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Abstract

Despite the potential to support ageing in place, there is still low
Assistive Technology (AT) uptake among older adults. Smart Materials
(SMs) have the potential to play an important role in AT innovation
without detracting from the aesthetic appearance and ease of use. The
MATUROLIFE project aims to develop enhanced AT products for older
adults by employing smart metallised textiles, through a design process
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involving older adult users and collaborating within a complex interdis-
ciplinary space. This paper outlines research undertaken to capture the
prioritised needs and design requirements of older adults, as well as
their expectations of future technologies and understanding of SMs.
Following interviews with older adults exploring AT acceptance, 94
older adults were engaged in a series of co-creation workshops. The
findings emphasise a strong need to feel independent yet safe in older
adulthood, and an uncompromised requirement to be fashionable with-
out stigma and stereotypes. The participants demonstrated no resistance
to the adoption of smart materials and technologies if they are inte-
grated into AT products that are easy to use, comfortable and aesthetic-
ally pleasing, irrespective of the complexity and novelty of the
technology involved.

KEYWORDS: assistive technology, smart materials, technology
acceptance, independence, co-creation

1. Introduction and Background

The ageing population is a global challenge (Partridge, Deelen, and
Slagboom 2018) leading to an increased need for health and social care
for older adults (NIHR 2018). With an increasing focus on “ageing in
place”, enabling older adults to remain as autonomous, active and inde-
pendent within their own homes for as long as possible is a priority
(Wiles et al. 2012; Tecovich 2014). Much research has considered the
role technology can play in alleviating some of this demand (Frid et al.
2013; Pilotto, Boi, and Petermans 2018), with older adults themselves
increasingly looking for new knowledge and tools that will enable them
to remain independent and living well for longer. By helping to address
the health, wellbeing and socio-economic issues, Assistive Technology
(AT) can provide benefits at the individual level for older adults, as well
as reducing caregiver burden and stress (Gaflner and Conrad 2010;
Bloom et al. 2015; Marasinghe 2016; Pilotto, Boi, and Petermans 2018;
NSTC 2019).

Despite the considerable potential and investment in AT, the actual
use of AT provides a less positive picture. Globally, there are challenges
due to the availability of limited and specialized assistive products, the
lack of user-centred research and development, and context-appropriate
product design (WHO 2018). There is a general lack of understanding
of the individual need and behavioural choices as well as the wider con-
text into which services are delivered (Demers et al. 2016; NIHR 2018).
The “knowledge gap” between a design team (i.e. includes product
designer, technologist and other subject experts) and the target users
(i.e. older adults) can generate design problems in reality and hinder the
development of assistive products (Hwang and Park 2018).
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The three-year EU Horizon2020 (H2020-EU.2.1.3.) funded project
MATUROLIFE (Metallisation of Textiles to make Urban living for
Older people more Independent and Fashionable) seeks to tackle these
issues in order to enhance AT acceptance among older adults and enable
greater participation in society through the design of AT. The overall
objective of the project is to embed smart metallised textiles in different
AT products that support the independence of older adults whilst being
easy to use and desirable to own. The project brings together 20 part-
ners from nine EU countries (France, Italy, Spain, Belgium, Germany,
Poland, Slovenia, Turkey and United Kingdom) and particularly focuses
on the development of smart assistive clothing, footwear and furniture.
These product areas present opportunities for use of textile-based Smart
Materials (SMs) and in which partners have design and manufacturing
capability. The project and proposed outcomes are complex, bringing
together different disciplines to develop novel AT prototypes that embed
SMs based on innovative selective metallisation techniques (Azar
et al. 2020).

This paper presents research undertaken in the first nine months of
the project to inform the design direction, technical development and
scientific innovation within the project. The research sought to embed a
user-centred approach and employ co-creation to ensure that the views
and preferences of older adults inform the development of smart AT
prototypes and the project direction. Here we describe research under-
taken across the partner countries (through semi-structured interviews
and co-creation) to explore older adults’ day-to-day experiences, prior-
ities and requirements in respect to their potential AT needs, openness
to the use of SMs and practical pursuit in fashion.

1.1. Poor acceptance of AT by older adults

AT is identified as any device or system that is used to increase, main-
tain, or improve an individual’s functioning and independence, and any
service that is provided to assist in the selection, acquisition, and use of
this sort of device or system (Individuals with Disabilities Education Act
1990). Examples of AT can be relatively low-tech and as simple as read-
ing glasses, walkers, or grab rails. Alternatively, it can be more
advanced using cutting-edge science and technology as digital devices,
products and services for built-in communications and safety features or
health monitoring capabilities (Davies et al. 2016; Boucher 2018;
Holliday, Awang, and Ward 2018). Regardless of device complexity,
AT can compensate for sensory, physical/mobility and cognitive impair-
ments and seeks to maintain or improve functioning and independence
to help people achieve a better quality of life (Lancioni and Singh 2014;
Boucher 2018). Ongoing development of assistive devices, intelligent
environments and services endeavours to enable older adults to live at
home for longer and participate actively in society with increased auton-
omy and self-confidence (GafSner and Conrad 2010; NIHR 2018).
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A number of studies, however, have identified issues of acceptance
and poor adoption of AT by older adults (Fisk et al. 2009; Lee and
Coughlin 2015; Yusif, Soar, and Hafeez-Baig 2016). Instead of being
“assistive”, some products stigmatise the user by magnifying the individ-
uals’ physical and cognitive limitations (Spinelli, Micocci, and Ajovalasit
2016; Martins et al. 2016), and provide a source of frustration or lead
to further isolation from society (Lee and Coughlin 2015; Yusif, Soar,
and Hafeez-Baig 2016). These influences of societal stigma and social
isolation can considerably affect AT adoption and use (Profita 2016).
Advances of SMs in fashion provide the opportunity to explore new
physical forms of AT products as being more interactive, comfortable
and attractive, whilst it is also argued that there is limited focus on the
needs of older adults in fashion (Twigg 2013; Yang and Moody 2020).
By incorporating SMs and integrating aesthetic requirements in novel
AT, the project aims to mitigate the stigma associated with monitoring
and assistive devices for older adults.

1.2. Smart materials and technology to support older adults

Embodying the convergence of textiles and electronics (e-textiles or tex-
tile electronics), SMs are a new class of high-performance materials that
can sense or react to environmental conditions or stimuli (e.g. mechan-
ical, chemical, electrical, magnetic or other forms) (Tao 2001; Tang and
Stylios 2006; Stoppa and Chiolerio 2014; Koncar 2019). In the last dec-
ade, SMs have had wide applications in sports, military, medicine and
clothing allowing a shift from rigid and non-flexible electronic products
(Stoppa and Chiolerio 2014; Gokarneshan and Srivatsav 2018). For
example, sensor fabrication and assembly with SMs can be invisibly
built into the garment as textile-based circuitry which can replace trad-
itional wiring hence reduce discomfort and also be lightweight, washable
and safe (Yang 2012).

There is increasing attention to the development of smart wearable
healthcare devices with textile-based electronics and sensor fabrication
(Gongalves et al. 2018). This presents great potential for health monitor-
ing and diagnostics as well as preventative and self-management
approaches to health care (Jin, Jin, and Jian 2018). For example, moni-
toring daily activity patterns and frailty using smart wearable technolo-
gies can provide more accurate and up-to-date assessments of physical
health and enable personalized, tailored care (Armstrong, Najafi, and
Shahinpoor 2017). Wearable technologies incorporating SMs are
expected to play a constructive role in addressing health-related issues.
The use of SMs over the use of additional bulky and heavy electronic
components should increase the potential functionality of AT alongside
improving their appearance, and user acceptance and adoption. The
SMs applied to three AT products in MATUROLIFE project employ
selective metallization process to encapsulate metal-coated fibres in tex-
tiles to provide better integration of electronics and sensors into fabrics
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and textiles. In this way, these SMs give the product and fashion design-
ers the tools to produce AT for older adults that is not only functional
but also appealing as being lighter and comfortable (Moody and
Cobley 2020).

1.3. Design of AT and SMs with older adults

As Spinelli, Micocci, and Ajovalasit (2016) highlight, it is crucial to
have a clear understanding of how the older adults perceive and respond
to innovative approaches and the use of engineered materials in the
design and development of AT to maximize the user experience and
likely acceptance and use. Despite the availability of AT, there remains
a substantial gap between what is designed and developed and what is
wanted by the end-user, as a result the potential benefits of AT are not
being fully realised (Peek et al. 2014; Lee and Coughlin 2015).
Although SMs are looked upon as future of fashion, there is still limited
research considering older adults’ views on SMs or research involving
them in designing and developing smart materials/functionalities
(Micocci and Spinelli 2018; Micocci 2017). The development of SMs is
to some extent experimental and technical. However, how the SMs are
then integrated into the development of products warrants further con-
sideration. The MATUROLIFE project is concerned with whether older
adults can recognize and accept the potential benefits of smart materials
and functionalities, as well as how engineers and material science spe-
cialist can develop highly technical solutions whilst embedding an under-
standing of user needs, wants, preference and requirements. This is
being addressed using co-creation.

Co-creation is increasingly employed in redesigning healthcare serv-
ices, technology-led programmes or interventions, and is effectively
impacting the fashion system in which the users/customers are fully
engaged in the overall innovation and improvement process (Bate and
Robert 2006; Elg et al. 2012; Donetto et al. 2015; Townsend,
Sadkowska, and Sissons 2017; Lee, Ahn, and Kim 2018). The co-cre-
ation activities bring people together to share knowledge and explore
ideas from different backgrounds and disciplines, as well as involve
users or customers working closely to develop solutions in helping to
shape new products and services (Sanders and Stappers 2008; Ind and
Coates 2013; Kim and Lee 2016). The use of collaborative approach
aims to ensure that the design and technology of the products are
grounded in the lived experience of the users/participants (Couvreur
et al. 2013; Galvagno and Dalli 2014; Frow, McColl-Kennedy, and
Payne 2016). Co-creation is employed in the MATUROLIFE project as
a means to draw together views from a variety of stakeholder perspec-
tives in the development of AT solutions that embed SMs.



6 Danying Yang and Louise Moody

1.4. Aims and objectives

The aim of this study was to determine and embed the views of older
adults in the development of SMs based AT and ensure solutions are
developed that meet user needs and requirements. Four key research
objectives are addressed:

a. to identify the factors that encourage or affect the acceptance
and use of assistive/smart technologies;

b. to prioritise the daily and future needs of older adults in the
context of their daily life activities;

c. to identify how to employ smart materials/functionalities in
AT concepts;

d. to identify design preferences and fashion/aesthetic requirements.

2. Methodology

Qualitative research methods are applied in the exploration and ideation
stage of the project, considering sampling strategies and criteria to
ensure sufficient information power for responsible data analyses
(Ritchie et al. 2014; Malterud, Siersma, and Guassora 2016). Co-cre-
ation workshops were undertaken to bring together older adults and the
MATUROLIFE multidisciplinary team to develop smart AT solutions.
Semi-structured interviews were conducted before the workshops in
order to inform the co-creation activities and workshop content. In
total, 94 older adults aged between 60 and 95years were recruited
through our partner network across nine partner countries to ensure
development was not focused just on the context of one specific coun-
try. The study was approved through the Coventry University Ethical
Approval Process.

The research design outlined here sought to rapidly capture a broad
sense of views, needs and priorities across partner countries at the start
of the three-year project to inform the design and project direction, and
establish user and stakeholder groups within each partner country. The
wider project ambition was to develop prototypes that were applicable
to needs across Europe. The participants and stakeholders involved in
this research would then continue to inform iterative design cycles and
prototype testing.

2.1. Identifying the critical factors affecting technology
acceptability among older adults

In order to gain an understanding of older adults’ attitudes and current
experience in relation to assistive and smart technologies, semi-struc-
tured interviews were conducted with 37 older adults (z=26 females
and n=11 males) across six of the partner countries (France, Italy,
Poland, Spain, Turkey, and United Kingdom).
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Table 1. Overview of the ten co-creation workshops.

Number of
Type of co-creation Number of partners
workshops Country and city participants present Objectives
Exploratory Spain (Arnedo) 10 6 e To explore the needs of
Italy (Vittorio Veneto) 8 8 older adults.
Belgium (Antwerpen) 14 S e To identify key threats to
UK (Coventry) 8 5 independence and broad requirements.

Product focused
- Clothing
Product focused
- Furniture
Product focused
- Footwear

e To discuss the main obstacles in
adopting AT.

France (Paris) 8 6 e To prioritise key threats

Slovenia (Domzale) 9 4 to independence.

Poland (Lukéw) 10 5 e To review existing AT product
Turkey (Istanbul) 8 5 features and style preferences.
UK (Coventry) 9 5 e To co-create ideas and early
Germany (Berlin) 10 5 concepts for further development.

e To understand SMs and smart
functionalities.

The interview schedule was designed to explore older adults’ daily
activities. Through a “journey/timeline mapping” approach (Bernard
and Andritsos 2017; Cameron and Hunt 2018), the interviews provided
“the big picture” of one day with older adults, and investigated the
underlying factors affecting their technology acceptance including digital
literacy, use of technologies promoting independence and well-being,
views about AT, perception of SMs and attitudes towards clothing, foot-
wear and furniture products.

The findings were used to provide a broad understanding of the con-
text and personal experience of older adults to the project partners and
to inform the design of the subsequent co-creation activities.

2.2. Co-designing assistive products with old adults to
prioritise needs and identify preferences

Ten co-creation workshops were undertaken in nine European countries
participating in the MATUROLIFE project (3 big cities and 6 smaller
regional cities). Initially exploratory co-creation workshops were under-
taken (m=4, in 4 countries); followed by development workshops
(n=6, in 6 countries). The average length for each workshop was four
hours, including the breaks. Ninety-four older adults (7 =63 female and
n=231 male) took part in the activities, working together with designers,
manufacturers, human factors specialists, psychologists, and material
experts. A summary of the workshops is shown in Table 1.

The workshops were scheduled to enable some confirmation/check of
findings between countries as well as iteration of ideas in an iterative
design process (Holliday, Magee, and Walker-Clarke 2015), as illus-
trated in Figure 1. The first set of exploratory workshops aimed to
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inform and feed the development of the second set of product-
focused workshops.

2.2.1. Exploratory co-creation workshops

The activities in the first set exploratory workshops in Spain, Italy,
Belgium and United Kingdom aimed to scope the participants’ views,
concerns and challenges associated with their independent living, and
build on the interview findings. The participants were asked to highlight
possible health-related concerns or problems and were encouraged to
generate ideas or solutions in response. There were also active discus-
sions about acceptability of the existing AT products between designers,
researchers and the participants. Through these activities, participants
were physically engaged in brainstorming and recorded their thoughts
and opinions using words, diagrams or sketches (an exemplar shown in
Figure 2).

The exploratory workshops identified the priorities for older adults —
the key threats to their independence and the areas in which they most
wanted support, as well as design and functional preferences from the
older adults. These findings further informed the subsequent product-
focused co-creation workshops to consider addressing the priorities and
preferences through specific product areas in footwear, clothing
and furniture.

2.2.2. Product-focused co-creation workshops

The product-focused workshops then emphasized on the design and
development of assistive clothing, footwear or furniture solutions. Two

Figure 1.

Iterative design process involving two
sets of co-creation workshops.
Courtesy of Danying Yang.
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Figure 2.

Conversation of the existing smart AT products and the concerns of independent living and well-being in the UK workshop. Courtesy of

Danying Yang.

workshops were focused on each product area and conducted in differ-
ent partner countries.

In the first activity, the participants were given eleven factors affect-
ing independence on individual strips of paper and were asked to select
the first five priorities that are considered relevant to them, and then
shared their list with one peer. After working in pairs to agree on their
top four, they reported back to the group and the results were combined
as the top four priorities for the workshop.

Participants were then asked to sift through a collection of product
images and indicate which they would purchase, use or wear for which
activities, the features they liked/did not like and why. The images were
tailored to the workshop with examples selected by project partners in
different countries (i.e. shoes examples for the footwear workshops, an
exemplar shown in Figure 3).

The participants (including project partners) then developed design
ideas to address the key independence needs and embed their style pref-
erences. Two teams were formed with older adults working alongside
project partners including an engineer, human factors specialist, design-
ers, and/or manufacturers (either footwear, clothing or furniture). The
facilitators thereby encouraged consideration of the smart functionalities
and explained how the application of embodied smart metallised textiles
and sensor fabrication may enable the prioritised functionalities. The
project partners contributed technology knowledge and ideas around
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Figure 3.

Co-deciding the list of priorities/functionalities for the MATUROLIFE footwear concepts. Courtesy of Louise Moody.

specific construction techniques and materials. The older adults were
encouraged to share their preferences and ideas about how information
might be presented back to them from the smart solutions.

2.3. Analysing the qualitative data

All of the qualitative data from the interviews and workshops were
audio recorded, photographic archived, transcribed, and thematic ana-
lysis undertaken. The data recorded and collected in different languages
were translated into English. By using Computer Assisted Qualitative
Data Analysis Software (CAQDAS), extensive rich materials were cate-
gorised and sorted by themes and sentiments in MAUROLIFE NVivo
(v.11 Pro for Windows, ©QSR International) (Bazeley and Jackson
2013) project. Thematic Analysis (Boyatzis 1998; Nowell et al. 2017)
and Affinity Diagramming (Martin and Hanington 2012) were used to
scope out the factors affecting technology acceptance and the emergence
of health-related priorities, whilst Qualitative Content Analysis (Schreier
2012) was used to sort the wish-list of design preferences for clothing,
footwear and furniture.

3. Findings
3.1. Technology acceptance among older adults

The interviews and workshops provided a broad view of participant
openness to technology usage. The findings suggested increasing usage
and openness to the internet, computers and smartphones amongst older
adults. Most of our participants commented that they use them to
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communicate with family or friends, to obtain information, to read the
news, and to keep their social engagements, whilst some participants did
express doubts about new technology.

We both have smart phones. I think those technologies overall
improve our lives. I mean being able to communicate easily with
my daughter in Dubai, and my son in Oslo or Hong Kong, so we
can WhatsApp, Skype. So yes, that is all good. [UK, Interview
Participant #3]

I have smartphone but I do not use it because I do not know all
functions. It is too complex. If I learn something but I do not use
it, I quickly forget it. [PL, Interview Participant #2]

Participants also acknowledged the potential advantages of technol-
ogy, in helping them to live independently and actively participate
in society.

To go ahead I think that all the technology for the health and
medicine is important. We can detect and control the heartbeat of
an astronaut going to the moon but on the other hand there is the
woman living in the next door and falls on the floor, dies and
nobody knows it. [IT, Workshop Participant #1]

One participant highlighted the importance of improving assistive
devices and services for older adults.

I cannot walk far with the stick, so I take my wheelchair to assist
it... When I go to town by Ring and Ride, I got shop mobility
scooter but you have to get the scooter back 16:15 the latest and
they do not work on Sunday. Again, it is excellent service but it is
limited. What I would like to say is — it is a struggle for older
people. [UK, Workshop Participant #7]

Participants showed the openness to wearable devices and SMs that
would provide assistance in the development of new ideas.

I would wear without problem something that controls my health
status, controlling my heartbeat and blood pressure for instance.
[IT, Interview Participant #1]

Sometimes, I think about inventing something, for instance, a
jeans tracksuit to do sports in a more fashionable aspect. In my
life, if some devices could preserve the memory, it will be
fantastic. [ES, Interview Participant #8]
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It is important to consider materials and designs that absorb
humidity and reduce sweating. I think it could be addressed through
smart technological fabric. [FR, Workshop Participant #6]

They were more interested in getting instant feedback from smart

material technology instead of using the platforms such as a smartphone

or a computer to access information.

Different sounds for different things. Light left on or cooker left
on with different alerts for the actual thing. Different colours will
work if you are deaf. [UK, Interview Participant #4]

A product could change colour in order to inform someone about
his/her vital signs. [ES, Workshop Participant #1]

To be accessible, participants emphasized the importance of smart

technology being easy to use, empathetic and affordable.

No, it will come but for now I don’t understand it. I will change
my phone. I am scared not to be able to use it. [FR, Workshop
Participant #3]

People said, well, you could use it by voice. I know I can but my
voice changes and I got allergies in my voice. How does it work if
your voice changes? To me it is wasting time. [UK, Interview
Participant #7]

Especially as it is expensive and we do not know it, we are afraid
to turn it on and use it, so I prefer not to use it than to learn how
to use it. [PL, Interview Participant #3]

Whilst there was an open mind and willingness to health monitoring

conditions, there were also reservations about how “complicated” or

“invasive” technology may become.

These things exist already but they are not properly distributed.
Some older people do not like to wear such products. I think the
family somehow is not pushing properly the use of those products
to them. [IT, Workshop Participant #1]

I feel uncomfortable to be monitored by wired jacket, too
intrusive. [UK, Interview Participant #5]

The workshop participants emphasised that not only should the tech-
nology be inconspicuous but also the design features must be attractive

or aesthetically pleasing and suited to their age and preferences.
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Table 2. The user needs and concerns raised during the four exploratory workshops.

High-level priorities

Health-related priorities

Good wellbeing as I age

Helping me feel safe
when out and about

Helping me feel safe
at home alone

e I sleep less well and have a poor sleep routine.

e I easily get too hot, and / or too cold.

e I easily get dehydrated (this can lead to falls and confusion).
I need to drink more regularly.

I feel unsteady on my feet and fear falling.

My feet swell and I have poor circulation.

I need help to manage my medication.

It has got harder to find my way around.

My relatives fear that I may get lost or collapse.

It is getting harder to keep the house clean.

It would be good if people know when I need help,
e.g. I have fallen; I have low pressure.

This looks like a chair for a granny. It is similar to one I had in
the house and my son wanted me to get rid of because it looked
old. [UK, Workshop Participant #4]

Anyway this looks athletic, not something that an older person
would wear. It could be made to look less intrusive. [UK,
Workshop Participant #8]

3.2. Health and independence related priorities

The study sought to prioritise the needs of older adults in the context of
their daily life activities. Drawing from the interview and exploratory
workshops, a list of the main health-related priorities across participants
is provided in Table 2.

During the six product-focused workshops, the “top 4” priorities
were identified from the older adults to guide the co-creation of new
ideas. These demonstrated the main concerns older adults have when
considering their ongoing independence. These are summarised in

Table 3.

3.3. Smart assistive technology concepts

The workshops aimed to co-create AT concepts that would benefit from
and employ SMs. The workshop activities enabled the prioritisation of
health and independence needs (Table 3), and then the generation of
ideas to address these needs. The older adults, and project partners from
the MATUROLIFE multidisciplinary team, worked together to look at
how functionality could be introduced through the use of SMs. Three
examples of the concepts that were explored are shown in Table 4.
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Table 3. Priorities for independence identified during the six product-focused workshops.

France Slovenia
Clothing e Remind and / or help me to keep moving e Alert others when I need help
e Being able to control body temperature e Provide information on my vital signs
e Help check hydration levels e Being able to control body temperature.
and remind to eat e Remind and / or help me to keep moving
e Help managing medication
Germany
Footwear o Inform me about the risk of e Relieve aches and pains
falling and change in my balance e Relieve or adapt to swelling of the feet
Relieve or adapt to swelling of the feet e Inform me about the risk of falling and
Help maintain a good temperature change in my balance
— and not get too hot or cold e Help me find my way around
e Relieve aches and pains
Poland Turkey
Furniture e 1 suffer from neck and back pain. e I find it difficult to bend down and
e I need furniture that will support my need things at the right height
changes in height and strength as I age e [ would like to be able to monitor
e Isleep less well and have a poor sleep my vital signs
routine so often take naps during the e I need furniture that will support my
day to help me recover changes in height and strength as I age
e It would be good if people know e It would be good if people knew when
when I need help I needed help
Table 4. Examples of product concepts employing SMs.
Smart Products Prioritised Functionalities Workshop-based Concepts

SMt_ yEsT

Assistive Clothing To help regulate temperature and encourage hydration

Assistive Footwear To improve balance and reduce falls

Assistive Furniture To enable improved sleep and mobility
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The older adult participants actively participated and debated the use
of smart materials and technologies and how it could be used and
adapted to be functional, discreet and unobtrusive.

For deafness, he does not hear anything (not even the fire alarm);
I have to write SMS. It could be very important to have a flashing
or vibrating alarm. [FR, Workshop Participant #5]

Either a voice or a beep warning to tell me that I need to drink,
because my hydration level goes down. [UK, Workshop
Participant #6]

Garment could be linked to a wrist device or an interface printed
onto the fabric for incontinence control, temperature regulation,
and with the potential to be able to signal for help. [SI, Workshop
Participant #3]

3.4. Design preferences and aesthetic requirements

The workshops identified design preferences and requirements for new
products. There were many common requirements across the design of
three product areas (clothing, footwear and furniture). The priority of
good functionality was clear as “functional is more important than
beautiful”. Both male and female participants highlighted their preferen-
ces for comfort, “priority is comfort, not the look”. However, it was
also noted that there is an assumption that products for older adults do
need to prioritise aesthetics and style, which was countered as fashion
requirements by our participants.

If T see something I like — like a floral t-shirt, I go and buy it. [UK
Interview Participant #1]

I am still looking for nice, colourful and modern things that I like.
[FR Interview Participant #6]

This is due to the way of dressing, because now people dress
much more modern, even if they are older. [ES Workshop
Participant #2]

My shoes have to be fashionable and functional. [PL Interview
Participant #5]

Design is the thing that I consider when I purchase shoes. [UK
Interview Participant #2]
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Table 5. Design preferences and requirements generated for exemplar smart products.

Scenarios Technologies to be considered Design preferences
Clothing that controls e Sensor to record skin or close Elegant and of good quality.
body temperature ambient temperature. e Styles should not be too tight or
and encourages hydration e Heating circuits built into restrictive and suitable for
the garment. multiple body shapes.
e No electronically activated e Plain not patterned fabrics in

cooling element and materials

solution for cooling /

ventilation. .
e Timed reminders to remind

users to have a drink.

Footwear that improves e Network of pressure sensors .
balance and reduces falls in insole to map foot pressure
/ person’s gait.
e Sensors to detect ground or

floor surface texture to alert .
the user of the fall and
slip hazard. .

e Hand held alarm device (or
device attaches to user jacket)

that connects to shoes via °
Bluetooth to alert user of
change in balance or .

ground surface.

Furniture that supports safety e Ergonomic functions to .
at home and enables support the sit /
improved sleep and mobility stand movement. .

e Pressure sensor to indicate
breathing rate pattern.

e Alerting a support network .
or emergency contact in the
event of physical presence
and reduced breathing. o

conservative colours such as
grey, navy, black and brown.
Concerns of technology being
placed near the heart.

Classic in style.

Insoles might be interchangeable;
changing the shape can change
the function.

The insole should not

be slippery.

Breathable in summer;
waterproof, warm and cosy in
the winter.

Stretchy or adjustable to adapt
to the changes in foot shape.
Not too low at the front and a

closed back.

Strong preference for a modern
and minimalist style.

Colours of warm greys, creams,
blues and browns with

natural materials.

Ease of installation and size of
the furniture pieces, lightweight
and easy to move.

Adjustable to different

body shapes

Ergonomic factors to alter
heights of seats and give

neck supports.

The smart clothes/shoes should be elegant. When you are elegant,
you stay young. [FR, Workshop Participant #7]

It was made clear that if technology is embedded within a product to
assist the user, it must be simple and straightforward to use. Some of
the detailed preferences and requirements emerging from the collabora-
tive working during the workshops are summarized in Table 5.

4. Discussion and Future Work
This paper outlines research undertaken to explore and improve the
user acceptance of smart AT that is being developed as part of the
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MATUROLIFE project. The participants involved in the interview and
co-creation study were achieved through sampling across nine partner
countries to represent an ageing population across Europe and to ensure
adequate qualitative information was collected within a short time scale.
The findings provide older adults’ views on smart technology usage,
their concerns for health and independence as they age, as well as their
ideas for how these could be addressed through AT that embeds SMs,
meanwhile to meet their fashion and aesthetic preference.

Based on the interviews and workshops, the critical factors for AT
acceptance in the MATUROLIFE context are identified and suggested
challenges to be addressed to increase/improve “ageing in place”.
According to our participants, it is important that digital literacy is
taken into account and that, assistive or smart technologies are designed
within the context of physical and social experiences to ensure they fully
meet their needs and requirements. Product design from concepts
through to the development and testing should be grounded in the
every-day life activities of older adults to ensure that the functionalities
and characteristics of the smart materials and technologies are deployed
appropriately whilst aesthetically pleasing.

The workshops led to the definition of design scenarios with a user-
led focus on sensing functionalities related to temperature, breathing,
hydration, balance, mobility and alerting. Smart functionalities were co-
created by the older adults and design team in order to tackle the top
health-related issues prioritised by the older adults, such as “feel the
cold more now”, “easily get dehydrated”, “fear of falling”, “being
unsteady on feet”, and “poor sleep patterns”. Our participants argued
that AT products should be functional with a baseline level of aesthetics,
technologically simple and straightforward, respectful toward their per-
sonalities and encourage social interaction and physical activity. The
potential end users from a range of different European countries have
defined design characteristics, materials and styles that could be custom-
ised in the clothing, footwear or furniture to share their desires and atti-
tudes toward elderly fashion. There was some variation in style
preferences as might be expected, and this will be considered as a range
of style options that are developed in consultation with a stakeholder
and user panel.

SMs were introduced to provide our participants an understanding of
how high tech AT might be developed to respond to users’ needs and
desires thus acting as a hidden caregiver (Micocci 2017; Spinelli,
Micocci, and Ajovalasit 2016), whilst being comfortable and aesthetic-
ally pleasing. It is argued that the participants do not need to have in-
depth technical knowledge of SMs, but they do need to understand
what functionalities these smart materials will bring to them and the
potential risks and data issues that might emerge, as well the potential
aesthetic limitations. These will be ensured and further evaluated
through iterative prototyping and testing. Our ongoing work is focused
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on realising the smart AT ideas shaped by experiences and opinions of
older adult participants in interview and co-creation study outlined here.
The process of development is iterative which aims to involve older
adults and stakeholders in the continued product development
and evaluation.

Borg, Larsson, and Ostergren (2011) argue it is necessary to look
beyond the technology and the physical features of the user. Other
important factors including accessibility to technologies, needs to every-
day life, personal preferences and expectations have been brought to the
forefront (Quinn 2010; Borg, Larsson, and C)stergren 2011). In this
study, we especially argued that reducing age-related stigma in the
design of effective AT is crucial and could influence fashion practice in
relation to elderly users. The use of interviews and workshops as a way
of engaging older adults as our primary end-user has enabled us to
understand and map these preferences and expectations, and then begin
to co-develop solutions. The practical importance of the MATUROLIFE
project lies in the human-centred design methodology that bridges the
understanding between the designers, engineers, scientists and the older
adults. By embodying a participatory approach in designing smart AT
products, key requirements were captured to help improving AT accept-
ance and potentially break down the barriers of future AT prod-
uct adoption.

The development of functional and smart textiles is accelerating due
to a gradual reduction of component costs, rising consumer interest, and
improving technologies (Palamutcu and Goren 2015). This provides an
opportunity for wearable, fashionable and discrete AT. Armstrong,
Najafi, and Shahinpoor (2017) propose that smart multifunctional mate-
rials have potential applications in addressing age-related issues. We are
interested in the acceptability of these developments and understanding
further the willingness of older adults to buy-in to and use SMs—based
products. By involving older adults in the specification of product func-
tionality and aesthetics, as well explaining the potential of SMs, we
hope to open up the possibilities for how SMs are used and how quickly
the benefits can be realised for older adults. It is also an implication for
research practice to explore the potential of SMs in fashion for older
adults recognising the opportunity for innovation.
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