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Abstract. The phenomenon of ageing population is raising substantial pressure to
the national health and welfare systems of many countries in the world, and can be a
potential threat to social stability and economic development. IoT wearable medical
technologies have the potential to aid this struggle, but anecdotal evidence showed
that large-scale deployment of IoT wearable devices among the ageing population
could be fraught with challenges, which have not been well reported in academic
literature. Therefore, this paper aims to address this knowledge gap by reporting on
an exploratory study that firstly investigated older people’s user requirements towards
wearable medical devices and secondly explored potential challenges and difficul‐
ties for large-scale deployment of such devices. Five focus groups were conducted
to collect insights and opinions respectively from five families (i.e. each contained
1–2 elderly members, accompanied with 2–4 family members who held caring
responsibilities). The data collected was analyzed by using a thematic analysis
approach. The results showed that elderly people have complicated and diverse user
requirements towards IoT wearable medical devices, and that a range of challenges
related to hardware providers, caregivers, legal regulations and technical features can
affect large-scale deployment of such devices. The paper concluded that these iden‐
tified user requirements and challenges should be carefully considered by wearable
hardware designers, system developers, and service providers if they want their inno‐
vative products and services to be accepted and deployed among the ageing popula‐
tion globally.
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1 Introduction

Ageing population as a global grand challenge has received increasing attention from
governors, practitioners, academics and the general public worldwide. According to the
United Nations, the global share of older people (aged 60 years or over) increased from
9.2% in 1990, to 11.7% in 2013, and will continue to grow and reach 21.1% by 2050.
Globally, the number of older people is expected to more than double, from 841 million
people in 2013 to more than 2 billion in 2050. In light of this trend, the old-age support
ratios (i.e. number of working-age adults per older person in the population) will signif‐
icantly and continuously fall in the coming decades. This is leading to substantial
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pressure to the national health and welfare systems of many countries, and can be a
potential threat to social stability and economic development.

Consequently, there is an imperative need for countries to seek for innovative, reli‐
able and convenient solutions to provide better healthcare services to the ever-increasing
ageing population, with less workforce, over distance [1]. The concept of IoT wearable
medical devices has thus become increasingly important in recent years. Besides being
lightweight and portable, this kind of device allows the provision of health monitoring
and caring over distance, and so reduces the burden of commuting that many older adults
experienced when visiting a healthcare facility for a regular checkup [2].

However, anecdotal evidence showed that large-scale deployment of IoT wearable
devices among the ageing population could be fraught with socio-technical challenges,
especially considering that older people have very different health and medical condi‐
tions and their caring needs may not be easily satisfied by technological means over
distance. In the current literature, a large number of studies about wearable devices
focused on the contexts of fitness and leisure (e.g. [3, 4]). There are also other studies,
from a developer and technical perspective, that look into functionalities and monitoring
capabilities of wearable devices for health and medical purposes (e.g. [5–9]). Never‐
theless, there is currently very limited understanding and study on the views of older
adults towards using wearable medical devices as well as potential difficulties and chal‐
lenges for large-scale deployment of such technologies. Therefore, this paper aims to
address this knowledge gap by reporting on an exploratory study that aims to answer
two research questions:

• What do older people really need from IoT wearable medical devices?
• What are the socio-technical challenges in deploying such devices among the ageing

population?

The results derived from this study will be of importance to city governors, service
providers, IT practitioners and researchers who are interested in not just the development
of IoT wearable medical devices but more significantly in large-scale deployment of
such technology among the ageing population. The rest of this paper is structured as
follows: the next section presents the research methodology adopted by the research.
Subsequently, the findings derived from the study are presented and discussed, followed
by a discussion of the implications of the results, with conclusions drawn.

2 Methodology

Owing to the exploratory nature of this study, a qualitative research approach was
adopted. Merriam and Tisdell describe qualitative research as studies that interpret
people’s experiences and behaviors to contribute to knowledge [10]. The researchers
initially planned to use interview to collect data in the study. However, it was soon
recognized that elderly people may often not have sufficient understanding on novel
technologies like wearable medical devices, so normal one-to-one interviews may
not lead to the best output. On the other hand, when using wearable medical devices,
elderly people may often seek help from their younger family members, especially
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who have caring responsibilities. Therefore, it was deemed that the views of elder
people could be better complemented by the opinions of their family members.
These considerations pointed the researchers to select focus group rather than indi‐
vidual interview as a more suitable method of data collection for the study. In partic‐
ular, a focus group will allow the researchers to involve both elderly people and
their family members to have an open and interactive discussion on the issues and
phenomena under investigation. It was hoped that the use of focus group could
trigger a more in-depth conversation that covers the angles of different relevant
stakeholders, and so lead to a richer set of data and findings that may not be easily
explored by using other methods [11].

Consequently, five face-to-face focus groups were conducted respectively with
five families. As shown in Table 1, each focus group in this study involved a family
that contained 1–2 elderly members plus 2–4 younger family members. In order to
provide a more comfortable and protective environment for elderly people and their
families, all focus groups took place in their respective homes with a pre-booked
appointment. Each focus group lasted for 40 min to 1 h, and was recorded by using
a digital camera. The resulted transcripts were sent to the corresponding partici‐
pants to double-check the correctness of the recorded contents.

Table 1. Summary of focus group participants

Family ID Number of
60 + people

Number of family
members

Total

Focus group/family 1 1 2 3
Focus group/family 2 1 2 3
Focus group/family 3 1 2 3
Focus group/family 4 2 4 6
Focus group/family 5 2 2 4

Subsequently, the focus group data was analyzed by using a thematic analysis
approach. Thematic analysis is one of the predominant techniques for analyzing
qualitative data. Braun and Clarke described it as data-driven inductive approach
“for identifying, analysing and reporting patterns (themes) within data” [12].
Following guidelines given by Braun and Clarke, the thematic analysis conducted
in this study consisted of five stages, as shown in Table 2 [12].

In order to organize and represent concepts and findings derived from the anal‐
ysis, a concept map was established. As shown in Fig. 1, irradiating from the center
of the map are the three identified categories/themes, which are linked to specific
user requirements and deployment challenges raised by the elderly people and family
members during the focus groups. This concept map provides the structure for
reporting the research findings in the next section.
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Table 2. Five stages of the thematic analysis

Phase Description
1. Getting familiar
with the data

The transcripts that resulted from the focus groups and interviews were
read multiple times for clarification and a better understanding of the
participants

2. Coding the data Coding the textual data in a systematic fashion across the entire data by
using NVivo

3. Connecting codes
with themes

Classify codes based on potential themes, collecting and gathering all
data have relationships with each potential theme

4. Reviewing themes
and developing
concept maps

Make sure each theme is identified properly considering relevant coded
quotes and the entire data set; integrate concept maps of the analysis

5. Reporting findings Final analysis of selected quotes, considering of the analysis to the
research question, producing a new section to report the findings

Fig. 1. Concept maps of focus group findings
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3 Results and Findings

The results of the focus groups identified that elderly people have complicated and
diverse user requirements towards IoT wearable medical devices, and that a range of
other challenges related to hardware providers, caregivers, legal regulations and tech‐
nical features can affect large-scale deployment of such devices, as detailed below.

3.1 Complicated and Diverse User Needs

It emerged from the focus group data that user requirements of elderly people for wear‐
able technologies contain three main categories, namely healthcare, data privacy, and
commodity requirements. In terms of healthcare needs, the participated elderly people
and their families raised a number of essential hardware and software functions to be
ideally included in wearable medical devices, such as:

• Having a panic button exclusively for medical emergencies;
• Having embedded sensors that automatically monitor vital signs (e.g. blood pressure,

pulse, heart rate, blood oxygen), measure steps and sleep duration;
• Having additional sensors that can accurately measure and support pulse diagnosis

(i.e. a disease measurement method used commonly in traditional Chinese medicine);
• Allowing creation of electronic medical record, booking of hospital beds, booking

of medical appointments, interpretation of their vital signs, and medical recommen‐
dations and medicine reminders through mobile app.

It is apparent that these types of functions could be particularly useful to elder people
with chronic diseases (e.g. Hypertension, High Cholesterol, Diabetes, Ischemic Heart
Disease, Dementia, Parkinson’s disease, Heart Failure), which do not necessarily require
hospitalization but need long-term monitoring and treatment [13, 14].

Further to healthcare requirements, the focus group participants also raised the
importance and needs of data privacy protection. Specifically, many participants
expressed the fear that personal information collected from wearable medical devices
may not be strictly protected and may even be misused by device manufacturers, service
providers, and/or caregivers. In other words, device and service providers will need to
establish and follow efficient data usage policies to protect data privacy, if they want to
gain trust of prospective users and maximize sales.

The third category of identified requirements dealt mainly to commodity and enter‐
tainment features (e.g. video camera, chatting tools, social media, location maps, traffic
conditions, radio, games) that older adults and their family members will like to have
on a wearable device. In fact, the findings showed that older people with or without
chronic diseases can often still remain socially active with friends and family members.
Previous research also reinforces that older adults with better social connection and
interaction tend to have a healthier lifestyle as well as a lower chance of getting depres‐
sion [15].

By further examining these identified user requirements, it became clear that as
physical and psychological conditions of elderly people can vary significantly, their
monitoring, caring and entertaining needs can be very complicated and different, and so
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cannot be easily supported by a universal model of wearable device. In other words, the
above identified user requirements and functions will need to be customized to fit the
needs of particular individuals in practical terms.

3.2 Issues About Device Design and Development

The complexity and variety of user requirements as discussed above will inevitably raise
issues and difficulties when designing and developing wearable medical devices.

In particular, in order to monitor physical variables (e.g. movements, steps, and
motion) and various vital signs (e.g. blood pressure, pulse, heart rate, blood oxygen,
etc.) of elderly people, different types of sensors will need to be used [16–18]. The ideal
solution will be to integrate all the needed sensors into one single device. This was
supported by the focus group participants, who stated that they “want an integrated piece
of tool rather than wearing too many different devices” (Focus Group 3). This however
can lead to severe technical challenges regarding accuracy, stability, battery lifetime,
size, and weight of the wearable device. Specifically, when too many sensors need to
be embedded into one single device, its internal circuit and structure will become very
complicated. When device manufacturers try to reduce and compress the size of the
device, its accuracy and stability can often be affected [19, 20]. Faced with these prob‐
lems, some manufacturers may then try to reduce the size of the device battery in order
to leave more space for other crucial components, but this solution can in turn reduce
battery lifetime and so lead to inconvenience to the users [16, 19]. Owing to these tech‐
nical issues, the weight and size of an integrated wearable medical device may not be
reduced easily, and so can cause discomfort to elderly people when they wear a relatively
large and heavy piece of device on a daily basis [21].

On the other hand, the focus group participants also raised their concerns about how
these medical devices may look like and be worn on their body. In fact, many wearable
devices for fitness and sport purposes (Fitbit Alta HR, Samsung Gear Fit 2 Pro, Steel
HR) are currently designed as a bracelet or watch. But in order to collect more accurate
data, wearable medical devices may be designed into different forms. For example,
Holter monitor is a well-established piece of wearable healthcare device for monitoring
electrocardiography (or ECG) heart activity, and can be particularly useful for elderly
people with heart-related diseases [22]. However, these devices require the usage of a
series (normally 3–8) of electrodes attached to the user’s chest. An elderly person
involved in the focus groups cogently stated that “we are getting old, but we do not want
to wear devices that make us look like aliens” (Focus Group 4). In other words, the
current design of wearable medical devices will need to be carefully reviewed and
revised by considering the feeling and opinions of their intended users.

3.3 Cost/Benefit Dilemma Faced by Wearable Hardware Providers

The complicated list of user requirements and associated design and development chal‐
lenges is leading to a cost/benefit dilemma to wearable device providers. On one hand,
the global market of wearable medical devices is getting increasingly competitive. If
any device manufacturers want to play successfully in the market, they need to make a
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greater endeavor to satisfy the identified needs and requirements of the elderly people
[23]. Failure in doing so will inevitably reduce use acceptance and diminish the value
and usefulness of the developed wearable devices, and so affecting competitive advan‐
tages of the product in the market. But on the other hand, overcoming the design and
development challenges associated with these user requirements (e.g. especially to have
a highly integrated, reliable, stable, light and long-lasting wearable device with all the
needed functions) will require very substantial R&D investment. Such high R&D cost
can then lead to high selling price of the device, which may not be affordable to many
elderly people and their families. From a customer perspective, the focus group partic‐
ipants reinforced that for most wearable medical devices available in the market, “the
affordable ones often did not contain all the functions they need, and the ones that can
satisfy their requirements are always far too expensive for them to buy” (Focus Group
2). This dilemma will inevitably affect large-scale deployment of IoT wearable medical
devices. In order to resolve this, device and service providers will need to seek for new
business models, which do not simply reply on the selling of the device itself, but allow
a cheaper device selling price that can be compounded by add-on service charges in the
long run.

3.4 Attitudes and Acceptance of Doctors and Caregivers

IoT wearable medical devices are not just simply monitoring tools. In fact, vital signs
and other essential data collected by the device will normally be sent through wireless
network to a back-office cloud system, which will process, store and analyze the data
and then generate warnings and disease predictions in due course [24]. These analytical
results can be used by elderly people and their family members to take proper actions
if needed. More importantly, these data and analytical results can be constantly and
remotely monitored and reviewed by doctors and medical caregivers to provide neces‐
sary treatments to the elderly people. For those with chronic diseases, this type of remote
monitoring and caring will be particularly useful and can reduce the need of hospitali‐
zation [13, 14].

However, the focus group participants worried that it might not be easy to get
involved a large number of doctors and medical caregivers in public hospitals in the
caring end of wearable devices. This view has actually also been reported in other
studies. Specifically, Kornreich et al. [25] highlighted that doctors and caregivers in
hospitals already have a lot of pressure and very tight daily schedules, and so may not
be willing to take any additional remote monitoring/caring duties. Kroll et al. [26] echoed
that medical professionals might also have concerns about the accuracy, validity and
currency of the data collected and sent by wearable devices, and so might not be willing
to carry diagnosis and make medical decisions based on these data. The focus group
participants added that “the scenario will become even more complicated when consid‐
ering the very strict regulations and rules of hospitals, which may not allow doctors to
accept and use data supplied by different wearable devices used by elderly people”
(Focus Group 3).
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3.5 Immature Legal Regulations

Last but not least, the focus group results showed that elderly people and their family
members had serious doubts about current legal regulations associated with the usage
of wearable medical devices. For instance, the two elderly people in focus group 5
questioned that “if we use these wearable devices on a regular basis, but things did not
go well, such as, the device did not measure my heart rate accurately and so wrong
treatment is provided to me, who should be legally responsible for it”. In fact, the failure
of wearable devices and related services can be caused by a mixture of potential reasons,
including hardware issues (e.g. inaccurate and unstable measurements), software flaws
(e.g. inadequate data processing and analysis), irresponsible caring professionals (e.g.
wrong diagnosis and decisions made by doctors), and even inappropriate user behaviors
(e.g. the elderly person does not charge and/or wear the device properly). Consequently,
when medical accidents happened to the device users, it could be difficult to identify
clearly whether the accident is owing to hardware, software or human reasons. As such,
it will be hard to draw a clear answer to tell who the responsible parties are. Because
local regulations and legal rules often have not been developed sufficiently to resolve
these conflicts, device manufacturers, software developers and medical service
providers may try to find excuses to avoid being responsible for the accident. The
participants in focus group 1 cogently concluded that “when a wearable medical device
fails, the elderly person who uses it can face severe risk and even become a truly victim”.

4 Further Discussions and Conclusions

Faced with the global grand challenge of ageing population, the evolution of wearable
healthcare technologies has attracted increasing interest from the society. However, the
adoption of wearable devices among the ageing population is still in an infancy stage.
This paper reported on a study that aimed to explore potential socio-technical challenges
affecting large-scale deployment of IoT wearable medical devices. The results showed
that elderly people with different health conditions can have very complicated and
diverse needs towards the usage of wearable devices. These needs and requirements
may not be easily satisfied with current technical constraints. In addition, the findings
also showed that elderly people and their family members have many concerns about
the current medical and legal systems, which were deemed to be insufficiently prepared
to enable large-scale deployment of wearable medical devices in the society.

Overall, it can be concluded that technology is important but not the only determinant
for the success of IoT wearable medical devices. In order to realize the benefits promised
by these devices and achieve a high level of adoption and penetration rate, device
designers, service providers, governors and medical practitioners need to make a
stronger endeavor together to resolve the identified socio-technical challenges as well
as to provide a better business, medical and legal environment that can support long-
term development of the wearable medical device market. Finally, it should be high‐
lighted that as an exploratory study which was limited by time and resources, this
research has an apparent weakness. That is, only a limited number of stakeholders were
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involved in the focus groups of this study. Therefore, further research on this topic is
strongly recommended.
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