1 (0.8)No answer

—2 (1.7)Other: decreased patient’s referral to private practice

aNot available.

Evaluation Phase
A total of 6 participants took part in the focus group for older
adults (5/6, 83% women) in the evaluation phase. One of the
participants was aged <70 years, whereas the others were in the
71 to 75 age range group. The education of this sample was
heterogeneously distributed (ie, 1/6, 17% elementary school;
2/6, 33% middle school; 1/6, 17% high school; and 2/6, 33%
in university). Half of the sample declared that they lived alone,
whereas the other half stated that they lived with their spouse.
Regarding the medical conditions experienced by participants,
they claimed to have experienced hypertension (6/6, 100%),

anxiety (3/6, 50%), cardiovascular diseases (1/6, 17%), and
hearing loss (1/6, 17%).

The results of the assessment of the SMART BEAR platform
interventions and transversal functions are reported in Table 7.

Overall, participants evaluated the platform positively, and all
participants agreed that the objectives would be achieved. In
particular, in their opinion, the SMART BEAR platform would
enhance self-awareness of users’ health status (6/6, 100%),
support self-management of users’ health conditions (6/6,
100%), promote active living both physically and cognitively
(6/6, 100%), facilitate independent living (5/6, 83%), and enable
evidence-based support for clinicians (6/6, 100%).
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Table 7. Older users’ assessment of SMART BEAR functions in the evaluation phase (N=6).

Learnability, n (%)Desirability, n (%)Credibility, n (%)Usefulness, n (%)Functions of SMART BEAR platform

Interventions

2 (33)5 (83)6 (100)6 (100)Physical training

2 (33)1 (17)4 (67)5 (83)Diet plan

5 (83)6 (100)6 (100)6 (100)Monitoring of physiological parameters

2 (33)4 (67)6 (100)6 (100)Psychoeducational intervention

3 (50)3 (50)4 (67)4 (67)Monitoring of the mood

6 (100)6 (100)6 (100)6 (100)Cognitive training

6 (100)6 (100)6 (100)6 (100)Hearing training

0 (0)0 (0)1 (17)1 (17)Environment monitoring and adjustment

Transversal functions

N/A5 (83)N/Aa6 (100)Data visualization

N/A5 (83)N/A6 (100)Gamification

N/A5 (83)N/A6 (100)Regular reports

N/A5 (83)N/A4 (67)Regular report to clinician

N/A6 (100)N/A6 (100)Suggestion

N/A6 (100)N/A6 (100)Reminder

N/A2 (33)N/A2 (33)Data access to caregiver

N/A5 (83)N/A6 (100)Teleconsulting

aN/A: not applicable.

Discussion

Principal Findings
The goal of this study was 2-fold; we aimed to understand
stakeholders’ beliefs, attitudes, needs, expectations, and
concerns about the SMART BEAR platform (objective 1) and
to evaluate the proposed solution (objective 2) with a small
group of older adults.

Regarding objective 1, a thorough comprehension of clinicians’
and older adults’ perceptions of the SMART BEAR platform
was pursued through the investigation of five areas: impact of
disease in everyday life (area 1), remote monitoring (area 2),
older adults’ relationship with the technology (area 3), use of
technology in medical practice (area 4), and about SMART
BEAR (area 5).

Impact of Disease in Everyday Life
The results obtained in the requirements collection phase
showed that clinicians agreed on the impact that age-related
conditions have on older adults’ daily living activities, which
was also confirmed by the interviewed older adults. More
specifically, the effects on all the areas investigated within the
IC model were reported by both clinicians and older participants:
psychological area (13/16, 81% clinicians and 17/24, 71% older
adults), vital area (15/16, 94% clinicians and 13/24, 54% older
adults), motor area (9/16, 56% clinicians and 14/24, 58% older
adults), cognitive area (10/16, 63% clinicians and 10/24, 42%
older adults), and sensorial area (6/16, 38% clinicians and 11/24,
46% older adults). More specifically, older adults complained

of anxiety, irritability, reduced energy, problems in vision,
hearing, memory, attention difficulties, cardiorespiratory
problems, and sleep disorders. However, the older adults who
answered the questionnaire did not acknowledge the impact of
the age-related conditions on their vital areas as severely as the
interviewed clinicians assessed their patients. This might be
because of a more objective overview of the vital problems from
the clinicians (ie, objective medical examination and appropriate
measurement of vital signs) than the subjective older adults’
self-awareness. Although input from clinicians is fundamental
to the design of an assistive technology, this discrepancy
supports the importance of tailoring the smart health platform
to the needs of a specific patient. In fact, as it emerged from the
literature review, one of the most frequent causes of technology
abandonment in older adults is the lack of perceived relevance
of the service [23].

The onset of chronic diseases in the older population has
important consequences for family members as well. Indeed,
clinicians (ie, 14/16, 88% of participants in the focus group for
clinicians) underlined that the complex management of the
patient (eg, daily assistance and medical appointments) might
lead caregivers to mental health problems (eg, sleeping
difficulties, burnout, and depression), as confirmed by the
literature [31,32]. Nevertheless, only 29% (7/24) of the older
adults in web-based questionnaire for older adults declared to
need help from family members for routine activities (eg,
personal hygiene and visits to the physician). This incomplete
overlap between clinicians’ and older adults’ feedback is in line
with the relatively low limitations that older respondents have
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reported on their autonomy. This may be explained by the age
of the sample population (20/24, 83% of older adults were aged
<76 years, whereas more severe comorbidities were generally
observed in more advanced age). The age distribution of older
participants, in turn, could be because of the method used for
data collection (ie, web-based questionnaire), which requires a
certain autonomy and familiarity with the technology.

Use of Technology in Medical Practice
The outpatient approach for age-related disorders is the most
preferred and used by interviewed clinicians. This is probably
why most of them (107/118, 90.7%) considered the technology
useful in medical practice (Table 5). These results are in line
with those of the current literature [33,34]. In particular,
objective measurements provided by smart medical devices are
very appealing for medical experts as they can ensure support
in decision-making for the clinician, help for the caregiver, and
timely interventions for the patient. This study suggests that the
most used devices in clinical practice are smart blood pressure
trackers (32/118, 27.1%), physical activity and physiotherapy
applications or devices (23/118, 19.5%), smart pillboxes (23,
19.5%), and nutrition applications (20/118, 16.9%).
Furthermore, applications that are able to monitor sleep quality
and track position were also indicated to cope with older adults’
sleeping difficulties and cognitive problems. Instead, smart
hearing aids were suggested or prescribed by only 8.5% (10/118)
of clinicians, and such data might be due to the expertise of the
clinicians involved in this study (ie, only a few of them, 11/118,
9.3%, deal with hearing impairments; Table 2). However, the
use of smart devices in the current clinical practice is still
uncommon (50/118, 42.4% of clinicians never use smart
devices; Table 5), and it is mostly explained by the difficulties
met by the older population in technology adoption [21,25].

Older Adults’ Relationship With Technology
Older adults who took part in the study suggested being quite
confident with the technology use (Multimedia Appendix 2).
Only 8% (2/24) of the participants found some difficulties in
using it, and none judged it as obstructive to everyday life.
However, it is important to note that although the totality of
participants regularly uses a smartphone, a decreasing trend in
the use of more modern devices can be observed (ie, 15/24,
63% uses smart television, 9/24, 38% uses smartwatches, and
6/24, 25% uses smart lamps and smart thermostats).
Nevertheless, this apparent resistance to the latest generation
of devices can be overcome, provided that the technology is
found valuable. Indeed, most participants were positively
predisposed to use new technology if considered helpful, and
none expressed themselves against adopting a useful device.
Such findings are also confirmed by Vaportzis et al [21].

Remote Monitoring
Both clinicians and older adults agreed on the importance of
remote monitoring. However, greater participation in identifying
parameters useful for remote monitoring was observed from
clinicians rather than older adults (ie, 4/244, 1.6% of older
participants did not express any suggestions about measurement
to monitor remotely; Table 4). The interest of health care
professionals in monitoring blood pressure (85/118, 72%), heart

rate (65/118, 55.1%), and diet habits (68/118, 57.6%), as well
as physical activity and sleep quality, are in line with the
typologies of devices and applications that they recommend to
patients in their clinical practice. Further interest was also shown
in devices that may detect falls (74/118, 62.7%) and monitor
patients’ therapy adherence and mood, cognitive functions, and
behavioral changes of the latter. In this way, it is indeed possible
to increase older patients’ safety, provide concrete support for
their caregivers in the management of the therapy, and help
older adults face loneliness and social exclusion. Even older
adults considered blood pressure (12/24, 50%), diet habits (8/24,
33%), and heart rate (5/24, 21%) measurements to be relevant.
On the other hand, fall detection was not considered crucial (it
was judged useful for 2/24, 8% of older respondents), which
may be explained by the low rate of motor problems in the older
adults’ sample (Table 2). Similarly, social contact frequency
tracing aroused little interest in older adults (2/24, 8%) as it felt
intrusive. Clinicians registered some concerns about remote
monitoring; they complained about the shortage of time to
answer patients’phone calls and lack direct interaction with the
patient. In addition, they stated that the symptoms remotely
reported by patients could be misleading (ie, subjective) and
hence misinterpreted in the absence of a visit in person. Finally,
they said they were worried about potential false positives (ie,
receiving alarm values from the device that could be normal for
a specific patient).

About SMART BEAR
Smart health platforms, such as SMART BEAR, have attracted
interest from both stakeholders. Most of them (108/118, 91.5%
of clinicians and 16/24, 67% of older adults) expressed interest
in participating in the project. The main expectation from using
the SMART BEAR platform is a better self-management of
patients’ health status (77/118, 65.3% of clinicians and 10/24,
42% of older adults; Table 6). Both clinicians and older adults
were aligned with the expectation that the SMART BEAR
platform may increase patient safety (39/118, 33.1% of
clinicians and 9/24, 38% of older adults). In contrast, it appears
that only clinicians expected that this platform might reduce
patients’ unnecessary visits (40/118, 33.9% of clinicians and
3/24, 13% of older adults) and increase patients’ social
interactions (37/118, 31.4% for clinicians and 4/24, 17% for
older adults). Clinicians also awaited enhanced patient
confidence and improved patient-physician communication.
However, the latter seems to be more concerned with the use
of such a platform than older adults (ie, 4/118, 3.4% of clinicians
vs 6/24, 25% of older adults declared to have none of the
proposed concerns). Moreover, a difference in the typology of
concerns reported by stakeholders was observed (Table 6). For
example, the health care professionals’ sample was especially
concerned with education on devices and platform use (75/118,
63.6%), which is in contrast observed for only a few (2/24, 8%)
of the older adults. In fact, no particular criticalities in using
the technology were reported by the older people involved in
the study, which may be because of the age distribution of the
sample or participants’ underestimation of the difficulties in
using technological devices. Conversely, poor usability and
improper functioning of the platform (eg, technical issues of
devices, erroneous measurements, and notification and
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suggestion by the platform) caused concerns for both
stakeholders. Furthermore, a small group of both clinicians and
older adults (ie, 25/118, 21.2% of clinicians and 5/24, 21% of
older adults) reported that the use of the proposed technology
could lead to increased stress for the users. In particular, older
adults (ie, 5/24, 21% of older adults vs 19/118, 16.1% of
clinicians) were worried about privacy issues, which is fully
understandable as it is subject to monitoring provided by the
platform [20,21].

With regard to objective 2, the usefulness, credibility,
desirability, and learnability of the SMART BEAR functions
for its end users were assessed. The results obtained in the
evaluation phase showed that the presented technology could
address all the expected goals. Moreover, most of the proposed
interventions were well-accepted by older adults. In more detail,
all participants evaluated cognitive training (intervention 6) and
hearing training (intervention 7) as useful, credible, desirable,
and easy to learn. A very positive assessment of usefulness and
credibility was also gained for physical training (intervention
1), monitoring of physiological parameters (intervention 3), and
psychoeducational intervention (intervention 4). However, some
doubts about the ease of use of such functionalities, with special
regard to physical training and psychoeducational intervention,
were revealed by older adults. The possibility of monitoring
diet habits (intervention 2) was found useful by most people
(5/6, 83%) but not as attractive as it was judged invasive (it was
considered desirable only for the 1/6, 17%; Table 7).

In contrast, almost all participants who judged the monitoring
of mood as useful (intervention 5) would like to have it (ie, 4/6,
67% and 3/6, 50%, respectively; Table 7). Such functionality
has been judged effective in gaining a greater awareness of the
patient’s own condition. Nonetheless, uncertainty about a
computer-based interaction on emotions and states of mind was
raised (eg, “describing my mood using a smartphone without a
person to person communication is unfriendly”). In addition,
participants reported concerns that such an intervention (ie,
intervention 5) may be time consuming and too burdensome
(eg, to fill in a web-based questionnaire weekly). The
environment monitoring and adjustment (intervention 8)
received a negative assessment; indeed, only 17% (1/6)
considered it valid and credible, and none would like to use it
(eg, “it is difficult to accept a change in the own routine when
the age is advancing” and “it is challenging to find the
environmental conditions that fit well with all family members”).
However, such functionality (ie, intervention 8) was considered
helpful for less autonomous individuals. Relative to transversal
functions, they were believed advantageous and desirable,
although some preferences could be observed. The idea of
receiving notifications and suggestions (transversal function 5)
and the reminders (transversal function 6) from the platform
were highly appreciated by all older users. Furthermore, the
possibility of visualizing data (transversal function 1), access
gamification dynamics (transversal function 2) for an enhanced
motivation in pursuing the program, get information (eg, trend
and statistics) about their own behaviors and health status
through regular reports (transversal function 3), and seek a
medical teleconsultation using the platform (transversal function
8) were thought helpful by everyone but undesirable by one of

the participants because of poor confidence in the technology.
Sharing regular reports with clinicians (transversal function 4)
was found desirable by 83% (5/6) of participants but useful by
67% (4/6) of participants as they had some doubts that the
clinician would agree to use this feature (ie, it takes considerable
time). Finally, the possibility of sharing the data collected by
the platform about their health parameters, activities, and
behaviors with caregivers (transversal function 7) was widely
discussed among older adults, and the willingness to safeguard
their privacy and to feel independent but also the desire not to
worry their loved ones and a light embarrassment in using
gerontological technologies were reported. All these factors led
most older participants (4/6, 67%) to consider data access to
caregivers useless and undesirable.

Conclusions, Limitations, Strengths, and Future Works
In the era of personalized medicine, several benefits are expected
from innovative smart health technologies that are able to ensure
a continuous and noninvasive remote monitoring of the patient.
For example, an early diagnosis; a data-driven approach in
medical assistance; a closer and more trustful physician–patient
relationship; and improved self-management, autonomy, and
safety of the patient are desired.

In this study, clinicians’ and older adults’ perspectives about a
smart health platform were gathered to design a solution (ie,
the SMART BEAR platform) that fits all end user requirements
well. The obtained results showed that the SMART BEAR
platform represents a suitable solution for improving older
adults’ QoL, reducing the burden of age-related chronic
conditions for both patients and caregivers, and providing
objective reporting to the clinician for evidence-based medicine.
Moreover, it offers useful insights so that smart health can
become a widespread reality. For instance, devices and
applications specifically targeted for the older population should
not contain stigmatizing symbols, thus avoiding negative
feelings in older adults with a consequent failed adoption of the
technology. In addition, users’ needs and expectations to meet
and concerns to address and solve were defined. For example,
the service needs to offer adequate training and technical support
for end users to be endorsed by clinicians. Finally, several
functionalities for a successful smart health platform were
suggested, such as psychoeducational interventions and
gamification elements.

This study used a mixed approach, adopting qualitative (ie,
focus groups) and quantitative methods (ie, questionnaires with
close-ended questions). This approach has limitations, as it does
not allow a complete comparison between the data obtained
with different methods; however, it is most effective for gaining
insights into the issue. In fact, focus groups enable open
discussions in which researchers can explore a subject with
experts. Conversely, web-based questionnaires are a powerful
method for maximizing participation in an investigation, thus
consolidating or disproving assumptions formulated during the
first exploratory phase. The following collection of technology
requirements was based on data from a large sample. The
designed platform has features that appeal to at least a consistent
group of experts and a smaller group of possible users.
Ultimately, focus groups become useful again to validate the
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elaborated concept and gain a detailed impression from potential
end users. However, the sample of older adults was limited in
comparison with the sample of clinicians, and this may be a
limitation that can hardly be overcome because of the difficulty
in reaching that population in large numbers. Moreover, it should
be noted that the obtained outcomes could have been affected
by the characteristics of the participants involved (ie, age groups
and age-related conditions were not equally covered by
participants).

Regarding research positioning, the authors mainly faced
cultural challenges because of demographic differences between
the research group and the group under study; that is, older
adults. Geriatric medical specialists were essential to adopt a
fitting framework for understanding the problem and the
objectives of this research. This allowed researchers to design
the study methodology and tools by adopting a holistic,
person-centered approach instead of the traditional disease-based
approach. This point of view was supported by the
technical–biological background of the authors with a
biomedical engineering degree, especially in studying how novel

technological interventions would be able to support the
individual’s well-being. As this study involved the active
participation of older adults, the researchers tried to consider
possible biases when the surveys were designed and conducted.
This aspect was particularly important for the validation of the
proposed design in focus groups when technology was discussed
with participants who probably had very limited experience
with it. Hence, the mediation of a neuropsychologist ensured
that a common understanding was created with the participants
and that possible adverse outcomes such as misunderstandings
and frustration were avoided. Overall, heterogeneity in the
academic background was the key strength of the research
group.

Future works comprising further experimental activities with
more and varied stakeholders (ie, clinicians and older adults
distributed heterogeneously concerning the age, sex, and medical
conditions treated or experienced and also their caregivers) are
needed to investigate the acceptability and the overall user
experience of the future developed platform in free-living
conditions.

Acknowledgments
The research leading to these results has received funding from the European Union’s Horizon 2020 research and innovation
program under grant agreement 857172—SMART BEAR project.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Material used in both the requirements collection phase and the evaluation phase.
[DOCX File , 1114 KB-Multimedia Appendix 1]

Multimedia Appendix 2
Results from the web-based questionnaire for older adults related to older adults’ relationship with technology.
[DOCX File , 25 KB-Multimedia Appendix 2]

References

1. The 2018 Ageing Report: economic and budgetary projections for the EU Member States (2016-2070). European Commission.
2018. URL: https://op.europa.eu/en/publication-detail/-/publication/fa5ae61f-8eeb-11e8-8bc1-01aa75ed71a1/language-en
[accessed 2022-01-31]

2. Ickowicz E. Guiding principles for the care of older adults with multimorbidity: an approach for clinicians: American
Geriatrics Society Expert Panel on the Care of Older Adults with Multimorbidity. J Am Geriatr Soc 2012 Oct 19;60(10):1-25
[FREE Full text] [doi: 10.1111/j.1532-5415.2012.04188.x] [Medline: 22994865]

3. Snowden MB, Steinman LE, Bryant LL, Cherrier MM, Greenlund KJ, Leith KH, et al. Dementia and co-occurring chronic
conditions: a systematic literature review to identify what is known and where are the gaps in the evidence? Int J Geriatr
Psychiatry 2017 Apr 01;32(4):357-371 [FREE Full text] [doi: 10.1002/gps.4652] [Medline: 28146334]

4. Dash S, Shakyawar SK, Sharma M, Kaushik S. Big data in healthcare: management, analysis and future prospects. J Big
Data 2019 Jun 19;6(1). [doi: 10.1186/s40537-019-0217-0]

5. Tian S, Yang W, Grange JM, Wang P, Huang W, Ye Z. Smart healthcare: making medical care more intelligent. Global
Health J 2019 Sep;3(3):62-65. [doi: 10.1016/j.glohj.2019.07.001]

6. Zeadally S, Siddiqui F, Baig Z, Ibrahim A. Smart healthcare. PSU Res Rev 2019 Oct 18;4(2):149-168. [doi:
10.1108/prr-08-2019-0027]

7. Giger JT, Pope ND, Vogt HB, Gutierrez C, Newland LA, Lemke J, et al. Remote patient monitoring acceptance trends
among older adults residing in a frontier state. Comput Hum Behav 2015 Mar;44:174-182 [FREE Full text] [doi:
10.1016/j.chb.2014.11.044]

JMIR Aging 2022 | vol. 5 | iss. 1 | e29623 | p. 14https://aging.jmir.org/2022/1/e29623
(page number not for citation purposes)

Cristiano et alJMIR AGING

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=aging_v5i1e29623_app1.docx&filename=473747c9ae3a592510108ba7d1d581a7.docx
https://jmir.org/api/download?alt_name=aging_v5i1e29623_app1.docx&filename=473747c9ae3a592510108ba7d1d581a7.docx
https://jmir.org/api/download?alt_name=aging_v5i1e29623_app2.docx&filename=4b3f6a1088380bf461e73e5e1d22210c.docx
https://jmir.org/api/download?alt_name=aging_v5i1e29623_app2.docx&filename=4b3f6a1088380bf461e73e5e1d22210c.docx
https://op.europa.eu/en/publication-detail/-/publication/fa5ae61f-8eeb-11e8-8bc1-01aa75ed71a1/language-en
http://europepmc.org/abstract/MED/22994865
http://dx.doi.org/10.1111/j.1532-5415.2012.04188.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22994865&dopt=Abstract
http://europepmc.org/abstract/MED/28146334
http://dx.doi.org/10.1002/gps.4652
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28146334&dopt=Abstract
http://dx.doi.org/10.1186/s40537-019-0217-0
http://dx.doi.org/10.1016/j.glohj.2019.07.001
http://dx.doi.org/10.1108/prr-08-2019-0027
https://doi.org/10.1016/j.chb.2014.11.044
http://dx.doi.org/10.1016/j.chb.2014.11.044
http://www.w3.org/Style/XSL
http://www.renderx.com/


8. Demiris G, Thompson H, Boquet J, Le T, Chaudhuri S, Chung J. Older adults' acceptance of a community-based telehealth
wellness system. Inform Health Soc Care 2013 Jan 09;38(1):27-36 [FREE Full text] [doi: 10.3109/17538157.2011.647938]
[Medline: 22571733]

9. Wade R, Shaw K, Cartwright C. Factors affecting provision of successful monitoring in home Telehealth. Gerontology
2012;58(4):371-377. [doi: 10.1159/000335033] [Medline: 22261740]

10. Reeder B, Demiris G, Marek KD. Older adults' satisfaction with a medication dispensing device in home care. Inform
Health Soc Care 2013 Oct 16;38(3):211-222 [FREE Full text] [doi: 10.3109/17538157.2012.741084] [Medline: 23323721]

11. Holden RJ, Campbell NL, Abebe E, Clark DO, Ferguson D, Bodke K, Brain Health Patient Safety Laboratory. Usability
and feasibility of consumer-facing technology to reduce unsafe medication use by older adults. Res Social Adm Pharm
2020 Jan;16(1):54-61 [FREE Full text] [doi: 10.1016/j.sapharm.2019.02.011] [Medline: 30853507]

12. Barg-Walkow LH, Harrington CN, Mitzner TL, Hartley JQ, Rogers WA. Understanding older adults' perceptions of and
attitudes towards exergames. Gerontechnology 2017;16(2):81-90 [FREE Full text] [doi: 10.4017/gt.2017.16.2.003.00]
[Medline: 32025226]

13. Similä H, Immonen M, Toska-Tervola J, Enwald H, Keränen N, Kangas M, et al. Feasibility of mobile mental wellness
training for older adults. Geriatr Nurs 2018 Sep;39(5):499-505. [doi: 10.1016/j.gerinurse.2018.02.001] [Medline: 29530292]

14. Gellis ZD, Kenaley BL, Ten HT. Integrated telehealth care for chronic illness and depression in geriatric home care patients:
the Integrated Telehealth Education and Activation of Mood (I-TEAM) study. J Am Geriatr Soc 2014 May;62(5):889-895.
[doi: 10.1111/jgs.12776] [Medline: 24655228]

15. Cotten SR, Anderson WA, McCullough BM. Impact of internet use on loneliness and contact with others among older
adults: cross-sectional analysis. J Med Internet Res 2013 Feb;15(2):e39 [FREE Full text] [doi: 10.2196/jmir.2306] [Medline:
23448864]

16. van Hoof J, Kort HS, Rutten PG, Duijnstee MS. Ageing-in-place with the use of ambient intelligence technology: perspectives
of older users. Int J Med Inform 2011 May;80(5):310-331 [FREE Full text] [doi: 10.1016/j.ijmedinf.2011.02.010] [Medline:
21439898]

17. Winslow B. Smart home strategies for user-centered functional assessment of older adults. Int J Autom Smart Technol
2015 Dec 01;5(4):233-242. [doi: 10.5875/ausmt.v5i4.952]

18. Planinc R, Kampel M, Ortlieb SA, Carbon CC. User-centered design and evaluation of an ambient event detector based on
a balanced scorecard approach. Int J Adv Life Sci 2013:237-249 [FREE Full text]

19. Peek ST, Wouters EJ, Luijkx KG, Vrijhoef HJ. What it takes to successfully implement technology for aging in place:
focus groups with stakeholders. J Med Internet Res 2016 May 03;18(5):e98 [FREE Full text] [doi: 10.2196/jmir.5253]
[Medline: 27143097]

20. Claes V, Devriendt E, Tournoy J, Milisen K. Attitudes and perceptions of adults of 60 years and older towards in-home
monitoring of the activities of daily living with contactless sensors: an explorative study. Int J Nurs Stud 2015
Jan;52(1):134-148. [doi: 10.1016/j.ijnurstu.2014.05.010] [Medline: 24951084]

21. Vaportzis E, Clausen MG, Gow AJ. Older adults perceptions of technology and barriers to interacting with tablet computers:
a focus group study. Front Psychol 2017 Oct 04;8:1687 [FREE Full text] [doi: 10.3389/fpsyg.2017.01687] [Medline:
29071004]

22. Bellandi V, Ceravolo P, Cristiano A, Damiani E, Sanna A, Trojaniello D. A design methodology for matching smart health
requirements. Concurrency Computat Pract Exper 2020 Oct 28;33(22):1-16. [doi: 10.1002/cpe.6062]

23. Hirvonen N, Enwald H, Känsäkoski H, Eriksson-Backa K, Nguyen H, Huhta A, et al. Older adults' views on eHealth
services: a systematic review of scientific journal articles. Int J Med Inform 2020 Mar;135:104031. [doi:
10.1016/j.ijmedinf.2019.104031] [Medline: 31918340]

24. Czaja SJ, Charness N, Fisk AD, Hertzog C, Nair SN, Rogers WA, et al. Factors predicting the use of technology: findings
from the Center for Research and Education on Aging and Technology Enhancement (CREATE). Psychol Aging 2006
Jun;21(2):333-352 [FREE Full text] [doi: 10.1037/0882-7974.21.2.333] [Medline: 16768579]

25. Wildenbos GA, Peute L, Jaspers M. Aging barriers influencing mobile health usability for older adults: a literature based
framework (MOLD-US). Int J Med Inform 2018 Jun;114:66-75. [doi: 10.1016/j.ijmedinf.2018.03.012] [Medline: 29673606]

26. Le Deist F, Latouille M. Acceptability conditions for telemonitoring gerontechnology in the elderly. IRBM 2016
Nov;37(5-6):284-288. [doi: 10.1016/j.irbm.2015.12.002]

27. Cowan KE, McKean AJ, Gentry MT, Hilty DM. Barriers to use of telepsychiatry: clinicians as gatekeepers. Mayo Clin
Proc 2019 Dec;94(12):2510-2523. [doi: 10.1016/j.mayocp.2019.04.018] [Medline: 31806104]

28. Buck H, Pinter A, Poole E, Boehmer J, Foy A, Black S, et al. Evaluating the older adult experience of a web-based,
tablet-delivered heart failure self-care program using gerontechnology principles. Geriatr Nurs 2017 Nov;38(6):537-541.
[doi: 10.1016/j.gerinurse.2017.04.001] [Medline: 28554497]

29. Orpwood R, Chadd J, Howcroft D, Sixsmith A, Torrington J, Gibson G, et al. Designing technology to improve quality of
life for people with dementia: user-led approaches. Univ Access Inf Soc 2009 Oct 27;9(3):249-259. [doi:
10.1007/s10209-009-0172-1]

JMIR Aging 2022 | vol. 5 | iss. 1 | e29623 | p. 15https://aging.jmir.org/2022/1/e29623
(page number not for citation purposes)

Cristiano et alJMIR AGING

XSL•FO
RenderX

http://europepmc.org/abstract/MED/22571733
http://dx.doi.org/10.3109/17538157.2011.647938
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22571733&dopt=Abstract
http://dx.doi.org/10.1159/000335033
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22261740&dopt=Abstract
http://europepmc.org/abstract/MED/23323721
http://dx.doi.org/10.3109/17538157.2012.741084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23323721&dopt=Abstract
http://europepmc.org/abstract/MED/30853507
http://dx.doi.org/10.1016/j.sapharm.2019.02.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30853507&dopt=Abstract
http://europepmc.org/abstract/MED/32025226
http://dx.doi.org/10.4017/gt.2017.16.2.003.00
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32025226&dopt=Abstract
http://dx.doi.org/10.1016/j.gerinurse.2018.02.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29530292&dopt=Abstract
http://dx.doi.org/10.1111/jgs.12776
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24655228&dopt=Abstract
http://www.jmir.org/2013/2/e39/
http://dx.doi.org/10.2196/jmir.2306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23448864&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1386-5056(11)00056-6
http://dx.doi.org/10.1016/j.ijmedinf.2011.02.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21439898&dopt=Abstract
http://dx.doi.org/10.5875/ausmt.v5i4.952
https://www.researchgate.net/publication/282976802_User-Centered_Design_and_Evaluation_of_an_Ambient_Event_Detector_Based_on_a_Balanced_Scorecard_Approach
https://www.jmir.org/2016/5/e98/
http://dx.doi.org/10.2196/jmir.5253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27143097&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2014.05.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24951084&dopt=Abstract
https://dx.doi.org/10.3389/fpsyg.2017.01687
http://dx.doi.org/10.3389/fpsyg.2017.01687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29071004&dopt=Abstract
http://dx.doi.org/10.1002/cpe.6062
http://dx.doi.org/10.1016/j.ijmedinf.2019.104031
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31918340&dopt=Abstract
http://europepmc.org/abstract/MED/16768579
http://dx.doi.org/10.1037/0882-7974.21.2.333
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16768579&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2018.03.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29673606&dopt=Abstract
http://dx.doi.org/10.1016/j.irbm.2015.12.002
http://dx.doi.org/10.1016/j.mayocp.2019.04.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31806104&dopt=Abstract
http://dx.doi.org/10.1016/j.gerinurse.2017.04.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28554497&dopt=Abstract
http://dx.doi.org/10.1007/s10209-009-0172-1
http://www.w3.org/Style/XSL
http://www.renderx.com/


30. Cesari M, de Carvalho IA, Thiyagarajan JA, Cooper C, Martin FC, Reginster J, et al. Evidence for the domains supporting
the construct of intrinsic capacity. J Gerontol A Biol Sci Med Sci 2018;73(12):1653-1660. [doi: 10.1093/gerona/gly011]
[Medline: 29408961]

31. Garlo K, O'Leary JR, Van Ness PH, Fried TR. Burden in caregivers of older adults with advanced illness. J Am Geriatr
Soc 2010 Dec;58(12):2315-2322 [FREE Full text] [doi: 10.1111/j.1532-5415.2010.03177.x] [Medline: 21087225]

32. Adelman RD, Tmanova LL, Delgado D, Dion S, Lachs MS. Caregiver burden: a clinical review. J Am Med Assoc 2014
Mar 12;311(10):1052-1060. [doi: 10.1001/jama.2014.304] [Medline: 24618967]

33. Evans J, Papadopoulos A, Silvers CT, Charness N, Boot WR, Schlachta-Fairchild L, et al. Remote health monitoring for
older adults and those with heart failure: adherence and system usability. Telemed J E Health 2016 Jun;22(6):480-488
[FREE Full text] [doi: 10.1089/tmj.2015.0140] [Medline: 26540369]

34. Stegemann S. Developing Drug Products in an Aging Society: From Concept to Prescribing. Cham: Springer; 2016.

Abbreviations
IC: intrinsic capacity
IRCCS: Istituto di Ricovero e Cura a Carattere Scientifico
QoL: quality of life

Edited by J Wang; submitted 14.04.21; peer-reviewed by K Baudin, H Gandhi, R Ciorap; comments to author 25.10.21; revised
version received 08.11.21; accepted 09.11.21; published 28.02.22

Please cite as:
Cristiano A, Musteata S, De Silvestri S, Bellandi V, Ceravolo P, Cesari M, Azzolino D, Sanna A, Trojaniello D
Older Adults’ and Clinicians’ Perspectives on a Smart Health Platform for the Aging Population: Design and Evaluation Study
JMIR Aging 2022;5(1):e29623
URL: https://aging.jmir.org/2022/1/e29623
doi: 10.2196/29623
PMID:

©Alessia Cristiano, Stela Musteata, Sara De Silvestri, Valerio Bellandi, Paolo Ceravolo, Matteo Cesari, Domenico Azzolino,
Alberto Sanna, Diana Trojaniello. Originally published in JMIR Aging (https://aging.jmir.org), 28.02.2022. 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 JMIR
Aging, is properly cited. The complete bibliographic information, a link to the original publication on https://aging.jmir.org, as
well as this copyright and license information must be included.

JMIR Aging 2022 | vol. 5 | iss. 1 | e29623 | p. 16https://aging.jmir.org/2022/1/e29623
(page number not for citation purposes)

Cristiano et alJMIR AGING

XSL•FO
RenderX

http://dx.doi.org/10.1093/gerona/gly011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29408961&dopt=Abstract
http://europepmc.org/abstract/MED/21087225
http://dx.doi.org/10.1111/j.1532-5415.2010.03177.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21087225&dopt=Abstract
http://dx.doi.org/10.1001/jama.2014.304
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24618967&dopt=Abstract
http://europepmc.org/abstract/MED/26540369
http://dx.doi.org/10.1089/tmj.2015.0140
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26540369&dopt=Abstract
https://aging.jmir.org/2022/1/e29623
http://dx.doi.org/10.2196/29623
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

