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‘Smart — not only intelligent! * Co-creating priorities and design

direction for ‘smart’ footwear to support independent ageing.

With an ageing population there is a growing need fdinelogy that enables
older adults to live independently for longer. The EU Horizon2020 flinde
MATUROLIFE project is focused on developing solutions that ensinealt
textiles to support well-being and independence in older adiiéstudy
described here aimed to explore and initiate developmeéstaft’ footwear
embedding assistive technology. A qualitative research strateggmployed
including interviews with 37 older adults and co-creatioiviigts with 56 older
adults. Participants were recruited from eight EuropeantgesriBelgium,
France, Germany, Italy, Poland, Spain, Turkey, and didieagdom) The
results detail the specific needs that older adults have tioreta footwear
based on the daily activities they take part in. Particgpsinared their footwear
fashion preferences, as well as their priorities for agsifiinctionality. A set-of
co-created priorities and concept ideas are presented thgitleohow footwear

might enable independent ageing.

Keywords: assistive technology, well-bejf@shion design, wearable electronics,

co-design

1. Introduction

The use of assistive technology can help older adwétsidependently for longer and
reduce care-needs. Assistive technology is an umbrefladevering the products,
systems and services that maintainimprove an individual’s functioning and
independence, thereby promoting their well-being (WHO, 2018). iledfe potential
benefits, research suggests there are high abandonnmesnbfrassistive technology and
products are often regarded as unattractive and undesi@idevoo, 2013; Yusif,

Soar, & Hafeez-Baig, 2016). To support technology developarmhadoption,
consideration of the users and their relationships Wwi&mew technology is important
(Park & DelLong, 2009). TheEU-Horizon2020 (H2020-EU.2.1.3. Leadership in

enabling and industrial technologies - Advanced matesal®me funded the
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MATUROLIFE project (http://maturolife.eu) to develop products #rabed smart
materials. The project team will build on processe®lecsively metallise fibres within
a textile, to produce a multi-functional material whiohintains the properties of the
textile (feel, drape, weight) whilst adding electronic aotivity. This will enable
integration of electronics and the development of ndiserete and functional assistive
technology. Through a combination of active involvemdmlader adults in the
development process and technological innovation, thegiropnsortium will develop
a range of assistive technology products including clotfiaawear, and furniture that
meet the needs of the user. The focus of the resdasthnibed here, relates specifically
to the development of smart footwear solutions.

The fashion market has traditionally influenced the desigaotwear and the
prioritisation of style and footwear type, whilst potentialyrgpromising the natural
functioning of the foot (Menz, 2008; Coughlin & Thompson, 1996RIi{chie,
Branthwaite, Chockalingam, & Research, 2018). Footwear desarticularly
important for older adult® reduce the risk of falls, and help maintain mobility, quality
of life and independence (Burns, Leese, & McMurdo, 2002; Muchrg 2048;
Palomo-Lo6pez et al., 2017). With age, there is an inctedsie of conditions such as
diabetes mellitus which can lead to poor foot health (Burat,e2002). Gait (i.e. the
pattern of how a person walks) can also change, with pacinon balance and
increased risk of falls (Goehring, Bringer, Broders, & Yol2@f8; Menant, Steele,
Menz, Munro, & Lord, 2008a).

Research has highlighted elements that should be coedidéen designing
shoes for older adults. Footwear characteristics suttease box width, sole hardness
and thickness can contribute to foot paieformity, reduced plantar tactile sensitivity

and functional limitations (McRitchie, Branthwait&,Chockalingam, 2018; Menant et
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al., 2008a; Menant et al., 2008b; Menz & Morris, 2005). Wearing hagi-$hoes can
increase the risk of falls (Goehring et al., 2018; Koepsall.e2004; Menant, Steele,
Menz, Munro, & Lord, 2008b). Well secured footwear with enhdnesole properties
and flexible soles may improve foot function and strengthescles. Shoes that fit

well with secure fastenindgsave been suggested to minimise the risk of slips, trips and
falls (McCann & Bryson, 2015; Menant et al., 2008b; Schwarzkegfretta, Russell, &
Sheskier, 2011).

During the first year of the MATUROLIFE project, qualitaivesearch was
undertaken to guide the early development of smart footweaftder adults. Here,
smart footwear is anticipated to include sensors (e.g. &8 saavement, heat, or vital
signs) and electronic components (e.g. the battergdhal, etc.) that are
interconnected through the use of selectively metallideicia As a result, the
footwear will provide assistive information to the wearerauapsrt their
independence. In line with research by Perry and colleagueesrgue that an approach
driven by user needs is required to improve smart product devetdgand future
acceptance and commercialisation (Perry, Malinin, Sander& Leigh, 2017). The
research sought to explore the perspectives of older ashaltanderstand their
underlying needs and preferences in terms of style, cofmterial, and cost.
Furthermore, we explored hoWwdr independent living priorities could be translated

into design solutions. Specifically, the research questiams:

1. What are the personal preferences of older adults andetkperiences of

footweaf?

2. What are the underlying needs and concerns related to indepdinahg that

older adults would prioritisg
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3. Which fashion and functionality priorities would older adwish to embed in

smart footwear?

4. Literature Review

Wearable electronics are body-worn garments with embeddetlaglic functionality
(Berglin, 2013; Jones, 2015; Mattila, 2006; McCann & Bryson, 201%p&té
Chiolerio, 2014; Weng, Chen, He, Sun, & Peng, 2016). Fabritsdhasense or
respond to stimuli, and embed functionality such as theyatnlitonduct electricity, are
often referred to as smart textiles e-textiles’ (Jones, 2015; Lee et al., 2015; Stoppa &
Chiolerio, 2014; Stylios & Lam Po Tang, 2006). The extenhiglligence can include:
(1) passive smart textiles (e.g. sensors that can engeshe environment); (2) active
smart textiles that can sense and respond to stimilie environment (i.e. a sensor and
an actuator function); and (3) very smart textiles baave the ability to adapt their
behaviour to the circumstances (Tao, 2002; Van Langenhove eéter2004).
Increasingly the miniaturisation of circuits and micarmponents make them almost
invisible and easier to embed in flexible substratesggdo2015; Zeng et al., 2014).
Wearable electronics applications include rechargeablefafirée et al., 2013);
smart phone controls with built-in microphonsgeakers and keypads to receive
telephone calls (Chan, Estéve, Fourniols, Escribag@, 2012); heating systems for
apparel (i.e. outerwear, gloves and footwear) (Hu & Mor2(¥)6b; Mondal, 2008;
Rantanen et al., 2000); technical safety lighting using higittmess LEDs; GPS
tracking components; heart rate and respiration sermofitness and performance
monitoring (Chan et al., 2012; Solaz et al., 2006; Van Langenfid¥ertleer, 2004);
heating systems for sport performance enhancement (Hur&&lo2006a, 2006b); and
wearable therapy devices (Cherenack & van Pieterson, 20&5,J2015; Langenhove,

2007). Assistive technology-based solutions may include gasmati health
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monitoting capabilities or built-in communications and safegtdees. The monitoring
of walking ability, and mobility, is increasingly exploited k&§er et al., 2017).

The literature on smart footwear relates primarily tioefss and healthcare
(Ajami & Teimouri, 2015; Ariyatum, Holland, Harrison, & Kazi, 200%gde, Bries, &
Sazonov, 2016; Hwang, Chou, Fang, & Hwang, 2016; Jung, Oh, Lingr§ K2013;
Tan, Fuss, Weizman, & Troynikov, 2015). Eskofier et al. (2@tgye that smart shoes
could provide accurate and flexible biomechanical analysiotatar gait and enable
non-obtrusive and non-stigmatizing integration of technpkag. in the insole of a shoe
(Eskofier et al., 2017). Gait assessment is useful azdaation of mobility autonomy,
health and quality of life (Muro-die-Herran, Garcia-Zapirain, & Mendez-Zorrilla,
2014; Rahemi, Nguyen, Lee, & Najafi, 2018). Smart insoles haate éxplored as
mobile systems for gait analysis and for application balpditation and exercise
training (Lin, Wang, Zhuang, Tomita, & Xu, 2016; Tan, Fuss, Waiz, Woudstra, &
Troynikov, 2015; Xu et al., 2012). Smart socks with embedded knittedyseesensors
have also been developed for gait analysis in rehalatitaind sport-related
applications (Oks, Katashev, Zadinans, Rancans, & Litvak, Rd&enberg et al.,
2016; Eskofier et al., 2017).

Other potential functions of smart shoes include tracldtep and calorie
counting, and the provision of biomedical information sastioot oxygen
concentration (De Santis et al., 2014; Hwang et al., 2016¢reThas been particular
focus on developments related to diabetes demonstratemjthsmart shoes (Najafi,
Mohseni, et al., 2017), smart insoles (Najafi, Ron, eall7) and smart socks
(Elsayed & Elsaman, 2017; Najafi, Mohseni, et al., 2017; &egtial., 2014). Research
has also considered navigation and falls. Sim et al. (20%t}ide a prototype shoe that

includes an accelerometer to detect falBther research has combined smart shoes
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with acane to detect nearby obstacles. When an obstacle isedgt@tnessage is sent
to the user via the connected cane (Thakur, Sharma, Dhatbdt, & Agarwal, 2016).
The use of ultrasonic and infrared sensors, as part distadke detection system
integrated in a smart shoe for older adults and to suppaglviepairment, has also
been investigated (Chandekar, Chouhan, Gaikwad, & Gosavi, 2017).

Whilst there is growing work in the area of smart shoekia assistive
technology, there is limited research that embedaékéds, requirements and
expectations of older adults into the development aftswls as intended in the study
described here. It is argued that the involvement of usergical to developing
solutions that are wearable and acceptable, rather thagn deven predominantly by

technological capability.

5. Methods

A qualitative research approach was adopted (Ritchie, L&lidhplls, & Ormston,
2014). The data collection involved semi-structured intersiand co-creation
activities (Ramaswamy & Ozcan, 2018; Sanders & Stappers, 20@8ye$earch
involved 93 older adults aged between 60 and 95 yraky females and n=36 men)
recruited through our partner network from eight of the peam countries involved in
the MATUROLIFE project (France, Italy, Poland, Spaiaorkey, Belgium, Germany
and United Kingdom). The research was approved througkXMe University Ethical
Approval process and additional approval was provided as eglgoyreach partner
organisation.

There were three phases of data collection 1) Semitgtagcinterviews; 2)
Exploratory co-creation workshops; 3) Footwear developmestreation workshops.

These are summarised in Table 1 below.
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Tablel: Overview of the methods employed for the data collectad the participants
involved in each.
[INCLUDE TABLE 1]

3.1: Semi-structured interviews

Semi-structured interviews were undertaken with 37 older adadts to face in 6
countries. All participants lived in their own homes and were able to pleinformed
consent to take part in the research. The interviewdsdd@xplored threats to
independenceeveryday life experiencewhere support was needed now and
anticipated in the future, as well as current use of produncigechnology. Journey
mapping (Martin, 2012) was used as a tool during the interwaeaxplore and map out
clothing and footwear preferences in respect to the aesviterformed during a typical
day. The participants were asked to describe the actiiggstook part in during a
typical day and then link these activities to the clothing) fantwear they would wear
or choose. The average length of the intersiess one hourThe interviews were

recorded and transcribed in English for analysis.

3.2: Exploratory co-creation workshops

In total 37 older adults took part in the first 4 exploratmmcreation workshops
(between 8 and 11 per workshepas shown in Table 1). éo-creation approach
involves designers and people not trained in design work workgejher in the
development process (Sandé&rStappers, 2008Yhe exploratory workshops sought to
further specify the needs of older adults and explollelmratively how health and
independence priorities could be addressed through desighis Atdge the design
direction was open and considdihow independence might be supported through the

design of a range of products including clothing, footwear amndtére.
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During the workshops, participants were asked to work in colltbonaith
multi-disciplinary teams (including designers, manufactugsgchologists, etc.) to
first prioritise the needs and design priorities idedithrough the interviews, and then
generate new ideashis allowed the personal experience of the participamtstee
expertise of the multi-disciplinary team to be incorpedanto the design process.

The workshops were conducted in the local language and that® ttanslated
into English. The workshops were scheduled over four hoursbrgidiks. The activities
included:

1. Exploring the concept of independence (activity :1aMpcilitated group
discussion to define independence in older age. This wasasegdand the
interview findings around participant needs.

2. Co-creating solution spaces (activity 2&)small group activity where
participants were encouraged to develop futuristic ideas osbawions in the
home (in any form) could address the threats to indepeprddentified through
the semi-structured interviews and in activity 1a durirgdi+creation
workshops.

3. Acceptability discussion (activity 3A): with the parpaints split into 2 groups
they critiqued a range of clothing, footwear and furniture pradiecidentify the
characteristics, materials and styles they prefemedddentify how they would
improve the designs.

A range of tools were utilised, some of which included: flip chaadst-it notes
and pre-prepared mood boards, and images duringptbeeation activities, as
illustrated in Figure 1 below.

[INCLUDE FIGURE 1]
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Figurel. Examples of the tools used and material generated dhearexploratory
workshops: a) Activity 1A: Exploring the concept of indepemee, using flipcharts and
post-it notes. b) Activity 2A: Co-creating solution spa@gsActivity 3A: Acceptability

discussion.

3.3: Footwear development co-creation workshops

A further 2co-creation workshops involving in total 19 participants (9 inWinéed
Kingdom and 10 in Germahyocused specifically on the development of smart
footwear. These workshops aimed to explore how the pésiidientified in the
exploratory workshops could be addressed through smart footwharworkshops
were scheduled for three hours including breaks.chhaeation activities included two
main activities:

1. Independence priorities (activity 1Bhe participants were asked to prioritise
the health and independence related issues identified iauhexXploratory
workshops (as detailed in subsection 3a2pdicate those that they most wanted
to address during the workshop. They were given the issus iodividual
strips of paper. Individually they were asked to select theifive priorities and
discard the other five. Then, working in pairs, theyeadjion their top fourThe
pairs then reported back to the group and the resultsomerbined to agree the
top 4 priorities.

2. ldentifying style preferences (activity 2B): in the nexi\aky participants were
asked to sift through a collection of footwear imagescsedeby project partners
in different countries as well as footwear samples andjdegiroduced by a
partner shoe manufacturer and identify/tick which theyld/cboose to wear,
for which activities and why.

3. Concept development (activity 3B): in this activity 2 tsamere formed with

older adults working alongside project partners includingrgmneer, human



227 factors specialistjesigners, and a footwear manufacturer. The teams slezd a

228 to propose smart footwear ideas that addressed the priatémsfied in activity
229 1B, and embedded the style preferences from activity BB fdcilitators

230 encouraged consideration of the function of the smarwvieat and how it might
231 embed smart technology and materials. The project parto@tributed

232 technology knowledge and ideas around specific construetgdmiques and
233 materials. The older adults were encouraged to sharepseferences and ideas
234 for how information might be presented back to them frioensimart solutions
235 Sketches and ideas of the co-created smart footweamattered in A3

236 canvasses.

237 In Figure 2 below the tools/stimuli used to elicit the aa@siduring the

238 footwear development co-creation workshops are shown.

239 [INCLUDE FIGURE 2]

240 Figure 2 Tools/Stimuli the participants were asked to engage with: tyiyclB:
241 Independence priorities. e) Activity 2B: Identifying styleferences that participants
242 selected as preferred to embed smart technofpdctivity 3B: Concept development

243  with older adults working alongside designers and experts.

244 6. Dataanalyss

245 A multi-method analysis approach was followed including QualéaContent Analysis
246 (QCA) and Thematic Analysis (TA) methods supported by N\wa1 Pro for

247 Windows, ©QSR International) (Bazeley & Jackson, 2013). ThA @€thod is

248 particularly suited for studies that aim‘gystematically describe the meaning of

249 qualitative material by classifying parts of the material as instandke ofitegories of
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a coding framé&(Schreier, 2012, p. 8). The method was used to generate atProduc
Design Specification (PDS) and identify Experience Hgtts (EH). TA is a method
for identifying, analysing, organising, describing, and reporting éiseiound within a
data set (Boyatzis, 1998; Braun & Clarke, 2006). Here, thhadevas used to explore
and describe the major research themes (e.g. facfecsiad independence; technology
to promote independence and well-being of older adults, ekt @@lain the
relationships between these themes. The codebook follavugdrid strategy (i.e. it
was informed deductively by the research objective and #ratlitre review, and
inductively by the data gathered). It was created in NVivo ahdatad to support the
data coding and analysis of both the interview and workshoigicb The facilitated
workshop sessions resulted in recordings and written annat@iioa number of
canvasses, flip charts and visual images (e.g. sketches) latyged the discussion and
design decisions that had been made. The text-basedamtntered into the analysis

process and the visual images used to evidence and illustrae¢ngent themes.

7. Results

5.1: ‘You’d better look after your feet, then your feet will look after you’

The interviews and exploratory workshops provided a broad eiguarticipant
preferences and experiences in relation to their eversiaes. Proper’ shoes were

regarded as important for healthy ageing, and comfort wastisgdr It was recognised

1 A coding frame is the guiding conceptual scheme to recorcbthes and criteria used to

classify the raw data (e.g. observations, interviews, vigecisires, etc.) into
nodes/categories. Coding frame is the term used when the Q®aAdistapplied, whilst in

Thematic Analysis it is referred to as ‘Codebook’.
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thatas the legs and feet bear the weight of the bodyshmaild look after your feet, and
then your feet will look after ygJUK, Interview]. Participants explained that with
increasing age, their footwear style and size preferaitaed due to changes in their

body and foot shape, as well their health.

‘I wear shoes with flat heels, because I'm thicker. | uskxvéohigh heel shoes,
but now I cannot wear them anymore. And that's what | rBiss| will not do
anything about it because | have problems with my legs alkihga [PL,
Interview]

‘| like the breathable shoes (i.e. XXX) that keep the feetriysweaty. | have
always had issues with my feesweaty, and now with this brand | solved my

problem, they are incredible for your health fegtsS, Interview]

One participant who made use of a wheelchair and mobilitgtec, indicated
that durable footwear with strong soles were important wheg usobility aids,
especially for those who may drag their feet.

A common experience was an increase in shoe size @fté-2 sizes) with age.
In some cases this was due to swelling, bunions, and crossed tdestiriematism.
Preferences were indicated for open sandals in the syramd flat, soft leather shoes
in the winter. Waterproof textiles were noted as impasfaarticularly in the UK.

Comfort was consistently prioritised over fashion:

‘| wear the same type/model in every weather condition, thghtine pretty, or

less pretty, the important thing is that they are comitetaPriority is comfort, not
the look? [BE, Workshop #3]

‘| have cross toes for rheumatism, hence in summer | cgmealr open sandals;
in winter it is an issue, | usually wear one size bigdér, Workshop #2]

‘I had a bunion/hallux valgus, then | got operated, and nowd t®ehave shoes
that are comfy and soft, and hence when | find the rightsshwear them all the
time until they are completely worn. For me it isicat to have shoes 1 size bigger

than you need bigger shoes are more comfortabl@K, Interview]
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The journey maping activity indicated footwear preferences in the cdraé
daily tasks and habits. For indoor activities, slippers wighigping sole were preferred

in some cases specific footwear was required.

‘In the house, | wear indoors shoes, | have been using pumps siredibgraosed
that | am diabetic, before that | used to walk barefé@hen you have diabetes,
the soles of your feet become less sensitive. You are adviseghtdight shoes
rather than tread on something and not realize you've dofight. Interview]

Participants tended to be most active in the mornioth in the house and
outdoors Balance was identified as a key threat to independende potential issue
when undertaking household chores. Participants repavteding activities that
involved working at height (e.g. using top cupboards, changjhtpllbs, cleaning the
windows, etc.)Joint issues were not uncommon and affected confiderexagtge in
activities.

For leisure activities and tasks undertaken away fromdheHe.g. going to the
bank, shopping etc.) comfortable casual and flat shoespreierred. In terms of
fastenings, preferences varied and included with and withoess, or Velcro. Velcro

was preferred amongst those affected by arthritis.

‘Since | fell and | have scarce mobility, | cannot bend,dmnot use laces, and

need shoes easy to put’ditR, Interview]

In contrast others felt that Velcro was less securdramidased the fear of a trip
or fall. For physical activity, male and female particigaindicated wearing sport
shoes. For formal and special occasions (e.g. goitigettheatre, dining oufemale
participants wanted to be able to wear shoes with a sned]lltke wedge or kitten

heels.
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‘| talk about this with my girlfriends, and we all agrbattlittle heel is good [ES,

Workshop#1]

All participants prioritised a non-slippery sole that grip$l ¥eeminimise the
risk of slips and falls. Falls were a significant conc&me patrticipants had attended
workshops or read information to help reduce their pers@hkallihey were aware of
the risk presented by footwear choice and the surface umoteiCine participant shared
their experience of falling on the stairs three tine=ailting in broken bones and poor
mobility. This had led to a medical recommendation of grélealic shoes, but there

were concerns about both cost and quality.

‘After | fell | bought a model for 230 ens;, but at the end | do not use them. |

bought because | am also diabetic, they are in leathethdidather is not good in

my feet, it hurts my feet|BE, Workshop#3]

In relation to acceptable budget, the typical price fmidhoes was around 65
euros or 60 British poursdwith participants indicating a preference for spedifignds
and shops. Overall, function and quality were importadtgarticipants would consider
paying more for good quality and functionally beneficial sha&aterproofing, ankle
protection, additional stability and support to address pranatiere elements that they

may be willing to pay more for

‘| take advice for the running shoes to checking runnititg Geey say I’m an over
pronator, so when you are running your knees ga’#ndcessary to wear shoes
with higherin-step, the supported step can help you’riK, Interview]

One participant noted that thereferred brand whilst more expensive offers

specialised shoes for the older market; the comfort anaygjuestify the higher cost.

‘If you choose XXX you spend 150 egr but they are really soft. For example, |

used to wear boots, but in the last years they were realbmiogable in my feet.
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| was suggested to try XXX, and | could feel the diffeezdcan have again the
boots now, they are really comfortable. Their leather isyrealt, and they have
wider models, because they are designed for the older pgdplaVorkshop#2]

The analysis of the interviews enabled an extensive debtwear related requirements
and preferences, as well as identification of participgperence expectations related
to footwear. Some examples of these are provided in Tdi®éo®%. It was noted that
products should be easy to clean, durable, and natural, nat plasynthetic to reduce
irritation. There was a preference for footwear that vedsucful, attractive, practical,
light weight, comfortable to wear, ardsy to get on and off. A range of ‘looks’ to meet
individual tastes were important, as was subtlety andb&iog specifically styled or
marketed for older adults. Ideally footwear would be availabiaixed sizes (e.g. a

size 6 and 7 in a pair) assize difference between feet was often reported.

Table 2. Example design requirements and experience highfgghsmart footwear.
[INCLUDE TABLE 2]

5.2 ‘My feet are swollen, so the shoes have to relieve my feet’

The interviews and the four exploratory workshops identifiedats to independence
that participants would like to see addressed through smart psodiiwose regarded as
most significant by the participants ared$in Table 3 below. The importance of good

health to enable one to move around independently was impturtalh

Table 3. The identified threats to independence.
[INCLUDE TABLE 3]

5.3: ‘Smart — not only intelligent!’

During the two footwear focused co-creation workshops, ltheee threats outlined in

Table 3 were prioritised by the older adult participanteylwere prioritised slightly
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differently in theUK and German workshops as presented in Table 4 below.

Table 4. The prioritised threats to independence in thendkGerman workshops -
Independence priorities (activity 1B).
[INCLUDE TABLE 4]

There could be a number of reasons for this, includieglitfering weather and
environmental conditions the participants are exposed thearunderlying health.
There was a level of agreement with 3 out of the 4 =lgariorities Participants then
explored how those threats might be addressed through faotWaey felt that smart
assistive footwear could potentially offer a range oftheabnitoring functions for
exampe, monitoring and alerting them to issues with heart tat®d pressure or
circulation ‘Talking shoes’ could provide acoustic alerts to the wearer (slgw
down’, ‘watch out fora hazard, ‘stop for rest, ‘get up and walk aroundand alert
others to a need for hel@.o address concerns around stability and risk of falling, the
participants suggested sensors that would guide balance aatendducing stability.
Guidance and tracking systems were also of interestplarty to provide reassurance
for the family. Garments to support temperature control were consideredawith
particular focus on the extremities e.g. socks. Thesgidered garments that could
respond to body temperature, providing both heating and coolioctdos. To tackle
swelling feet and poor circulation, it was suggested that footemad offer massage
and reflexology, as well as adapting to changebke size and shape of the foot for
improved comfort.

Figure 3 illustrates some of the ideas generated througisdisn during the
concept development actiyit

[INCLUDE FIGURE 3]
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Figure 3. Example of outputs from tReotwear development co-creation workshops
and specifically from activity 3B (concept development): gpQuof a sketch,
regarding the heel height and shapeOutput of a canvass, where ideas and sketches
around the proposed smart footwear were brought together.

Table 5provides an example of the ideas generated in consideration of ‘I feel
unsteady on my feet and fear falling’. The participants considered how this problem
might be addressed through technology, as well as elewofesitde that might be used

to support balance and stability.

Table 5. Example of output from the Footwear developmestreation workshops of
ideas generated to address ‘I feel unsteady on my feet and fear falling
[INCLUDE TABLE 5]

The design decisions made by the older adults echoeddsh the interviews
and earlier workshops indicating a preference for aiclasstheticcomfortable fit and
ease of removaWwithout laces and appropriately styled Velci®articipants considered
breathability for summer, and waterproofing and warmth fotexinThey considered
the materials that might be selected to cater fongdsin shape and size and swelling.
In sketching out alternatives they ensured the shoe uppermivasoriow at the toe, that
they had a back, and were comfortable and easy to put ore fémale participants
considered inclusion of a kitten heel for a feeling efj@ahce and in reminiscence of
their youth Central to the design exploration was that asistance’ offered by the
shoe would be subtle and discrete and would not stigmagisegarer. The heel was
considered as a space for embedding technology, with ndatensure it was not too

high. Smart insoles that could be moved between different sheesconsidered.

8. Discussion and conclusion

This paper has presented the findings of a series of ngagement activities



420 undertaken to guide the development of smart footwear @neehwell-being and

421 independence in older adults. The findings have provided useifyttinsto the views,
422  preferences and requirements of older adults. The @tkmnesetting has enabled

423 discussion of their priorities for assistive technolapgir concerns about their health
424  and independence, and enabled exploration of fashion anibfualdy. Key priorities
425 for assistive smart footwear have included solutions tonmftwe user about the risk of
426 falling and change in balance; reliemeadapt to swelling of the feet; address aches and
427 pains; help maintain temperature; and provide support with nangat

428 As well as taking a co-creation approach, the reseazlsdught to understand
429 human activity and the context of shoe use. As suehintlings have provided

430 information about the choice of footwear for indoor anttloar activities. Whilst the
431 countries we have undertaken the research in haveattfereather conditions and
432 trends, there were common views on both purchasing preésramcl in terms of future
433 health needs. The concerns of people as they age @indetlr of loss of independence
434  were similar. It did not prove difficult to reach prioritisareas in which assistive

435 technology is needed.

436 There is opportunity for further development of smart slamelsconsideration of
437 how they may provide assistance in day to day living. Bnmpgogether the needs,

438 requirements and expectations of older adults into thelaiement of combined

439 solutions is importaniThere is a move to consider and involve older adultashion
440 recognising the spending power and desire of this growing popufatprnSadkowska
441 et al., 2015). Projects have looked to involve both olderanenvomen and co-create
442  solutions that address their needs. It is argued herenthdechnically complex

443 application such as smart footwear, the involvement abusénilst challenging is

444  critical to developing solutions that are wearable and@eble.
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The MATUROLIFE project is focused on integrating smart matetia provide
discrete assistive technology. The technology gewvelopment through a chemical and
material science process that may be challenging foparticipants to imagine.
Through the workshops we sought to inform participants opdiential of the
technology. We provided some educational media on shaafaw@uring (including
shoe making and assembly, and shoe fabrics and propghegpssibility of the
metallised textiles, as well as introducing design and eation methods. This was an
important part of the workshop agenda to ensure that altjpanis felt that they could
participate and understand the process. Some older adylisernaluctant to embrace
assistive technology or indeed smart technology. Thesneafelt to be the case with
those participants that joined the research activitissrieed. However, ongoing
research will need to ensure though that MATUROLIFE produetsl@signed also for
the least willing, and that barriers to use and adoptioraapdtigma are minimised
through design.

Following the workshops, the design partners who attended aticigzded in
the workshop further developed the ideas generated. Theydréfi@elesigns
embedding the style preferences discussed and explorthgrftine technology that
might be embedded to enable the proposed assistive funéioesample is shown
below in Figure 4.

[INCLUDE FIGURE 4]

Figure 4 Further development of footwear concepts by the design team.

The range of ideas was further developed and readday the wider MATUROLIFE

project team to consider which were feasible for devetappmThis was achieved

through a team meeting including 20 of the project team (wphesentation from most
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partners)The designs were reviewed against a set of criteria includangxtent to
which the design incorporated a metallised textile, mappétentify user needs,
technical feasibility, manufacturing difficulty and comraial viability.

Ongoing development is now focused on the footwear concegtelt at balance and
falls prevention. Careful consideration of how metallisediles can be best utilised
within the design to ensure wearability of the shoe astdmactionality is added will
be achieved by iterative testing stakeholder panel has been formed as well as user
testing groups to ensure ongoing involvement of the repedsentiser groups
throughout the three-year project. It is intended that bkwgrin multi-disciplinary
teams in conjunction with the direct useasceptable and desirable products can be
developed despite the technical complexity and traditistigtha associated with

assistive technology.
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