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The Academy for Design Innovation Management (ADIM) Conference series facilitate sharing of knowledge,
collaboration and advancement across a diverse range of Design Innovation discipline areas. The 2019
conference attracted speakers and attendees from across the globe, including recognised industry
professionals, international scholars and emerging researchers operating in the creative, commercial and
service industries. The ADIM 2019 conference general theme ‘Research Perspectives in the Era of
Transformations’ provided a backdrop to what is taking place within the field of design innovation. It also
signalled a desire to enable a more diverse intersection views at the conference. Thus, one of the aims was to
open spaces for the early career research to actively join shaping the field of design innovation research.
During the 2017 conference we succeeded by attracting significant number of early career researchers who
represented a third of the conference delegates. One of the outcomes was entablement of the ADIM
Collective. The ADIM Collective is now on-going global initiative of the Academy for Design Innovation
Management that connects doctoral students and early career researchers from leading universities around
the world. The aim of the ADIM Collective is to establish a strong professional network of PhD and early career
researchers in the field of Design Innovation Management. ADIM Collective reaches this aim by providing
opportunities for members of the ADIM Collective to meet, develop professional skills and build strong ties
with other researchers interested in similar research topics. ADIM Collective encourages leading academics to
share their experiences with the new generation of design management scholars through events, meetings
and symposia. The ADIM Collective has successfully organised three Research Development Workshops.

Unfortunately, the opportunity to travel to conferences is not equally distributed among researchers, which
meant that scholars from the ‘Global South” were underrepresented at the 2017 conference. Therefore, for
the 2019 conference we offered bursaries specifically targeting early career scholars from the ‘Global South’ to
enable them to bring and share their research perspectives. Supporting early career researchers to attend the
ADIM conference provided an opportunity for these scholars to present their research and gain feedback on
their work, as well as network with other design innovation scholars and forge exciting, new research
partnerships. We are grateful to ThinkPlace, a design network spanning eight studios across five nations, which
supported a full early career research bursary.

We would like to thank the keynote speakers, Professor Rachel Cooper (the founding director of Imagination,
Lancaster University) and Mr Chris Thompson (the founding Partner of Viadynamics), Mr Eric Quint (Vice
President and Chief Design Officer, 3M Company) and Professor Alison Rieple (University of Westminster) who
generously gave their time to share their insights with the conference delegates. Their generosity allowed us
to offer bursaries to fifteen emerging researchers to attend the conference. The bursar recipients were
selected from over 40 applicants. The number of applicants indicates the need for funding schemes to allow
emerging researchers from the Global South to attend international events such as this conference.

We are also grateful to 28 conference delegates, of which 5 were PhD candidates, who selected to register
with ‘Do GOOD’ registration joining fees. The ‘Do GOOD’ fees help the Academy for Design Innovation
Management to establish ‘ADIM Development Research Fund for Early Career Researchers from the Global
South’.

The call for paper tracks resulted in 40 themed paper tracks, which was a double the number from the 2017
conference. This increase was reflected in the number of submissions which has more than doubled when
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compared to 2017 conference. Altogether, 350 submission were made by authors from 66 countries. The
submissions included 255 full papers, 32 workshop proposals and 63 case studies. All the submissions were
double blind reviewed. Less than 30 were of the 350 initial submission were single authored.

The 40 conference tracks, for which the call for papers was issued, were organised within 6 overarching
themes (see Table 1). The track facilitators ultimately shaped the overall conference scope and direction. The
tracks’ topics acted as the focal points for the overall call for: Papers, Workshops and Case Studies. Thus, our
thanks you go to all the tracks’ facilitators. It was them who collectively were responsible for the conference
programme and we would like to thank them and the track chairs for their valuable services on the
International Scientific Programme Committee.

Table 1 Conference Tracks

1. Social Impact Transformation
1.a Transformation of the ageing society and its impact on design
1.b Re-Designing health: transforming systems, practices and care
2. Transforming Design Perspectives
2.a Decolonising knowledge to transform societies
2.b Design & democracy
2.c Gender of/in design practice and profession
2.d Power and politics in design for transition
2.e Design innovation and philosophy of technology: the practical turn
3. Transforming design values
3.a Moving Beyond Existing Economic and Social Models through Design
3.b Measuring and communicating the value of design
3.c Design policy: understanding regional and national innovation ecosystems
3.d How does design express value?
3.e Service organisation and design management
4. Design, Innovation and Business
4.a Effective design leadership
4.b Designerly ways of innovating
4.c Transformation IN and BY design thinking
4.d How is business shaping design? Explorations of the contextual environment and its effects
4.e Co-creation and organisational ambidexterity (O.A.) as an innovative framework for the service industries
4.f Strategic design of sustainable business models
4.g Disaster management by design-driven innovation. Shelter for resilient communities
4.h Uncovering organisational practices of design businesses
4.i Is design thinking transforming organizations or the design discipline?
4.j Experience Design: Method and Evaluation
4.k The relationship between designer, ecosystem and disruptive innovation
5. Mitigating Complexities with Design
5.a Transforming complexities through design in collaborative community-based processes
5.b Strengthening the design capabilities of professional organisations in a complex world
5.c Transformation of design entrepreneurship within complex systems
5.d Impact of digitisation on transformation of Service Design Systems
5.e Seeking signification in transformational times: design semiotics and the negotiation of meaning
5.f Transformation by strategic design: design roadmapping and creative foresight
5.g Design with foresight: strategic anticipation in design research
5.h Creative confidence — transforming individuals and organisations through design
5.i Epistemological strategies in design and management Research
5.j Innovation through design for meaning
6. Transforming Design innovation education
6.a Materiality in the digital age
6.b Design literacy enabling critical Innovation practices
6.c Entrepreneurship in design education
6.d Design Economy Futures and Direction

We would like to also thank the over 291 expert reviewers who provided their valuable time to provide critical
peer feedback. Their service on the International Board of Reviewers was invaluable as the good quality peer
reviews provided a vital contribution to this international conference. Each reviewer scored papers on a scale
of 0 to 10 and provided critical review comments.
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Submitted full papers were double blind reviewed, though some had three or even four reviewers. Total
number of submitted full papers was 255 which represents an increase of 76% when compared to 2017
conference which received 140 paper submissions. After the blind peer review process 76 papers (30%) were
accepted and 65 (25%) papers were provisionally accepted as these needed major revisions, and 114 (45%)
papers were rejected.

In making the final decisions about papers, the Review Committee first looked at all papers where the
difference of opinion between reviewers was significant and moderated the scores if necessary. The Review
Committee then discussed all papers that were just under the general level of acceptance to determine
outcomes, before finally looking at any exceptions. The track chairs made a final decision whether to accepted
revised provisionally accepted papers. At the end of the review process 110 (43%) paper submissions were
accepted for presentations and 145 (54%) papers were rejected. Three accepted papers were presented at the
conference as research in progress and they were not included in the proceedings. Although, the number of
accepted papers for presentation at the 2017 conference was nearly identical 103 this represented much
greater acceptance rate of 73%, and in reverse lower rejection of 26% (n=37).

The workshop track provided another intersection on how delegates and workshop facilitators interacted.
Altogether, 32 workshop proposals were submitted and 9 (28%) workshops were accepted and 23 (72%) were
rejected by the International Workshop Organising Committee.

The case studies track was a new addition to the conference which provided another intersection on exploring
design innovation management research. To get a feel for the potential interest, authors were initially asked to
submit abstracts which were double-blind reviewed. The case studies track received 62 abstracts of which 22
(34%) were rejected and 41 (66%) were invited to submit the full case study. Altogether, 26 (64%) of the full
case studies were accepted for presentation and 15 (36%) were rejected by the International Case Study
Organising Committee.

The ADIM Collective 2019 Research Development Workshop event took place a day prior to the conference.
Professor Gerda Gemser run a workshop on Preparing for journal publications. Then Dr Nusa Fain delivered a
workshop on How to establish a theoretical framework to guide the PhD research. Professor Rachel Cooper
workshop provided the participants to engage in Mapping their PhD journey. The final workshop titled Life
after PhD: designing a meaningful research career was deliver by Dr Mieke van der Bijl-Brouwer.

The Design Management Academy’s international research conference was organised under the auspices of
the Design Society’s Design Management Special Interest Group (DeMSIG) and Design Research Society’s
Design Innovation Management Special Interest Group (DIMSIG). The conference was a culmination of two
years of planning. It is a hope that the conference will act as a platform to build a diverse community of
scholars who are interested to explore and discuss design innovation practices.

Erik Bohemia

ADIM 2019 Conference Chair
Chair of the ADIM
London, United Kingdom

Xix



Paper Tracks




19-21 JUNE 2019

Academy for ‘(
DESIGN > Research Perspectives
wamovsrion | WTHE A OF
Conference 2019 Transformations

LONDON, UNITED KINGDOM

/

Track 1.a Introduction: Transformation of the ageing
society and its impact on design

LU Yuan?; SUNG Tung-Jun® and GAO Bo®

2Eindhoven University of Technology, the Netherlands

b National Taiwan University of Science and Technology, Taiwan
¢ Tongji University, China

doi: 10.33114/adim.2019.1a

There is increasing recognition of the world growing population of senior citizens, due to the rise in life
expectancy and decreased fertility rates. Senior citizens are the most expensive population group for the
healthcare system due to the avoidable ageing impact on health degradation. It is therefore necessary to move
from the focus on curing to prevention. How can design play an important role to support healthcare
prevention for the older adults? Do we need to alter our design tools and methods to be suitable for the
design contexts? In this section, we gather a number of interesting papers from the scholarly in the
Netherlands, China and Italy. They reported their design research experiences when designing for the specific
target user groups.

When designing for societal challenges such as healthcare prevention for older adults, products need to be
envisioned for this market. It is about fulfilling the specific needs of the related social groups, the older adults.
Often it is hard for them to articulate their needs. Den Haan, Brankaert, and Lu proposed the Leisure Time
Canvas as an empathy tool to facilitate older adults to share stories about their leisure activities and hobbies
so as to elicit their desires and needs and inspire the following design. This research is especially interesting
when the target users are not able to articulate their latent needs. Cui, Hu, Hengeveld and Hummels created a
tangible interactive device which can encourage older adults to share their life stories in an intergenerational
context. The aim of the research is how to enable and capture the stories of the elderly as well as how younger
generations can be involved in the sharing of stories. The paper engages in narrative analysis to understand
the kind of stories that were told according to identified themes. Kai, Hu, Hengeveld, Frens, and Hummels
reported a case study of co-refining the preliminary design of an interactive system with older participants and
discussed the effectiveness of the participatory design approach adopted. They found that sketching was
found less effective than expected when refining the digital aspects of interactive systems for older people;
the videos were more likely to trigger participants’ comments on the form and interaction than the function of
the systems; the animated storyboard was very useful to help the participants quickly understand the usage
scenarios of the preliminary design but was not able to fully illustrate some functions and details; the hands-on
experience of functional prototype proved to be very effective for the participants to fully understand the
concept and facilitate them to refine the system.

When designing for preventive health for older adults, design is expected to follow an interdisciplinary
approach to create, research, and implement solutions that create better healthcare solutions for older adults.
Designers, technology developers, insurance companies, professional healthcare institutions, caregivers,
municipalities, families, neighborhoods, and related others have to work together to create the intended
solutions. How can we collectively design for and with this special target group and conduct design research in
this complex social cultural context? Gao and Shen demonstrate how they came to an innovative concept to
incorporate HealthRelated Quality of Life (HRQOL) with service design for efficient elderly breast cancer
patient care in China. This paper presents three design opportunities (1) smart healthcare service system; (2)
improvement of service scenarios in the hospital; (3) a life-long service that links communities, families, and
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individuals to facilitate breast cancer patient care. This paper demonstrates the importance of integrating
knowledge from other domain such as health and collaborating with stakeholders.

It is widely recognized that Product-Service System (PSS) is a promising new business creation approach for
societal challenges. It provides profit and non-profit organizations with additional approaches to create
differentiable innovations and build competitive advantages. It is not about designing product and product
interaction only but empathizes the service-dominant logic. When designing for health prevention for older
adults, PSS design has to have profound understanding of the user’s needs, wants, and desires, and also has to
adopt a holistic view on value co-creation with internal and external stakeholders together. Is PSS a means or
an end when designing for and with older adults or both? Valk, Lovi, Chuang, Lu, Pu and Visser reported their
experience in setting up a field experiment with older adults. They present a PSS method in order to engage
senior adults with technology for behaviour change research. It aims to promote physical activity among older
adults through smart products bearing in mind that these users are generally reluctant to accept technology. It
concludes that when aiming at co-designing with and for these target user groups for behaviour change,
designers should not just focus on the design process but also focus on how to create a platform to enable
such co-design action. They described a PSS method that rely on the expertise and resources from the
participating stakeholders in a living lab context to deliver the intended context for research.

Furthermore, the different social, cultural, economic, and political contexts where the older adults live have
significant impacts on how these solutions can be designed and implemented. For example, the healthcare
experiences in China differs very much from the Netherlands, so are the requirements for healthcare
prevention solutions. What can we learn from these differences and design accordingly? Pei, Sedini and Zurlo
present the results of an ongoing project on improving "walkability" of the city for elderly people in Italy. To
promote active aging. The initial stage of the research project is reported which consists of a thorough
literature review and analysis of 31 cases.

Enjoy reading!
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Understanding your user's daily life and interests is essential in providing insights that can
be leveraged to define new design opportunities. However, when designing for older
adults, this can be challenging because, users may find it complicated to express
themselves; designers may have difficulties to take their perspective and empathize with
them. This paper introduces the Leisure Time Canvas, an empathy toolkit designed to
facilitate older users to share stories about their activities and hobbies, to elicit their
perspectives, desires and needs, and thereby inspire the design process. We report on the
design of the canvas and its explorative use with six older adults and reflect on the resulting
stories and design implications. This canvas aims to facilitate interaction between
designers and user groups that may be difficult to empathize with or experience challenges
in verbalizing their needs.

Keywords: design empathy, older adults, activities and hobbies, storytelling tool

Introduction

An increasing number of older adults want and need to live longer independently at home (Ahlqgvist, Nyfors,
and Suhonen 2015). The global population of 60 years and older is expected to reach nearly 2.1 billion by
2050, which is double from the population in 2017, leading to an ageing society (The Department of Economic
and Social Affairs 2017). Design is one of the ways to contribute to this challenge of an ageing society, by
providing concrete solutions and services (Pericu 2017). The needs and interests of older adults should be
addressed to achieve the goal that ‘no one will be left behind’ (The Department of Economic and Social Affairs
2017). We aim to support design for prolonging healthy years, which is in line with trends identified by Stein et
al. (2017) on extending well-being.

User-involvement is acknowledged to be essential in design. In research and design activities it can mainly
show positive effects on 1) quality and speed of the research and design process, 2) better match between
solution and user, and 3) an increased user satisfaction (Kujala 2003). Involving users in the early stages of a
project facilitates exploration and articulation of problems, opportunities, ideas, and concepts (Steen, Kuijt-
Evers, and Klok 2007). With this paper we aim to address the following research question: Can we support
designers to make focused, personalized and meaningful designs for older adults by providing them with an
empathy tool to trigger storytelling?

However, Van Kleef et al. (2005) describe three reasons to consider when gathering user’s input as they: 1)
may not be aware of their needs, 2) may not be able to formulate their needs and 3) may not be eager to
speak about their needs. Hence users need adequate facilitation when involved in the design process. Also,
users may express their preferences based on familiar products, rather than the opportunity, resulting in
design process outcomes which are similar to existing ones, and possibly not optimal for the challenges at
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hand (van der Panne, van Beers, and Kleinknecht 2003). It is essential to overcome these challenges because
users, and especially older adults, have knowledge that designers or other experts lack (van Doorn and
Klapwijk 2013). Users are experts in their own lives, but not necessarily experts in design. To bridge this gap,
designers create formulations that encompass the users’ goals and needs, to translate into concrete design
proposals (Kujala 2003). To understand users and address their needs with design, we need to find out about
their desires, wishes, priorities, and attitudes to improve the potential benefits of a design solution (Chapman,
Hampson, and Clarkin 2014). This is more effective if designers do so at an early stage in the design process.

Designers and researchers can provide tools to assist the user in the position of ‘expert of their own
experience’ (Sanders and Stappers 2008). People’s hobbies and leisure time activities present an opportunity
to contribute to successful ageing (Kahlbaugh and Huffman 2017) and connect to older adults on a personal
level. However, there are no concrete tools to facilitate this which particularly target the context of hobbies
and leisure time activities. Therefore, we developed the Leisure Time Canvas (LTC): an empathy tool designed
to enable users through card sorting to share stories about their current and future hobbies and activities, to
elicit their perspective, desires and needs, and thereby gain empathy for the user and inspire the design
process (see Figure 1).

Figure 1: From hobbies and personal interests to design opportunities, through The Leisure Time Canvas (LTC).

In this paper, leisure activities are seen as ‘preferred and enjoyable activities participated in during one’s free
time’ (Chang, Wray, and Lin 2014). With this open discussion tool, designers are facilitated to find the drivers
behind the users’ hobbies and leisure activities, to learn about their values and daily lives. Also, when we
better understand people’s emotions and personality, we can design more personalized interventions that
create potential to benefit well-being and stimulate successful ageing (Chapman, Hampson, and Clarkin 2014).

We present the LTC and explore how it supports designers to empathize with challenging user groups and their
context. More specifically we provide evidence on how the LTC allows older adults to express themselves. We
report on the use of the LTC together with six older adults, in one-on-one sessions with a design researcher
(first author). We describe the needs and insights that were found in these sessions, through which we aim to
learn about the current perspectives, daily life and engagement with the hobbies of older adults. With this
contextualized information we can create more focused, personalized and meaningful designs.

Related work

It is often the case in research that participants are seen as test subjects, while in design processes design
empathy is essential to see and understand people from where they stand, as persons with full lives, social
networks and feelings (Mattelmaki and Battarbee 2002). Successfully creating meaningful concepts as
designers or researchers largely depends on the level of understanding and empathy designers can gain for the
target group (Smeenk et al. 2018).

Co-design refers to the involvement of people who are not trained in design in the design process, to
creatively work together (Sanders and Stappers 2008). To be able to facilitate designers to get a better
understanding of the users, researchers and designers can create tools to let users express themselves, as we
draw upon Sanders' vision (2002) that all users can bring inspiration to the design process. This vision extends
the perspective from Visser et al. (2005) who issues that users are ‘experts on their experience’. These types of



tools facilitate empathy by getting a deeper understanding of people’s feelings, dreams and imaginations
(Sanders 2002).

There are several empathic methods where participants reflect on their personal experiences (Kouprie and
Visser 2009), such as context mapping to understand people’s interaction with products (Visser et al. 2005),
generative techniques to facilitate users in making artefacts to generate a personal perspective (Stappers,
Visser, and Keller 2017) and probing techniques to trigger inspirational response by maps, postcards, cameras
and/or booklets (Gaver, Dunne, and Pacenti 1999). In this paper we are not focusing on tools such as context
mapping as it focuses on product use, but we will elaborate upon generative techniques and probes.

Generative techniques are useful for collaborative thinking, mapping, dreaming, storytelling and envisioning
(Sanders 1999). It is a participatory design language which can be used together with users early in the design
process to imagine and express their ideas about living, working and/or playing in the future (Sanders 1999).
However, some considerations have to be made. Lazar et al. (2018) address the importance of the materiality
of the used tools, by having art therapists selecting materials to intentionally guide participants to engage with
difficult emotions. By enabling people to create artefacts and explain them to peers, participants take the
initiative in driving the direction of the study and as such prevent blind spots for the designer (Stappers, Visser,
and Keller 2017).

Probes as a user engagement concept, originated by Gaver et al. (1999) are used to explore the design space.
A probe offers boundaries to let the user creatively contribute to research in an open and sharing way
(Wallace et al. 2013). With probes, the participants are given the initiative, as instead of answering a precisely
framed question, it is about generating them (Stappers, Visser, and Keller 2017). Users may have different
levels of creativity, and through probe theory, these can be approached in four ways: doing, adapting, making
and creating (Burrows, Mitchell, and Nicolle 2015). Especially, empathy probes can provide insights into users’
experience in their daily life (Mattelméaki and Battarbee 2002). An interesting example is the use of cultural
probes to co-create a digital neighbourhood guide for and with older adults, important aspects such as
mobility and personal limitations were found (Jarke et al. 2017).

The most significant difference between generative techniques and probes is the mindset. Probes are evoking
inspiring responses which designers use, while generative techniques are used in a more steered process,
making understanding explicit (Sanders and Stappers 2014).

With the LTC we differentiate ourselves from probes by positioning the tool between the design and the user
in a session, instead of the user executing the probe independently (alone). Furthermore, exploring a specific
technology or intervention is not our main scope. Instead, we steer the discussion as with generative
techniques, focusing on what characterizes a person via their leisure activities, hobbies and activities to inform
the design space for a particular user group. This can lead to new questions, insights, opportunities or
perspectives on existing problems.

Leisure Time Canvas

Here we discuss the canvas design, the participants, context and method.

Canvas design

Hendriks et al. (2015) pointed out that it is necessary to provide the rationale behind a tool for purposeful
implementation. Thereby we aim to enable other researchers and designers to adapt and expand this tool.
With the Leisure Time Canvas we want to provide older adults a playful tool to discuss their activities. The LTC
is a template consisting of three columns to sort hobbies and other leisure activities on (see Figure 2), the
columns state from left to right: 'does not suit me', 'l like doing this' and 'l would like to do more often'. The
participants were given a pile of cards with common activities and hobbies for older adults, displayed by an
icon and corresponding name of the activity. Then they had to sort these activity cards according to their
preference onto the canvas. The purpose of dividing the cards into three different places is to make the users
aware of their perspective on these activities, and reflect on how they engage with them in the past, now and
possibly in the future. Besides the pre-made cards, several blank cards were given to the participant to write
down missing hobbies or activities that they might engage in. Afterwards, the researcher discussed the
resulting ‘palette’ with the participants, with a primary focus on the barriers they experienced with the
category 'l would like to do more often'. This conversation resulted in rich contextual stories about people’s
drivers, barriers, and routines regarding their hobbies.



Figure 2: The Leisure Time Canvas to facilitate the user’s storytelling about their hobbies.

The hobby and leisure activity cards were chosen based on the Pleasant Activity List (Roozen et al. 2008)
including social activities, domestic activities, culture/science/travelling, intimacy/personal attention and
diverse activities resulting in the following eleven cards: reading, walking, visiting a museum, playing games,
cooking, listening to music, drawing/painting, cycling, gardening, meeting with family/friends, making a city
trip. Corresponding icons were chosen to make it playful and provide concrete visual examples, inspired by the
enthusiastically received probe packages created by Gaver et al. (1999) also targeted at older adults. Our tool
was discussed with other researchers both with icons and photographs on the cards, but it was decided to use
icons to on the one hand remove the focus on details of a specific brand and on the other hand remove the
context details so it would be more applicable to a larger group. For other target groups, the set of cards can
be adjusted.

The card sorting interaction was chosen based on the redesigned semantic differential (Branco, Quental, and
Ribeiro 2017) on which the users provided positive and negative adjectives which should be placed on a scale
of intensity, to evaluate how the user characterizes their experience while playing a game. As it proved to be
an understandable task for older adults with dementia, we used a similar interaction and mapping style for the
LTC but instead used it to facilitate a conversation rather than evaluation.

LTC is a social tool that is used in the interaction between the designer and the user to stimulate sense-making
and facilitate a meaningful conversation. Older adults may experience barriers when explaining their needs
(van Kleef, van Trijp, and Luning 2005), and we assume we can make this easier by talking about something
they like or are passionate about. In this way, we facilitate the users to choose and steer the conversation
through the LTC, as they have the freedom to elaborate on specific activities they resonate with. The tool
thereby allows the designer to get a deeper understanding of the particular motivators and values of the
individual users.

The canvas was used in four different cases so far, on which we will elaborate and specify our learning. First, in
a group setting where 28 older adults participated in a workshop led by two design researchers. This triggered
discussion between the participants, yet the outcome (a picture of every canvas) lacked the stories, the
important contextual knowledge. Second, five design students used it with two older adults and specified the
tool even more to their context by for example zooming in on specific cooking tasks together, which showed
the potential to use it within one hobby as well. Third, during a summer school in China 30 design students
practiced the tool with each other and although this helped them to design for a particular user, the stories
lacked depth contextually and emotionally. Fourth, it was used in a similar setting as with this paper, with 6
participants in a one on one session between design researcher and older adult, to determine the direction to
develop a smartphone application based on people’s interest. To summarize, it shows most potential in a one
on one interaction between design researcher and target group.



Participants, context and methods

The toolkit was used together with six (1 male, 5 female) independently living older adults, aged 61-78 years
(one participant was unwilling to provide this info), in a session between the user and the researcher. All
participants (Table 1) were recruited via a smartphone training class and signed a consent form. All sessions
were held in April 2017, in a community building, and lasted between 20 and 30 minutes.

Table 1: Demographics of our six participants who used the Leisure Time Canvas.

Participant Gender Age Living situation

Amy Female 61 Living together with partner

Dorothy Female 73 Living alone

Ella Female 71 Living alone

Frederick Male 76 Living together with partner (Tamara)
Patty Female - Living together with partner

Tamara Female 78 Living together with partner (Frederick)

The sessions were audio recorded, and a thematic analysis was done following the steps defined by Braun and
Clarke (2006). We transcribed the interviews to familiarize ourselves with the data. Then we generated initial
codes across the six interviews, which resulted in 38 codes, some examples include: busy, choir and husband.
From these 11 were selected to be most present with all participants, such as independence, insecurity and
routines. We browsed through the data with a different lens again, so instead of finding commonalities, we
structured quotes (including positive and negative label) in a table per participant in past, present and future.
Then this table was colour coded by the initial codes and from this, three themes became apparent, because
of extensiveness of a story (including who, what, where, how often) and emotional attachment to a story
(impacting life, life changer). We will elaborate on these in the next section.

Result and analysis

We analysed six sessions and report on those by 1) describing three common themes, 2) addressing the
diversity within these themes and 3) reflect on the insights for design.

Common themes
Lack of people to engage with in activities while having an existing social network

Amy, Ella and Dorothy expressed they each had individual hobby ambitions, but did not feel like going alone.
This is their perspective on the situation as they feel like because they currently do not have somebody for this
hobby ambition, they do not perform the hobby, while they do have the desire for it. For example, Amy is part
of the gymnastics club, a choir, a woman association and an elderly association, but does not want to go by
herself to a museum. Ella is board member of the choir she is part of and would like to walk at the sea more
often, but does not feel confident to go alone. Dorothy goes cycling every 2 weeks with an elderly association,
but she feels insecure to attend activities alone, such as walking through the forest. Interestingly, they are all
part of several social communities, but may not perceive them as an option to go together with. Yet, it could
be they indeed do not have similar interests in a particular hobby, as one participant mentions having different
hobbies from his partner: ‘the dog is more my wife’s hobby’. We will continue to interpret this through a
design lens and address this in the design for personalisation section.

Impactful experiences limiting or promoting engagement with an activity

What impressed us is the dedication with which some participants execute a hobby or certain activity for
several decades already. Although this depends per person, most people may not have had one hobby as long
as an older adult. And if an older adult builds up a routine over a long time, he or she may not be very likely to
change this, unless certain factors cause this change. For example, serious life events might influence one’s
engagement in hobbies and activities: Frederick’s wife recommended him to start playing bridge after he could
not play soccer and tennis anymore due to his knee surgery. So, this means serious life events can both



facilitate and set a barrier to engage with hobbies. Because reduced time invested in hobbies can result in less
social contact as well, it is important to find meaningful alternatives.

Stereotypical hobbies and activities for older adults

We have found an interesting contradiction in perspective on ‘elderly hobbies’: Frederick said ‘Il have old
people’s hobbies’ while Ella mentioned that she moves away from ‘the grey-headed hobbies’. These quotes
show there is particular perspective of one’s own hobbies, and hobbies that are common in the community. It
is an interesting contrast that Frederick accepts the change of hobbies to things that better suit his needs,
while Ella desires not to change her hobbies and does not want to be associated with these. Potentially people
need support in making these decisions to start with a new hobby, or can benefit from inspiration for what is
on offer in a community. For example, in the case of Ella, her opinion may change when trying out a certain
hobby or knowing who else is participating. This is knowledge and experience which indeed only older adults
have, as designers cannot predict this view for every individual.

Diversity within findings

Yet within these common findings, there certainly are different specific and individual reasons and contexts for
making decisions. For example, in terms of not wanting to walk alone. For Amy, this is because her husband is
not interested in visiting a museum, while for Dorothy and Ella it comes from anxiety to not go to the forest or

sea. This illustrates that people have very individual needs and perspectives (see Table 2), and need to be
respected as such when we design for this target group.

Table 2: The commonalities and diversity of our participants.

Participant Commonality Diversity
Amy Cycling, knee Cycling instead of walking, because of her knee injury.
injury
Alone Her husband is not that interested in a museum card and she does
not want to go by herself.

Dorothy Cycling Cycling every 2 weeks (routine).

Alone Because she got lost in a forest once, she does not dare to walk there
alone anymore.

Ella Cycling Cycling with good weather.

Alone Because of a severe nose bleed, she got anxious and won’t go by
herself anymore into the forest.

Frederick Cycling Cycling instead of soccer and tennis.

Knee surgery, Dropped previous hobbies and his wife motivated him to start
playing bridge  playing bridge after he came out of the hospital.

Patty Cycling Cycling yearly with family, monthly with sisters and ever 2 weeks
with elderly association, on Sundays with her husband. Strong drive
to stay active.

Knee surgery The recovery went really well and her drive to stay active was high.

Tamara Cycling Cycling as summer activity.

Alone, health She does not feel able to travel anymore such as her trip to Bratzil,

due to health reasons and needing a travel buddy.

Design for personalization

Now that we have identified the diversity and commonalities for the perspectives of the six older adults, we
want to address how this influences the design space. Potentially older adults may benefit from facilitation in
finding people with similar interests to engage in activities with, because they may experience barriers to step
outside their comfort zone and join new activity groups. In addition, by being aware of the reasons which



promote or limit doing a certain hobby, such as routines and peers, we can bring these into a design as well.
This illustrates how designers could elicit new design opportunities by using the LTC.

Amy desires to go to a museum more often: ‘I once said | would love to have a museum card, but my husband
is not that interested in it. And to do it by yourself... you don’t do it that often. At least, not me. But it would be
very nice!’. She also addressed having a busy schedule: ‘We are quite busy these days. | babysit the
grandchildren, that’s already two days a week. And you also have to do your house and garden.’. Thus,
perhaps we can design a service to make Amy aware of the cultural possibilities in her neighbourhood
(decreasing travel time), so she can merge it into her current life. Also, we might design a tool to find a match
with someone else in her community to visit the museum together. This might add to address issues of
loneliness in elderly communities.

Dorothy feels insecure to go somewhere alone since her husband deceased, and this decreases the number of
places where she still goes: ‘I really do not drive to the big city, it is because since the moment | was alone, |
became much more insecure.” She even got lost once while walking, increasing this insecurity: ‘I chose for a
less crowded road but then went this way and that way... and | completely got lost... no one came by... | did
not know where | was. After a while luckily, a mountain biker came by and showed me how to get back. Since
that moment | do not walk in the forest alone anymore.’. Thus, perhaps we can use design to give Dorothy a
feeling of security/safety in the forest by connecting her to someone, or facilitating easy access to others
through technology.

Ella desires to go to the sea more often, but feels scared as well to go alone: ‘l would like to walk more next to
the sea, but it is so far away. And you have to take someone.’ and ‘1 % years ago | had a severe nose bleed and
it took so long to get back to the car... like... really long. And | am a bit stressed out, scared. | even did not dare
to get out of the house for a while, so to speak. | used to go into the forest with my dog, walking or cycling, but
my psychologist said better not to do it by yourself, so | only choose routes where many people are.”. Thus,
perhaps we can provide her with a feeling of comfort to start feeling at ease to go by herself, or we use
technology to emulate the experience of going to the forest or sea by virtual means. Or trigger to find a match
with younger people to go to the beach together, in return for teaching them something she learned over the
years.

Frederick enjoys the freedom of choosing his activities: ‘I never have difficulties in planning things, because |
can simply cancel an afternoon or evening. You are your own boss eh.” and ‘I learned to play bridge when |
came out of the hospital [knee surgery]. At the start really limiting... damn | could not do anything anymore.
But my wife motivated me to do so.’. Thus, perhaps Frederick would have liked a service which gives potential
hobby suggestions to him, if his wife did not come up with the idea. On the other hand, it is still important to
stay physically active for Frederick, so perhaps design could trigger in a playful way to stay active when one is
no longer able to compete in soccer or tennis.

Patty has a strong drive to be busy and active: ‘The recovery [knee surgery] went really well, because | thought
what if | cannot go cycling and walking anymore! Home all day! What would I have to do then?’. Furthermore,
she cycles on many occasions: ‘Il enjoy cycling as well. Once a year we go cycling for 50 km with the whole
family. We have been doing that for 25 years already. Together with the elderly association once every 2
weeks. And once a month 40-50 km with my sisters (during winter walking — a local event), we have been
doing that for 15-16 years already. Every time a different route, time flies! People are impressed we still keep
up. And on Sundays whenever it’s good weather, with my husband. | love it!". Thus, perhaps we can create a
service to let her map out the directions of the cycling tours, and meet others that are cycle enthusiasts. Or
giving Patty a tool to provide insight in the frequency and duration of her activities, as she is competitive about
her physical activity.

Tamara has the desire to travel: ‘Because my husband does not like travelling, | visited my oldest sister in Brazil
together with my daughter three years ago. Lots of fun! My daughter arranges the travel herself.” and ‘To be
able to make such travels [Brazil] you have to be healthy and have somebody who joins and that’s not the case
anymore. So, we’ll go on a weekend trip in The Netherlands...”. Thus, perhaps we can trigger to find a match
with someone else to travel abroad or find ways to improve travelling individually for older adults, if she feels
healthy enough to go travelling.
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Discussion

With this paper we aimed to address the following research question: Can we support designers to make
focused, personalized and meaningful designs for older adults by providing them with an empathy tool to
trigger storytelling? Our findings reveal barriers and motivators of hobbies and leisure time activities, which
can serve as specific characteristics to address in the design. These were found through applying the LTC,
which allows participants to reflect on their activities in the past, present and future. Additionally, it revealed
with whom, when and how often they executed these, giving the designer an empathic view on the context of
their participants.

Supporting designers through the LTC to empathize with older adults

The stories generated through the LTC indeed provide us with rich contextual data to understand the user and
generate creative input for the design process. Though the designer makes the final call on prioritizing what
characteristics to keep and share with others, and what lens to take in engaging with the user. On the one
hand, it is the designer’s freedom to pick quotes which he/she resonates with and sees potential for
continuation. On the other hand, this means not including the user fully in the co-design process, because the
user cannot steer the findings and check misinterpretations. Therefore, we are interested in exploring the area
of co-analysing the interpretations with the user similar to Doorn et al. (2013).

Furthermore, we found that social context has a major influence on which hobbies and activities are
undertaken. Not having people to do activities with, limits acting on hobbies and similarly having people with
similar interests promotes engaging with hobbies on a regular basis. Righi et al. (2017) argue this ‘turn to a
community’ as well stating that when designing technology for older adults, we should say ‘their community’.
We are indeed not only creating a design space for an individual, but also for the people currently in their
stories and even non-existing relationship which may be built through (new) design solutions. Furthermore,
previous (traumatic) experiences can limit executing a hobby they would expect to enjoy. By knowing
individual characteristics, we can create tailored designs while balancing barriers and motivators.

While having commonalities such as cycling, the driver to execute a hobby and the routine can be diverse and
highly individual. For example, from Amy’s and Frederick’s perspective cycling is a replacement activity for a
previous hobby, while Patty had many cycling occasions together with others and the strong desire to remain
doing this: ‘What if | cannot go cycling and walking anymore! Home all day! What would | have to do then?’.
Therefore, we should reflect on people’s hobbies in the past, present, and future, and on a personal level to be
able to understand to what extent certain activities are more meaningful than others. Perhaps we can as
designers learn which elements of a previously enjoyed hobby we can use in a new design. This illustrates that
we cannot design for all older adults in general terms, but that we can distil trends from specific users to
design personalized interventions and services.

However, the view of finding meaningful data may be influenced by our belief in the value of gaining empathy
in design. Results of the LTC can be unsatisfying when designers do not see the advantages of empathy in
design or do not know how to engage with it (Kouprie and Visser 2009). The data analysis is therefore
influenced by the designer/researcher who interprets the data. Though our canvas addresses clear design
spaces to continue working with, and thus we argue for using hobbies to understand users on a more personal
level and as input for design.

The earlier identified challenge that users reflect on familiar products which might result in more ‘sameness’ in
design (van der Panne, van Beers, and Kleinknecht 2003) can be addressed by reflecting on leisure time
activities as this has an open mindset and focuses on doing the activity rather than using a product. Also, by
segmenting the stories into past, present, and future, gaps can be identified: what did a person use to do?
What does a person currently enjoys doing or has been doing for many years? What does a person argue for
willing to do in the future, but feels a barrier limits him/her? By putting these next to each other, experiences
with different hobbies and activities can be compared and more accurately valued by the designer. We believe
the follow-up step should be to not only show empathy in learning about the user, but also in analysing and
designing with the user. Evaluating design concepts has been done before by van Doorn et al. (2013)
addressing children becoming co-researchers, yet we are interested in to what extent this could be applied to
older adults as well.
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Supporting older adults to express themselves through the LTC

To summarize, the problem identified by Van Kleef et al. (2005) was three-fold namely the user: 1) may not be
aware of their needs, 2) may not be able to formulate their needs and 3) may not be eager to speak about
their needs.

Amy and Ella explicitly mentioned a concrete need, vocalized through their hobbies and interests, and for the
remaining participants, we interpret this from their stories. By the description of their activities and events in
their daily life, we were able to extract drivers. However, the storytelling experience of our participants may
come even more to live when we would ask participants to bring artefacts to the session (Nassir, Leong, and
Robertson 2015 and Leong and Robertson 2016) or if we would have the session in people’s homes, because
people may feel more at ease to participate in the design process (Suijkerbuijk et al. 2015).

We argue that the user is facilitated through the LTC to formulate their perspectives and needs because they
all were open while elaborating on their activities in their daily life in a brief session. Dorothy and Ella, for
example, feel the need whenever they want to go for a walk; they want company as they do not dare to go
alone. Tamara has a similar feeling but then in the context of traveling. Patty expresses a strong desire to keep
her independence. Frederick currently does not seem to show a need for change, as he feels like he can do
whatever he wants and feels free (this may be his need). Amy expresses the need for a to have someone to go
to a museum with together.

Furthermore, we argue that the user with the help of our canvas was eager to speak about their needs, even
including unrequested and personal topics such as surgery, anxiety, and people who deceased. These are
somewhat surprising findings to us as we do not explicitly ask to discuss these topics. We see, however, in a
similar study based on personal stories that participants do point out big events during their lives, although we
cannot say if this is initiated by the participant or by the researcher in the semi-structured interview (Orth,
Thurgood, and van den Hoven 2018). Yet, apparently, our participants felt these were related topics for them
and felt the need to bring these up. As the older adult steers the conversation, they may feel more at ease to
highlight the things they feel comfortable sharing. This is relevant for design because, as much as identifying
the drivers also the barriers are meaningful to be aware of to get a complete understanding of a user. If we
map this information onto Fogg’s behavioural model (2009), we can see that Amy has a high motivation to go
to a museum, but does not feel able to do so because her husband is not interested and she does not want to
go alone. Resulting in that in a design for Amy, we should address the need to empower her, providing her the
confidence to go by herself or actively search for a museum buddy.

We see an improvement in the method to stimulate the awareness of needs more towards the user, instead of
the designer interpretation. If the canvas would include the structure past/present/future already, the user
may map his/her hobbies more consciously and explicitly onto a timeline. Perhaps newer/different hobbies
can be added to be included for the future part. Also, we may trigger discussion further if we make more
detailed cards, as Kankainen et al. (2011) did with their postcards to trigger storytelling about mobile phone
experiences. It would be interesting to explore more to what extend the storytelling is open and initiated by
the participant as there are also examples such as co-constructing stories (Buskermolen and Terken 2012)
where the designer tells a fictional story and then asks the user whether or not he/she recognizes this and
why. This facilitates personalization of the cards so it can convincingly fit a participant, rather than aiming to
be an all-encompassing general term on the card. The concept of using activities and hobbies shows potential,
and could even be explored in other domains such as their social network, favourite objects in the home or
memories to elicit specific design opportunities.

Conclusion

We contribute the LTC to facilitate empathy with specific user groups in the early stages of the design process.
Also, the user is facilitated to provide rich contextual individual stories through their leisure activities in an
effective way. With this, the designer can frame a new design space based on the personal contexts of the
users’ hobbies and leisure time activities.
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There appears to be a mismatch between current interactive media and intergenerational
storytelling, which leads to the elderly are often viewed as passive consumers, rather than
active creators of story content. In this paper, we present our study aiming to facilitate
storytelling of older adults living in the care facilities with their children, driven by the
research questions: RQ1: What life stories would the older adults like to share? And RQ2:
How to facilitate older adults to tell stories with their children? A research prototype named
Slots-story was designed, which integrated functions of memory cue generator, story
recording, and preservation. In the field study, eight pairs of participants (each pair
consisting of an elderly adult and his/her child) were recruited to use the prototype for
around ten days. Semi-structured interviews were conducted both with the elderly and
their children. Stories collected were transcribed, and thematic analysis was conducted,
which formed the foundation of the insights on the research questions.

Keywords: Elderly, storytelling, tangible interface, social Interaction

Introduction

Storytelling plays a fundamental role in human communication. From a hermeneutic point of view, human life
is a process of story and narrative interpretation (Widdershoven, 1993). For the elderly, intergenerational
storytelling improves psychological well-being, reduces feelings of loneliness and depression of them
(Driessnack, 2017). For their children, intergenerational storytelling contributes to the development of a
strong sense of intergenerational self, which is associated with children’s increased resilience, better
adjustment, and improved likelihood of overcoming challenges (Fivush, Bohanek, & Duke, 2008). Given that
multiple participants across generations not only co-narrate their shared stories but also jointly evaluate them,
intergenerational family storytelling becomes important to identity development (Langellier, 2011)(Peterson &
Langellier, 2006). Preservation of life stories is also necessary as they are an important part of identity
preservation. The elderly hope they will be remembered, however, when the elderly passed, their family
members are only left with bundles of images, materials, objects, and wishes of the deceased (Whittaker,
Bergman, & Clough, 2010).

Our target group was older adults living in the care facilities and their children. According to our previous
study, these user group mostly they couldn’t operate computers or smartphones (Li, Lin, et al., 2018). This was
because they were unfamiliar with digital devices and lack of using experiences, as well as suffering from
physical decline. Most interviewees suffered from age-related declines, such as fading eyesight, losing
flexibility in hands, a lack of mobility. They obtained information mainly by TV and Newspapers.
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While social media like Facebook and Twitter help to share and preserve the stories to some extent, these
platforms are more about the “now” moments and less about the past moments (Marcus, 2015). In addition,
the elderly are still disconnected from the mainstream social circles due to lack of technology and devices that
resonate with them (Waycott et al., 2013). Currently, most interfaces are designed to support younger users.
Thus, they are confronted as passive consumers rather than active creators of content (Brewer & Piper, 2016).

In this paper, we describe our explorative work, focusing on prompt older adults to share and preserve their
life stories with their children. Knowledge and insights were gained by the implementation of the prototype.
Contributions of this paper lie in: A better understanding of elderly people's preference for life story themes,
and concrete strategies and insights on facilitating intergenerational life storytelling and preservation for the
elderly. In related work section, our literature review allows us to identify the stated research and design
focus.

Related work

Multiple Functions of Storytelling of the Elderly

From a physiological perspective, reminiscing and sharing of life stories improve self-esteem, mood, well-being
and enhances feelings of control and mastery over life as one ages. Research has also associated reminiscence
with improving psychological well-being, reducing feelings of loneliness and depression, and helping older
adults find meaning in their life (Driessnack, 2017). From a social perspective, stories transmit cultural and
individual traditions, values, and moral codes (Kemper, 1984). Stories told by the elderly create meaning
beyond the individual and provide a sense of self through historical time and in relation to family members,
and thus may facilitate positive identity (Fivush, 2011). From a broader perspective, stories told by the elderly
are treasured intangible source of cultural heritage. When individuals regard that they approach the end of
their lives, they tend to document segments of their personal history and issues of generativity and knowledge
transmission to younger generations are considered as significant to seniors (Unruh, 1983).

Practices of older adults’ story sharing

Given that one of the most precious characteristics of older adults is their memory of events, people and
places during their childhood and adolescence (Dryjanska, 2015), older adults could be deemed as story
content producers. Jenny Waycott et al. further investigate the nature and role of digital content that has been
created by older adults in the care facilities, for the purpose of forging new relationships, and their findings
demonstrate that older adults are willing to express themselves creatively through digital content production
(Waycott et al., 2013). We build on this idea and extend it into intergenerational story sharing.

Applications of storytelling for the elderly

On the application side, in terms of applications and tools for the storytelling for the elderly, there is a system
aiming to helps residents in care facilities make connections through sharing stories (Linnemeier, Lin, Laput, &
Vijjapurapu, 2012), game-based reminiscence service that enables elders to capture memories and annotate
photos(Lee et al., 2014), design of encouraging reminiscence and storytelling with objects, as a tool for
building connections of older residents in care facilities(Bennett et al., 2015), an interactive table for sharing
memories, skills and demands(Giorgi, Ceriani, Bottoni, Talamo, & Ruggiero, 2013), and a system aims to make
the elders feel more connected to the outside environment, and further facilitate their sharing of stories with
citizens from local communities(Li, Lin, et al., 2018).

In terms of intergenerational storytelling, current applications are mostly smartphone applications or website,
which are inaccessible for elderly users. There are smartphone applications or webs for creating multimedia
stories (Druin, Bederson, & Quinn, 2009) (Bentley, Basapur, & Chowdhury, 2011b), a software of managing
family stories(Marcus, 2015), software for videos to be saved in user-specified real-world locations, shared
with friends and family(Bentley, Basapur, & Chowdhury, 2011a), and a software support digital reminiscing of
the elderly(Thiry & Rosson, 2012).

Since TUI (Tangible user interface) has been identified by Spreicer as having great potential to improve older
adults’ acceptance of technology acceptance (Spreicer, 2011), applications that support story sharing for non-
tech-savvy older adults mostly adopt tangible interface. There are applications focus on improving older
adults’ connections with other fellow residents: a tangible system aiming to help residents in the care facilities
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make connections with their fellow residents through sharing stories (Linnemeier et al., 2012). Using landscape
tangibles as proxy objects to aid storytelling and reminiscence for older people in care facilities (Bennett et al.,
2015). There are applications focusing on improving their connections with people outside: Interactive Gallery,
a tangible installation placed in care facilities aims to facilitate story sharing between older adults and citizens
from local communities (Li, Lin, et al., 2018).

Summary

The literature indicates that storytelling benefits the elderly from the physiological, social, and a broader
perspective. We focus on older adults’ life stories, and we particularly adopt trigger questions as memory cues.
We probe how to provide the older adults explicit memory trigger questions through a tangible device and
bring them an enjoyable using experience. Since our target group is non-tech-savvy older adults in the care
facilities, we also build on tangible interface to bridge the technological gap for older users. In the next section,
we introduce our prototype in details.

Design intervention

We based the design of Slots-story on our previous work-in-progress work (Li, Hu, Hengeveld, & Hummels,
2018). Its design process included an interview study. The following is a summary of the interview. We found
the elderly were unfamiliar with digital devices and lack of using experience. They had regular contact with
children, who were almost the only people that the elderly could really tell personal things to. Nostalgia was
prevalent among the elderly and they would like to share their life stories, but they were rarely asked
specifically, which made the stories hard to preserve. Currently, life story sharing was fragmented and
happened unconsciously. The younger generation was lack awareness of the elderly’s stories. Memory triggers
were necessary to facilitate life storytelling, and their life memories were recalled by conversation topics,
family mementos, etc. Given that the meeting time of the young and the elderly was limited every week, we
could also consider separating the process of storytelling and story listening. We then conducted brainstorm,
sketch and mock-up, and user consultation, and the resulting design was Slots-story (Figure 1).

Prototype: Slots-Story

Based on the above design requirements, Slots-Story is designed. The metaphor of slots-machine is applied in
it. Slots machine is operated by one lever on the side of the machine and is familiar to most elderly people.
When the user pulls the lever, a trigger question is displayed in a similar fashion as slots-machines. It consists
of a slots-machine-like device and a flash disk, and it could either be used face to face or independently by the
elderly and their family members.

Appearance: For ease of use and ergonomic purposes Slots- Story is wedge-shaped, making the display easy to
see, and lever and buttons easy to access. A 7-inch display and a microphone are arranged on the upside and a
button is on the front side. The handle on the back, together with a portable dimension, makes it easy to carry.
The MDF material is covered with a wooden laminate texture, making it look slightly old-fashioned, which is in
line with the aesthetic taste of the elderly.
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Figure 1: Slots-Story prototype, and question and recording interfaces

Display Interfaces: Slots-story includes two display interfaces: the “Question interface” and “Recoding
interface”. Vintage style is also applied both in the interface elements and fonts. Considering fading eyesight of
the elderly, bold and huge fonts are used for the text. There are also usage tips at the bottom: Press
“REC/STOP button before/after recording.

The “Question interface” displays one specific question, which could be switched to Next/Previous question by
pulling down/pushing up the lever. The “Question interface” will be switched to “Recoding interface” if the
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REC/STOP button is pressed. In the “Recoding interface”, a dynamic recording icon is placed to provide real-
time feedback.

e o

Figure 2: Hardware of Slots-Story prototype, Flash disk and question and folders inside

Interaction: The interaction process is: (1) The young inserts flash disk into the prototype and gives it to the
elderly. (2) The elderly operates the lever to switch trigger questions. (3) The elderly pushes the button to start
recording. (4) The elderly pushes the button again to save the recording. (5) Stories told by the elderly now are
in the flash disk. (6) The young Plugs the flash disk into a computer to listen and keep stories, and further
modifies trigger questions. (7) The slots-story could also be used face to face.

USB Flash Disk: The flash disk is not only used to store the trigger questions and preserve the story audios.
There are two folders in it: “QUESTIONS” and “RECORDINGS”, the former contains a text formatting
document, the latter contains all the story audios told by the elderly.
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Figure 3: Operating procedures

Trigger Questions of Different Themes: Explicit questions are employed as memory cues (Table 1). Compared
with other types of memory cues, questions are more explicit and straightforward, and targeted answers will
be triggered. Trigger questions in our case are from The Life Story Interview(Atkinson, 1998), questions cover
most aspects of an entire life course, including childhood, family, school, work, friend, historical events, and
others, which are arranged within a thematic framework chronologically. Additionally, considering the
emotional consequences when recalling deep memories, we avoid adopting negative topics.
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Table 1: Trigger questions in Slots- Story

Childhood

Friends and Fun

Were you ever told anything unusual about your birth?

What childhood or teenage friendships were important to
you?

What is your earliest memory?

Did you make friends easily?

What was the most significant event in your life up to age
127

What special people have you known in your life?

What clubs, groups, or organizations did you join?

Did you have a steady boy or girlfriend in high school?

Did you have any dreams as a child? As an adolescent?

How do you use leisure time?

Family

What did you do for fun or entertainment?

What was going on in your family and the world at the
time of your birth?

Historical Events

What beliefs or ideals your parents tried to teach you?

What historical events did you participate in?

Are there any family stories told about you as a baby?

What is the most important historical event given to you
by your family?

What characteristics do you remember about your
grandparent?

What has your life contributed to history of your
community?

How would you describe your parents?

Do you remember what you were doing on the days in
World War II?

Did your parents spend enough time with you? What did
you do with them?

Do you recall any legends, tales, or songs in your
community?

School and Work

Others

What is your first memory of attending school?

Do you remember your first date? Your first kiss?

What was your first experience of leaving home like?

What gifts (tangible or intangible) are still important to
you?

What are your best memories of school?

What were the crucial decisions in your life?

What accomplishments in school are you most proud of?

What has been the happiest time in your life?

Is there anything that you miss about your work?

How would you describe your worldview?

What is the best part about being retired?

What have been your greatest accomplishments?

Field Study

As previously mentioned, we want to explore the possibilities of facilitating the elderly to tell life stories
through the implementation of the Slots-Story. Therefore, the research questions addressed in this paper are:
RQ1: What life stories would the older adults like to share? And RQ2: How to facilitate older adults to tell

stories with their children?

Mcmury cue

Storyteller
the elderly

Figure 4: The process of story sharing
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Procedure

Overview: In the field study, three same prototypes were made and were distributed to participants. Each set
of the prototype was provided with an instruction for use. Eight pairs of participants (each pair consisted of an
old adult and his/her children) were recruited. The older adults were from local Dutch care facilities. Purpose,
functions, and operation procedure were first introduced to them, and then they were interviewed. After that,
each pair used the prototype for around five days. After they used the prototype, interviews were conducted
with them again. All the interviews were audio-recorded with the interviewees’ consent. Interviews and story
audios were then transcribed and analyzed.

Participants: eight families, the age of the older adults ranged from 63 to 86. There were four females and
four males, and their marital status were: five married, living with a spouse; three widowed. They agreed to
share their audio recordings. None of them reported any significant physical impairments. The age of their
children ranged from 38 to 43.

The first round semi-structured interview

Interview questions: Semi-structured interviews were conducted twice, before and after the implementation
of the prototype. The aim of the first interview was to understand the actuality of intergenerational
storytelling of the elderly. All interviews were analyzed by a qualitative, grounded theoretical approach,
informed by situational analysis, to inductively analyze our data and generate the findings (Charmaz, 2014).
Interview questions of the first round were as follows. Basic Information: Age, gender, physical condition.
Communication with family: Way of keeping in touch (face-to-face, phone, skype, etc.). Current story sharing
situation: Whether they like to share stories, and why. Situations and reasons for sharing stories: Who, when,
how to share stories (face-to-face, phone, skype, etc.). Topics, duration, and frequency of story sharing. The
trigger of life story sharing. Problems encountering during story sharing.

Findings

Communication with Family Members: Firstly, they had regular contact with children, but wanted more:
“Sometimes they eat here when they visit me, it is the coziest moment, and I like that.” “I want they could visit
me more often, but | don’t call my children very often because | don’t want to disturb them, they have to work
after all.” Secondly, Family members were almost the only people that the elderly could really tell personal
things to. Although talking topics were various: daily lives, sports, weather, politics, etc., and they were mainly
about the family that was private and personal.

Current life story sharing situation: Firstly, nostalgia was prevalent among them: The elderly interviewee
became emotional and depressed, and would like to recall their past. The first reason was that they could not
do some things they could before. The second reason was they tended to be nostalgic naturally when aged:
“Past things come to my minds somehow. After | grew old, | often look back to my life and feel life is short.” “I
don’t understand the society of today, and | miss the past.” Secondly, the elderly would like to share their life
stories, but they were rarely asked specifically: The elderly would like to recall their past, but they were not
asked very often, nor did they have many chances to tell the stories. “I myself would like to recall the past. My
children almost never ask about that specifically.” However, the younger were to lack awareness of the
importance of elderly’s stories: Life stories of the elderly were seemingly ignored by their children. It was not
the young were uninterested in the past of the elderly, but that they were lack of awareness of it. The young
realized its importance only when the elderly passed away. Thirdly, currently life story sharing was fragmented
and happens unconsciously: The elderly didn’t share life stories specifically and deliberately in daily lives.
Situations and reasons for sharing life stories were various. For example, when the conversation topics were
related to their past, it acted as memory triggers to remind them. In brief, Life story sharing was fragmented
and happened casually and unnoticeably, making life stories hard to preserve.

Problems encountering when sharing life stories: The biggest problem for storytelling was lack of topics.
Secondly, as most elderly interviewees felt their lives were ordinary and nothing special, their concern was
that others might not be interested in their life stories: “I guess those successful or rich people would like to
tell their life stories. For us ordinary people, there is nothing worth telling.” Next, some of them were
emotional, and they might weep when recalling deep memories, which would be embarrassing. Finally, the
interviewees were suffering from memory decline.
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The second round semi-structured interview

Interview questions: The aim of the second interview was to evaluate the prototype. The interviews were
semi-structured and based loosely on the following questions.

Validity: Would you like to use it? Who would you like to share with? Do you think it could facilitate sharing
stories? Why?

Contents: Preference for questions A. Childhood B. Family C. School and work D. Friend and Fun E. Historical
Events G. Others

Interaction: Do you understand the concept of the prototype? Do you find it easy to use? What is the most
difficult part? Which part do you like/dislike most of the prototype? Why? Do you find it easy to use? What is
the most difficult part? Which part do you like/dislike most of the prototype? Why? Other: Would you like to
use it face to face/over a distance?

Comments for improvements: While the interviews with the young were based loosely on the following
questions: What’s your feeling after listening to the stories? Did you contact parents after listening to the
stories? Preference for stories: A. Childhood B. Family C. School and work D. Friend and Fun E. Historical
Events G.

Findings of interview the older adults

Validity of the prototype: With respect to validity, the interviewees thought it could facilitate life story
sharing. The prototype helped them to remember what they almost forgot, as well as giving them a chance to
save memory. One interviewee said:” It helps me to reflect on my own life again. | could remember something
I've nearly forgotten.” They also enjoyed the process of recalling: “I had a lot of fun recalling and telling my
own memories, experiences, and feelings.” The elderly also benefited a lot from recalling the past as they got
insights from it:” The questions give me insights into the past as well as mistakes and reactions of people who
are very close to me.” The elderly also thought the story recordings also benefited next generations:” | would
like to have such a device for my grandfather, because | don’t even know his name.”

Preferences for the topics: Most of them would like to talk about their childhood, especially the interesting
and funny things. As one elderly interviewee said:” Recalling the past makes me feel go back to the past.”
“Telling happy things itself is a happy thing, which also brings happiness to others.” The second was their
achievements and those they were proud of. Part of the reason was they could not do some things they could
before:” | felt happy when recalling happy things, the memories brought me back.”

Interaction of the prototype: They showed great interests in it, especially its intuitive operation. The
metaphor of the slots-machine was understood and accepted by them. According to the elderly, sharing
stories and handle operation were the most interesting functions. “The slots-machine-like operation raises me
a sense of expecting and curiosity for the unknown.” Most elderly interviewees felt the directly telling stories
behavior was convenient compared with writing stories. Especially some of them had difficulty in writing:
“Without good eyesight, you cannot do much alone, even if you are mentally totally fit.”

Comments for improvements: Personalization: Questions were fixed in the prototype, and how to set
personalized questions needs to be considered. Sustainability: There were only 35 questions in the porotype,
how to sustain the story sharing process in a long-term way after all the questions are answered need to be
considered in the future iteration. Usability: Some participants suggested that the sensitivity of operation
should be reduced as their hands were clumsy. One participant thought the prototype could be friendlier by
displaying “Thanks for your story” after stories are told.

Findings of Interview with the elderly’s children

Learned new things they didn’t know before, and knew more about parents/grandparents: Most of the
young participants said they learned completely new things from the recordings, and also they were surprised
that there were lots of things they didn’t know about their parents after listening to the stories. “I never know
my mother’s infant name, and she told the origin of her infant name.” “I didn’t know too much about my great
grandfather because he had passed away before | was born. | heard a lot about him through my mother’s
recordings.” “I think the trigger questions have been thought of for me, in case | didn’t ask the elderly.”

The recordings were a treasure to pass on to next generation: Some young participants thought the
recordings could be kept and passed down for generations, as the recordings were like biography
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encapsulating the life of the storyteller. “Our parents and grandparents are guardians of a very personal
memory treasure, which need to be preserved. | think that is the meaning of the prototype.” Another young
participant said:” I think | can play the recording to the next generation and talk about how it was with her
grandmother back then, great idea for recording memories to be handed down the generations.” Recordings
would also be a consolation if the elderly passed away: “If mom once died, these recordings with many
heartfelt memories can certainly give a little consolation.”

A good way to ask some embarrassing questions: Some young participants felt listening the recordings was
different from listening to the elderly talking face to face, as the former was a good way to know some
embarrassing questions they wanted to know. The prototype provided a way of avoiding awkward situations.

Enabled the young to be aware of the importance of preservation of life stories of their parents: Some of the
young participants agreed it enabled them to be aware of the importance of life stories of their parents. The
first reason was that they learned new things that they didn’t know before. The second reason was, there
were some that the elderly couldn’t remember, so the sooner they tell their stories, the more they could
remember:” When we were young, we might be not interested in stories of parents, but later when we would
like to ask them, they might already pass away, and we couldn’t ask anything longer. | will keep all these
memories well and will learn much more.”

Voice contained real familiarity and emotions: Most participants felt familiarity with the voice. The voice
contained emotions, personalities, and feelings. One young interviewee said: “l even hear the meow of her
cat. | could imagine the scenes of she telling her stories.” Compared with text, voice contains real familiarity
and emotions. “I could even hear her laughter when recalling happy memories. the happy stories made me
happy too, and that was also nice to remember.”

Developed conversations when using face-to-face: Trigger questions that Slots-story provided were of
different themes. It acted as a conversation topic generator when they used face-to-face.:” It helps to develop
conversations that we would never have had before.” “It can serve as a conduit for discussion, and one gets to
know each other differently.”

Thematic analysis of stories

Stories told by the elderly were conducted the thematic analysis. Thematic analysis is a method for identifying,
analyzing and reporting patterns (themes) within data. It minimally organizes and describes the data set in
(rich) detail (Braun & Clarke, 2006). The thematic analysis emphasizes on the content, as grounded theorists
do, investigators collect many stories and inductively create conceptual groupings from the data. Data in the
form of personal experience offers the opportunity to uncover topics and themes to study participants would
have remained unknown and consequently unanalysed by the researcher using a fixed interview to gather
data.

Method

Transcription of the stories: There is considerable variation in definitions of life story, which leads to different
methods of analysis, but all the methods require constructing texts for further analysis, which is the
transcriptions (Riessman, 1993). In our case, transcription conventions and guidelines were based on Robert L.
Miller’'s method (Miller, 1999). We didn’t choose what to preserve and what to discard, and all the audios
were retained and transcribed.

Thematic analysis: Following (Sanderson & McKeough, 2005), the themes of the stories were defined, and
were labelled according to categories.
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Table 2: A snippet of transcription

Trarscripiion Theme Lobel
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Results: proportion of the life story themes

Themes of the stories could be roughly divided into descriptions and perceptions. The former mainly includes
descriptions of the event, object, or people. The latter mainly includes feelings, self-evaluations, and life
insights.

All the themes were generalized into 14 main categories and 38 sub-categories. Proportions of story themes
the elderly told are calculated, as it could reflect the preference of talking topics, from an objective
perspective.

Themes they talked most were about Childhood, among which “funny things” and “historical events" were
they talked the most, which was in line with the result of the interview: they would like to talk about happy,
positive, and funny things, especially childhood. The next main category was related to Family, among which
the most is about “family members”. Followed by “parent’s teachings”, which are beliefs and ideal parents

” u

taught them. 13.7% of themes were about Perception, in descending order it includes “feelings”, “insights”,
“self-evaluation”, “world-view”, “belief”, and “regret”. Next is School (10.5%), among which “proud things” are
they talk the most, which is in line with the interview: they would like to tell stories they were proud of. The
category of Impressive things includes is complex, mainly about memorable stories: for example, important

life decision, mysterious thing, dangerous things, etc.

One thing to note is the “skill instructions” are interspersed in their narratives. For example, making hand-
made shoes, chess skills, skills of writing articles. These are also intangible treasure worth preserving.
Additionally, in the theme of “Memento”, photographs, mementos are important visual clues to help the
elderly recall. These kinds of memory cues also need to be explored in the next iteration.

Stories told by the elderly weren’t limited to the trigger questions provided

Results also showed that stories told by the participates were not limited to the 35 trigger questions, and the
older participants didn’t slavishly follow the topics of the trigger questions and dutifully record corresponding
stories. Three aspects could account for this: Firstly, the narrative was not always linear. The trigger questions
acted as jumping-off points which sparked broader memories, and gradually the narrative becomes non-
directive and unfocused. One story might remind the elderly of the other related story. Secondly, some
participants got used to using it to tell stories gradually, when a story suddenly came to his mind, he would like
to use the prototype to record. Thirdly, the process of recalling gave the storyteller an opportunity to review
his/her life. After a life review process, the elderly acquired a new sense of personal authorship and life
reflections in their life journey, more and new insights on lives emerged.

Discussion

Designing for older adults’ storytelling

Memory trigger is essential to storytelling, trigger questions should be open-ended, concrete, and in everyday
language: During our interview, we found one of the problems for older adults’ storytelling was the apparent
lack of topics. Therefore, memory trigger is necessary: A memory trigger is a circumstance or piece of
information which aids the memory in retrieving details not recalled spontaneously (Dictionary, 2008).
Secondly, unlike the close-ended question, the open-ended question needs to be answered with more thought
and more than a simple one-word answer. Tigger questions should be open-ended. Secondly, according to the
interview, most of them pointed out that trigger questions provided in Slots-Story were easy to answer as they
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were concrete and in everyday language. Concrete trigger question is easy to answer as it facilitates
reminiscence and prompts a specific story.

Tangible interface employing metaphor makes technology accessible for the elderly, acts as a physical
reminder to encourage the elderly to tell stories: According to our interview study, most elderly interviewees
still relied heavily on paper and preferred physical interaction and operation. As such, tangible interface could
be adopted to provide physical feedback and overcome the limitations of screen-based interfaces. Literature
has reported tangible interfaces are more accessible and suitable for the needs of the elderly, and interactions
that remind them of familiar devices have a higher acceptance (Rodriguez, Karyda, Lucero, & Herskovic, 2018).
Metaphor in the interface could reduce barriers of the elderly to use as well as reduce learning time (lIrizarry,
Downing, & West, 2002). In our case, the metaphor of slots-machine was understood and accepted by the
participants. They showed great interests in its intuitive operation. From the perspective of design, Slots-story
device is an interactive device with a tangible interface. The classic aesthetic of the Slots-story makes it
unobtrusive when putting it at home, which would encourage and attract the elderly user to use it. Slots-story
not only makes the digital content accessible and visible, and it also serves as a tangible reminder for the
elderly of what it holds. Research has revealed that tangible materials produce deeper engagement, evoke
deep emotional responses. Tangible reminders could be powerful tools in encouraging positive behaviors and
thought patterns (Brown, 2009).

Using audios as the storage medium could lower the cost of narrative for the elderly, which could also retain
information to the maximum degree. Given that the elderly felt difficulty in writing gradually, using audios as
storage medium could lower the cost of narrative for them, compared with handwriting. Moreover, stories in
audio forms could retain information to the maximum degree compared with stories in text form: the audios
involve real emotions, feelings, ambient sounds, etc.)In our context, audio also shows advantages over video:
A study points out that video is too real to allow room for thinking about the past with others (Chalfen, 1987).

Slots-story contributed to personal content acquisition and preservation: Autobiography is defined as the
history of a life story, written by the person who has lived and experienced that life (Birren & Cochran, 2001).
The importance of audio recorder has been emphasized by Millet: without it to preserve the very sound of
language, we should have no idea of how people really talk: their pauses, inflections, emphases, unfinished
sentences, short periods (Millett, 1975). In this sense, story audios collected by Slots-story are an audio version
of an autobiography. Slots-story contributes to personal content acquisition and preservation, and helps the
young generation to acquire and preserve stories of their parents/grandparents, and the stories could even be
kept and passed down for generations.

Designing for intergenerational communication

There exist differences between using Slots-story face-to-face and separately. In our case, Slots-Story could be
used face-to-face or separately by the elderly and the young. The reason was as follows: Despite that sitting
together to communicate face-to-face is the most common and enjoyable way to share stories (Lindley &
Monk, 2008), most older adults lived apart from their children, and duration of each visiting was limited. The
older adults and their children’s lives were also usually unsynchronized. Hence, the prototype should be able
to be used both face-to-face and separately. When the elderly and the young use the prototype face-to-face,
trigger questions that Slots-story provide are of different themes, and it acts as a conversation topic generator.
While when the elderly use the prototype by themselves, they could be fully concentrated to tell the past
things with deeper insights, and needn’t care about the other’s attitude or expressions. In this case, the stories
they told are complete and integrated. Also, using the prototype separately is a good way to ask some
embarrassing questions.

The story sharing process is not solitary but a collaboration process, as in addition to the storyteller, the
responsive receiver is also needed. Process of storytelling could be formulated (Figure 4): triggered by the
memory cues, the elderly tell stories and which are then conveyed to the young, the young provide feedback
to the elderly, feedback from the young could effectively encourage the storytellers to tell more, also the
feedback may also act as new memory cue. The story sharing circulation could be sustainable when all the
above factors are integrated.

Facilitate life story share in a sustainable way: In the design of Slots-story, the memory trigger questions are
fixed, and the whole story sharing system is not sustainable. We could close the loop of story sharing process
by actively involving the young generation. In the current iteration, the young are passive participants. Efforts
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should be made in the aspects of the young to turn them into active participants through personalization of
trigger questions: Trigger questions could be raised and edited by the young.

Conclusion and future work

In this paper, we have a better understanding of the elderly’s life stories. To be specific, we understand older
adults’ preference for story topics through thematic analysis. Insights on RQ1 are discussed in the section of
thematic analysis. The field study indicated that Slots-story facilitated the storytelling and preservation for the
elderly. We further conclude the implications of designing for facilitating elderly’s life storytelling through their
reflection during using our prototype. Insights on RQ2 could be concluded as Memory trigger is essential to
storytelling, trigger questions should be open-ended, concrete, and in everyday language. Using audios as a
storage medium could lower the cost of narrative for the elderly, which could also retain information to the
maximum degree. Tangible interface employing metaphor makes technology accessible for the elderly, acts as
a physical reminder to encourage the elderly to tell stories. Separating the process of storytelling and story
listening could make the stories complete and integrated. Personalization of trigger questions, and trigger
questions could be raised and edited by the young. The loop of story sharing process should be closed to make
the sharing process sustainable.

As some of the stories told by the elderly were related to their mementos, such as album, souvenir, artwork,
etc. Photographs, mementos are also ideal memory trigger as they provide visual clues, which help the elderly
recall events, even long-forgotten stories. This inspired us to explore their mementos and related stories in the
next iteration.
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Designing interactive systems that are pragmatic, attractive and easy to use for older adults
is challenging. Participatory design, as an approach to enhance the mutual understanding
between designers and end users, has been proved to be useful to improve the quality of
design for older people. However, PD research has long been criticized for extensively
dealing with the early-phase design while putting less emphasis on the later stages. In this
paper, we argue for the importance of collaborative refinement when designing interactive
systems for older adults. Through a case study, we describe our experience of co-refining
the preliminary design of an interactive system with older participants from three
perspectives: function, form and interaction. We also explored to adopt some potential PD
methods and conclude by discussing the effectiveness of the chosen approach and
methods.

Keywords: participatory design, older adults, interactive systems, refine

Introduction

Global population aging and the rapid development of novel technology lead to an increasing demand for
interactive systems to enhance older adults’ quality of life by promoting their independence and social
wellbeing. However, designing interactive systems that are pragmatic, attractive and easy to use for older
people could be challenging due to the lack of mutual understanding. In the past decades, we have witnessed
a new design movement shifting from designing for users to designing with users (Sanoff & Henry, 1990).
Participatory design (PD) was initially proposed as a set of approaches to involve workers in the development
of technology to increase worker autonomy, skill and task variety (Tollmar & Konrad, 2001). Since many PD
approaches put low requirements on users’ ability and beforehand knowledge, they have been extended and
increasingly adopted in designing with marginalized groups such as older people. Although it is hard to find a
fixed methodological description, most PD methods are often characterized as a multi-phase process that
includes three key stages (Kaulio & Matti, 1998; Vink et al., 2008): the early phases (exploration, idea
generation, etc.), the middle phases (concept refinement, detailed design, etc.) and the later phases (user trial,
assessment, finalization, etc.). Theoretically, the end-users are expected to be involved throughout the whole
process. However, many PD studies and practices have long been criticized for extensively dealing with the
early phases while putting less emphasis on the later stages, especially the refining process (Tollmar & Konrad,
2001). Most research only slightly mentioned the refinement from a holistic perspective. It is reasonable
because general participants can actively engage in the early-phase PD activities and contribute their ideas
clearly, so the refinement is usually treated as an effortless transition from ideation to evaluation. However,
we believe the refining process would be much more important when designing interactive systems with older
adults. First of all, the early-phase PD techniques that are available for older people are limited. Haigh (1993)
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described the design challenges caused by the aging process of vision, hearing, hand function and mental
aspects. Many PD techniques that used to be effective to generate concepts could be difficult for many older
people such as sketching, drama and paper modelling. Secondly, many interactive systems to be designed are
unfamiliar to older users, so the design subjects in the early phases are usually difficult for them to understand
or propose clear ideas. Therefore, the contributions of the early phases would be much less than collaborating
with younger participants. In most cases, designers need to collect older participants’ related demands and
interpret them into system specifications. It is not a smooth process because these proposals are usually
ambiguous or even in conflict with each other. Designers need to screen them and make assumptions to
develop preliminary concepts. However, the process of interpretation and screening is mainly based on
designers’ own cognitive and physical ability (Wilkinson, Christopher, & Antonella, 2014), which might lead to
a deviation from older users’ real needs. Therefore, the refining process is very important to maintain the
consistency between designers and older users in the PD process of interactive systems. Moreover, it would be
much easier and efficient for older participants to criticize existing proposals than imagining a future design.
However, few PD studies focused on how to effectively refine the early-phase design with older people.
Related knowledge about the methods and techniques are also limited. Through a case study, this paper
describes the refining process of an interactive system designed for nursing home residents to support their
independence and social interaction. We explored to adopt a model proposed by Frens, et al. (2003) as a
general principle to collect and analyse the data from the perspectives of function, form and interaction. We
also explored to use some potential PD techniques to involve older users in the refinement. The findings of this
study can demonstrate the effectiveness of the selected PD approach and techniques. They also provide new
insights into some key features of interactive systems that are valued by older users.

Related work

There have been many studies in the area of participatory design involving older people, most of which were
described as case studies. Sabanovié et al. (2015) presented a project to develop socially assistive robots with
the elderly diagnosed with depression. They found that older adults were willing and have the ability to
engage in PD process, but conventional hands-on participation might be a challenge. Wilkinson et al. (2014)
explored how to apply PD approaches in the process of commercial product development through designing
an intelligent mobility aid and wheelchair. They addressed the importance of including elderly users during
the early discussions to facilitate new concept generation. Veldhoven et al. (2008) focused on designing
acceptable assisted living services for the elderly and presented a design vision by illustrating three cases. They
summarized three main barriers for elderly users to use new technology as complexity and learnability, lack of
perceived benefit, compatibility issues. Seale et al. (2008) explored the use of the focus-group method to help
older adults identify their mobility-related problems and put forward new ideas. They found that the
participants were able to propose existing and new solutions, but the composition and process of the
methodology should be further developed by validating the choice of tools. Kanis et al. (2011) conducted a
preliminary study to design ambient assisted living systems for monitoring the daily activities of elderly
residents, which proved that traditional use-centred design methods could hardly help older adults to visualize
ambient assisted living scenarios. Regarding specific techniques, organizing group design activities such as
future workshops and brainstorms were common solutions. Besides, video demonstration was frequently used
to quickly provide a concrete vision for older people via showing existing solutions and illustrating future
scenarios (Sabanovi¢ et al., 2015; lacono et al., 2014). It can also provoke creative responses and critical
discussions (Raijmakers et al., 2006; Lindsay et al., 2012). Some studies also found that hands-on techniques,
though some of which were challenging for older adults, were more successful than verbal explanations or
demonstrations. Conventional hands-on techniques include sketching, card sorting, collage, paper prototyping,
etc. Some studies also explored novel techniques by providing live demos and creating interactive simulated
scenarios to actively engage the participants (Kanis et al., 2011). These studies, as mentioned above, mainly
focused on elaborating the early phase to generate initial insights and concepts.

As mentioned above, limited studies mentioned how to involve older people in the refinement of preliminary
design. Even fewer described it in detail. Prototyping was reported as one of the most common techniques in
this phase, especially sketching and paper prototyping (Vanden et al., 2006; Muller & Michael, 1992; Massimi
et al., 2007). Demirbilek and Demirkan (2004) conducted a series of research to involve elderly end users in
housing design and proposed the USAP (Usability, Safety, Attractiveness Participatory) design model with 5
phases. The second phase is defined as concept refinement in which elderly users are invited to criticize,
correct and modify the sketches of the early-phase design. But there were also studies reported that the
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seniors had trouble to draw or engage in paper prototyping activities (Vanden et al., 2006). Besides, digital
mock-ups were often used to refine interactive products and systems. Ellis, et al. (2000) described their
refining work with older users to increase the usability of an existing website. They used the cooperative
prototyping method to engage the participant in a circle of page viewing, discussion and comments,
reformatting, and further viewing by using a HTML editor and browser. Massimi (2006) and Botero (2013)
translated paper designs of an interactive memory aid into digital ones with PowerPoint for the adjustment of
elderly users. Different from the early phase, the adjustments were conducted in individual sessions for in-
depth feedbacks. Hands-on activities were also proved to be effective to refine the interactive systems for
older people. Stappers et al. (2009) presented preliminary ideas to the participants in the form of storyboards,
play-acting, and low-profile prototypes to encourage spontaneous suggestions.

By looking at the prior work, we found that some PD methods that are effective to generate preliminary
concepts also have potential to be applied in the refining process. However, given the different emphases
between the two stages, there is still a need to further explore and develop proper techniques and methods to
co-refine interactive systems with older people.

The preliminary design

This paper aims to explore how to collaborate with older users in the refinement of interactive systems
through a case study. The preliminary design was from an ongoing project aiming to involve older users in the
design process of an interactive system in public spaces of nursing homes. The purpose of the system was to
support residents’ self-entertainment and promote their social interaction by digitally augmenting residents’
newspaper-reading experience. In the early phase, we collaborated with eight residents and developed a
preliminary design and a prototype. As shown in Figure 1, the system comprises multiple units installed on
different tables in the public space of nursing homes. Each unit consists of newspapers with special marks
(coloured circles), a tangible tool and a nearby digital display. The marks indicate the interactive areas on the
newspapers. These areas are specially enhanced by modern technologies for printed matter recognition. By
placing the tangible tool on the marks, residents could get access to corresponding digital content from the
screen. The digital contents are real-time images or videos searched from related websites. The digital
interface is very simple. It directly displays digital videos or images with brief descriptions in digital texts. When
no one uses the system, the screens would display nothing to avoid disturbing. As shown in the storyboard,
the envisioned system was designed not only to support individual entertainment (‘After 01’ in Figure 1) but
also to encourage communication and enhance mutual understanding (‘After 02’ in Figure 1). Although most
features were designed based on participants’ reflections in the early phase, the preliminary system was
constructed with many assumptions and indefinite features that need to be confirmed or challenged in the
refining phase.
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Figure 1: The preliminary design is presented as a functional prototype and a storyboard (the first scenario depicts the
current situation in care homes. The last two scenarios illustrate the situations after the system is applied.)

Method

We used the combination of potential PD techniques and social research methods suggested by Pilemalm
(2007). The PD techniques include critical discussions on video demonstrations, storytelling, hands-on
experience, collaborative prototyping and sketching. The social research methods include semi-structured
interviews and observations. Given the difficulties for many older participants to understand and propose
suggestions on system specifications from technological perspectives, we used the model proposed by Frens,
et al. (2003) as a general principle to guide the design of interview questions, data collection and analysis. This
model defines the interactive products through its form, interaction and function, and has also been used to
design interactive systems that are pragmatic, attractive and easy to use (Frens et al., 2009; Hengeveld, 2011).
For a better understanding, we converted this model into three questions from older users’ perspective:
“What should the system be able to do?” “What should the system be like?” and “How would | use the
system?” According to the model, these questions could not only correspond to different system
specifications, but also inherently relate to each other. The data collected included audio-recordings of the
interviews, the sketches and the photos taken during each session. The data were transcribed and analysed
using thematic analysis techniques, and the findings can guide the refinement of the preliminary design from
the three dimensions of the model.

Settings & Participants

This study was conducted in the canteen of a nursing home in Eindhoven. It belongs to a national caring
organization that has set up 22 similar nursing homes distributed in this city. The canteen is the main public
area where most residents would like to stay when they go out of their private rooms. We firstly acquired
permission from the managers, and then the residents were randomly invited individually in the canteen.
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Given many participants’ reading or writing difficulties, consent was given orally before each session. Five
residents agreed to participate. Table 1 gives an overview of their basic information. Reading Frequency refers
to their frequency of reading newspapers in public spaces in the nursing home. All of them had the basic hand
function to eat independently, but only P5 could walk independently.

Table 1: the basic information of the participants (reading frequency: frequency of reading newspapers in public spaces.
Sometimes: 3-4 times a week; rarely: 1-2 times a week.)

Participant Gender Age Length of Residence News Reading
Source Frequency

P1 F 82 9 years TV, newspapers Always

P2 F 92 11 years TV Never

P3 M 65 1.5 years TV, newspapers Always

P4 F 70 2 years TV, newspapers, smart phones Rarely

P5 M 84 5 years TV, newspaper Sometimes

Procedure
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Figure 2: the materials used in this case study

1.Introduction (5 minutes)

We started each session with a brief verbal introduction to inform the participants that we hope they could
help us to further develop and refine our preliminary design of an interactive system that could present
related digital information when they were reading newspapers in public spaces. They were encouraged to
express any comments, suggestions and questions at any time.

2. Demonstrations of related existing solutions (10 minutes)

After the short introduction, we showed the participants six videos of some existing technologies or systems to
augment paper interfaces and ask their opinions during each demonstration. The purpose was to enhance
their understanding of such systems and give the participants a wider vision of current solutions to avoid
restricting their minds within our own design. The six videos presented three kinds of solutions that were
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already available on the market but designed for other contexts. Table 2 gives an overview of the solutions
from the three aspects mentioned above. After showing all the videos, the participants were asked to compare
them, choose the solution they like or dislike, and then describe the reasons. During this, we presented six
cards that represent each video to help them recall.

3. Demonstration and experience of the preliminary design (15 minutes)

In this stage, we presented the preliminary design by showing the participants a 1-minute animation
converted from the sketched storyboard (Figure 1). The video demonstrated the different scenarios before
and after the design applied. We explained the details and asked their opinions simultaneously. After this, we
offered the participants the functional prototype to experience for 10 minutes and provide further feedback.
We prepared four pieces of digital content related to the printed content from a local newspaper according to
the residents’ preferences reflected from the early phase. They were a piece of entertainment news, a current
event that took place in their neighborhood, real-time weather information and an image of crossword
puzzles.

4. Collaborative refinement (30 minutes)

In the final step, the participants were asked: “if you could change anything about the design, what and how
would you like to change?” Then, they were encouraged to describe their ideas from function, form and
interaction. The designers would help to quickly embody their proposals by sketching. In addition, we
prepared three boxes of design references to facilitate their refinement on physical interfaces (Figure 2). The
first box contains some daily objects that are often used on paper including a stapler, a magnifier, a stamp, a
glue tape roller, a marker and a glue stick. The second box contains some physical electronic interfaces such as

a mouse, a remote controller, a small gamepad with a joystick, a pen-like scanner and a gun-like scanner. In
the third box, we prepared some electronic components such as some buttons, dials, joysticks in different
forms and sizes that can be added to other devices. The participants could select their preferred forms,
describe functions they liked to add and show the designer how they would use them. Regarding digital

interface and interaction of the system, we used a media player and a live-programming environment (VVVV in

this case) that is characterized by real-time rendering and simulation to quickly visualize the participants’
proposals on the screen. In this step, the participants and the designers interactively engaged in a cycle of

discussion, revising and previewing.

Table 2: the demonstrated existing solutions

Solution Form Function Interaction
With physical With digital
interface interface
Interactive Recognize pages by codes, track Flip the pages, Touch and
tabletop with paper position, project interactive  move the drag
projection animations on the page and table  papers projected
elements
Interactive Recognize cards by code, track Put the cardson  Touch and
tabletop with card position, display interactive the screen, drag digital
multi-touch information around cards on the move the cards elements on
table screen the screen
Augmented Recognize pages by the camera Put the book None
Reality book above, track paper position, under the
with PC and display digital effects above the camera, flip
camera page on the screen pages, move the
book
Augmented Recognize printed images with the Hold the device, Touch and
Reality book embedded camera, track image point it at the drag digital
with tablet position, display interactive page, flip elements on
animations above the image on papers, move the screen
the screen the book
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Pen-like Recognize printed texts, display Hold the Touch digital

handheld D / interactive information on the scanner, slide it buttons on

scanner oy . screen on the paper, the screen
press the button

Gun-like Recognize printed codes, display Hold the Select
handheld interactive information on the scanner, point it  functions
scanner screen at the code, with the
press the button  mouse, input
information
with the
keyboard
Findings

What should the system be able to do?

In Step 2, the participants' function-related feedbacks were very limited. The videos of the existing solutions
were more likely to trigger their comments about form and interaction because it was much more direct and
vivid to understand. Even though we kept explaining during each demonstration, it still seemed to be difficult
for the participants to understand what these applications could actually do because they were designed for
the younger generations and other contexts. "/ am too old for this. | can't learn this." P2 said. Their reflections
were mainly about different ways to recognize printed content. When watching the videos of the augmented
reality books, P5 said people living here were not familiar with computers and smart phones, but it might have
future because the dynamic digital contents would attract more people and could save the time of reading. He
also said: “However, people here would not like the cameras pointed at their tables. They would feel their
privacy (has) been violated." P4 liked the solution of handheld scanners and said it reminded her of the
barcode scanner from the supermarkets. “People here can use this to select the articles they like and project
them on the screen."

In Step 3, the participants could propose more ideas on content selection especially after they experienced the
prototype. Local news was their common interest, which was consistent with the insights from the early
phase. They also had some personal interests that could represent the preferences of similar groups. P1 liked
puzzles and she thought the system was helpful for her to solve puzzles together with her friends. P2
addressed the importance of real-time content because many people here liked to read and talk about sports
news. P3 thought the design was suitable to be used in small groups, and people could choose their preferred
subjects. P4 preferred entertainment news because sometimes there were live performances in this canteen.
Many People liked it, but they need to pay for them. P4 also suggested that the system could be used not only
on newspapers, but also on magazines, photos, flyers of advertisements and even postcards. "/ have a sister
living abroad. She sometimes sent me postcards. Maybe | can see her with this!" P4 said. P5 said the
preliminary design was much easier for him to understand than the videos of other solutions. "Of course, it
relates to personal preferences. Some people like reading newspapers. Some people don't." He said, "But I think
such thing is important to provide different things for people here to spend their time. Their life is too
structured. No future, no challenges. They don't know how to spend their days and the next days."

In Step 4, the collaborative explorations could trigger the participants to explore what else the system could do
besides the very basic functions of the preliminary design. They tended to compare it with the devices that
they were familiar with such as televisions and radios. The result showed that all of them wanted to control
the volume of digital content. P1 said the canteen was too noisy to hear the videos sometimes. "/ cannot hear
it unless | sit close to the screen." She said. P2 emphasized the importance of sound due to her poor sight. She
said it was also very important when using the design in groups. " The volume needs to be loud if the group is
watching it, but it may disturb others if it is too loud." P4 also expressed her need to adjust the sound
personally. She suggested the system could connect to some personal hearing devices so that everyone could
set their own volume. P3 and P5 hoped they could control the volume with very low efforts. "I lost one leg last
year. | don't want to walk to the screen and bent over to control the sound if | can do it sitting here." P3 said.
The participants also proposed other potential functions to meet their various needs. P1 and P4 were inspired
by the remote control and thought it would be nice if they could pause the video. P1 thought the pause
function would trigger people to discuss. P4 though the pause could let her take a break if there was too much
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digital information. Besides, P1 also wanted to switch the images displayed because she was curious about all
the details. P4 asked if she could zoom in and zoom out the images. P5 suggested that partly rewind would be
useful because people would easily miss the interesting part due to their sensory impairments and unstable
environmental conditions. However, although we encouraged them to propose as many ideas as they could,
all the participants repeatedly reminded us not to add too many functions. "You must keep it simple. Just basic
functions or people here will not use it." P2 said.

What should the system be like?

In Step 2, the participants’ form-related comments were very general and similar to what P4 said: “It is
beautiful! I like it." But when we asked how they would feel if we applied these solutions in this area, their
attitudes changed. All of them held the view that the videos looked very nice, but people here do not like
things look technical here. "They look too futuristic. People may get curious, but most of them always keep a
distance from the innovations." P5 said. Most of their critical comments focused on physical interfaces. All of
them thought the devices in the videos were too complicated, including P4 who could use smart phones. P1
thought the interactive tabletops could be useful when the caregivers host activities, which could develop
their brains, but it would not be suitable to use independently. P1 and P4 reflected that the screens of smart
phones were too small to watch. Tablets were much better, but they were too heavy to hold. Comparing with
interactive tabletops and augmented reality books, the handheld scanners were easier for them to understand
because they had seen them before. However, they did not like the technical appearance. Besides, they were
not friendly to older adults. P3 and P5 said that it was difficult for many people here to keep holding devices.
Besides, P5 said he did not like the barcodes on the paper, which looks too abstract. “/ don't like it and don't
trust it." He directly said. P2 said she could speak for most residents because she has lived here for a long time.
She emphasized that people here fear unfamiliar things. They would not use or share it if it looked too
technical.

In Step 3, the animated storyboard and our simultaneous explanations provided them a general understanding
of the design. They all agreed that the canteen was the ideal location to install it because this was the most
popular space in this nursing home. P1 suggested the information should be displayed on bigger screens than
the laptop we used. P2, P3 and P4 liked the idea of distributed units because they used to share one big
display in the whole space when there were some activities. But many people could not watch or hear it very
clearly, and different people had different interests. These complaints also reflected in the early phase, which
further confirmed our design decisions. P4 also suggested that these displays could be folded under the table
when not being used. Most of their feedbacks still focused on physical interfaces. Although we asked them
about digital interfaces, most of them only wanted to watch images or videos from the display. They hoped to
keep digital information as simple as possible. When experiencing the prototype, all of the participants except
P3 had difficulties to find the marks on the newspaper when they were holding the tangible tool. But they
could quickly understand and use independently when we pointed them out. They suggested that the marks
should be clearer and more obvious. P5 said: "Maybe a different colour. Maybe a different shape." Regarding
the tangible tool, most participants were basically satisfied with its current form, especially its size and weight.
Some participants also propose their opinions for improvement. P1 said the tool looked too much like a coffee
cup, which would easily lead to residents’ confusion. Besides, the size should not be too small, otherwise
people would not notice it or feel difficult to find it. P2 hoped it could be more attractive because the current
form was too ordinary.

In Step 4, we encouraged the participants to propose specific solutions to refine the current physical and
digital form based on their requirements in previous steps. However, it seemed they had little enthusiasm on
the digital aspects. All their feedbacks still focused on keeping them as simple as possible or use their familiar
interface like televisions. P1 suggested there could be some simple instructions on the screen to guide people
to use it. Regarding the physical aspects, it also seemed difficult and stressful for them to describe their own
solutions than criticizing videos or the preliminary design. The reference objects turned out to be very helpful
to facilitate the process of the collaborative refinement of the physical interface. After trying the objects, they
selected their favourite form. As shown in Figure 3, P4 thought the tangible tool could be like a pen while the
other four participants selected stamp as an ideal shape. P4 made the choice because she was attracted by the
video in Step 2. She thought the shape was very comfortable and easy for her to use. Besides, if the system
were installed on many tables, it would be convenient to carry it to other places. However, P2 and P5 hold a
different view that there were usually normal pens on the tables, which would make people mix them up and
feel confused. P2 also expressed her concerns about security:" The pen was too small to be found on the table,
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and people will easily take it away." P3 remarked that many people could not properly use pens due to shaking
hands. P1 was satisfied with the shape and size of the stamp. She thought it was important to freely move it
around like playing chess. In addition, it was easy to draw residents’ attention because they had never seen
stamps on the tables before. P2 thought the shape of the stamp could motivate people to place the tool on
papers. P3 and P5 also liked the shape because it was effortless to pick up and drop down than other objects.
Furthermore, P1 and P5 thought the stamp looked much nicer because the most tools related to paper were
for work or study. "It is strange to use these because people here do not study or work anymore." P5 said. He
also pointed out that no residents would prefer assistive tools like the magnifier that might make them feel
stigmatized. None of the participants proposed material-related requirements unless we asked. Most of them
preferred plastic tools than wooden ones because the plastic was easier to clean if it would be used by many
people. P2 and P5 also thought using wood was too old-fashioned.

How would | use the system?

In Step 2, the participants’ interaction-related comments were very similar to each other. All of them claimed
that touching or dragging on digital screens was too complicated for them. P1 said:" My granddaughter taught
me many times, but I still cannot use it (tablet)." The tangible scanners were much easier for them to accept
and understand. The interaction with the pen-like scanner was more preferable because holding the gun-like
scanner in the air was very difficult for many older people, not to mention they needed to point the scanner at
a certain area on the paper.

In Step 3, all the participants could quickly understand the basic interaction of the system from the storyboard
animation. After quick instruction, they all could use the prototype independently although some of them
have difficulties to find the marks. They agreed that the interaction was friendly for older people because it
was effortless and required much less accuracy than the scanners in Step 2. However, when asked to develop
more interactions that could integrate the functions and forms that they proposed previously, none of them
could propose solutions by themselves.

In Step 4, given the participants’ difficulties to design interactions, we had to play a more leading role in this
part by proposing more possibilities and visualizing their ideas by sketching. We found the participants relied
on the objects in the boxes very much for inspiration and reference. As shown in Figure 3, adding big buttons
were the most common solution for the functions like "on-off", "play-pause" and "switch images". Most of
them preferred to put the buttons near the handles so that they could easily press them when holding the
tool. But P5 thought it would cause many maloperations when picking up and moving the tool around, so he
chose to put the button at the bottom. As for the linear functions such as controlling the volume and rewind,
P1 and P3 were inspired by the mouse wheel and proposed to adjust the volume by scrolling a gear embedded
in the handle. P5 also wanted to add a wheel at the side of the pedestal of the stamp to rewind the videos. P4
suggested adding a special button. People could press its two ends to turn up / down the volume. P2 was
inspired by her experience of using old radios. She thought it would be nice to rotate the handle like a knob.
Besides sketching, we also simulated the digital feedbacks with fast programming tools (VVVV in this case) and
media players to create more concrete scenarios for the participants. P5 gave up adding the rewind function
after he watched the simulated effects. "It is too sensitive. The images are always changing. | guess people
may not like this." He said.
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Figure 3: All the participants tend to refine the system through its physical features.

Discussion

Our findings demonstrated that the participants were willing and had the ability to collaborate with designers
in the refinement of interactive systems. The three perspectives were not only easy to be accepted by older
participants but also useful to be a general guidance for the designers.

Overall, this study showed the importance of the selection of the site. Robins (1999) proposed two
approaches: “Bring the designers to the workplace and bring the workers to the design room.” Although design
room has the advantage of easier access to equipment and technical experts, we believe participatory
activities with older people should take place where the system will be applied because the real-life settings
can reduce their efforts of imagination and take the environmental factors into account. Furthermore,
researchers indicated that older people were more vulnerable to their surroundings (Fowles, 2000; Carstensen
et al,, 1986), so it is important to create a free and comfortable atmosphere given their physical
inconveniences. In addition, although this study could not prove individual activities were better than group
activities, we agree with Neustaedter (2006) and Sanders’ (2010) studies indicating that individual sessions are
more appropriate to design completely new systems and work better in detailing stages. It mainly because the
refinement requires older participants’ in-depth involvement rather than collecting parallel ideas, which is
hard to be ensured through group sessions. Our prior work also revealed the problem that older people with
better health and stronger personalities would easily be dominant in conversations and influence other group
members. If it has to involve multiple participants simultaneously, we suggest involving more designers and
experts to support each participant. In addition, we found it is very important for the designers to keep paying
attention to the participants’ energy consumption. The duration of each step should be more flexible
according to participants’ different physical situations, which could also show the superiority of individual
sessions.

This study also provides detailed implications of the methods for collaborative refinement with older people.
Although the video demonstrations of existing solutions have been frequently used in the early-phase PD
activities, we believe it would easily create preconceived impressions that might constrain older participants’
creativity due to their limited understanding of novel technologies. This study demonstrated that showing
existing solutions was more appropriate in collaborative refinement with older adults. We found that the
videos were able to broaden participants’ minds and provoke their critical discussions. The key was to make
simultaneous explanations and ask open questions during the demonstrations because it was very difficult for
them to remember the details even though we prepared cards to help them recall. Besides, we learned that it
was important to control the length and number of videos. Designers should select the most representative
solutions and keep each video short. We presented 6 videos in this case, which seemed to be beyond some
participants’ ability to process the new information. They appeared to be uncomfortable when watching the
last few videos, which certainly affected their contributions in this step. From the data we collected, we found
the videos were more likely to trigger participants’ comments on the form and interaction than the function of
the systems. The reasons could be that they were unfamiliar with the technologies or the contexts, and some
functions could not be directly shown through videos even though we explained. The animated storyboard
was very useful to help the participants quickly understand the usage scenarios of the preliminary design.
However, such understanding still seemed to be very superficial. It might because the storyboard could not
fully illustrate some functions and details. It might also because sketched animations are not as easy to
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understand as live-action videos. The hands-on experience of functional prototype proved to be very effective
for the participants to fully understand the concept and facilitate them to refine the system. We could tell the
obvious differences between the participants’ facial, verbal and bodily reactions before and after they
experienced the prototype. We also found that using functional prototypes was more likely to trigger
participants’ ideas on functions. It seemed that such prototypes could effectively reduce the participants’
efforts of imagination and increase the fun of creativity. In Step 4, the participants’ major efforts were spent
on embodying their preferred functions in suitable form and interaction, which was very challenging even for
younger people. Although there was no fixed procedure, we found that all participants started with refining
physical interfaces because they thought it was the most important and familiar part. The design references
turned out to be very useful, even though we had concerns about the side effects to constrain their ideas. To
minimize the side effects, we suggested that the selected related design references should be representative
and have diverse features. As for refining digital features, the participants showed little interest and
confidence. Although sketching has long been a widely accepted technique in participatory design, we found it
was not as effective as expected when refining the digital aspects of interactive systems for older people
because it is abstract, static and non-interactive. The live-programming platform (VVVV) that we used to
simulate some digital feedbacks and effects proved to be helpful for the participants to preview the result.
Therefore, we identified the need to develop more related hardware-software toolkits for rapidly visualize
concrete, dynamic and interactive design proposals for older adults.
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Breast cancer is the most common cancer among women in the world. As China enters the
aging society, elderly breast cancer presents the characteristics of high incidence, late
detection and long treatment time. This is related to the imperfect services that elderly
women receive in the treatment and rehabilitation. Eventually, the HRQOL (health-related
quality of life) in their later years has declined. By using service design tools, the authors
conducted field research and in-depth interviews in Shanghai hospitals and developed
service strategy to improve the Health-Related Quality of Life (HRQOL) in the treatment
and rehabilitation of elderly women with breast cancer. The paper presents three design
contents: (1) smart healthcare service system; (2) improvement of service scenarios in the
hospital; (3) a life-long service that links communities, families, and individuals to
transform breast cancer into "chronic disease". In this paper, the authors also discuss the
next step and prospects.
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Introduction

Breast cancer is the most common cancer among women in the world, with an incidence of 24.2% (Bray et al.,
2018). In China, the incidence of breast cancer ranks first among female malignant neoplasms, and Shanghai
has the highest incidence of breast cancer among all cities (Huang et al., 2012). Elderly women with breast
cancer in the survival period, due to the decline of physical function brought by the loss of health, often
accompanied by the decline of physiological, emotional, social functions (Hu & Huang, 2008). They need to
bear huge pressure from family and society.

As China enters the aging society, elderly breast cancer presents the characteristics of high incidence and late
detection and long treatment time. According to relevant predictions, the number of elderly people in China
will reach 270 million in 2023 (Qiu, Tian, Zheng, Cheng & Qin, 2015). Studies have shown that women aged 60
to 79 are 13 times more likely to have breast cancer than women under 39 (Wu, 2013). With the increase in
the elderly population, there will be more and more elderly breast cancer patients.

Developed countries, such as the United States and the United Kingdom have developed smart medical care,
involving electronic medical records, doctor-patient communication, personalization, and continuous medical
care (Qiu et al., 2015). Shanghai, as a representative city of medical treatment in China, has formulated a

@@@ This work is licensed under a Creative Commons Attribution-NonCommercial-
Share Alike 4.0 International License.

https://creativecommons.org/licenses/by-nc-sa/4.0/



http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/

blueprint for smart medical care covering medical security, public health, medical services and drug security
(Gong, Sun, Lin & Gu, 2013).

The specificity of pathology of elderly women with breast cancer in Shanghai

In Shanghai, the elderly breast cancer presents the characteristics of high incidence, late detection, long
treatment time and low survival rate.

Firstly, the elderly breast cancer presents the characteristics of high incidence and late detection. Elderly
women have poor alertness to their own physical conditions, and do not have a strong sense of health
examination (Wei, Qin, Yu, Tang & Pan, 2007). Many elderly people do not go to the doctor until they have
serious physical symptoms, which leads to the late detection of elderly breast cancer patients. By analysing 99
elderly patients with breast cancer, Cai found that the average disease duration of elderly breast cancer
patients before treatment was 2 years, and the clinical stage was mostly staged Il and Il (77.9%) (Cai, Shao,
Gao & Hu, 2000).

Secondly, elderly women with breast cancer have longer treatment time than young patients. Many elderly
women discover breast cancer in the late period which leads to their long treatment time. According to the
statistics, 45% of elderly patients with breast cancer have a course of more than 6 months (Wei et al., 2007).

Furthermore, the rehabilitation of breast cancer in elderly women is difficult. Elderly breast cancer patients
often coexist with chronic diseases such as cardiovascular disease, diabetes, chronic lung disease,
hypertension, and cerebral infarction. The data of Qiu showed that the overall 10-year survival rate of elderly
patients is 40.8%, lower than 50.8% of young patients (Qiu, Wu & Guo, 2019). Therefore, it is necessary to take
into account the treatment of these comorbidities in the treatment of breast cancer, otherwise, it will affect
the quality of life of patients.

Elderly women who live in first-tier cities, such as Shanghai, tend to have strong negative psychology and
uncertainty about the disease at the psychological level. A psychological study of 58 elderly cancer patients
found that the depression rate of elderly patients was 32.76%, much higher than that of young patients (Diao,
Niu & Li, 2002). This is because the social role of the elderly has undergone a huge transformation, from the
"caregiver" to "people who need to be cared for", which leads to a stronger sense of loneliness and
dependence. Especially after suffering from cancer, elderly patients hope to get more intimate and lasting
interpersonal relationships (Li, Shi, Shen & Shen, 2015). By analysing the data of 348 elderly women with
breast cancer in the literature of the paper, the research team found that the scores were low in physiological
status, social and family status, emotional status and additional attention (Li, Sun & Yan, 2015; Fang et al.,
2010).

Service design for treatment and rehabilitation of breast cancer

Service design has been introduced into the medical and health fields in recent years. Mayo Clinic has achieved
great success with the use of HealthKit service to share health data among patients, healthcare workers and
medical institutions. Design schools and companies already have done some service research and service
design on improving the treatment and rehabilitation of the elderly. They help breast cancer patients with
treatment and rehabilitation from four aspects: (1) cognitive education, (2) patient care, (3) community
support, (4) smart health care.

Service design in cognitive education

In 2013, the project “Staying the Course” from the Royal College of Art (RCA) aims to help breast cancer
patients to take medication at home. The study revealed that education is the most important factor affecting
compliance, also that smartphone technology is useful in people's lifestyle and routines. They found that most
patients learn about their medications only in one initial session with the cancer care nurse. This session
covers the different drugs, when and how they need to be taken, as well as the side effects that may be
experienced. The patients need to remember a lot of things which make them feel stressed and worried. The
main research output is a smartphone app, developed to support patients during the education session with
the nurse. This provides relevant information about their specific treatment, and patients can review the
different elements of their treatment that are confusing or unclear (Riadigos, 2013).
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Service design in patient care

National Breast Cancer Foundation (NBCF) develop HOPE Kits which are filled with thoughtful items:
unscented lotion, fuzzy socks, tea, “Hope is Stronger than Fear” bracelet, hope journal, lip balm, education
resources, etc. The patients would feel comforting and encouraging while undergoing breast cancer treatment
after they receive this kit. Because NBCF is a public welfare organization, it offers five ways to get involved: (1)
donate, sponsor a Hope kit for a woman with breast cancer; (2) send, send a HOPE Kit to a loved one facing
breast cancer; (3) volunteer, pack or prepare contents for HOPE Kits; (4) fundraise, raise funds and deliver
HOPE Kits locally; (5) partner, support HOPE Kits through gift-in-kind and sponsorship.

Figure 1: HOPE Kit (Source: National Breast Cancer Foundation website)

Service design in community support

In 2018, North-eastern Illinois University presents a mobile application named My Guide to improve symptom
burden and health-related quality of life among Hispanic women who have completed active treatment for
breast cancer by increasing their health literacy (lacobelli et al., 2018). They developed a community-
supported approach to building the application, which involved eliciting feedback from community leaders,
conducting a formal evaluation of design principles based on previous interaction design research and user
responses and incorporating feedback from potential future users.
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Figure 2: My Guide (Source: lacobelli et al., 2018)

In China, the application “Breast Cancer Home” has three main functions: the circle of patients, the
establishment of a communication platform for breast cancer patients; anti-cancer knowledge, pushing the
authority of anti-cancer knowledge; similar medical records, finding similar patients, and viewing the relevant
treatment programs.
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Figure 3: The interface of application ‘Breast Cancer Home’ (Source: the application “Breast Cancer Home”)

1. Service design in smart health care

Mayo Clinic Application has revolutionized the relationship between health applications and users in the past.
In the past, the data provided by health applications were isolated and one-sided, so users could not get a
comprehensive understanding of their health status. By using the research results of Mayo Clinic in patient
education for many years, and using the application software of Healthkit, it provided patients with
customized health management programs. In the hospital treatment scenario, each department will make the
consultation seamless by the way of intelligent collaboration. In the course of breast cancer treatment, Mayo
Clinic doctors will coordinate with the local doctors in the patient's location, invite local doctors to provide
chemotherapy and other medication to save patient time.

Figure 4: Mayo Clinic (Source: Mayo Clinic website)

In China, there are some cases of smart medical care, such as the wisdom hospital of Beijing University
People's Hospital, the Shaoyifu Hospital of Zhejiang University, etc. The smart medical care mainly focuses on
the internal management of the hospital and the electronification of the patient's medical treatment process.

All of these designs show that service design plays an important role in improving the treatment, rehabilitation
and quality of life of the patients. In addition, a large number of studies have shown that the health-related
quality of life of breast cancer patients can be improved through patient care psychological intervention and
community support (Zhang & Tong, 2008; Peng, 2016).

Research purpose

Existing researches have proven that service design can improve the physical and psychological discomfort of
elderly patients during treatment and rehabilitation. Therefore, in this research, the research team hopes to
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combine the new technology and social trends through service design to enhance the health-related quality of
life of elderly breast cancer patients in Shanghai during treatment and rehabilitation.

Design Process and Methodology

In 2018, the research team conducted field research on three hospitals and serval neighbouring residential
communities in Shanghai. And then the research team conducted in-depth interviews and did records with 17
people from Shanghai, including 6 elderly women with breast cancer, 7 family members, and 4 breast
surgeons.

Service design allows us to not only focus on the data, but also through in-depth interviews, insights, role-
playing, and the establishment of empathy and other service design methods to understand the real needs
and perspectives of patients. As Wendy Perchick from ZGF company said:

Patients have the power of choice—they own this facility and design their own experience. A patient
told me that he felt the healing intensified here because he felt so relaxed. (Perchick, 2018)

Research standard based on HRQOL system

In this study, the research team adopted the standard system of Health-Related Quality of Life. Health-Related
Quality of Life (HRQOL) refers to the assessment of health status and subjective satisfaction associated with
personal life events under the influence of illness, accidental injury and medical intervention. Centers for
Disease Control and Prevention defines HRQOL as:

Health-related quality of life (HRQOL) is a multi-dimensional concept that includes domains related to
physical, mental, emotional, and social functioning. It goes beyond direct measures of population
health, life expectancy, and causes of death, and focuses on the impact health status has on quality of
life. A related concept of HRQOL is well-being, which assesses the positive aspects of a person’s life,
such as positive emotions and life satisfaction. (Centers for Disease Control and Prevention)

HRQOL is an important refinement that plays to the needs of elderly people. Medical workers have generally
accepted the view that "for cancer patients, survival or disease-free survival is an important evaluation index,
and health-related quality of life is the basis". The evaluation of the health-related quality of life of cancer
patients has become one of the endpoints of cancer clinical research (Zheng et al., 2007).

Through the analysis and refinement of HRQOL, we can conduct research and insight into service design from
a medical point of view, and also provide direction for subsequent service output. Patients of different cultures
and values have different experiences of their life goals, expectations and standards, and the state of life-
related to the things they care about, including physical function, mental function, role function, social
function, and overall feeling of health.

Health-Related Guality of Life (HRQOL)
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Figure 5: Health-related quality of life (Source: authors)
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1. Physical function refers to individual activity and physical strength. It mainly includes physical activity,
self-care ability, and physical strength.

2. Psychological function mainly refers to emotional reactions (anxiety, depression, stress, etc.) and

cognitive function (attention, memory, thinking ability, etc.). Both disease and environmental factors

can bring psychological changes to patients.

Role function refers to the effect of disease on the work or study or housework of the patient.

4. Social function refers to the quality and quantity of an individual's social network, such as the
frequency of contact with family, friends and other intimate relationship.

5. The overall feeling of health status is self-evaluation by the patient's satisfaction with his or her health
status, reflecting the patient's subjective feelings about his or her life.

w

Under the systematic standard of HRQOL, the research team members developed the research strategy:
Through the observation and tracking of the behaviors of elderly breast cancer patients in different scenes to
find their behaviors and processes. Afterwards, conducting in-depth interviews and guide narration with
stakeholders such as elderly breast cancer patients, family members and medical staff to help them recall the
problems (physical, psychological, social, role and overall feelings) in the process of treatment and
rehabilitation. In this way, we can find insights about their explicit and implicit needs, and then determine the
service design directions to improve patients' health-related life quality, and the touchpoints to improve
patients' emotional experience, so as to provide a basis for the proposal of later service strategies.

Service

PRI Behavior : Insight Directions & Opportunities

Methods
Vethod

Fleld Observation In-depth Interview

& &
Shadowing Guiding Narrative

Figure 6 : Research strategy (Source: authors)

Field observation

According to the treatment and rehabilitation process of elderly patients, the research team divided the scene
into three parts: medical service scenario in hospital, family care scenario, community mutual assistance
scenario.

In 2018, the research team conducted field research on three hospitals and serval neighbouring residential
communities in Shanghai. The research team members observed the three service scenarios and took pictures
of relevant service scenarios. Then we corresponded the service scenarios photos with user behaviour and
conducted in-depth interviews and follow-up observations with stakeholders (elderly breast cancer patients,
family members, doctors, and nurses).

Medical service scenario in hospital:

The hospital's treatment scenario is the most important scenario for patient treatment. In the investigation of
hospitals in Shanghai, the research team divided the hospital treatment scene into three parts: hospitalization,
surgery and daytime chemotherapy.
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Figure 7: Medical service scenario in hospital (Source: photos taken by authors)

After diagnosis, according to different levels of cancer, elderly patients need to undergo hospitalization,
chemotherapy and surgery. Through field observation, the research team found that the phenomena in the
hospitalization scenario: (1) The accompanying staff were mostly children or husbands, but they rarely chatted
with each other, (2) The patient's activities were limited to walking in the corridor, rarely going downstairs, (3)
It’s difficult for patients to go to the bathroom when they were infused, and they need help from others, (4)
The wards were two-person or three-person rooms, sometimes patients would be disturbed by others (lights,
sounds), (5) Chemotherapy led to hair loss, loss of appetite, vomiting, sweating and other physical discomfort.

After the condition is stable, the patient would start daytime chemotherapy. In the service scenario of daytime
chemotherapy, the research team found that: (1) The patient need to wait for 1-2 hours before infusion. The
waiting time was long. (2) It took one day for patients to do daytime chemotherapy, but because of the
limitation of hospital space, they can only sit. (3) It’s inconvenient for patients to check infusion progress.

Family care scenario:

In the nursing environment of the family, the degree of tension of the patient is low, and the mood tends to be
gentle. Home nursing has an important influence on follow-up treatment, rehabilitation exercise and
psychological recovery. The current phenomena were as follows :(1) the rehabilitation exercises were
monotone and hard to insist on; (2) the elderly patients were retired people, who often stay at home and
seldom communicate with others.

Community mutual assistance scenario:

At present, community mutual assistance is mainly divided into online community mutual assistance and
offline real community mutual assistance. By investigating online communities (breast cancer homes, breast
cancer control, and health-loving businesses), the research team found that few elderly women are active on
online communication platforms.

Regarding the offline real community mutual assistance, the research team investigated the hospital-based
patient support community. The members of the platform are breast cancer patients who have been treated
in Shanghai hospital and volunteers from all walks of life. The platform regularly organizes activities and
lectures to help doctors and patients, patients and patients communicate with each other. It is a targeted and
efficient mutual help platform. The phenomena in this scene were: (1) the patient was willing to communicate
with people who have the same condition and the same feelings. (2) Compared with the hospital scene, the
offline community scene was warmer and the patient was more relaxed.

Figure 8: Offline community mutual assistance scenario (Source: Yankang organization)
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In-depth interviews

The research team conducted in-depth interviews and did records with 17 people from Shanghai, including 6
breast cancer patients, 7 family members, and 4 breast surgeons. We summarized the problems of HRQOL,
interviewed elderly women patients, family members and doctors, and displayed pictures in detail to arouse
their memory in the course of treatment and rehabilitation.

Elderly breast cancer patients: In terms of treatment, many patients said that they would consider choosing a
hospital close to the community for treatment. The main reason was that it was convenient to arrive, but
there was also the fear that “the big hospital was better than the community hospital”. During the treatment,
the problems were mainly due to the lack of understanding of related technical terms and strong physical
response during chemotherapy.

On the psychological side, most of the elderly had shown an optimistic attitude and actively cooperate with
the treatment, but sometimes they still felt sad and anxious. Ms. Hu (62-year-old) said: " On the day before the
operation, | told the patient who next to me, ‘After taking the shower today, | will not be complete tomorrow.’
| cried in the toilet for a long time that night."

When it comes to the problems of rehabilitation at home, many elderly people said that it was difficult to
perform rehabilitation training at home, which caused arm edema. Most elderly patients expressed their
willingness to chat and engage in activities with people who were similar to themselves. They thought that
"they had the same illness, they felt the same way, and | was willing to listen to them."

Family members: In the care of the treatment, most of the family members said that the feeling of
accompanying the night was poor, mainly due to the limited space of the hospital and the need to check the
patient's situation at any time. At the stage of home rehabilitation, many family members said that sometimes
they would be too nervous about the physical condition of the patients, and some families became full-time
"free carer" because of their restlessness.

Breast doctors: In terms of treatment, doctors said that some patients or their families would frequently ask
them about the patients’ situation because of fear, causing trouble in their normal work. Doctors also said that
they were very willing to care about the patient's physical condition and would do their best to help patients.
About the rehabilitation, one doctor said that the patient would be told to do rehabilitation exercise every
day, but due to the limited space, they cannot be carried out in the hospital.

Figure 9: In-depth interviews & guiding narrative & journey map (Source: photos taken by authors)

Journey map and stakeholder map

Through field observation, in-depth interviews and analysis, the research team came up with journey map and
stakeholder map to clarify the impact at each stage in the service.

The journey map mainly describes three aspects: (1) the behaviours of elderly breast cancer patients during
treatment (2) the corresponding scenes (3) mood curve.
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Figure 10: Journey map — Treatment of elderly patients with breast cancer in hospital in Shanghai (Source: authors)

The stakeholder map primarily illustrates existing and potential relationships of elderly breast cancer patients.
The different distances on this map represent different relationships among them. The bigger the distance
between them, the smaller the relationship, the smaller the distance, the bigger the relationship.
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Figure 11: Stakeholder map (Source: authors)
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Insight

The main reasons for the decline in HRQOL in breast cancer patients during treatment and rehabilitation are as
follows:

Physical function:

1. After the operation, the ability of self-care and activity is limited.

1. Patients need to endure cancer pain and chemotherapy radiotherapy. There will be physical
discomfort such as vomiting, hair loss, constipation, sweating, numbness or stinging of hands and
feet, skin changes, nausea, loss of appetite, tightness or difficulty breathing.

2. Elderly patients often have complications such as diabetes and high blood pressure.

Role function and social function:

1. Physical discomforts and some complications make elderly patients cannot carry out the normal living
and social activities. These problems affect the role and social function of patients to a certain extent.

3. The ability of knowledge acceptance, understanding, and learning of elderly patients is weaker than
that of young people. They may not understand the efficacy of drugs and the rehabilitation manual.

4. Nurses in hospitals often neglect the needs of patients' spouses for disease knowledge and
rehabilitation knowledge. Patients’ spouses sometimes don’t know how to communicate with
patients.

5. Most breast cancer patients without special complications will choose to go home for rehabilitation. It
takes half a year or more time for patients to recover. Patients and their families are plagued by
“adaptation” and “care”.

Psychological function:

1. Elderly patients are more traditional in ideology, but they have to bear the tremendous pressure
brought by physical changes, which cause them to have negative emotions such as anxiety,
depression, pessimism, and inferiority.

6. Social roles changing make elderly patients more dependent on their families, which brings loneliness
and frustration to the patients.

Through the collation and analysis, the research team got the corresponding direction of service design. In the
physical function part, because mainly problems are caused by medical problems such as surgery, service
design is difficult to directly intervene. As to role function, social function and psychological function, elderly
women cannot live and socialize normally because of physical pain or change. They need to bear great
psychological pressure. Service design can create a high-quality living environment for elderly women with
breast cancer by introducing products, interaction, experience and other design.

Treotment and rebabilkation of elderly patients with breast cancer - Insight
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Figure 12: Insight — Problems in elderly women with breast cancer’s HRQOL in Shanghai (Source: authors)

Findings and Discussion
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Through literature collation and analysis, research and co-creation, the research team carry out service design
in the following aspects to help elderly women with breast cancer improve health-related quality of life.

Internet +

At present, the number of elderly Internet users in China has reached as high as 8.28 million, accounting for
20% of the elderly population (Tencent, 2018). That means, one in five elderly people use mobile phones to
access the Internet. In the past five years, the speed of Internet access for the elderly is 1.6 times faster than
the overall speed of mobile Internet popularization. The elderly people are embracing mobile Internet life with
smart phones. Breast cancer treatment and rehabilitation is a long-term, dynamic and professional practice
process. There are many nursing problems and needs of patients, including post-operative rehabilitation,
symptoms management during chemotherapy. It is urgent to have long-term and timely guidance from
professionals. Mobile medicine, which has sprung up in recent years, is the best way to meet this need.

In December 2013, American authors Jacqueline Lorene Bender jointly evaluated 295 mobile phone apps for
cancer. The study found that most apps are about raising awareness of cancer (32% of the total number of
apps), followed by information about cancer education (26%), and some apps to raise money (Bender, Yue, To,
Deacken & Jadad, 2013). In the Internet + breast cancer related applications, the application of mobile
intervention technology in the field of breast cancer care penetrates from the disease prevention stage to the
disease rehabilitation stage. Comprehensive analysis of mobile applications, websites and WeChat public
accounts at home and abroad found that their functions and characteristics are mainly distributed in four
aspects: patient self-management, online consultation, patient community, and medical information.

Smart health care for hospital service scenarios

As the core component of traditional health care service industry, all kinds of institutions providing
professional health care services (medical groups, large general hospitals, specialized hospitals, community
hospitals, physical examination centres, etc.) are also using their own high-quality resources combined with
Internet +.

Elderly women with breast cancer have strong needs in the treatment and rehabilitation of diseases and
psychological state. The Mobile Medical Ecosystem Model designed by Meng fully mobilizes the enthusiasm of
all stakeholders and realizes the transformation from doctor-led situational service to patient-centred
continuous service (Meng, Hu, Qu & Li, 2013). This ecosystem emphasizes the interaction of various
stakeholders, including the environment, individual attributes and social relations, cultural level, technology
and medical resources that affect individual health. Through this ecosystem, patients can better manage their
own health and make better decisions when diseases occur, thereby improving the health-related quality of
life.

Family and community care

At present, there are 130,000 cancer patients in Shanghai. About 100,000 of them have returned to their
families and lived in communities after completing clinical treatment and stabilizing their condition (Zheng et
al., 2007). Cancer, unlike other diseases, is closely related to pain and death. Psychological problems of many
patients may replace physiological problems and become the main problems faced by patients themselves,
their families and community doctors.

In order to improve the curative effect and quality of life of elderly female breast cancer patients in their later
years, it is necessary not only for the hospital to put forward a more individual diagnosis and treatment plan,
but also for the cooperation of family, society and the overall environment. Through service design to build a
life-long service system, focus on the whole life cycle, through community hospitals as the centre of health
care services, to make it become chronic diseases.

The home care services should consist of three elements: (1) Homecare plan, (2) Patient homework execution
form, (3) Returning visit and telephone consultation.

1. Homecare plan: After treatment, the smart platform will automatically generate evaluation results
and suggestions. The analysis table of breast cancer patient evaluation and management was
generated through the smart system platform, and the home care plan was developed by the medical
staff and community nurses.
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7. Patient homework execution form: The community nurses guide the patient to carry on the family
rehabilitation training, so the patient can get better home rehabilitation with the help of family and
community nurses.

8. Returning visit and telephone consultation: After every returning visit and telephone consultation, the
community nurse fills in the relevant information of the questionnaire and summarize the assessment
results. Then, feedback the information to the medical staff in time.

Community nurses provide one-to-one health education for breast cancer patients through information
management of chronic diseases and home care services and record the health indicators of breast cancer
patients into health records. Individualized rehabilitation training programs and health intervention programs
were generated through information-based chronic disease management platform, which gave the feedback
to breast cancer patients for the new plan.

A life-long service system for elderly women with breast cancer

In the life-long service system for elderly breast cancer patients, the researchers corresponded the functions
of HRQOL to the main stakeholders: The elderly breast cancer patients are located in the centre, including
their physical and psychological characteristics; the second level is the interpersonal relationship, including
family members, friends and social workers who communicate with elderly breast cancer patients; the third
level is organizational factors, including hospitals and professional organizations related to the diagnosis and
treatment process of elderly breast cancer patients; the fourth level is community, representing the small size
of elderly breast cancer patients. The scope of the environment, including community support agencies,
community media and so on; the fifth level is related to elderly breast cancer policies and laws, including
breast cancer screening policies.

With the cooperation of stakeholders (elderly breast cancer patients, patients' families, community personnel,
attending physicians, nurses), under the new situation of family-hospital-community and smart healthcare, we
design a system map to enhance patients’ HRQOL by collecting data, cooperating with hospital and
community. The details of a life-long service design system are as follows:

1. By creating a warm treatment environment to reduce the psychological pressure of patients during
treatment.

2. Creating nursing services through Family, hospital and community linkage care to help patients with
daily activities when they suffer from surgical wounds or pain. At the same time, enrich patients'
social activities and establish certain social connections for patients.

3. By helping patients rebuild breast and other female characteristics to help patients improve self-
identity, reduce psychological burden.

4. Through cognitive education, patients' awareness of the disease can be improved, and their panic
caused by not understanding the disease can be alleviated. At the same time, it can also lay a
foundation for the follow-up treatment of patients.

5. Reduce the psychological stress of patients by establishing contact with psychological experts.

6. Enhance patients' confidence in treatment and rehabilitation through mutual assistance and
encouragement.

7. Enhance the patient's understanding of their situation through body data tracking.
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Figure 13: A life-long service system for elderly women with breast cancer (Source: authors)

Based on this service system and co-creation with stakeholders, the research team carried out the first step of
touchpoints design. The research team created an emotional medical service scenario in a hospital in
Shanghai, including wayfinding system for patient and family, corridors for families and patients to rest during
treatment, and rest areas are designed to make doctors and patients communicate better.

Figure 14: Emotional medical service scenario in a hospital in Shanghai (Source: authors)

Conclusions and Suggestions

This paper reviews the literature on the decline of HRQOL (health-related quality of life) in elderly patients
with breast cancer during treatment and rehabilitation. Through field observation, user tracking, in-depth
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interviews and co-creation, the research team summarized the treatment needs, information needs and
emotional needs that can improve patients' physical functions, social functions, role functions, psychological
functions and overall feelings during treatment and rehabilitation. Patients, medical staff and designers discuss
the details of the service experience and draw the following conclusions:

Under the system standard of HRQOL, the research team developed the research strategy to study the special
needs of elderly breast cancer patients. Through behavioural tracking, guiding narrative and other service
design research methods, the research team found the physiological needs, role needs, social needs and
psychological needs of elderly female breast cancer patients.
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Figure 15: The existing model for elderly breast cancer patients’ treatment and rehabilitation (Source: authors)

Based on the research, the authors build a life-long service system and design emotional hospital service
scenarios to improve the health-related quality of life in the treatment and rehabilitation of elderly women
with breast cancer in Shanghai:

1. Families, nurses, doctors and community workers cooperate with each other to help patients when
they are unable to live a normal life.

2. By communicating with patients, family members and professionals, patients can enhance their
enthusiasm and alleviate psychological pressure.

3.  Community staff and nurses plan and guide patients' home-based rehabilitation, help patients
correctly carry out rehabilitation training and follow-up treatment, reduce the possibility of
complications caused by diseases, and make patients return to normal life faster.

4. Real-time interaction and connection with hospitals (doctors, nurses) and smart city medical services
through data tracking of products such as smart wear can play the role of monitoring and treatment
to the greatest extent, and enhance patients' sense of security and control of their own body.

5. Community is an important field of patients' daily life, and also a service place to learn scientific
treatment concepts and correct treatment methods. It provides a platform for patients to learn and
communicate daily.
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Figure 16: A life-long service system for elderly women with breast cancer (Source: authors)

The development of Internet technology, artificial intelligence and big data provides a technical foundation for
building a life-long service. In the treatment and rehabilitation of breast cancer, surgery and chemotherapy are
still the most important treatment methods. In the next step, the treatment and rehabilitation of elderly
breast cancer patients need the joint efforts of multiple stakeholders (family members, nurses, attending
physician, community workers), multiple departments (social insurance and government), and multiple
services (social network communication and smart healthcare) in order to achieve good results and ensure the
quality of life after treatment.
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Amidst today’s ever-expanding waistlines there is a clear need to investigate technology’s
potential to support behavior change and stimulate increased physical activity. Physical
activity has also been shown to increase the independence and well-being of older adults,
yet an important segment of this community is often excluded from the necessary in-
context research due to the barriers they face to technology acceptance. Currently, there
is limited knowledge on how to overcome these barriers to participation. We created a
specific Product Service System that supports older adults to engage with the proposed
technological interventions to enable important in-context behavior change research. Our
approach converges knowledge from the domains of living laboratories, co-design, and
existing experience of design research with older adults. From our experiences with this
Product Service System, we provide guidelines to support other researchers setting-up a
living laboratory study with older adults to explore technology’s potential to motivate
behavior change.

Keywords Older adults, Behavior change, Living labs, technology acceptance, Physical activity

Introduction

The benefits of physical activity are well recognized. According to Bauman et al. (2016), physical activity can
not only reduce the risk of chronic disease among older adults but also reverse symptoms of frailty, by, e.g.,
making physical activity instrumental to fall prevention (Bangsbo et al., 2019; Bauman, Merom, Bull, Buchner,
& Singh, 2016; Chodzko-Zajko, Schwingel, & Park, 2009; Lopez et al., 2018). Most importantly, physical activity
supports older adult's independence and overall quality of life.

The domain of behavior change (BC) focuses on understanding and facilitating the process of changing habits;
from current behavior patterns to the adoption of new target behaviors. Personalized BC strategies can be
implemented to spark, facilitate or support the process of adopting new habits. Technologies, such as
wearable activity trackers and smart phones, have the potential to offer personalized BC solutions to motivate
sedentary people to live more actively (Al Ayubi, Parmanto, Branch, & Ding, 2014; Mitzner et al., 2010;
Valenzuela et al., 2018). Research into BC strategies can support a better understanding of how we can take
advantage of these new technologies to motivate older adults who could benefit from increased physical
activity to adopt a more active lifestyle. However, BC is a dynamic process which is susceptible to changes in
time and place or context and thus challenging to investigate without an appropriate approach. Living
Laboratories (labs) are valuable methods for in-context research and vital to investigate BC strategies
(Eriksson, Niitamo, Oyj, & Kulkki, 2005; Wu, 2018).
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Though it is clear that older adults have much to gain from the development of technologies which motivate
BC towards a more active lifestyle, there is an important sub-group of older adults who are barred from
participating in the necessary in-context research due to their relatively low level of technology acceptance
(Anderson, Perrin, Smith, & Page, 2017; EuroStat, 2019). It is important to enable this group of people to
participate in the development of personalized BC solutions not only because they offer a unique perspective
but also be because excluding them from development of these solutions will likely also exclude them from
the benefit of these solutions and missing out on the support they need to attain more active, healthy,
independent and happy lives. Therefore, researchers should be aware of specific considerations to involve
older adults in the living lab research process (Eisma et al., 2004), necessary to investigate how to use BC
strategies to support active living.

Initially, our aim was to conduct an in-context investigation, using mobile technologies to compare the
effectiveness of two different BC strategies. Though this initial plan yielded interesting results, we found that
the setup and execution of this research resulted in insights which would be useful to share with members of
the community interested in conducting similar investigations.

In this paper, we report on our study design, setup and execution in order to share how we were able to
address barriers to technology acceptance and facilitate an inclusive study to compare BC strategies. To this
end, we will present some guidelines to set up a platform to design BC studies for older adults in a living lab
context. With knowledge gathered on this topic from various areas of literature, we tailored an existing
Product Service System (PSS) to enable BC research in a living lab context with older adult participants. This
PSS was implemented to do a research study comparing motivational strategies. A reflection on our
implementation of this PSS suggested that a PSS approach to a living lab research study design has potential to
overcome the barriers preventing older adults from participating in such researches. The purpose of this paper
is to share our reflections on our process to provide inspiration to other practitioners who aim to conduct
related studies.

Related Work

To best position our contribution in this paper, we will discuss certain areas of related work pertaining to the
advantages of using a living lab research method for behavior change research, technology acceptance as a
barrier many older adults face to participate in these living lab studies and a review of the guidelines other
authors suggest to address for this topic.

Research toward the development of behavior change solutions

Behavior change (BC) is a dynamic process describing the adoption of new habits and routines sometimes in
the place of old ones. Due to the dynamic nature of this process it is important to conduct research about BC
in the context of use of the intervention. Often the behaviors in question cannot be simulated in a lab
environment and nor could the complex web of naturally occurring facilitators and barriers to adoption of the
new behaviors. Thus, in-context BC research into how to motivate older adults to live healthy and active lives
has become increasingly important, however there are few examples of this kind. Authors Wu Munteanu,
2018, write about a study they did in which they co-created and then field tested a fall risk assessment belt
with older adults (Wu & Munteanu, 2018). However, they report that their five study participants were chosen
on convenience and likely do not represent a good cross-section of the very diverse older adult population as
all of them had either high or medium familiarity with mobile devices (Wu & Munteanu, 2018). The use of a
living lab in BC research is accepted as a valuable method for the necessary in-context research. The advantage
to living lab investigations is that living labs can offer a more realistic view of how an intervention will be used
(and possibly misused) in the user’s regular day to day context (Hopfgartner et al., 2014). In “Benchmarking
News Recommendations in a Living Lab” author Hopfgartner et al. found living lab studies and studies
conducted in a laboratory setting had different outcomes. This paper supports the view that living labs can
offer a more realistic view of how an intervention will be used in the user’s regular day-to-day context. In
Hopfgartner’s discussion speaks to the “various issues” that need to be addressed in order to do living lab
research (Hopfgartner, et al., 2014). The limited examples of studies which do follow up co-design of new
technologies with implementation and field testing, might not address but rather avoid barriers like lack of
technology acceptance among older adult participants.
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Barriers to research engagement

The increased availability of smart phones and wearable activity trackers pose intriguing new opportunities for
personal health monitoring. In a systematic review of 26 articles about the viability of smartphone use for
measuring and influencing physical activity, Bort-Roig et al. found that though these articles reported generally
positive accuracy measurements, novel diversity and users’ impression of usability, illustrate the potential
wearable technologies have to promote physical activity (Bort-Roig, Gilson, Puig-Ribera, Contreras, & Trost,
2014). Vollmerdahlke and Ory report that mobile applications have already been used for a variety of kinds of
health promotion goals including increasing physical activity, to show that mobile technology for health
promotion has the potential to be embraced by older adults, however the authors express the need for a
better understanding of usability, accessibility, perceived benefit, and relevance to the older adult individuals
specific socio-demographics (Vollmer Dahlke & Ory, 2016). Though, mobile health applications already show
potential to support healthy and active ageing, more research is required to adapt these developing
technologies to make them appropriate to address the needs of older adults (Helbostad et al., 2017). It is clear
that mobile technology’s propensity to support BC toward increased physical activity is worth investigating.
Moreover, in order to take full advantage of this potential more research needs to be conducted into how we
can develop technological solutions, which address the older adult end user in valuable ways.

Despite the clear potential technology offers, there are still barriers to technology acceptance to address. The
older adult population is comprised of highly diverse individuals, but there are some important factors that
present barriers to a subgroup of older adults preventing them from engaging in design research, which should
not go unnoticed nor unaddressed. In particular, the barriers to technology acceptance many older adults
experience, present barriers to research engagement (K. Chen & Chan, 2011; Mitzner et al., 2010; Valenzuela
et al., 2018). While 93% of Europeans aged 25 to 54 reported having used the internet in the last three
months, for people aged 55 to 64 this was 73% and for people aged 65 to 74 this percentage was even lower;
52% (EuroStat, 2018). Besides a lack of experience with technologies many new technologies do not
adequately consider the mental and physical challenges some older adults may face when using this
technology, such as decreased dexterity or lack of procedural knowledge (Holzinger, Searle, & Nischelwitzer,
2007; Vollmer Dahlke & Ory, 2016). It can be challenging to engage older adults who have limited experience
with digital devices to join research studies centered around exploring technology’s potential (Eisma et al.,
2004; Kope¢, Nielek, & Wierzbicki, 2018). Though co-designing technological interventions, and in context
testing, can support technology acceptance among older adults, barriers exist preventing researchers from
taking advantage of these valuable research methods (Binda, Wang, & Carroll, 2018; Eisma et al., 2004;
Harrington, Wilcox, Rogers, & Connelly, 2018; Holroyd-leduc et al., 2016).

It is vital to overcome the barriers to technology acceptance in order to make research of technologies to
support BC more inclusive, because exclusion from development results in exclusion from these projected
benefits. The important challenge which needs to be addressed is; how can we enable older adults with low
technology acceptance to engage in research about technologies potential to support BC?

Review of existing guidelines

Experienced authors have already contributed to the body of knowledge of how to set up design research with
older adults. Holroyd-Leduc, et al. reported on six points to consider when designing a research study to
include older adults with frailty (Holroyd-leduc et al., 2016) while Eisma et al. 2004, provided a more extensive
list of recommendations including advice on different methods to obtain information (Eisma et al., 2004).
Though it was not our purpose to conduct a literary review, below we share guidelines from some other
authors who’s work and recommendations inspired our research setup for this investigation.

List of guidelines, which inspired our approach:

e Researchers should be in practical arrangements, adaptable during workshops in accordance with
user needs and open to new ways to perceive, define and think about ageing (Binda et al., 2018;
Holroyd-Leduc et al., 2016; Malmborg, Werner, Gronvall, Messeter, & Raben, 2015)

e Researcher should consider the participants specific needs including, but not limited to, impaired
visibility (Binda et al., 2018; Holroyd-Leduc et al., 2016)
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e Take the time to facilitate use of technology in context, to understand and respect every day
practices, which ad hoc infrastructures constitute a community and what tools can be used in the
co-design sessions (Harrington et al., 2018; Malmborg et al., 2015)

e Consider education or training of care providers and researchers on engagement practices
(Holroyd-leduc et al., 2016)

e Leverage experience with technology even if gained prior to study (Harrington et al., 2018)
e There may be a need to incentivize participation (Holroyd-leduc et al., 2016)

e Actively engage the older adult participants by breaking the ice, playing games, doing workshops,
and find ways to facilitate participants to actively engage with each other (Binda et al., 2018;
Harrington et al., 2018)

This body of knowledge describes how to interact with participants and stakeholders during the test, yet
provides little clarity on how to design the setup of in-context study of technology intervention toward BC.

In this paper, we describe how we facilitated in-context research to enable older adults with limited
technology acceptance overcome barriers to research participation. The purpose of sharing our experiences is
to enter the conversation on how to design meaningful products and services which motivate the increased
physical activity, with and for older adults.

Initial Study Setup: In-context research to compare BC strategies

In the REACH Horizon 2020 project case, we aimed to conduct a random control trial to evaluate the effects of
two different persuasive strategies on BC through a mobile application with older adults. For this investigation
we planned to make two very similar mobile applications one of which would use the BC strategy self-
reflection and the other application would use social reflection (these participants would work together with
one partnering participant towards a common activity goal). As seen in figure 1, we allowed for a four-week
baseline to allow participants to get used to the activity tracker and the smart phone. In workshop two we
introduced the intervention applications. After workshop two participants were asked to use the mobile
application throughout a period of 5 weeks in their natural home context. In total, 65 older adult participants
were recruited via a local senior community center and onboarded in workshop one (figure 1). Of the 58
participants who finished the entire trial period, 43 were female and 15 were male and together their average
age was 72.47 and the median age was 73.

Phase 1 Phase 2
4 week baseline 5 weeks intervention
Questionnaire Questionnaire Questionnaire
Group 1: on- Use intervention application with Self-
Self-reflection boarding: Baseline: Workshop reflection BC strategy
introduce G d on
phone et used to intervention De-brief
and phone and App
Qroup 2: ' activity activity tracker use Use intervention application with Social
Social reflection tracker reflection BC strategy
% 4 4
%, % %
%, % %
> 0,
© 0 O,
O,) (}L 0)
(N () 2.
%

Figure 1. Simple outline of In-context research to compare BC strategies study

Setting up valuable research of this kind requires overcoming barriers to technology so that the interventions
in question are acceptable for use to the participants, and collaboration between the stakeholders involved in
this context. We aimed to design a study to engage older adults with limited technology acceptance with in-
context BC research. First, we needed to develop the two intervention applications in such a way that these
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were appropriate and usable for participants with limited expertise with technology. Next, we needed to find
ways to deliver on-going facilitation to support the in-context use of the intervention applications over the
course of study duration.

Results

The resulting study design aimed to engage older adults with limited technology acceptance with in-context BC
research. We overcame barriers to technology in part by re-designing existing test applications through a co-
design study with a panel of older adult participants. In order to compare the intervention application in-
context we set up a living lab with a local senior community activity center. To deliver on-going facilitation
throughout the duration of the study it was necessary for us to take a Product Service System (PSS) approach
to the set up and execution of this research study. We used Lee and Kim's, 2010, modified service blueprint to
consider the following important aspects of our PSS approach:

e  Product and service elements layer refers to the elements that participants interacted with during
the entire research study period.

e Service receiver study participant layer refers to activities that the participants undertook during the
entire research study period.

e  Function interactions layer refers to the activities that the design researchers conducted to create
the activities of the participants.

e Onstage service provider activities layer refers to the activities that the living lab volunteers
performed to support the on-going research study such as recruiting participating and technological
support.

e Backstage service provider activity layer refers to the activities performed by design researchers in
supporting the execution of the research study.

e Support processes layer refer to the data storage and management process in the background to
support the execution of the research study.

Figure 2 shows how the resulted product service system platform for design research study. In the following,
the detailed results per layer are discussed.
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Figure 2. The product service system blueprint enabling living lab investigations to test BC strategies.
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Functions Interactions layer

In this study, the function interactions can be seen as the main activities of the researchers in creating
activities for the participants. It consists of four main activities: Co-design, on boarding, teach how to use the
intervention applications and de-briefing. These activities are explained in detail below.

Co-design

Before the intervention application could be introduced to all the study participants, researchers collaborated
with a focus group of five older adults with various degrees of experience with technology to re-design a test
application through co-design process, refer to figure 2, C. It has been shown that co-designing mobile
application with older adults has the potential to yield ideas that are creative and perceived as useful
(Davidson & Jensen, 2013). In addition, Valk et al. (2018) has shown that end-user participating in the design
process can contribute to technology acceptance (Valk, Lu, Randriambelonoro, & Jessen, 2018). This process
provided researchers with a better understanding of the accessibility and usability of the technological probes
used in this study and to ensure participants had a voice in the design/decision process for this research study.
Figure 3 shows some results of the co-design session. This co-design study resulted in the design of the
intervention applications used in this investigation, shown in figure 4.

—_———
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Figure 3. Some results from the application re-design session
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Figure 4. Resulting intervention application for investigation

On-boarding and introduction to technology

For this living lab study, in addition to regular on-boarding, participants were given a workshop to introduce
them to all of the technological elements used in this investigation. In this workshop, researchers guided
participants through all the necessary interaction steps of the study’s baseline period using the study’s custom
manual. This thorough introduction was important to make the research inclusive for those with no or very
limited prior knowledge on smartphone technology.

Teach how to use the application

To prevent overwhelming participants who might have limited experience with technology, participants were
introduced to the intervention application after the baseline period of the test was done. During this
informative session participants received the second chapter of the study specific visual manual and walked
through all the functions of the application.

De-brief

During the De-brief session, participants were surprised with a little token of thanks, and a sneak-peek into
preliminary findings made possible by the real time monitoring of the research dashboard. While this session
allowed participants to provide useful feedback to researchers which will improve future studies. Most
importantly, it was a moment for our research team to express their gratitude to participants and reiterate the
importance of their contribution.

Service receiver activity layer

In this PSS the service receivers were the older adult participants of this living lab research study. Older adult
participants were all community dwelling members of a local senior community center. It was advertised that
prior experience with a smart phone was not a pre-requisite to participation, in order to recruit participants
with various levels of technology acceptance.

Product and service elements layer
We used several different product and service elements to support the functions of this PSS.
Paper products

Paper prototyping tools were used during the co-design workshop, to prevent any barriers participating end-
users may face using digital prototyping tools from hampering their input. In addition, a detailed visual manual
was created, and provided in print, specifically for each condition in this study to support participants who had
limited experience with technology. This manual was provided to each participant together with a letter
detailing actions required during this study. The letter was included because we acknowledge that many
participants might want to talk about their participation with friends and family, and this might facilitate these
conversations.
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Hardware elements

The product and service elements we used for this research study included an off-the-shelf phone, Mi A1, an
off-the-shelf wearable activity tracker, Fitbit Flex2, and we tailored an existing probe to test motivational
strategies, see figure 2, A. The existing probe was a mobile application initially designed to test motivational
strategies by researchers from Ecole Polytechnique Fédérale de Lausanne (Y. Chen & Pu, 2014), figure 2, B. We
redesigned this mobile application, through a co-design session with older adults, figure 2, C. While developers
implemented changes suggested by the analysis of the results of the co-design re-design session, other
members of the research team created detailed visual manuals for the phone and wearable tracker, inspired
by the co-design session.

Onstage service provider activity layer

Existing close positive relationships with a senior community center also partnering in the REACH consortium
allowed us to delegate most of the recruitment for the larger study, though researchers did provide flyers
clearly explaining the goal of the research, and the expected commitment for participation, figure 2, D.

During the participant on-boarding process, the research team created an open and inviting atmosphere. They
explained the study protocol, aim and various privacy security measures that were taken. Researchers often
reminded participants of why their contributions are so valuable and worked to show participants their
appreciation, by thanking them for their feedback at the end of every session, sharing preliminary insights
during a debrief meeting and giving them a small gift as a token of appreciation at the end of the study. We
feel the open atmosphere is key to allowing participants to feel comfortable enough to openly share their
feedback with us.

Backstage service provider activity layer

Before testing researchers re-designed and then prototyped an intervention application for testing BC
strategies to make this application useable for older adult users through a co-design process. Researchers used
a custom developed research dashboard for real-time insight into incoming participant data, figure 2, E. Time
was set aside by members of the research team to check the incoming data and reach out to participants who
seemed not to be transmitting data regularly. In addition, there was an on-call researcher who participants
could call or email if they had questions about the study or use of any of the technologies provided by the
research team. If, during these monitoring sessions, we noticed that there was little or no data coming in from
a particular participant that participant would be contacted by phone. Usually, any problems could be solved
by trouble shooting over the phone but sometimes an in-person meeting was planned to assist participants.
This real-time monitoring was instrumental in preventing data loss as many participants needed to be called
and helped with relatively simple things such as re-opening the background applications which transmit the
physical activity data collection.

Support processes layer

A background application collected data from the wearable activity tracker in real-time and stored it on a
protected server at the Eindhoven University of Technology. Other data from questionnaires provided to the
participants was also kept on this protected server, allowing the research dashboard to generate visualization
by drawing information from both data sets. The analysis of this data is still ongoing and will be the subject
matter of a different paper. In this paper however, we can recommend the use of software which allows
researchers to integrate data of different kinds, such as open access weather information, questionnaire data,
measured activity data etc. This insight into on-going data collection can be especially valuable to gain insight
into the dynamic process of BC in a living lab.

Analysis

From the use of the PSS described above we can draw some early conclusions about how taking a PSS
approach to a living lab investigation increases older adult engagement in important in-context research about
BC toward a more active lifestyle. This promising increase in engagement is evident in how this study
supported technology acceptance, this study’s low dropout rate and anecdotes collected by the research
team.
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In order to support participation, it was necessary to address the barriers to technology acceptance older
adults face. In order to do so, the PSS described above, initially called for a co-design session to re-design the
intervention application and provided means of on-going technology support. Throughout this investigation,
participant’s self-reported confidence with mobile smart phone technology improved. Of the 48 participants
who responded to this item on all questionnaires, 18.6% responded that they felt “very confident” about
smart phone use to the onboarding questionnaire, while by the debriefing session this percentage had risen to
30.6%.

In addition to the increase in self-reported confidence about technology use, participants showed engagement
through their use of the intervention technology presented during this research. Out of the 58 people who
participated in this investigation 55 used the messaging (in the social reflection application) or personal log (in
the self-reflection application) functions to send messages. Overall a total of 896 messages were sent over the
5 weeks in which the intervention applications were deployed.

Supporting technology acceptance and confidence in smart-phone-use in our method, seemed to lead to
increased engagement as we enjoyed a relatively low participant dropout rate during this 9-week study. In this
study, the participant drop-out rate from on-boarding till the de-brief session was 11.5%. Other sources
describing physical activity promoting research studies with older adults cite drop-out rate between 6 - 36%
(Schmidt, Gruman, King, & Wolfson, 2000). Though some drop out do to unforeseen or medical reasons in
nearly unavoidable, this relatively low participant dropout rate and the overall willingness of participants to
continue to participants in the study points to a relatively high level of participant engagement.

Throughout this investigation, participants made ample use of the ‘on-call’ technology support our team
provided. To the researchers this illustrated that participants were concerned with making sure all their
devices worked. Participants who reached out for technology support wanted help so they would be able to
use the intervention application again. One participant who was unable to fix their problem with guidance
over the phone, immediately came over to the university for an in-person meeting, because they did not want
to make an appointment and wait to meet the researchers at the senior community center. This showed great
motivation to want to take part in the study. At the end of the trial some participants asked if they could
download the application and if the hardware was for sale, indicating an interest for continued use. Some
participants mentioned talking about their physical activity information displayed in the intervention
application and on at least one occasion, participants arranged to meet each other outside of the planned
workshops, specially to look at the application together. In this case one participant who was more
experienced with technology, took the time to explain it to another participant how the provided mobile
devices worked. This anecdotal evidence combined with this study’s low participant dropout rate and the
indication toward increased technology acceptance, suggest that participants felt engaged in the living lab
research about BC strategies.

Discussion and Reflections

Our living lab research study addresses all of the concerns Hopfgartner et al. mention in their “Benchmarking
News Recommendations in a Living Lab”, through our implementation of the PSS. Hopfgartner et al., support
living labs as a good approach to the evaluation of a product or service, while we use the living lab as a test
bed to investigate BC strategies and to develop technologies potential. A living lab is a valuable method
however, it is not adequate to overcome the barriers to technology, nor address the needs of older adults with
limited technology acceptance.

Though previous work has shown the merits of co-design, living labs, and even presented guidelines for
research with older adults, rarely have these domains converged as we propose here. While Liedtke et al.
advocate a living lab approach to test product services systems (Liedtke et al., 2015) we advocate a product
service system approach to enable living lab research to test BC strategies. Davidson and Jensen, 2013, provide
an example of how we can co-design digital interfaces with older adults, yet did not report on developing the
proposed ideas into working applications and then testing them in a living lab setting. In their suggestion for
future work, they suggest taking the experiment further to the development of the applications (Davidson &
Jensen, 2013), as our PSS approach has allowed us to do here. Implementing the above-described PSS
approach to the setup of living lab design research can provide the necessary support to older adult
participants, by providing means of on-going engagement.
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The benefit of our PSS is that it has allowed our research team to consider the user experience of being a
participant in living lab research. In the past, the use of PSS have been limited to either user testing a PSS
(Liedtke et al., 2015) or describing PSS development methodology for business (MOON, OH, KIM, & HWANG,
2013). Here we advocate for the use of PSS approach to design research.

While our research is still on-going, our reflections on this work so far have yielded guidelines we would like to
share:

1) Use a Product Service System approach to set up living lab research

2) Foster relationships to build a living lab community

3) Communicate intentions and expectations ahead of time

4) Co-design necessary interfaces and interventions

5) Show appreciation for their contribution

6) Use best practice policies to ensure privacy and data security

7) Offer tech support

8) Take your time: allow time for questions and for people to get used to the new technologies
9) Facilitate continuous data monitoring

10) Share your findings

Though the preliminary evidence presented here is not conclusive, using the product service approach to
create living lab environments for in-context behavior change research shows promise to increase
engagement, as indicated by the relatively low participant dropouts and potential to overcome, at least in
part, barriers to technology, as demonstrated by this increase in confidence with mobile devices.

Conclusion

In this paper, we describe the PSS we created to overcome barriers older adults face to participating in living
lab research for behavior change. A PSS approach to design research allows us to build on the knowledge from
many different research domains which has clear benefits for the research team and participants alike. The
PSS we designed enables researchers to engage older adults in living lab research about how technology can
support behavior change towards a more active lifestyle, by delivering on-going support to the participants
beyond the workshop moments and throughout the several weeks of the study. In our PSS concept, detailed in
figure 2, we built on existing guidelines for engaging older adults in research. Like Harrington et al. 2018, we
made sure to provide users with relatively limited experience with mobile technologies time to use and get
used to the new devices (Harrington et al., 2018). We continued to build a close working relationship with the
older adult organization where we conducted our living lab study, in line with the guidelines provided by Eisma
et al. (2004) (Eisma et al., 2004). Marin-Hammond et al. (2018) also suggests working with relevant
organizations to recruit participants (Martin-Hammond, Vemireddy, & Rao, 2018). The service provider is an
important partner and expert in facilitating this necessary living lab research. Therefore, we would like to
encourage other design researchers to follow up the PSS idea by teaming up with expertise outside design
field to engage and empower older adults to contribute to behavior change research in living labs.

The purpose of this paper is to share our reflections on our process to provide inspiration to other
practitioners who aim to conduct related studies. With this contribution we hope to build a more inclusive
research environment to include members of more difficult to access communities toward a better
understanding of behavior change strategies.
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This paper is based on the research project — “LONGEVICITY” - carried out in the
Metropolitan Area of Milan, which looks at the cities of the future as highly populated by
long-living active people and innovative technological facilities. The project is conducted
by a multidisciplinary research approach to study how to support social inclusion of
elderlies’ living in urban environments by enhancing their active walking. The whole
process will engage participants (senior citizens) and stakeholders in a human-centred
design approach. In this paper we will present the results from the preliminary research
activities carried out: case studies and territorial observations. The first activity was
oriented to investigate and select innovative solutions to enhance the mobility of elderly
pedestrians and to improve their (social) lives. The second one helped us in better framing
the design context of action and assessing at, a microscopic level, the degree of walkability
of specific territorial areas.
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Introduction

Population ageing is one of the most significant global trends of the present times (UNWTO, 2017): older
adults comprise the fastest growing segment of the population (i.e. ageing society). According to a recent
forecast (WPA, 2015) by 2025 the number of people aged 65 and over will represents the 20% of the
population in most of the OECD Members Countries. In particular, Italy and Japan hold the world record for
longevity of the population, due to the decline of birth rate and the increase of life expectancy. This trend is
even more relevant considering that by 2025 the 59% of the global population will live in cities and urban
agglomerates. It’s definitely necessary to take elderly into consideration of building future cities, where all
citizens will be inclusively cared, supported and even empowered. This is especially crucial for managing and
planning of urban environments.

“Walkability” is an idea that is increasingly popular for “smart growth” and sustainability in the city.
(Glicksman,Ring, Kleban, & Hoffman, 2013). Research has tied measures of Walkability to health outcomes
such as reduced obesity (Brown, et. al., 2009), lower rates of depressive symptoms (Berke, Gottlieb, Oudon,
Vernez, & Larson, 2007), and even greater longevity (Tkano, Nakamura, & Watanabe, 2002). And “walkability
is also becoming an important concept in the field of ageing, especially among advocates for programs that
encourage active aging and helping older adults remain in their homes and communities.

”

This research, founded by a national foundation for three years, is conducted by a multi-disciplinary research
team: 1) information, system and communication research team, 2) design research team, 3) the regional
volunteer association for the elderly and 4) advanced science and technology research team. In this research,
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the authors address the question of how to facilitate the urban neighbourhood to be more walkable for senior
citizens in a specific European city. The research project aims at better understanding what elderly people
perceive as criticalities or valuable elements while walking/crossing in the city and at improving the situation
by means of practical interventions on the comfort, safety and attractiveness of urban environments. This
study will focus on the co-creation of urban spaces, which will act as a “social centre” of the neighbourhoods
that increase the possibility and the willingness of elderly citizens to participate in social activities and have
social interactions. Existing checklists and guidelines for the design of age-friendly cities do not often take into
account the needs of sociality among the elderly, which is instead the truly intrinsic motivation for them to
navigate the city. The investigation of innovative design solutions for the outdoor urban areas will foster the
walkability and accessibility of the environments, more significantly, will induce spontaneous aggregation and
appropriation of public spaces by elderly citizens. This will be promoted by conducting a human-centred
approach for creating new meaning of age-friendly cities. The results of the project will provide knowledge,
data and experiences useful for city managers and policy makers involved in the design of innovative and
technological solutions (ICT, l10T) for the management of mobility in future smart and sustainable cities,
characterized by the presence of active long-living inhabitants interacting with multiple technology-based
services.

Methodology

Based on the research questions identified in the previous part, the research strategy for the whole project is
explained below.

Cross-disciplinary methodology: the proposed methodology is based on the integration between quantitative
data collection techniques and qualitative co-design methods. On one side, there is a combination between
collecting data of pedestrian locomotion behaviour (i.e. analysis) and the power of computer-based pedestrian
simulations (i.e. synthesis). On the other side, a human-centred approach guides different actors to collectively
participate in the whole research process. The results obtained from the representational observation and the
experimental investigation of pedestrian behaviour give the basis for the following co-design phase, validation
of computer-based simulation systems, testing the adherence of the simulation results on realistic behavioural
dynamics. A GIS-based territorial analysis identified those areas in the city of Milan that are characterized by
the highest presence of elderly inhabitants and by the poorest level of pedestrian safety. These areas will be
exploited as “living labs”. Outdoor and indoor activities involving a large sample of senior citizens will be
undertaken to foster their mobility and inclusive sociality. Senior participants will also be engaged in
participatory design laboratories to express their needs and desires. A series of empirical studies will allow to:
1) assess the degree of walkability by means of questionnaires; 2) study age-driven walking and road crossing
behaviours by means of observations and experiments; 3) testing and prototyping initial co-design solutions.
The results of the project will provide first-hand feedbacks, ideas and proposals for the design policy and
guidelines for the management of age-friendly pedestrian mobility in future cities.

Under the general defined methodology, the design research team specified the research strategy and
activities based on its interests and its role in this project. In order to build a basis to start this research
project, literature review was conducted to create framework and criteria for data collection activities. Case
study, onsite observation and interview were organised to collect both first-hand and second-hand research
data for shaping promising and situated design opportunities. After defining the design challenges, focus
groups and participatory laboratories will be carried out to generate and test new solutions (new product,
spatial and service ideas). The whole design research process has been illustrated below (figure 1).
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Figure 1: Research process of design research team in this project. lllustrated by authors.

Literature review

The literature review activity has been addressed to three main topics: age-friendly city, definition of
walkability for elderly and collaborative design approach.

Developing age-friendly city

WHO (2002) stressed that the notion of ‘active’ refers to the idea that older people should be able to continue
to participate in social, cultural, spiritual, economic and civic fields and issues. Then in 2007, the concept of
“Age-friendly City” (WHO, 2007) was introduced: a framework for urban development encouraging Active
Ageing, the promotion of physical activity of ageing people recognized as a priority for public health actions.
Many countries responded through the development of policies and interventions supporting physical activity
as a key challenge for future actions and calls to support vulnerable population groups, encouraging the active
inclusion/participation of people in urban areas. An age-friendly city is a city that "encourages active ageing by
optimizing opportunities for health, participation and security in order to enhance quality of life as people age.
In practical terms, an age-friendly city adapts its structures and services to be accessible to and inclusive of
older people with varying needs and capacities" (WHO, 2007). An age-friendly city: 1) recognizes the great
diversity among older persons, 2) promotes their inclusion and contribution in all areas of community life, 3)
respects their decisions and lifestyle choices, and 4) anticipates and flexibly responds to aging-related needs
and preferences. Making age-friendly cities is one of the most effective instruments to respond to
demographic ageing, enabling people to actively live the urban environment while the cities themselves will
benefit from people involvement and well-being.

There are mainly two aspects to consider when developing an age-friendly city. Firstly, the physical
environments, the city’s infrastructures, have significant impacts upon the elderly citizens. Older people might
be especially sensitive to the change of built and physical environments. For example, some urban
development models have focused more on physical infrastructure and design (Atlanta Regional Commission,
2009) for the elderly, and the safety of older pedestrians is identified as a major issue in many cities (Buffel et
al, 2012). WHO released a checklist of essential features of age-friendly cities (2007) to guide policy makers,
public institutions, groups and even individuals to make their cities more age-friendly. The checklist mainly
includes the following aspects: for example, the outdoor space and buildings are set as one of the principle
elements to consider and control for designing cities to be more age-friendly. There are different ways in
which urban environments might be accessible and satisfying for older citizens: models are emphasizing on the
physical/social environment and also on from top-down to bottom-up governance. Other models focus on
physical infrastructure and design (Atlanta Regional Commission, 2009), while some else (e.g. the UK model of
Lifetime Neighbourhoods) pay more attention towards social aspects of the environment. Physical
accessibility, proximity, security, affordability, and inclusiveness appeared as important characteristics in all
locations for developing age-friendly cities (Plouffe & Kalache, 2010). Buffel et al. (2012) has also stated other
main issues as challenging for developing age-friendly cities: the safety of older pedestrians, rates of crime and
environmental changes. Besides, he suggested to treat the resources associated with urban communities and
networks generated in the neighbourhood as opportunities.
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Secondly, the software of the city, e.g. offered services, relationships and networks relevant to specific
contexts, is equally important to transform a city to be age-friendly. Hirsch et al. (2000) identified two major
factors affecting the quality of life of an elder individual: independence (the capacity to care for oneself
making one’s own decisions) and engagement (the possibility to communicate and share experience and
friendship). Research on age-friendly city also investigated the quality of social relations that promote social
participation (Lui, Everingham, Warburton, Cuthill, & Bartlett, 2009; Scharlach, 2012). Some have studied the
formal and informal relationships, participation and inclusion (Department for Communities and Local
Government, 2008). The relationships between elderly citizens and cities could be positively leveraged through
forming a lively and dynamic age-friendly community. Social participation is strongly associated with physical
and psychological well- being, in older life as during the entire lifetime; it refers to people's interaction and
engagement with other people within a society, whether it is a defined association of people or the
neighbourhood in a city. Activities such as working, volunteering, engaging in recreational activities and living
with the community, is the heart of social participation. Sense of belonging and trust on people and places
enforce social networks and spring new ties.

During the 1990s and early 2000s, WHO introduced the concept of “Active Ageing”: the word “active” refers to
“continuing participating in social, economic, cultural, spiritual and civic affairs, not just the ability to be
physically active or to participate in the labour force", having as a final and highest goal to "extend healthy life
expectancy and quality of life for all people as they age" (WHO, 2002). Mobility and accessibility are also key
factors in the discourse of Active Ageing as they presume the capacity to move independently and safely from
one place to another. From another perspective, Active Aging also promotes the recognition that older adults
are not just the beneficiaries of age-friendly communities: they also have a key role to play in defining and
shaping their distinctive features (Menec, Means, Keating, Parkhurst, & Eales, 2011; Buffel, 2015). The
development of age-friendly city should involve elderly citizens in actively reforming, together with other
actors, the city for all citizens.

Walkability assessment for senior citizens

The attention around the issue of walking in the city grew considerably at the end of the '80s. Designers and
urban planners focused on strategies for the development of pedestrian areas and, in general, on promoting
walking in urban territories. The European Charter of Pedestrian Rights (1988) highlighted the need to ensure
the comfort and safety of pedestrians in urban areas, including the elderlies and people with impaired
mobility:

e Art. |- “The pedestrian has the right to live in a healthy environment and freely to enjoy the amenities
offered by public areas under conditions that adequately safeguard his physical and psychological
well-being”

e Art. lll - “Children, the elderly and the disabled have the right to expect towns to be places of easy
social contact and not places that aggravate their inherent weakness”

Jeff Speck (2013) has recently defined a general theory of Walkability, which explains how, in order to be
favoured, a walk has to satisfy four main condition: it must be useful, safe, comfortable and interesting. As
stated in "Proposed Walkability Strategy" by Stantec Consulting Ltd. (2009), "walkability is the measure of the
overall walking and living conditions in an area and is defined as the extent to which the built environment is
friendly to the presence of people walking, living, shopping, visiting, enjoying, or spending time in an area".
Reid Ewing (2009) defined three characteristics for a pedestrian-friendly environment:

e  Essential features: Urban density, mixed use of the territory, relatively small neighbourhoods, safe
and recurring pedestrian crossing (every 150 meters), continuous sidewalks wide enough for dyads,
separate walkaways from vehicles-dedicated lanes.

e Highly desirable features: Proximity to commercial activities and green areas, harmony of big and
small buildings in the same area, right proportion of space dedicated to the vehicle traffic and
pedestrian flow.

e Nice additional features: Street and public space furniture such as benches, effective signals and
urban elements aiming at enriching urban decor and cultural features.

Improving mobility implies barrier-free buildings, streets maintenance, perceived safety and, in general,
making secure for children to play, for women to venture outside and for elderly to find place in outdoor
activities. The whole community would benefit from an age-friendly environment and, in particular, from the
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participation of its older members. An age-friendly city is also a city able to develop a "walkable community"
(Jacobs, 2011), that is, to design a human scale environment where safety is promoted, and people can enjoy
walking and gathering in comfort.

Starting from the general theory of walkability proposed by Speck (2013), this research redefined a set of
walkability assessment criteria specifically focussed on the needs of senior citizens who walk in urban
neighbourhoods. As explained in the previous part, senior citizens have more sensitive feelings about urban
environments and infrastructures. According to this preliminary consideration, below a set of walkability
indicators for the evaluation of the level friendliness of urban areas for senior citizens is proposed and
explained:

e Usefulness: the urban environment should be designed and planned with an adequate level of land-
use mix, street connectivity and commercial density, to guarantee the presence of numerous and
diverse public services and facilities within a walkable distance (e.g. public transport services,
residential facilities, commercial activities).

e  Comfort: urban infrastructures should be designed according to a series of standard criteria of quality
and accessibility which accommodate the needs of all pedestrians, especially the senior citizens (e.g.
pavement type and continuity on sidewalks, installation of ramps for people with reduced mobility,
adequate width of sidewalks to avoid crowds in rush hours), but also according to a set of highly
recommended elements which support the comfort while walking (e.g. installation of dedicated
urban furniture for resting for the elderly, such as green areas with trees, benches, tables and
fountain; installation of waste baskets for separate collection of rubbish to maintain the cleanliness of
the city; typologies of public spaces, e.g. playground to meet others) (Gorrini & Bertini, 2018).

e Safety: urban environment should be planned to assure the safety of senior citizens while walking
and crossing the roads (e.g. absence of barriers, obstacles and pothole on side-walks to avoid the
occurrence of injuries; proper design of road intersection layouts to avoid pedestrian-car accidents;
installation of speed bumpers to reduce the speed of vehicles; installation of traffic light and
illumination systems at intersections to guarantee visibility of pedestrians while crossing; specific
crossing aids to support senior citizens). This is most crucial element when evaluating the walkability
for the elderly.

e  Attractiveness: the city should be designed to have with several and distinctive areas of attraction to
promoting walking activities; this is based on the presence of points of interest and events, the quality
of the architectural appearances (e.g. enclosure, amenities, public spaces, green areas) and the
vitality of the social context. Also, the emotional aspects (e.g. hearing and smell) should be
considered as a part of attractiveness.

e Legibility: streets should be designed to support way-finding activities. Most senior citizens are
familiar with the neighbourhood where they are walking, however, the urban environment should be
designed to be legible, interpretable, memorable, or navigable by itself considering its architectural
and infrastructure features (Gorrini & Bertini, 2018).

The proposed criteria represent a general guideline towards the design of age-friendly urban environments. To
be successfully used as supports to city managers’ activities, every specific item should be listed in a better
organised protocol for further steps. According to Pearce (1985) and Blecic et al (2016): socio-demographic
characteristics in terms of age and grouping (e.g. the decline of motor abilities linked to ageing make elderly
people walking slower than adults); the purposes and frequency of walking (e.g. the walking behaviour of
senior citizens for leisure is different from those with specific task to complete).

Design shapes a new meaning of “elderly”

Design, as a discipline, is increasingly crucial to play an irreplaceable role in understanding complex social
issues and solving social problems. When Papanek (1972) firstly mentioned the importance for designers,
architects and city planners, to consider the social and environmental impacts of products and raised the
concept of humanitarian design movements, which emerged over during the following decades. Looking at the
social impacts of most products, which do not take ageing and its peculiarities into consideration or simply
avoid the consciousness of getting old. The products are well designed with a beautiful appearance, but they
don’t consider the seniors’ needs and behaviour habits. Often in the world of products, as well as marketing, it
does not seem to notice the availability and predisposition for consumption of the seniors. When there is
attention to the problems (physical, cognitive, psychological, emotional) of the elderly, the creation of
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artefacts is often excessively stigmatizing. The products that respond to a specific function, almost a
mechanical translation without any attention to the aesthetic and emotional aspects, the user-friendly
interaction and the right meanings. The problem is that a certain type of design (but also a certain approach of
marketing) forgets that an artefact must, above all, be able to transfer meanings and emotions, not only the
function.

The concept of involving design discipline and methods in this research is naturally linked to some significant
design issues: design for all (EIDD, 2004), universal design (Mace, 1996) and inclusive design (Myerson & Lee,
2010; Clarkson et al, 2013; Shipley, 2014). Especially, when design solutions should be applied for a wider
range of users (e.g. in urban public spaces), the design principles and guidelines need to guarantee the equality
of different types of users and targets. This is the basis of designing for an age-friendly city. From another
perspective, there’s the so-called “hospitalization approach” which is constituted by very stigmatising products
and services, usually characterized by little attention paid to attractiveness. Design, in this situation, could and
should not forget a design solution (product, service or spatial design) has to transfer a new meaning to users
and consumers (Verganti, 2009). Therefore, an attention to the senior users with meaningful product, spatial
and service solutions should be payed when designing for them. Attractiveness and usefulness are two equally
significant aspects to consider. In a Human-Centred Design process (Norman and Draper, 1986; Norman 1988),
a design activity have to start from gathering a better understanding of senior users’ needs. This approach has
its origin in ethnography and participant observation methods: the user should be put at the centre of the
observation and designers could get important insights derived from the identification of customer needs in
order to generate innovative products (Zurlo, Sedini & Vignati, 2015). However, human-centred design
approach alone doesn’t work effectively to read and tell behaviours, actions, interactions and relations.
Designers should be able to reveal the hidden needs, interpret and transform them into new solutions, which
provide more than what users think and feel they want.

Jacobs (1961) has stated that cities have the capability of providing something for everybody, only because,
and only when, they are created by everybody. This idea claimed the importance of involving citizens in a co-
think and co-doing process of creating a city for all. In this research, in order to shape an age-friendly space for
elderly to walk, it’s necessary to engage senior citizens in the whole design process. Designers are facilitators
to bring the voices of the elderly and to create a condition in which they could participate in discussing and
decision-making processes. The design process is a creative conversation, in which different actors are going to
negotiate on ideas, strategies and implementation as well. Another element to highlight is that the design
process doesn’t end up with ideas on the paper with well-illustrated graphics. The advantages of involving
senior citizens in a co-creation process lies also in prototyping the initial solutions and getting feedbacks in
order to make adjustment quickly and effectively. However, the balance between listening to final users and
making interpretations should be controlled by designers. Radical innovation comes through meaning change
and, as we already stressed, design for seniors must, first of all, change its approach to its meaning and
contents (Verganti, 2009).

Case study

The literature review has helped to create the research boundary and focus. Afterwards, the case study phase
collected international inspiring cases useful also for the following ideation phase.

Case collection

The case collection activity started from the three key topics identified in the literature review phase, and
mainly four categories/main areas have been selected to guide this step:

e New concept of urban living for elderly (with a focus on “mobility”)

e  Smart aids for elderly (with a focus on technologies’ impact)

e  Active social life (community-based solutions)

Explorative/visioning solutions (conceptual and experimental projects)

The firs category is focused on finding solutions (products and services) providing new concepts of urban living
for senior citizens. In this direction, mobility is a highly relevant issue to consider. The second category looks at
solutions that are enabled by applying specific technology to answer to specific needs of senior citizens. The
technology, especially digital technology, has been playing more active role in the lives of the elderly. The third
group of cases includes solutions that involve senior citizens to actively participate in social life within their
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communities or interact with other communities (e.g. Millennial or children). The last category has the interest
to search for provocative and critical cases which reflect on thoughts and ideas that have been taken for
granted about aging and elderly.

Case analysis

Finally, 31 international cases were collected and analysed. According to the research objectives and previous
literature review, the primary case analysis activity was conducted to understand the scenario context and the
role of senior citizens. Different cases proposed quite different scenarios, in which solutions have been
provided to senior citizens. Some of them are contextualised in specific spaces, other solutions could be
adapted to different spaces, from indoor to outdoor contexts. For instance, adaptability is shown in the case
“crosswalk!”, an App for senior citizens to digitally interact with traffic lights to assure the safety of walking
and crossing in public spaces; this case is proposing a solution to reshape city infrastructures “strategically”
according to senior citizens’ needs.

Another aspect we looked for, in all the cases, is how senior citizens have been “designed” to respond to the
solutions. We found two different models among all the cases: some of them are “enabling solutions”, others
are “relieving solutions”. For example, the case “ShineSenior?” from Singapore, enables elderly Singaporeans
to age-in-place, whereby the elderly can stay within the comfort of their homes and familiarity of their
neighbourhoods. This service about sensor-equipped home enables the elderly to live independently and have
the possibility to take more social actions and even take care of other seniors in the community; they could be
both the service receivers and service givers. Therefore, this case presents the idea about how the solution
could enable and support a more independent and community-based life for seniors. Another case we have
analysed called “responsive street furniture3”: uses digital technology to make streets work better for people
(the elderly included) who find moving around difficult for several reasons. The solution has been designed to
help the users completing their way-finding tasks. Thanks to the technology, senior users have been relieved
and fully guided and assisted. The result of mapping all the 31 cases in the matrix is presented below (figure 2).
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Figure 2: Case study matrix. lllustrated by authors.

Onsite observation

A series of onsite inspections were carried out as a microscopic territorial analysis of the areas identified by
the previous GIS analysis in two selected and specific neighbourhoods (one in an urban area, one in a suburban

L http://www.yankodesign.com/tag/eldudy/CROSSWALK2017
2https://icity.smu.edu.sg/shinesenior-home

3 http://www.rossatkin.com/wp/?portfolio=responsive-street-furniture#WALKABILTY
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area). The selection process considered a series of indicators (e.g., quality of sidewalks, safety of crosswalks,
presence of public services), and this selection was decided together with all the partners.

Designing observation protocol

Based on the walkability framework for elderly identified from literature review, the research team developed
a protocol for conducting onsite observations in selected neighbourhoods. The observation protocol includes
six main indicators: usefulness, comfort, safety, attractiveness, legibility and population. The first five elements
have been explained in detail in the previous part. The last indicator: population, has been added in the
protocol with the consideration of getting comprehensive picture about the observed area. During the
observation process, researchers paid attention not only on the hardware: urban infrastructure, but also on
the software: typology of people, who are living and carrying out their daily activities in that neighbourhood,
etc. For each element, specific questions were designed to get sufficient data for producing a walkability
assessment. Each question has generally four levels: low, medium, high and excellent.

The areas to observe were selected starting from the service centre for elderly located in that area as the main
central point of interest. There is higher density of senior citizens who are walking in those areas. Moreover,
the protocol is highly standardized in order to register neutral-enough results without personal preferences.

Conducting walkability assessment

Two researchers conducted the on-site observations. They went to the first selected area about 7 times and
conducted the observations both during the day (in the morning or in the early afternoon) and during the late
afternoon (around 16:30 to 18:00). In winter during these hours the sun goes down, therefore, it’s the right
period to observe the effectiveness of the lighting system. Data were collected thanks to the implementation
of a shared online protocol. The choice of using a digital online tool was due to the possibility to standardize
the observation process and give the researchers a common tool. In addition to that, this tool allowed to easily
analyse and compare data. We carried out 15 observations. The data were analysed using excel and assigning
scores for each elements according to their presence or absence. In this research, the walkability assessment
formula has been designed as: Walkability =Usefulness (20%) + Comfort (20%) + Safety (30%) + Attractiveness
(20%) + Legibility (10%). At the end, we calculated a score for each observation and based on the formula, we
generated the final walkability score for each street and then for the whole area of interest.

Results from preliminary research data

Thank to observations, carried out initially in the central area of the city of Sesto San Giovanni, and then in the
area of Gorla-via Padova of Milan, we investigated different aspects which concur in the evaluation of
walkability. We both analysed the levels of walkability for each street taken into consideration and for the
whole area of interest.

We present here only the results from the observations carried out in Sesto San Giovanni (because the
observations in Gorla-via Padova were made afterwards). In particular, looking at the general scores of the
area:

e  Usefulness: registered a medium score (0.32). Indeed, this area offers several important services
which are at a walking distance from our main point of interest, such as Post offices, banks, grocery
shops, recreational places, etc.

e  Comfort: registered a high score (0.52). This area presents pretty good conditions of accessibility
especially for elderlies and it is constituted by elements which favour to experience the area by foot.
This means, for example, that sidewalks are wide enough and not too steep to be easily walked and
that there are not many obstacles which impede the passage of a person. In addition to that, public
spaces and urban furniture are generally satisfying in terms of pleasantness and they basically answer
people needs to rest and be informed.

e Safety: also this indicator registered a high score (0.57). This indicator is very important in order to
favour both the perceived and the actual security in walking around the area both during day and
night. It does not refer only to personal security but for example it includes the presence of safe
pedestrian crossings.

e Attractiveness: a high score it was registered (0.58). In a different way from the usefulness indicators,
attractiveness points out the vocation of an area. A mixed vocation is preferable than a unique one
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and our area of interest is indeed mainly both residential and commercial, offering also educational
and others’ service activities. In addition to that, attractiveness measure also the presence of litter,
noise and unpleasant odours, which in our case are all limited to those present in an average but well-
maintained urban street.

e Legibility: even if this is the least important indicator, we registered a high score as well (0.64). This
means that signs and street indications are readable enough also for people who might have some
sight issues.

As the total walkability is concerned, the area registered a high score (0.52). This is an important result to
evaluate also the possibility for us to easily conduct the following research activities, such as shadowing of
senior citizens who walk in this area, organize outdoor group walking activities with the senior citizens who
agree to participate in the project, etc.

Figure 3: The visualised result of walkability assessment through onsite observation. lllustrated by authors.

As explained in the methodology, from the case studies selection and observations, it was possible to identify
different scenarios that are going to drive our future steps of research. In particular, we are going to focus on
the square “outdoor-enabling” of our matrix. Moreover, the research team has also tried to use the five
indicators identified from literature review to re-analyse 31 cases collected in the previous step. With the
objective of absorbing useful inspirations, the re-analysis process has selected the most relevant cases to
generate direct insights for next phases. Regarding to “usefulness”, one case has presented a new service
typology of community-living for elderly. A case about responsive urban furniture provides ideas about how an
open space could be transformed by technology to provide useful information for citizens, especially those
have limited accesses. This is a way to increase the “comfort” level. Besides, a number of product design have
offered solutions to elderly people to ensure the “safety” of daily activities and to encourage their active
walking. For example, a pair of shoes have been designed to prevent elderly falling down while walking.
Regarding to “attractiveness”, one case has shown the possibility to change a neighbourhood through artistic
intervention to retell the historic stories relevant to elderly citizens.

In addition to that, next steps of field research, which has been already planned, will consider a new field of
observation in a more critical area of the city of Milan in terms of walkability (Gorla-via Padova). As in the case
of Sesto San Giovanni’ observations, we are going to collaborate with another centre of support for elderlies.
Starting from the centre, which constitutes our point of interest, a surrounding area of observation has been
identified. This second phase will be used to assess and refine the observation protocol. Moreover, these
primary results will be also evaluated according to:
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1. Aseries of qualitative interviews with senior citizens;
2. The design-orienting scenarios identified.

The first activity (interviews) will be oriented to the assessment of walkability’ indicators since the perception
of our target might be different (better or worst) from what we actually observed. In addition to that, we are
going to gather information about different levels of social inclusions thanks to questions about their daily life.
The second activity will be oriented to identify and develop design solutions able to address and eventually
solve walkability issues. Indeed, the exploratory research phase (case studies) will be interpreted in
accordance with observations and interviews results in order to select even more specific areas of interest.
The following phase will expect the conduction of co-design activities where the senior citizens will be involved
in order to design a more walkable and therefore inclusive neighbourhoods.
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The Re-Designing Health: Transforming Systems, Practices and Care track explores the increasing role and
possibility for a wide range of design practices and methods to contribute to health care products, provision,
and systems.

There is growing recognition of the increasing complexity faced by healthcare systems; critical issues and
challenges include ageing populations, chronic diseases, growing drug ineffectiveness, and lack of access to
comprehensive services (to name only a few examples). Concurrently design thinking, methods and practices
are increasingly recognized as means of addressing complex, multi-levelled and systemic problems.

The track session brought together design academics, researchers and practitioners that are working in—and
across—areas of design, medicine and health. Employing design methods, practices, and thinking to address a
range of healthcare challenges—from individual product to large-scale policy. This track provided a forum for
researchers, practitioners, students, and designers to provide evidence for these relationships, document
challenges and successes and to provide theoretical and practical models for healthcare and design to work
collaboratively to address complex healthcare problems.

We looked to identify and build research capacity to help address the complex and significant challenges faced
by society in the 21st century and to chart new opportunities for the discipline of design.

This Re-Designing Health: Transforming Systems, Practices and Care track contains six papers that deal broadly
with notions of design and health and document a variety of practices, proposals and ideas.
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Rowe and Michelle Knox, explore the possibilities that design offers—methods, practices and processes—to
help address the identified rising complications related to contemporary healthcare provision.
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While design and health have a long history of working together, much of this work has been limited. In this
paper, the authors make the case for further opportunities for design and health to work together in deep,
meaningful and human ways.

They begin by discussing the changing space of design, then articulate the similarities between design and
healthcare. The authors then present two health design research projects that employ design methods and
processes within healthcare settings, exploring new opportunities for design and health to collaborate. They
conclude by summarizing the benefits and challenges of these projects, articulating future possibilities for
design and healthcare to collaborate.

In the track’s second contribution—Aesthetic Considerations in the Ortho-Prosthetic Design Process—Yan
Luximon, Parth Shah, and Hassan Iftikhar explore the role and possibility of applying design to the existing
functional process of prosthetic creation.

They note that medical products, including prosthetics and orthotics, are designed to partially or completely
assist or replace the functionality of specific body parts affected by ailments or medical deformities. People
using such devices share similar sensibilities and concerns, such as looking attractive or being able to wear
fashionable clothing. However, due to a greater emphasis on function over fashion in designing these medical
products, the aesthetic values of the user are not fully considered. This aesthetic paucity may have a strong
psychological and cognitive impact, which affects the user experience. Hence, this study aims to explore key
parameters affecting the aesthetics of medical products such as prosthetics and orthotics and identify the
challenges involved in their design process. Recommendations have also been suggested for the designers
with the help of a design example.

Looking at a framework level researchers Jessica Lea Dunn, Keum Hee Kimmi Ko, David Lahoud, Erez Nusem,
Karla Straker, and Cara Wrigley explore design innovation and medical devices in Exploring the Role of Design
in the Context of Medical Device Innovation.

In this third paper the authors recognize that technology is the leading driving force in healthcare and medical
device design, however, innovations which emerge from these practices are often driven by clinical
requirements. Such innovations are focused on developing products that address current health issues,
diseases or medical problems — often lacking consideration of the end-users’ needs.

Design innovation advocates that user-centred design happens much earlier in the product development
process so that the patient needs are prioritised. However, this emerging field is yet to be defined and
explored in a medical context. This paper, therefore, proposes a framework of Medical Device Design
Innovation to explore the role of design in medical device innovation through two medical device case studies.
The proposed framework suggests a way to navigate the nuances and complexities of the medical device
industry in order to put the patient first while ensuring commerecial viability.

In A Collaboration of University and Civil Society Organisation: Development of a Web-Based Platform for
Promoting Accessibility in Design authors Abdusselam Selami Cifter, Ramazan Bas, and Sema Ergonul explore
the intersection of inclusive design, collaboration and design.

They state that accessibility is a fundamental element and a basic requirement of our daily lives; however, in
many cases, we are not aware of it unless we encounter its absence. Particularly people with disabilities
regularly experience accessibility problems in various domains, wherein certain cases these problems even
hinder them from accessing their basic needs.

Designers have an important responsibility to design inclusively; however, they need a diverse range of reliable
and up-to-date information for this, which also fits with their requirements. This paper presents an example of
a collaboration of university-civil society organization within the scope of “I CAN ACCESS” project, which aimed
to develop a web-based platform for designers’ use in Turkey in an effort to increase their awareness on
accessibility and assist them to design inclusively. The paper particularly focuses on the advantages of
collaborations between civil society organizations and universities by revealing their specific resources and
possibilities.

In the track’s fifth paper—Gaining Patient Experience Insights: An Integrated and Multi-Leveled Framework of
Information—designer researchers Maitane Garcia-Lopez, Ester Val, lon Iriarte, Raquel Olarte, and Marina
Gonzalez-Zubiaurre explore the lived experiences of health care users.
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Taking the patient experience as a basis, this paper introduces a theoretical framework, to capture insights
leading to new technological healthcare solutions. Targeting a recently diagnosed type 1 diabetes child and her
mother (the principal caregiver), the framework showed its potential with effective identification of
meaningful insights in a generative session. The framework is based on the patient experience across the
continuum of care. It identifies insights from the patient perspective: capturing patients” emotional and
cognitive responses, understanding agents involved in patient experience, uncovering pain moments,
identifying their root causes, and/or prioritizing actions for improvement.

The framework deepens understanding of the patient experience by providing an integrated and multi-levelled
structure to assist designers to (a) empathize with the patient and the caregiver throughout the continuum of
care, (b) understand the interdependencies around the patient and different agents and (c) reveal insights at
the interaction level.

In the final paper in our track, Design As An Agent For Public Policy Innovation, authors Federico Vaz and
Sharon Prendeville explore the intersection of public policy, innovation, design and the rise of policy labs.

Described as units developing public policies in a design-oriented manner, Policy Labs are tasked to innovate
to gain in policy effectiveness and efficiency. However, as public policymaking is a context-dependent activity,
the way in which these novel organizations operate significantly differs. This study discusses the emergence of
design approaches for policy innovation. The purpose is to map how Policy Labs in Europe introduce design
approaches at distinct stages of the policymaking cycle.

For this study, 30 organizations in Europe operating at various levels of government were surveyed. Based on
the public policymaking process model, it investigates which design methods are Policy Labs deploying to
innovate public policies. The study exposed a gap in the awareness of the utilized methods' nature. It also
showed that the use of design methods is of less importance than the introduction of design mindsets for
public policy innovation, namely ‘user-centredness’, ‘co-creation’, and ‘exploration’.

The collected papers in our track—Re-Designing Health: Transforming Systems, Practices and Care—recognize
the power and possibility for design to contribute to 21%-century healthcare products, provision, and systems.
From higher-level frameworks to diagrammatizing patient experience to specific case studies of practice, the
exciting range of research demonstrated articulates how design is addressing the multifaceted and substantial
healthcare challenges faced today.
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Healthcare systems are faced with increasingly complex demands: ageing populations,
chronic diseases, growing drug ineffectiveness, and access to comprehensive services are
just a few of the challenges we face. Design offers methods, practices and processes to
help address these rising complications. While design and health have a long history of
working together, much of this work has been limited. In this paper, we make the case for
further opportunities for design and health to work together in deep, innovative and
human ways. We begin by discussing the transformative space of design, then we
articulate the similarities between design and healthcare. We then present two health
design research projects that employ design methods and processes within healthcare
settings, exploring new opportunities for design and health to collaborate. We conclude by
summarizing the benefits and challenges of these projects, articulating future possibilities
for design and healthcare to collaborate.

Design for Health, Healthcare Design, Participatory Design, Co-Creation, Design Futures

Introduction

Today’s healthcare systems are faced with increasingly complex demands. Aging populations, chronic diseases,
growing drug ineffectiveness, and access to comprehensive services are just a few of the challenges we face. In
response, governments, health professionals, and the public are rethinking healthcare through new,
innovative approaches.

The maker movement is taking on healthcare as providers, patients, and hobbyists hack technology to create
new and better health products, education, and systems. Around the globe, social innovation labs are
springing up as collaborative spaces for diverse stakeholder groups to rethink ‘old ways’ of doing things—
through dialogue, doing, and making. The general population also feels empowered—and often confused—by
access to more and more information concerning healthcare.

Against this backdrop, design is emerging as an important area within the scope of the health professions
(Chamberlain & Craig, 2017). More recently, design—as an academic discipline and as a professional field—has
continued to expand its practice, with its processes and methods being employed in a range of institutions,
scenarios, and organisations to address some of the most complex challenges facing society (Wildevuur, 2017).

Design provides a broad framework of tools, processes, and systems to effect change in the world. Positioning
design as an agent of change that takes as its focus the betterment of the human condition aligns design close
to—and shares many goals with—medicine, public health and the health humanities.
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While design has a long history of working in healthcare, it has often been situated as a service discipline
focused on discrete artifacts (e.g. medical tools or devices) positioned at the end of a project (Groeneveld et
al, 2019) or concerned with environments (e.g. architecture or interior design) in the abstract or early stages of
a project (Noél, 2017). As design researcher Peter Jones (2013) notes “healthcare design does not yet fit into
the conventional clinical organization” (p.xv). Moving beyond these traditional roles, this paper discusses the
possibilities and opportunities for employing design thinking, methods and processes to enact difference for a
21st century healthcare system. Particularly, it identifies the opportunities for healthcare work in four
directions in relation to design for health research: the focus on rich co-design participatory methods; design’s
positioning as a future-oriented activity; the grounding of design as interdisciplinary practice, and the
expanded scope of possibility provided by and through design.

We begin by describing the changing state of design, noting its progression from a field historically based on
outputs to one that is moving to focus on outcomes. We then articulate the relationship and similarities
between the fields of design and healthcare, identifying shared histories, goals, and practices.

We next describe and contextualize two recent research projects that have been created to align and employ
design practices in healthcare settings. These experiments differ deliberately in scale and scope, from the
implementation of focused design systems and practices in specific environments to curricular programs that
bring together health students through design to address pressing health issues. Research and feedback are
presented to better understand the benefits and challenges of these developments and further contextualized
in a broader theoretical framework.

We conclude by discussing some of the dominant challenges and complications faced when working across
design and healthcare.

As Jones (2013) notes, we need "new ways to learn, think, and work quickly to make sense of the human,
system, and organizational problems that co-occur every day in the morass of healthcare" (p.29). We argue
that design offers a powerful array of theories, practices, and ways of thinking to address key and pressing
healthcare issues of the 21st century.

In the next section, we briefly discuss the changing space of the discipline of design, articulating its move into
academia, changes driven by technology, and, its broadening scope of practice.

Situating Contemporary Design Practice

“The philosophers have only interpreted the world, in various ways; the point is to change it.” Marx, K. 1845
Theses on Feurbach: XI)

Design has evolved from an artisanal, master and apprentice-based system with a historical focus on materials,
outputs and artifacts (AIGA, 2017).

Throughout much of the 20th century, design practice—including design education—has often been classified
by the end products created (e.g. fashion design, furniture design) or the processes employed (e.g. graphic
designer) (Davis, 2017). Designers have frequently worked in a reactive capacity—waiting for a client and
responding to a brief—in local design-manufacture-consume scenarios, where they shared common
understandings, vocabularies and histories with clients and consumers. Often operating within rigidly defined
roles, designers have frequently been seen as detached experts with a very specific set of skills and knowledge
(Rowe, 2014).

Over the last 30 years, various factors have dramatically transformed the conception of design and its possible
applications.

In the second half of the 20th century, the arrival of personal computers and design software created new
ways of working, with a switch from the industrial model to an individual one (Bennet & Vulpinari, 2011).
Design was no longer locally restricted, but became a practice that allowed, encouraged, and flourished with
global collaboration. Further technological advancement also created new field specialties—e.g. information
visualization, user interface, and interactive experience—where designers expanded the scope of their
knowledge and skills beyond conventional roles and focus areas.

In the last decade, design processes, and in particular, design thinking have been recognized as powerful tools
in other fields. Disciplines like business, marketing, urban studies, anthropology, and human-computer
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interaction have begun to borrow and imbibe habits, ideas, and ethos from design and its related practices
(Koskinen & Krogh, 2015).

Today, there is a greater need and opportunity for designers to resist confinement in disciplinary silos and
venture beyond the production of artifacts—whether logo, table, or garment—towards the realisation of
impactful outcomes (Parker, 2009). This transition from tightly-defined roles, identities, and specialisms is
what Ward (2015) has called a “post-disciplinary future” (p.229). While design has always concerned itself in
engaging with and working for other fields, designers are now more actively involved in identifying and
addressing complex challenges across a variety of disciplines, professions, and organisations (Parker, 2009). In
order to do this, designers have maximised their knowledge capacities and broadened “traditional design skills
to address social and economic issues” (Burns et al, 2006. p.6).

As design issues grow in complexity and breadth, the designer-centric model is continuing to give way to user-
centred models, where deeper value is assigned to engagement with the end users of designed artifacts and
experiences (Hecht & Maass, 2008; Bennet & Vulpinari, 2011). Despite the widespread use of user-centred
design approaches, design academics Sanders and Stappers (2008) declare these to be inadequate in meeting
the complexities and opportunities at hand because “we are no longer simply designing products for users. We
are designing for the future experiences of people, communities and cultures who now are connected and
informed in ways that were unimaginable even 10 years ago” (p.6). There is a greater push towards the need
for design to further place users and society at the center of the process in more rich and authentic forms.

Design has had a long history of working within the realm of healthcare, although often in a more traditional
service capacity. For example, architects and interior designers are involved in the planning and construction
of healthcare facilities and industrial and visual communication designers work on specific healthcare products
(e.g. surgical tools or signage) (Chamberlain & Craig, 2017). The role that design plays in these traditional
situations is often brief, disconnected from the full range of participants, and limited in impact (Groeneveld et
al, 2019; Chamberlain & Craig, 2017). As Noél (2017) observes, design is moving from this historic approach to
"the design of situations where people interact with other people, services, products, environments and
communications" (p.52308)

Overall, the field of design has witnessed profound change. As an interdisciplinary field, it is enriched by
processes and philosophies absorbed from other disciplines, fields, and ways of working. Designers have
continued to develop the scope and reach of their practice to meet the needs of our diverse and dynamically
evolving social world. This realigned focus from design outputs to design outcomes has been framed by Ward
(2015) as a move from the “politics of production to the production of politics” (p.227).

Although designers have played an active part in the transformation of the practice, design research, theory,
and education has often lagged behind in steering the field towards what it can and should be.

In the next section, we discuss some of the existing commonalities between design and healthcare.

Shared Values: Design’s Existing Parallels with Healthcare

Design and healthcare share a variety of practices, applications, and methods. As Jones (2013) notes in his
publication, Design for care: innovating healthcare experience, the “two fields are similar in many ways” and
these parallels are a useful starting point for articulating already existing intersections and similarities (p. viii).

Some of key parallels between design and healthcare include:

Central to each of these fields is their service to other humans, groups, and society as a whole; both are
People-Centred Service Professions. Both fields are extrinsically focused, and are often framed as disciplines
which require interactions with others. As design health researchers Chamberlain and Craig (2017) observe,
both fields look to “promote quality of life and wellbeing for individuals who access services" (p.3). The
classification of design and healthcare as people-centred and service-oriented disciplines opens up how
professionals work in these areas, for example, by identifying possibilities for employing co-design and
participatory approaches.

Both fields are also characterized as Informed Skilled Practices. As Jones (2013) notes, practitioners of both
design and healthcare “learn by doing” (p.viii). Education in both fields has a shared history informed by a
master and apprentice model where students are educated by doing and skilled learning is continued through
professional practice. Informed Skilled Practice in both design and health education often employs experiential
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learning methods where students learn by situating work in real-world environments in and out of the
classroom—e.g. internships, practicums, residencies—to create more authentic learning (Potter et al, 2018,

pp.8-9)

Evidence and Observation guide the fields of design and healthcare. Both fields produce improved outcomes
when they are structured and conducted as rigorous, purposeful and measurable activities. While an evidence-
based approach is firmly established and apparent within healthcare, there is a widely perceived need for
design to progress further towards “a user-centred, evidence-based, and outcomes-oriented practice, where
“the user” is everyone involved" (Noél & Frascara, 2016, p.4).

Both fields are Interventionist, that is, they seek to change situations, with the goal of making them better. In
this goal, they both reflect Herbert Simon’s (1969) higher-level definition of design, in that they intend to
“devise courses of action aimed at changing existing situations into preferred ones” (p.130). Additionally,
Chamberlain and Craig (2017) note that practitioners in design and health both work to propose interventions
that “promote quality of life and wellbeing for individuals who access services" (p.3).

Uncertainty is a key factor in both areas. As both design and healthcare deal specifically with people and their
individual histories and contexts, every situation is unique and responses need to be tailored to individuals.

While healthcare has often prioritised treating diseases over healing the whole person—recent transitions in
healthcare have centred on “the experiences, values, and quality of life of patients and their participation in
care and treatment" (Groeneveld et al, 2019, p.2). This renewed focus on patient experience affirms the place
of the individual in uncertain and variable health scenarios.

Design and healthcare are also Rapidly Changing. These changes are wide-ranging and driven from both
internal (e.g. professional roles and responsibilities, skills shortages, etc.) and external (e.g. shifting
government priorities, technological advancements, etc.) pressures. Within design, there has been a move to
build on traditional design skills to address more complex and interdisciplinary social, political and health
issues (Burns et al, 2006). Healthcare is also navigating new quandaries, including questions concerning patient
knowledge and engagement. As Chamberlain and Craig (2017) observe, healthcare is distancing itself from the
"reductionist view of health that focuses on illness and treatment is being replaced by one where the
emphasis is placed on ways of maintaining wellbeing and equipping individuals with the knowledge and tools
to live well" (p.4).

Recent issues around Democratization are also central to the fields of design and health. As healthcare begins
to reject its highly structured and treatment-focused model in favour of one that informs, supports, and
empowers patients in many ways, there are further possibilities for achieving a balance of power and forming
reciprocal relationships amongst all participants (Groeneveld et al, 2019). While some areas of design have
long been involving users in the design process—through user-centred and participatory design—other areas
of design have only recently begun to embrace these co-creation practices that blur the line between expert
and user. These shifts in both fields represent a flattening of traditional power relations and produce
opportunities for engagement aimed at “maintaining wellbeing and equipping individuals with the knowledge
and tools to live well" (Chamberlain & Craig, 2017, p.4).

Both fields also have a history of Interdisciplinary practice and work—for example, medical treatment
protocols might draw upon expertise from multiple healthcare specialists (e.g. nurses, surgeons,
physiotherapists, etc). Similarly, design traditionally involves working with clients, experts and users from
other fields. Over the years, interdisciplinary practice has continued to grow in tandem with the widening scale
and scope of 21st century problems. As design theorist Don Norman (2014) notes, “complex problems require
complex solutions” and in order to conceive innovative and effective solutions, teams composed of
representatives from relevant disciplines are needed.

These shared values of design and healthcare—while not exhaustive—delineate the many areas where the
two fields exhibit overlaps and can formulate common goals and pathways. Chamberlain and Craig (2017)
declare that we have seen the two fields move from working independently to where “practitioners in design
and health care have sought to work more closely together” to promote enhanced quality of life (p.3).

To situate these shared values and to interrogate how these fields work together in actual practice, in the next
section, we present two recent research projects that bring together practitioners from across design and
health.
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Current Design Research Applications

Project 1: End-of-Life Care through Design: Visualising Places of Death

Michelle Knox, PhD Student, McGill University (Canada)
MDes Thesis, University of Alberta (Canada), Aidan Rowe, (Supervisor)

How can design researchers apply their competencies to healthcare and uncover the ways in which patients,
caregivers, and health professionals conceive of care? Can design help generate a humanistic understanding of
where and why gaps emerge in health systems, organisations, and services?

In 2017, graduate student Knox formulated this project to explore these possibilities. Utilising design-led
inquiry for health research, this Master of Design (MDes) thesis investigated the impact of the designed
environment on the experience of dying within palliative sites.

Over the past few decades, the desire to enhance end-of-life care has become a globally relevant social
concern, giving rise to new ethical questions about patient choice and end-of-life decision-making—not just in
terms of how death occurs—but also where it may be situated. These questions further influence how we
might design and build future health environments to cultivate ceremony, communion and ethos in what are
often seen as functional and medicalized spaces (Worpole, 2009). While the relationship between built
environments and human health has been explored before, relatively little research has applied evidence-
based design principles specifically to spaces, processes and social frameworks of death and dying.

Accordingly, this research explored the roles and responsibilities of designers within contexts of end-of-life
care in three steps:

Literature Review: Through a discussion of existing literature on the relationship between health and
design, it contextualised design thinking and evidence-based design practice within health-related
problems. Drawing upon anthropological perspectives on the nature and meaning of places, it
distinguished between geographic territory, locations imbued with social relevance, and sites
historically associated with illness, death & dying. Next, it identified expectations and needs
communicated by scholars working specifically within the subdomains of end-of-life architecture and
palliative care design.

Field Research: Primary research involved ethnographic observation within two distinct kinds of
palliative care locations: a small community-based hospice in suburban Alberta (Canada) and at the
intensive palliative unit of a large general hospital in a large city. Site research was conducted using an
ethnography-derived model, using observational field notes, immersive walkthroughs, and
photographic data. These were supplemented with in-depth, semi-structured interviews with end-of-
life care professionals and experts, including health administrators, palliative nurses, bereavement
counsellors, and palliative care research leaders. Data was presented through detailed content
analysis.

Design Frameworks for End-of-Life Settings: Using findings from primary research in light of previous
gleanings from secondary literature, pragmatic recommendations were generated and compiled for
the future design of palliative facilities. Finally, research was re-contextualised against the changing
end-of-life landscape, noting some broadly emerging concerns around patient empowerment,
improving integrative care, health system navigation, and public perceptions of dying-in-place.

In the continually evolving end-of-life landscape, patient-centred design has the potential to disrupt the
hegemonic care models of mainstream medicine in conceptual as well as pragmatic ways. Anthropologist
Jamer Hunt (2015) believes that, “[b]ecause people aren’t working in a way that’s been consciously and
empathically designed, there are many unintentional bad moments that add to the difficulty of the situation.”
In the same vein, design critic Alice Rawsthorn (2015) notes:

When well-designed technology can help improve our every living moment, why should it desert us in
death? In theory, design could—and should—have a useful part to play in improving the quality of
any aspect of daily life that is no longer fit for purpose, and death is no exception...[A]nalysing the
strengths and weaknesses of present systems and rituals with an open mind, and applying grace,
foresight, rigour, sensitivity and imagination to envisaging better outcomes could help us to die more
humanely.
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Numerous studies have shown that—despite the limitations of home-based care—patients, families and
healthcare providers generally believe medical settings to be under-equipped for meeting the needs and
expectations of dying persons (Murray et al, 2009). Stephen Verderber, Professor of Architecture and Public
Health at the University of Toronto, writes that human beings are pacified by spatial conditions implying
security, privacy, intrinsic meaning and value. He notes that the patient’s ability to accept existential
situations, find contentment with health services, and experience a sense of control—are all directly
manifested in the physical appearance and design of care spaces (Verderber, 2010).

Dying is a sphere where “the interests of [the] government, religion, the law, capitalism and free will all
converge, making it an unusually complex field.” (Hunt, 2015) Design for end-of-life care, therefore, requires
us to venture into the field with sensitivity, humility, and purpose. While design that celebrates, optimizes and
sustains living conditions is plentiful, relatively little design concerns itself with death and dying. As a result,
even within care spaces, palliative zones are much less visible or consciously designed than curative ones. In
conceiving comfortable, empathic, aesthetic, and functional spaces, designers can help relieve patient stress
and enhance satisfaction with the quality of care being received. This master’s thesis argues that designing for
death—one of life’s most vulnerable and profound moments—falls directly within design’s ambit and registers
an urgent call to designers today.

Project 2: INTD 410: Co-Designing Health

Aidan Rowe, Associate Professor, Design Studies, University of Alberta (Canada)
Patrick von Hauff, Academic Technology Specialist, Faculty of Medicine & Dentistry, University of Alberta
(Canada)

What role could design play in creating educational environments to address intricate and essential issues in
healthcare? How might design tools, methods, and processes be employed by non-designers in medical
contexts?

The INTD 410: Co-Designing Health workshop was created to interrogate these possibilities.

In 2016, design researchers Rowe and von Hauff created a workshop aimed at introducing university students
in healthcare to design processes and methods. The workshop—INTD 410: Co-Designing Health—brought
together students from across different health practices (e.g. medicine, dentistry, physiotherapy, speech
pathology, nursing, etc.) to work together using design methods to address health issues they encounter
within their professional environments.

For many participants, this was the first time they were introduced to design through an academic lens, where
we discussed—and enacted—how design can be operationalised. The 3 hour workshop was structured as a
low fidelity, hands-on, studio-based session and was broken into three sections (each approximately 50
minutes long):

Part 1 — Setting the Scene (Meanings and Exemplars): Beginning with definitions of design, we
discussed a variety of design models, design professions and similarities between designers and
health professionals. We ended the session with participants sharing examples of design within health
that they were familiar with.

Part 2 — Tackling a Problem (Ideate and Own): Groups (of 3 or 4 students) were created ensuring
diversity of students from different health fields (to promote interprofessional learning opportunities
and diversity of experiences). Groups identified existing problems or issues in health and articulated
the context (settings, people involved, ramifications, etc.), noting down information on large format
forms (provided to them with prompting questions). Groups also proposed potential design
interventions (whether product, environment, or system) to address identified issues.

Part 3 — Exposition (Share and Communicate): Groups came back together to share the results. Each
group presented and contextualised their work to the entire cohort. To conclude, we drew out
common themes and overarching narratives emerging across the work completed by all groups.

These workshops were designed to accomplish two main outcomes:

Communicate design tools, methods, and processes to non-designers: In the last decade, design has
developed from a fairly specialized discipline to one that is recognised by many other non-design fields—e.g.
business, engineering, etc.—as possessing fresh tools and skillsets for addressing a multiplicity of issues and
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challenges (Golsby-Smith, 1996, p.5). This shift has been particularly evident in the proposition—often not by
designers—that design thinking is a magical panacea that could unravel any problem or boost any industry
(Pierri, 2018; Norman, 2014). This workshop was an opportunity for exploring how design’s unique
characteristics—as a problem-setting, collaborative, outcomes-focused, future-oriented activity—could be
applied by non-designers to their own areas of expertise and practice. We believe that design as an academic
and pedagogic area offers much to other fields. This workshop provided an ideal opportunity to model and
test these offerings.

Embed interprofessional learning opportunities: Central to this workshop was the aim to test venues for
interprofessional learning in healthcare education. It has been identified that stratified learning common
within traditional health disciplines—nurses learn with nurses, surgeons with surgeons, etc.—is problematic
(Shraiky & Lamb, 2013). As Buring et al (2009) note, a fundamental principle of interprofessional learning
attempts to address this stratification, asserting “that if health professions students learn together at the
beginning of and throughout their training they will be better prepared to deliver an integrated model of
collaborative clinical care after entering practice" (p.1).

Since the initial running of two sessions of INTD 410: Co-Designing Health in 2016, the workshop—revised in
response to researcher reflection and feedback from participants—has been run again in 2017 and 2018. The
development team Rowe and von Hauff are also in the process of proposing a credit course for health care
students that focuses on design and health.

In the next section, we identify some broader, key gains from integrating design methods, tools and processes
within healthcare settings in these two described research projects.

Specific Benefits from Employing Design in Healthcare Settings

Both the research projects presented above—INTD 410: Co-Designing Health and End-of-Life Care through
Design: Visualising Places of Death—integrated design methods within healthcare settings. We have identified
specific benefits from this research.

Both of these projects employed Participatory Approaches where the researchers worked with participants—
whether users, students, clients, or other experts—in rich and meaningful ways. The End-of-Life Care through
Design project worked with a variety of participants through interviews, walk-throughs and observations.
Health experts, academics, administrators, front line staff and patients were interviewed, and days were spent
observing environments and how people worked and lived in health settings. The Co-Designing Health
workshop used participatory methods within the session where students worked together negotiating possible
responses to identified issues. The research team, attending faculty, and observers were also active
participants throughout the workshop and this work was used to refine future instantiations of the workshop.

Participatory approaches—sometimes termed Co-Creation, Co-Design or Participatory Design— have a long
history in situating design as human-centred activity where there is direct involvement of participants
throughout the design process (Dimopoulos-Bick, 2018). This direct and continuous involvement of
participants works to reveal the actual needs of users rather than those imagined, and allows for stimulating
discussion and generates deeper understanding. As health researcher Jiwa (2016) observes, "by collaborating
with patients to ensure their needs are met, we can ensure a more satisfactory patient experience" (p.1).
Chamberlain and Craig (2017) frame this movement as collective creativity (p.5) and Cottam and Leadbeater
(2004) note that the "biggest untapped resources in the health system are not doctors but users" (p.28).
Participatory approaches from design are one means of engaging these users to help create healthier futures.

Each of the research projects were also Future-Oriented; their goal was to improve upon what was done
before and situate these changes in the future. In the Co-Designing Health workshop, students identified
current real-world healthcare issues and negotiated designed responses to address them. The End-of-Life Care
through Design study identified specific recommendations for the design of future end-of-life care settings
looking to improve current practices. As design researchers Noél and Frascara (2016) note, design "helps to
envision new possibilities to enable people to improve health and healthcare" (p.9). Additionally, when design
practice is situated in a future-focused frame, a plethora of possible outcomes are made possible. As Ward
(2015) observes, “Designers materialise thought in order to push the boundaries of knowledge” —an act he
later terms as “a leap into the material abyss” (p.229). This broader exploration of possible futures presents
new avenues for innovation and triggers rich responses beyond incremental quality improvement initiatives.
This wider scope of responses is urgently needed as the breadth and depth of healthcare challenges expands.
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Interdisciplinarity was a key theme throughout both projects. Building further upon the specific histories
identified in the Shared Values: Design’s Parallels with Healthcare section, these projects—as Burns et al
(2006) observe—positioned design processes “as a means to enable a wide range of disciplines and
stakeholders to collaborate” (p.6). Through interdisciplinary teamwork and by building on its future-oriented
focus, design “develops solutions that are practical and desirable” (Burns et al., 2006, p.6). Noél and Frascara
(2016) also identify a need for “interdisciplinary collaborations that integrate design and health in a problem-
based learning context” to address deepening complexities in modern healthcare (p.5).

Central to both projects—although not necessarily obvious at the onset—is the ability of design research to
create Expanded Scope of Possibility. In conjunction with—and building upon—each of the three identified
benefits of Participatory Approaches, Future-Oriented, and Interdisciplinarity, design research offers
opportunities for revealing previously unconceived possibilities and extended realms of action. As Cottam and
Leadbeater (2004) argue, when making the case for co-created design led services: “we need a different way
forward: not further incremental innovation but rather radical transformation and a new approach” (p.6).
Within the End-of-Life Care through Design project, researcher Knox noted that working with patient-
participants exposed questions outside of the realm of the set research, notably new questions about
equitable access to health services, ethical communication between health institutions and the public, and
dignity and decision-making power at the end of life. Importantly, the master’s research has now led to a
doctoral project investigating these raised concerns, specifically, how palliative institutions communicate their
positions on assisted dying issues and how patients navigate the healthcare system when and if they choose to
receive an assisted death.

In addition to the benefits that design can provide in healthcare settings, there are also a number of
challenges. We discuss some of the prominent issues in the following section.

Challenges and Experiences: Design Education, Research, And Practice in
Health and Medicine Environments

Within the context of health research, interdisciplinarity is a frequently invoked and aspired-to ideal (Paradis &
Reeves, 2012). Studies show that strategies and policies—adopted by health research funding agencies, public
healthcare institutions, and academic organizations—to promote interdisciplinary practice and inclusive
scholarship within the health sciences do not necessarily translate into practice as we would hope (Jacobs &
Frickel, 2009). Designers—like other scholars and practitioners trained in the arts, social sciences, and
humanities—continue to report several challenges faced upon moving into spheres of health and medicine
(Dimopoulos-Bick, 2018).

The USA-based National Institutes of Health (NIH) calls for the study of complex health problems through a
multi-lens approach in order to find innovative solutions to “health challenges that have been resistant to
traditional research approaches” (NIH, 2007). Similarly, the Canadian Institutes of Health Research (CIHR) was
formed with the aim to promote “the creation of new knowledge and its translation into improved health for
Canadians” through “interdisciplinary, integrative health research” including “research respecting health
systems, health services, the health of populations, societal and cultural dimensions of health and
environmental influences on health, and other research as required” (Government of Canada, 2000, p.3e4). In
response, most faculties of medicine in Canada have now declared their intention to support “a rich
interdisciplinary environment of learning, practice, research and public service for all our students and
faculty.” (Faculty of Medicine & Dentistry, University of Alberta).

Despite the widely espoused belief that interdisciplinarity within health and medicine can support a holistic
vision for global health futures, numerous reports demonstrate that the landscape of interdisciplinary research
is fraught with real world hindrances and impediments.

As a field that has a long worked in partnership with other disciplines and professions, what do calls for
interdisciplinary arrangements mean for designers and design researchers?

To begin with, co-design practices and collaborative research creation are time-intensive, ambitious and
complex undertakings. Literature shows that interdisciplinary work done across and beyond traditional silos
does not always result in superior research quality (Barry et al, 2008; Moore, 2011). In Groeneveld et al’s
study, design students, researchers and practitioners working in active health settings, reported a number of
pragmatic challenges when operating across teams, including: health professionals’ unfamiliarity with what
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design research, user involvement, and design thinking entails; issues around team coordination and managing
team relations; barriers in communicating the value of research; building rapport and establishing trust; time
and financial considerations; inadequate sensitivity training for designers in relation to vulnerable persons and
critical situations, to name a few (Groeneveld et al, 2019).

Additionally, working across disciplines, professions and academic units brings out clashes in epistemic
values, work methodologies, and criteria for defining professional excellence among researchers and
practitioners from different fields (Bauer, 1990; Lélé & Norgaard, 2005). Social science and humanities scholars
acquire their training in a research culture where ways of doing, disseminating, and measuring meaningful
work are markedly different from—if not dissonant with—practices, methods, metrics for realising outcomes
in the health sciences.

When interdisciplinary scholars work with and within scientific communities, they enter a highly structured,
institutionalized “market” (Bourdieu, 1971). In a study examining the experiences of social science and
humanities academics employed within Faculties of Medicine across Canada, Albert et al (2015) found that the
majority had to alter their practice in order to gain legitimacy among their medical colleagues, advance
through academic ranks, and meet the evaluation standards of medical faculties. Having to thus adapt to the
norms and cultures dominant in health-related environments, resulted in dissatisfaction with their careers and
professional identities, alienation from peers in their parent disciplines, and diminished the rigour of work
produced. This unfavourable situation “indicates the low value assigned to their research practices” and the
expectation for interdisciplinary practitioners to adopt health research conventions “contradicts the principles
behind interdisciplinarity: that experts from different disciplines collaborate to create better solutions to
enduring problems” (Albert et al, 2015). Finally, it is important to acknowledge that design cannot solve
everything and there will remain domains of knowledge outside its scope; technological and societal
advancements to keep pace with; and practical constraints related to budget, timeline, scale, demand, and
resources. Besides pragmatic restrictions, design is abound with ideological, pedagogical, and theoretical
guandaries that require thorough critique as the field evolves, and especially, as it straddles new knowledge
realms that have been historically dominated by other players and meaning-makers—whether clients,
academic experts and or end users. Pierri (2018) cautions against the over-optimistic stance and uncritical
framing of design as the new cure-all for complex social and health problems.

As such, designers need to recognise both the possibilities and constraints when exploring the use of design in
healthcare settings.

Conclusion

The practice, delivery, and needs of healthcare provision are in a state of continual flux. External factors are
drastically re-shaping the medical and health requirements of our population. The idea that design holds
promise for resolving complex systemic and social issues is gaining traction worldwide. As Burns et al (2006)
note, this new design field enables “a wide range of disciplines and stakeholders to collaborate” and develops
a set of practical and desirable responses that “places the individual at the heart of new solutions” (p.6).

In this paper, we argue that design offers a powerful array of theories, practices and ways of thinking to help
address key and pressing healthcare issues of today. As design practitioners, educators, and researchers, we
need to be at the heart of situating design practices, methods and processes in this expanded field of practice.

The research presented through the two projects documented—Co-Designing Health and End-of-Life Care
through Design: Visualising Places of Death project—are examples of our recent research that interrogate
opportunities for change in design to contribute in impactful ways to 21st century healthcare provision.

In addition to design’s shared history and similarities with healthcare practice, we identify four opportunities
for design in healthcare settings: a focus on rich co-design participatory methods; design as a future-oriented
activity; the role of interdisciplinary practice in design, and the expanded scope of possibility provided by and
through design.

As noted design researcher J. Christopher Jones (1979) has stated, “It’s clear to me that no big change is
possible till we change ourselves and our ideas” (p. 33). We propose that design devises new possibilities for
change and leverages its methods, theories and practices to address the pressing issues and challenges facing
modern healthcare.
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Medical products, including prosthetics and orthotics, are designed to partially or
completely assist or replace the functionality of specific body parts affected by ailments or
medical deformities. People using such devices share similar sensibilities and concerns,
such as looking attractive or being able to wear fashionable clothing. However, due to a
greater emphasis on function over fashion in designing these medical products, the
aesthetic values of the user are not fully considered. This aesthetic paucity may have a
strong psychological and cognitive impact, which affects the user experience. Hence, this
study aims to explore key parameters affecting the aesthetics of medical products such as
prosthetics and orthotics, and identify the challenges involved in their design process.
Recommendations have also been suggested for the designers with the help of a design
example.

Keywords: Aesthetics, Medical product design, Prosthetics & Orthotics design, User experience,
User psychology

Introduction

The design of medical products is a huge industry worldwide, of which, a major interest has always been the
design of orthotics and prosthetics. Orthotics are devices, which provide support or stabilize an affected part
of the body. They are used in cases of reduced musculoskeletal functionality. In most of these cases, the
orthotics are used as the external aid or body support (Sansoni, Wodehouse, & Buis, 2014). However, these
supports can be used internally in the form of rods and braces. The most widely used orthotics include splints,
braces, slings, compression sleeves, and insoles. There are some simple orthotic products that we use in daily
life such as glasses or spectacles, but these have been transformed from simple disability products to a fashion
icon (Pullin, 2009).

Prosthetic devices replace or enhance the functionality of a body part (Sansoni et al., 2014). They are used in
cases of severe medical deformities or amputations. Other examples of prosthetic use include implants,
artificial hearts and limbs. In previous studies, it is quite evident that the use of prosthetics not only aid the
user by increasing mobility, but also helps in performing daily activities, thereby enhancing physical, social and
emotional well-being (Murray, 2005; Pohjolainen, Alaranta, & Karkainen, 1990). The new science of
“Prosthology” (Bache, 2008) deals with concept of the prosthetic part of the body being fully integrated as a
new part of the body, as described by Gestalt’s concept of totality (Giannini, Marzi, & Viggiano, 2011).

Limb amputation has many disturbing and irritating impacts on patient psychology (Horgan & Maclachlan,
2004; Whyte & Niven, 2001) often leading to stress and despair (Breakey, 1997; Williamson, Schulz, Bridges, &
Behan, 1994). Product design studies (Bloch, Brunel, & Arnold, 2003; Creusen & Schoormans, 2005; Crilly,
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Moultrie, & Clarkson, 2004) have suggested that the visual appearance of a product is one of the key elements
affecting user choice and the product-user relationship. Visual aesthetics also have the tendency to make
products more acceptable and effectively usable in many cases (Newell & Gregor, 2002) However this may
differ across products and contexts. The overall appearance of a prosthetic limb is very important and may
alter the level of the patient acceptance for the prosthesis (Biddiss, Beaton, & Chau, 2007; Cairns, Corney, &
Murray, 2011; Carroll & Fyfe, 2004; Datta, Selvarajah, & Davey, 2004; Hagberg & Branemark, 2001; Legro et
al., 1999; Murray & Fox, 2002; Pillet & Didierjean-Pillet, 2001; Pons et al., 2005). However, in designing medical
products, functionality is the designer’s primary concern; with minimal attention given to product aesthetics.
This can affect user experience and satisfaction. Most of the available literature is focused on the technical and
functional aspects of prosthetics, with only a few studies dedicated on aesthetics, showing a lack of interest of
designers and researchers in this area (Cheetham, Suter, & Jancke, 2011; Klute, Kallfelz, & Czerniecki, 2001). In
the case of hand prosthesis, a previous study (Kostuik, 1981) also describes a prioritization of functional usage
over aesthetics . While, another study by Biddiss and Chau (2007) suggests prosthetic appearance to be a
factor that significantly influences the decision to wear or use a wearable prosthetics. The decision of whether
or not to wear a prosthetic may be based on the user’s life style and personal needs (Durance & O’Shea, 1988;
Hubbard, Kurtz, Heim, & Montgomery, 1997; Scotland & Galway, 1983; Wright, Hagen, & Wood, 1995).
However, aesthetics play an important role in altering device adaptability. Additionally, if the prosthesis is
purely functional but overly bulky, it can affect user acceptability and satisfaction. This can also have
consequences which may affect the user’s psychology state and social interactions skills (Bhuvaneswar,
Epstein, & Stern, 2007). In order to avoid such situations, it is important to focus on the aesthetics of
prosthetics.

Several studies have shown that the acceptability of medical products can be improved significantly by
addressing their aesthetics (Goiato, Pesqueira, Ramos da Silva, Filho, & Micheline dos Santos, 2009; Newell &
Gregor, 2002; Power, Leaper, & Harris, 2017; Sammartino, Marenzi, Di Lauro, & Paolantoni, 2007). However, a
very limited number of studies (Nicola Cairns, Murray, Corney, & McFadyen, 2014; S Sansoni, Wodehouse, &
Buis, 2014) have been conducted in the area of medical product design aesthetics. The majority of these
studies have mainly focused on improving the aesthetics of upper and lower limb prosthetics (Davies, Rode, &
Cywes, 1977). There is still a wide range of possible medical products, whose designs can be optimized by
improving their visual appearance and aesthetic properties.

In this paper, the authors explore the field of medical product aesthetics. Some valuable suggestions and
recommendations for medical product designers with the aim of improving user experience and satisfaction
have also been discussed.

Customary design attitude of Ortho-prosthesis and need of aesthetics

Conventionally, medical personnel such as doctors, physiotherapists and prosthetists are typically involved in
the ortho-prosthetics’ design process in order to ensure functionality. In the case of prosthetics and orthotics,
functionality is important for enhancing mobility and fundamental in performing activities of daily living.
However, the aesthetic value of the product is generally neglected or only considered after the users
functional requirements have been met (Gotzsch, 2000; Jordan, 2000; Lewalski, 1988; Maslow, 1970; Rutter &
Agne, 1998; Viemeister, 2001; Yalch & Brunel, 1996). Functionality is often considered as the cutoff
requirement in process of designing medical products unless the product have some clear marketing value
based on fashion and styling only. As the industry shifts towards user-centered designs, user experience has
gained considerable importance and mainstream designers are increasingly aware of the impact. Hence,
medical product designers now need to focus on product aesthetics as well as functionality.

Today, we live in a world where bodily perfection and beauty are given a high priority. People who use medical
products such as prosthetics encounter challenges related to aesthetics such as social validation and
acceptance (Hughes, 2000). Often unacceptance based on image and aesthetics can cause feelings of social
exclusion. Limb amputees face extreme difficulty in accepting new prosthetic modifications to their body
(Sjodahl, Gard, & Jarnlo, 2004) which can often lead to depression. Prosthetic users tend to avoid public
exposure and are more prone to social isolation due to feelings of awkwardness and being self-conscious.
These behaviors can affect psychological wellbeing, self-esteem and the ability to interact in social situations.
(Sansoni, Wodehouse, McFadyen, & Buis, 2015).

Design aesthetics play a significant role in changing user behavior and product preference. A designer from
Reebok theorized the value of good design by stating that “good design can make you fall in love with the
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product” (Dumaine, 1991). By improvising upon aesthetic features, users can have an opportunity to actively
or to passively express themselves in their own unique way. Styling can enhance the acceptability of prosthetic
usage among amputees by having positive psychological impacts. This can have positive effects on self-esteem
and confidence. Hence, it is tremendously important to consider aesthetics when designing medical products.

Parameters of aesthetics affecting user experience

Incorporating natural elements in aesthetic improves the user experience and acceptance. Many designers
have used natural and organic elements in the product design process such as those found previously in Art
Nouveau (Weisberg & Menon, 1998). Organic elements not only mimic abstract human forms but can also be
used as a stylistic element when designing prosthetics. Due to the level of craftsmanship and material handling
involved, natural forms were considered to be difficult to manufacture. However, with emerging technology
and ease of use of techniques like 3D scanning, modeling and printing, it has become possible to design and
customize aesthetically pleasing medical orthotic and prosthetic devices based on personal preference. In the
following sections, the authors attempt to explore the current aesthetics issues of existing medical products
and provide some possible suggestions and recommendations for improving these aesthetic elements.

Shape and form

The shape and form of a medical device primarily defines its visual appearance. A study (Nicola Cairns, Murray,
Corney, & McFadyen, 2014) attempted to investigate the factors affecting user satisfaction. They found that
the most important factor suggested by the users was the shape of the device and how it matched the
corresponding part of the body. For prosthetics, shape is an important element related to both functionality
and aesthetics. Another study (Sansoni et al., 2015) had similar findings. By exploring the relationship of
Uncanny Valley and prosthetic devices. Uncanny valley is a hypothesized relationship between a prosthetic’s
human-likeliness and individual’s emotional response to them. In the study, they selected 30 different designs
with three different types of forms — artificial looking devices, devices with moderate human-likeness and
devices with high human-likeness. Based on their results, the level of user attractiveness increased in
proportion to the human-likeness of the device’s form. This demonstrates the importance of designing devices
with shapes that resemble or mimic real body parts. Conversely, other studies also suggest that this can
generate negative moods instead of feelings of attraction (MacDorman, Green, Ho, & Koch, 2009). Therefore,
the impact of shape and form in the design process of ortho-prosthetics should be kept in considerate balance
in order to promote user acceptability.

One of the key challenges in achieving an ideal product shape is the packaging and placement of functional
elements (i.e., electro-mechanical components). For instance, some battery-powered medical devices, battery
placement can be problematic if it is not considered during the design process. These elements can affect
product aesthetics and lead to user discomfort.

Pye (1978) suggests that workmanship and the development process also play a major roles in the form of the
final product. With 3D scanning technology, it has now become possible to acquire accurate anthropometric
data, which can be used to develop accurate digital human models (Shah & Luximon, 2018; Zhuang &
Bradtmiller, 2005). It can also be used to develop highly customized medical products. With the continued
improvement of 3D printing facilities, it become possible to produce such forms with a high level of precision
and superior finishing.

Wearable art is one of the potential future trends in medical product manufacturing Wearables can be
customized to fit a particular set of functional requirements and customary aesthetic elements for every user.
Existing orthotics and prosthetic devices could then be made to look like wearable art forms that blend with
the users clothing. Aesthetics and functions can fused together in this way to give psychological pleasure as
well as the feeling of fashion and peculiar style sense. The aesthetics of shape and form may differ based on
gender. Previous studies (Oumlil & Erdem, 1997; Weitz, 1998) have demonstrated differences in the choice of
prosthetics that were based on gender perceptions.

In designing prosthetics for children, designers should make an attempt to stretch the boundaries of their
imagination in order to make products interactive or in the form of wearable toys. Some research groups
(Knochel, 2016) have also tried to develop Do It Yourself (DIY) types of prosthetics where the user is given the
liberty to design their own device. A South African carpenter who lost his hand due to occupational hazards,
sought a customized DIY prosthetic hand. He developed it using online resources and the help of a special
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effects artist (Owen, 2011). In addition to individual and laboratory-based applications, DIY prosthetics have
also been developed as a manufacturing solution for amputees with the ubiquity and greater availability of
more economical 3D printing facilities. The process of DIY ortho-prosthetic design and manufacturing can
create new opportunities and facilitate in the design process of medical products.

Size and scale

The size of the product has a substantial impact on visual appearance. Size and material affect the weight of
the device. If it is too large, it may cause discomfort and may be inconvenient for daily usage. Minimizing the
size and visual prominence of prosthetics is important. Although reducing the size of a device may be more
costly and technically challenging, it has a positive impact on patient’s psychological well-being. Current braces
have metallic parts, which are difficult to conceal under regular clothing. Smart textile materials can be used in
place of metallic components to maintain product aesthetics. However, if it is not possible to reduce size or to
make a device more compact, then efforts should be allocated to make it unnoticeable and discrete in nature.

The size of a prosthetic should also conform to individual differences in body type to ensure that it maintains
perfect symmetry with the contralateral part, side or limb. In order to develop products, which are
generalizable and can be scaled according to a broader user base, it is important to understand individual
variance in shape amongst the target audience. This can be accomplished by developing a database containing
large anthropometric data samples based on country, location, ethnicity, age and gender of end users.
Customization techniques like casting; last formation, which have been traditionally used, can be replaced by
3D scanning and modelling to achieve better results. In addition, modularity in ortho-prosthesis can be
introduced at a grass root level to optimize device size and fitting. The concept of modular design can be
implemented to achieve a “one size fits all” design methodology for mass production and may help to stabilize
the user market.

Colour

A lot of research has already been conducted on the relation between colour, user perceptions and product
selection (Funk & Ndubisi, 2006; Kauppinen-Raisanen & Luomala, 2010; LoBue & DelLoache, 2011). Although
the range of colour options for medical products is limited, still the colour of the product contributes heavily in
the product appearance.

In the case of orthotics, there is more flexibility to experiment with different colours compared to prosthetics.
Depending on the application and user demands, products can be made transparent or incorporate colour to
stimulate concealing. The product design value for users changes when the product style or design parameters
also change (Holbrook, Morris B., & Moore, 1981). For instance, traditional dental braces use metallic wiring to
correct alignment issues. However, they are not aesthetically pleasing and often make eating difficult for the
user. Recently, several dental product manufacturers have started producing transparent dental braces
without the slightest compromise on functionality. This example illustrates the influence of colour preference
in producing a positive user experience without sacrificing functionality.

With prosthetics, many users prefer the product to be similar to the tone of human skin. Due to the limited
amount of colour options for prosthetic devices, matching a user’s skin colour is challenging and may influence
product acceptance. This could lead to a psychological unacceptance of the product as a part of their own
body. Some users prefer their prosthetic devices to be more vibrant and colourful. Several new prosthetic
limbs with printed artwork have been made available, which have been well received and successful among
young users. Similarly researchers (Lenhart & Sumarriva, 2008) have tried introducing printed cartoon
characters on orthotics designed for children which have been very effective. Body art’s fashion trends such as
tattooing are additional design possibilities whereby prosthetics can be perceived as more of a fashion
statement rather than a reflection of personal limitation or disability. An intensive care must be taken to make
the colour of the device/product as natural and as iconic to meet the user’s acceptability and psychological
treat. The user should take certain cultural considerations into account when incorporating this type of device
customization as it may not be appropriate for mass production. Interchangeable design skins may be a viable
option in such circumstances. It is important to understand user needs and preferences when choosing the
colour of ortho-prosthetic devices.
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Material and texture

Material selection is a key step in orthotic/prosthetic design. From the perspective of product design, material
characteristics have a strong impact on the physical product (De Sausmarez, 1964; Hannah, 2002; Scott, 1951).
It is important to ensure the material selected has the necessary mechanical and physical properties required
for the functional needs of the user. Concomitantly, careful consideration must be given when addressing
more intangible characteristics like perceived values, personal associations and emotions. A study by (Karana,
Hekkert, & Kandachar, 2008), provides a detailed summary of key parameters to be considered by designers
when selecting materials with a greater emphasis placed on the intangible characteristics of materials for
improving the product design process. With advancements in material research and technology, it is possible,
with new material options, to satisfy these intangible needs.

In addition, care must be taken to make sure materials should be waterproof so that they can be suitable for
various outdoor conditions. Water and sweat could be the potential causes for the invalidation of functional
aspects and strongly destroy the aesthetical appraisals of amputee. Excessive sweating may lead to itching,
irritation and sores, causing unwanted discomfort to the patient, making it less desirable. The material used
should be easy to clean and should not allow colours to fade.

Most medical prosthetic devices use metallic components to provide the necessary mechanical strength and
polymers or plastics for the external encasing. Newly developed inert materials such as fiberglass, biopolymers
and various metal alloys have been used to improve mechanical strength. The synchronization between user
perception and product material should also be considered. Material texture preferences may be influenced
by gender and various socio-cultural factors. Material, which mimics skin, may or may not be desirable
depending upon the circumstances. More research is needed in this area.

Adaptability to fashion and clothing

Just like physically fit human beings, people with special needs also have the desire to be perceived as
attractive. An individual’s appearance is highly affected by the style of clothing and fashion accessories being
worn. However, the ability to use the prosthetic under fashionable clothing is an aspect often overlooked by
medical practitioners when designing the device.

Velcro straps can be used to affix bulky orthotic splints and braces which are often prominent, detract from
personal aesthetics and make it difficult to wear clothing over top. Due to bulkiness and prominent visibility of
prosthetic devices, the range of clothing is limited Current design technologies have the ability to produce
customized and sleek products which can be either hidden under clothes or can blend with an ensemble by
matching the contour of an individual physique.

The majority of lower limb prosthetics are designed for wearing normal flat-soled footwear. This reduces the
number of footwear options and may negatively alter the biomechanics of the prosthetics predisposing the
user to postural imbalance and injury. Hence, there is a need for designing adjustable ankle prosthetics, which
not only support body weight but can also adapt to different types of footwear.

Following fashion and style trends are often important for the reasons of personal aesthetic preferences. The
aforementioned design considerations would help ortho-prosthetic users have greater autonomy and fewer
limitations when it comes to choice of clothing. This could have positive effects on social interactions
psychological well-being and self-confidence.

Other factors

Factors like age, gender, cultural affiliations and personal attitude affect consumer aesthetic tastes (Bloch,
1995; Ji, Peng, & Nisbett, 2000; Salkind & Salkind, 1997). Previous studies have shown that males prefer more
masculine product patterns whereas females are more inclined towards products of beautiful and elegance
(Sansoni et al., 2015). Regulatory and legal factors also affect material selection as products often needs to
comply with standards approved by the Food and Drug Association (FDA).

Other factors, which also affect the design process, include the cost of manufacturing and affordability of the
target users. However, aesthetics should not be compromised based on manufacturing costs or material
selection. Although traditional manufacturing processes help in producing more economical medical
prosthetics in mass scale, 3D printing has proven to be highly cost effective concerning the customization of
products. 3D printing can also avoid f material waste incurred during the casting and manufacturing process. In
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addition, 3D printing techniques can be used to facilitate a modular development of ortho-prosthetic devices
for individual customization.

“Toe Talk”, prosthetic limbs that make a statement: A case study

Wide range of artificial prosthetic limbs are already available which help users (i.e., amputees) perform various
daily activities including walking, jumping and even running. However, the majority of prosthetics limbs
currently available are designed without considering aesthetic elements, which may make them undesirable
for younger amputees. Hence, an alternate means by which the aesthetics of these prosthetic products can be
improved upon without compromising function is needed. This will significantly improve the user experience
of young amputees.

In this case study of prosthetic limb socket, a design group explored the opportunities of redesigning a
prosthetic limb socket into a modular wearable art, which can give users the liberty to express their
unigueness without hampering the functional aspects of the device.

Design approach — Modular design

Modular designs are based on the concept of separating products into multiple parts, segments or modules
that can be individually modified and customized (Duray, Ward, Milligan, & Berry, 2000). Recently, a large
number of research contributions have been made in this particular area. A study done in 2014 proposed a
similar approach (Seok, Woo, & Lim, 2014), which they termed “Non-finito” product design. The products are
intentionally unfinished giving users the option to customize and complete them based on their own personal
choices and creativity. This kind of approach can help in achieving mass customization and facilitate product
design flexibility based on individual preferences. Allowing users to be actively involved during the design
process can help to initiate a better product-user relationship, which would better address the user’s needs.
This can also make the potential problems encountered in the design phase more visible to the designers.

However, this type of design approach is seldom adopted in the field of medical product design. Therefore, the
team attempted to incorporate the concept of a modular design approach without compromising the primary
function (i.e., locomotion and movement) of the prosthetic limb.

Design Method

A 25-year-old female amputee agreed to participate in the study. In order to understand her needs, a semi-
structured interview was conducted in conjunction with an observational study to define her user profile and
understand her daily routine. Based on this study, initial insights about fundamental design needs were
acquired. Her input from the interview was considered throughout the design process to ensure the final
product (i.e., prosthetic limb socket) did not affect the functionality of the prosthetic limb.

Based on the data gathered from the interviews and observational study, an initial brain storming session was
performed. Using the principles of modular design, multiple prototypes were developed using 3D modelling
software. Then based on the user preferences, a design was selected and further refined.

For developing the prototype, a 3D scan was acquired for the stump of the amputated limb. Based on the
acquired 3D model, a customized prosthetic limb socket was developed using a computer aided designing/
manufacturing (CAD/CAM) software. The final design prototype was then printed.

Design requirements

Being a marathon runner and sports enthusiast in the past, the participant did not want her amputation to
affect her self-image. Upon interviewing her, it became evident that she was not happy with a conventional
prosthetic leg. She felt it looked ugly and did not allow her to wear fashionable clothes or shoes (i.e., high
heels). Instead of hiding her imperfections, she wanted the prosthetic to be a more prominent bodily feature
in order to serve as a source of inspiration and encouragement for other amputees. In addition to these design
expectations, she also expressed the need for a prosthetic that was easy to wear and store when not in use,
the possibility of attaching it with existing prosthetic limb, the ability to reduce sweating with greater
ventilation capacity and further modifications to improve durability. Additional factors for consideration
included the shape, size, colour, material and manufacturing process.
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Design process — prosthetic limb socket

To address her needs, multiple design ideas were generated from the brainstorming session as shown in
Figure. 1. The brainstorming session focused on three major criteria: (1) wearable art, (2) mix and match and
(3) inner maturity. Several rough sketches and iterations were developed (Figure 2).

Figure 1: Brainstorming for the design
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Figure 2: Ideation Process
During the ideation process as shown in Figure 2, initial ideas were further reduced to seven designs based on

user preference, choice and needs. Various art and cultural elements were considered during the selection of
the opted designs leading to the final design shown in Figure 3.
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Figure 3: Final design of prosthetic socket

There were three major elements incorporated in the design to make it more appealing and serve as an
identity statement for the participant. The first element that was considered was the shape of the socket. It
was designed with a mesh form, which made it look more artistic, and at the same time reduced the contact
surface thereby allowing it to be more breathable and less prone to accumulate moisture from sweating.
Several attachment sites were provided along the device where she could place some text or messages.

The second element of the socket was its use as a wearable form of art. Provisions were made to ensure that
certain parts could be removed and replaced. The user can easily slide various images, messages, and
photographs in the designated sections of the device based on her mood, clothing combination, life events or
the type of event she plans to attend. This provided her with an opportunity to be more creative and allowed
her the freedom to use the device as conduit for self-expression.

The third element targeted the issue of using the new design with an existing prosthesis. A two-layered design
was created to address this issue. For the existing model, only the outer case design was 3D printed and placed
over the existing socket. For developing a new one, the internal frame replaced the socket.

To confirm the shape and size of the newly developed socket matched the contralateral limb, a 3D scan of the
existing limb was also acquired to serve as a reference during the entire design process. This was done to
ensure limb symmetry and avoid any bulky appearance beneath her clothing thereby allowing her to have a
greater range of compatible clothing options.

Based upon her preferences, the prosthetic limb socket was developed in white colour so that it could match
any clothing colour. White made it more vibrant, elegant, less likely to absorb heat. In addition, the white
background made the other design elements (i.e., attachable text, removable images, and artwork) more
prominent.

The final prototype was named “Toe Talk”, as this gives young, active amputees a chance to express their
uniqueness. Unlike traditional prosthetic designs, it is very elegant and artistic.

Figure 4: 3D printed prototype — prosthetic limb socket
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The designed prosthetic socket was 3D printed and provided to the participant. However, due to structural
issues, the design required further refinement. The 3D printed prototype of “Toe Talk” is shown in Figure 4.

Conclusion

Allowing the end user to be more involved in the design process having user-oriented design (UOD) approach
can improve upon conventional approaches to ortho-prosthetic device development. With the advent of
modular design techniques, it is now possible to develop products, which are partially or entirely customized
based on personal preference. Involving the user in the design process has positive psychological benefits and
gives the user a platform for highlighting their creativity.

Maslow’s hierarchy describes three different levels of user needs. These encompass basic, psychological and
self-fulfillment needs. Traditional ortho-prosthetic devices address basic functional needs and allow the user
to perform daily activities. Psychological well-being and self-fulfillment needs can also be met by addressing
device aesthetics

Ortho-prosthetic product design is a vast and constantly evolving field, which has undergone rapid growth. In
past few decades, product designs for amputees have transformed from simple mechanical devices to highly
sophisticated bionic devices. However, the aesthetic features of these devices have received little
consideration. Studies have shown that the absence of aesthetics can have negative psychological and
cognitive consequences for users.

This study attempted to identify some of the key aesthetic parameters, which influence the ortho-prosthetic
design process. The authors have provided relevant suggestions and recommendations for addressing these
issues with a modular design approach. A case study involving the design of a prosthetic limb socket was given
to elucidate the benefits and implications of this user-centered approach.

Developing a single product, which satisfies the needs of every individual user, is challenging. There are social,
psychological, economic, cultural and personal preference factors, which influence user perception and
experience. Modular and DIY design approaches can help to address these issues by allowing the user to be
more actively involved in the design process. With a modular design approach, it is possible to customize
prosthetics based on the user’s requirements. Users can also employ a DIY design approach by combining
different prefabricated parts to manufacture their own product. This could facilitate the customization of such
products on a mass scale. Additionally, designing ortho-prosthetic devices in the form of wearable art could
revolutionize the field of medical product design and add an element of fashion to the customization process.
Not only with this allow the user the option of incorporating their own sense of style or fashion into the
development of their device but it can also create awareness for the inclusion of amputees across various
social contexts.

For ortho-prosthetic device users, better product aesthetics are more than simply a means of flaunting or
showing off, but means by which they can look and feel beautiful or be able to wear fashionable clothing like
other people around them. Amputees have the same needs and desires as non-amputees. Meeting their needs
is achievable when designers can give the opportunity to reevaluate the ortho-prosthetic’ design process with
the objective of enhancing user acceptance in mind.
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Technology is the leading driving force in healthcare and medical device design, however,
innovations which emerge from these practices are often driven by clinical requirements.
Such innovations are focused on developing products that addresses current health issues,
diseases or medical problems — often lacking consideration of the end users’ needs. Design
innovation advocates that user-centred design happens much earlier in the product
development process so that the patient needs are prioritised. However, this emerging
field is yet to be defined and explored in a medical context. This paper therefore proposes
a framework of Medical Device Design Innovation to explore the role of design in medical
device innovation through two medical device case studies. The proposed framework
suggests a way to navigate the nuances and complexities of the medical device industry in
order to put the patient first while ensuring commercial viability.

Keywords: Medical device design, patient centred design, design innovation, ventricular assist
devices, ankle-foot orthoses

Introduction

Medical device manufacturers create life-changing innovations through the collaborative expertise of various
disciplines including engineering, manufacturing, clinical, regulatory, marketing, sales and business specialists.
The role of the designer is often that of user advocate (Privitera, Southee, & Evans, 2015). However, the design
team may also be responsible for aesthetic design, form giving, human factors application and testing, along
with implementing contextual inquiry and/or ethnography methods (Petrie & Copeland, 2011; Privitera, 2017).
Appropriate use of design tools and methods ensures that the user experience is championed from the early
stages of product development and continues throughout the product development process as design trade-
offs need to be made (Norman, 1986).

While cutting-edge technology advancement in medical device design is absolutely vital, it is the overall
experience (cognitive and emotional) which impacts on the daily life of the patient and caregiver (Bate &
Robert, 2006). Exemplary medical device design integrates technology development with user needs (Martin &
Barnett, 2012). According to Martin and Barnett (2012), medical device manufacturers are motivated to
conduct user research for regulatory compliance during the product development process. Both the European
Union and the US Food and Drug Administration (FDA) require that human factors engineering processes be
followed and standards be met, demonstrating that ergonomics, human factors, or user-centred design have
been considered (International Organization for Standardization, 2015; Martin & Barnett, 2012). Similarly,
funding for medical research requires technology developers to prove relevance to ‘users’ or ‘stakeholders’ for
the healthcare research funding decision process (Martin & Barnett, 2012). Human-centred design should be
central to all medical device development to ensure that user needs are met. However, user involvement
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often comes later in the product development process, when the form and function has already been
determined, and the ability to innovate based on user needs is limited due to a number of fixed parameters
(Throckmorton, Patel-Raman, Fox, & Bass, 2016). The technological aspects of product development are often
separated from the user aspects or only function to determine product appearance (Jones, 2013; Martin &
Barnett, 2012). Schaeffer (2012) describes the role of human factors in this process as “prevention through
design”, to minimise risk by preventing human error, adverse events, and product recall.

Design innovation advocates that user-centred design happens much earlier in the product development
process so that patient needs are prioritised. It is anticipated that the participatory methods used in design
could tap into the tacit knowledge of stakeholders (i.e., practitioners, patients and caregivers) and identify
their latent needs. This paper therefore explores the role of design in ensuring that patient needs become a
point of focus in the development of medical devices, with the aim of improving the patient experience. To
understand how the design innovation model could be applied specifically to the challenging field of medical
device innovation, the Medical Device Design Innovation framework is presented and explored through two
medical device case studies, including: Ankle-Foot Orthoses (Class |); and Ventricular Assist Devices (Class Ill).
The proposed framework suggests a way to navigate the nuances and complexities of the medical device
industry in order to put patients first whilst also ensuring commercial viability.

Literature Review

The Complexity of Medical Device Design

Designing a medical device is exponentially more complicated than designing a consumer product (such as a
new cutlery set or even an electric toothbrush), and thus traditional definitions of design-driven innovation
(Verganti, 2009) may appear naive and oversimplified when overlaid into this field. Many medical devices are
not simply distributed or sold direct-to-consumer or the end-user, which is especially true for devices Class Il
and above. A number of conflicting considerations mean that desirable product aesthetics and meaning-
making are much more complex to attempt — often requiring significant compromise. Among others, these
considerations include: uncertainty, regulatory environment, complicated diagnostic pathways, complex
payment models, biocompatibility of materials and patient compliance (Hanna, Manning, Bouxsein, & Pope,
2001; Hunink et al., 2014; Kucklick, 2013; Lynch et al., 2015; Narayan, 2012; Wimmes, Richards, & Benjafield,
2013). Additionally, all medical devices, if sold in the US, must conform to detailed FDA General Regulatory
Controls.

Much of the literature on medical device design or innovation stems from the field of engineering, e.g., the
work of Ogrodnik (2012). Subsequently, technology is the leading driving force in healthcare and medical
device design (Thimbleby, 2013). There is a gap in the research for understanding how innovation driven by
design (i.e. design innovation) can be used to address the needs of users holistically in a way that generates
value for a diverse range of stakeholders. Such stakeholders are limited not only to patients who receive
clinical treatment with medical devices, but also medical device manufacturers, insurance companies,
governments, regulatory agencies, healthcare providers, hospitals, clinicians, healthcare practitioners,
surgeons, home medical equipment providers and patient caregivers. This gap becomes more pertinent to
address due to the notion that medical devices must, in some way, interface, interfere and intervene with the
human body (U.S. Food and Drug Administration, 2018). Thus, the risk of mechanical, electrical, system or
technical failure is more critical than that of a standard consumer product, justifying the need for a strict
regulatory environment which strongly influences when and how innovation is able to occur. However, it
cannot be denied that a blurring of the boundary between consumer and medical products has taken place in
recent years (Shinbane & Saxon, 2016). In the modern era we live in, patients expect their medical devices to
operate and function as well as (if not better than) the consumer products they interact with on a daily basis
(Nilsson & Sheppard, 2018). Thus, there is increasing interest in testing consumer innovation models for their
applicability to more highly-regulated and high-risk industries such as medical device product development.

Medical Device Classes, Risk, Complexity and Design Innovation

For this paper, we refer to the three classes of medical devices according to the FDA classification system (see
Table 1), since the US is one of the biggest market influencers in medical device product development.
However, the authors recognise the scope of classifications for medical devices across different regions.
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Table 1: The three classes of medical devices according to the U.S. Food and Drug Administration (BMP Medical, 2018;
Sikorski, 2019; U.S. Food and Drug Administration, 2019a; White, 2018) and FDA Regulatory Requirements for Medical
Devices before release onto the US market (U.S. Food and Drug Administration, 2018e, 2018d, 2018c, 2018b)

Class Risk Description Examples FDA Regulatory
Requirements
Class| Low to Devices are common, everyday Ankle-Foot Orthoses, General Controls, i.e.:
Moderate medical devices, involving less Tongue Depressors, [J Adulteration
sustained contact with a patient, Enema Kits, Elastic [ Misbranding
and are generally would not in Bandages, Exam Gloves, [J Device registration and
contact with internal organs. Surgical Caps, Crutches, listing
Majority of devices are either Slings, Mechanical [J Banned devices
exempt from the regulatory Wheelchairs, [ Notification and repair,
process or subject to the minor Toothbrushes, Dental replacement, and refund
regulatory requirements. Class | Floss, Stethoscopes, [J Records and reports
devices present a low barrier and Forceps, Nasal Dilators, [] Restricted devices
are straightforward to bring to Hearing Aids, Bedpans, [J Good Manufacturing
market — yet are still subject to FDA  Device Accessories (e.g. Practice
General Controls which constitute Cleaning Brushes) And, if new and novel:
a series of standards for all medical Premarket Approval (PMA)
devices. or if PMA exemption can be
proven; 510(k) — Premarket
Notification showing
substantial equivalence
Class Moderate Devices may be diagnostic or come  Surgical Meshes, General Controls; 510(k) —
Il to High into contact with a patient’s Condoms, Hypodermic Premarket Notification
internal organs. In addition to Needles, Acupuncture showing substantial
General Controls, Class Il devices Needles, Neonatal equivalence plus device-
are also subject to Special Controls Incubators, Catheters, specific Special Controls:
due to the added complications Blood Pressure Cuffs, [J Performance standards
involved in providing reasonable Powered Wheelchairs, [J Postmarket surveillance
assurance of the safety and Infusion Pumps, Blood [J Patient registries
effectiveness of such devices. Class  Transfusion Kits, Vacuum [J Special labelling
Il devices also undergo the FDA’s Regulators, Wheeled requirements
Premarket Notification 510(k) Stretchers, Breast Pumps,  [J Premarket data
process to justify the device’s Pregnancy Testing Kits, requirements
equivalence to another device that  Electrocardiograph (ECG) [ Guidelines
has already been legally marketed, Machines
thus demonstrating safety and
effectiveness.
Class High Devices in this category support or ~ Ventricular Assist General Controls; plus

sustain life, are implanted, or
exhibit potential significant risk of
injury or iliness. Novel devices and
unproven technologies also fall
under this classification. In addition
to the other regulatory controls,
Class Ill devices must also undergo
the FDA Premarket Approval (PMA)
process to prove safety and
effectiveness — involving a rigorous
scientific study requiring clinical
trials, unless an exemption can be
proven.

Devices, Pacemakers,
Defibrillators, High-
Frequency Ventilators,
Aortic Stents, HIV Tests,
HPV Detection Kits,
Replacement Heart
Valves, Neurosurgical
Lasers, Intrauterine
Contraceptive Devices
(IUDs), Cochlear Implants,
Foetal PH Monitors,
Implanted Stimulators
(for people with
Parkinson’s disease),
Implanted Prosthesis

Premarket Approval (PMA)

including:

[J Technical data

[J Non-clinical laboratory
studies data

[J Clinical investigations
data

Or, if PMA exempt can be

proven; 510(k) — Premarket

Notification showing

substantial equivalence

111



The major distinguishing factor between medical device classes is risk (BMP Medical, 2018). Increased design
complexity correlates with increased risk (Figure 1). Class | and Class |l devices are characterised by a lower
barrier to entry and a reduced risk (University of Limerick School of Design, 2019). Thus, design and design
innovation are being explored and showing prevalence in the domains of Class | and Il medical devices due this
reduced risk and lower barrier to entry (University of Limerick School of Design, 2019). It has been shown that
a design innovation approach can lead to highly-successful outcomes for design interventions based upon
deep customer insight for lower-risk industries such as consumer electronics, travel, and fashion retail (Wrigley
& Straker, 2018), and is also beneficial applied to social innovation projects (Haines-Gadd et al., 2015).
Similarly, lower-risk classes of medical devices such as healthcare diagnostics lend themselves well to a design
innovation approach (Kyffin & Gardien, 2009). Nevertheless, there is a paucity of data regarding the use of
design innovation in field of high-risk Class Ill medical devices (see Figure 1). Due to the higher barrier to entry
and increased risk, little is known about the value of design innovation in Class Ill medical devices. This is
unfortunate, as an approach which considers the needs of patients (rather than purely technology) at the
onset of design can have significant ramifications for patients’ quality of life. It is understandable that this
proposition might encounter industry resistance since proper user research and successfully integrated user-
centred design may result in challenging the entire fundamental concept behind a medical device (Martin &
Barnett, 2012).

MEDICAL DEVICES

-
|

_ —
£ / h

H \
Z Prevalence of /

o i

T | g onorsion o gemn
g 9 Medical ,
S Devices

]

S /
- =

% 7

g /

H [ Class Il

£ Medical

i \ Devices J

2 _ \

3 e NN

£ N -

13 / -

o \

g Class |

B Medical J

81! Devices Opportunity for

3 \ a design approach

e to innovation

o

3]

£ »

Increased Risk

Figure 1: Three classes of Medical Devices correspond to increased risk and increased design complexity
(including the human factors, service and system). An opportunity for Design Innovation to move into Class Il
medical devices exists. Adapted from University of Limerick School of Design (2019)

Introducing the Medical Devices Design Innovation Framework

According to design thinking principles, innovation occurs at the intersection of human desirability, technical
feasibility, and business viability (Brown, 2009; IDEO, 2019). When lifted to the strategic level, according to
design-led innovation principles, an innovative design outcome results when technology (i.e. the core
intellectual property) addresses user needs through human-centred design and also disrupts the existing
business model with a strategic value offering (Bucolo, Wrigley, & Matthews, 2012; Wrigley, 2017, p.236).
Building on both the design thinking model and the design-led innovation model (see Figure 2), here the
authors introduce the Medical Device Design Innovation (MDDI) framework (see Figure 3).
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Figure 2: The Design Thinking model on the left (Brown, 2009; IDEO, 2019) and the Design-Led Innovation
model (Bucolo et al., 2012; Wrigley, 2017) on the right, adapted from Wrigley (2017, p.236)

PEOPLE .

.
! DESIRABILITY K
’ . User Experience Human N
/ Service 2 Factors
N Support disease Enhance both '\
,’ treatment, reduce physical & “
1 the burden - emotional 1
! ethics, regulation, user experience -,
embodiment,

clinical trials etc.

interactivity &

: E;Ciedz;l:hgare MEDICAL communication .
1 government DEVICE H
: DESIGN i
: INNOVATION :
\ VIABILITY FEASIBILITY ':'

Physical Product
& Digital Product
- Core Intellectual

Business model of
Manufacturers,
Insurance, Govt,
Healthcare
Providers

. System P

AR Navigate and simplify the system complexities & L
Seo reduce the workload - healthcare strategies -
S for hospitals, government, etc. -7

S

Figure 3: Design Innovation Framework for Medical Devices

The MDDI conceptual model has also been inspired by the authors’ understanding of Product Service Systems
(PSS) (Manzini & Vezzoli, 2003; Tukker, 2004, 2015; Wallin, Parida, & Isaksson, 2015). Each of the segments in
the framework corresponds to a key element of a proposed design innovation approach as it applies
specifically to the design and development of medical devices within the context of a highly complex field. The
MDDI model provides a conceptual map for each of the key factors that must be considered at the scoping
phase and throughout the development process for an innovative design-led intervention within the field of
medical devices. Careful consideration of each segment ensures that requirements for design innovation can
be met. The order of exploring each segment is not critical, but all must be examined in depth at the early
stages of design to inform the design innovation process and to successfully apply the model.
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Emotional — Desirability (People)

Understanding and meeting users’ emotional needs is the core value of this segment, achieved through
eliciting deep customer insights and then designing for them. The holistic user experience of a medical device
is integral to the Emotional segment of the framework. Here, latent user needs can be addressed through
stakeholder engagement and human-centred design research methods that are directed at discovering tacit
knowledge and users’ key emotional needs. Here, we ask: who are the key users? Are we solving the right pain
points for each of the key users (whether directly or indirectly involved)? Indirectly involved stakeholders’
needs might influence the outcome of design. This segment situates design aesthetics, industrial design, user
experience design, and interactions, and how user groups experience a medical device through a series of
touchpoints throughout their treatment journey. Opportunities are identified here to design emotional user
experiences via new products, services and systems that are driven by desirability.

Functional — Feasibility (Technology)

The core intellectual property —i.e., the functional foundation of how a device works to successfully provide
disease treatment resides in this segment. Feasibility is borne of appropriate selection and implementation of
technology. Technological development represents the ability to manifest a desired user experience through
both physical and digital means. Technology development represents the greatest potential for risk due to
factors such as manufacturing process constraints, cost drivers, or biocompatibility of materials, but is also
currently the most significant industry driver in medical devices. However, in this framework, technology must
be reframed as an enabler of user experience rather than a singular driver of innovation potential.
Technological advances fall under the Functional segment, where it is essential to determine whether the
technology currently exists to accomplish what users genuinely need. If not, whether the technology can be
feasibly developed within a reasonable cost and timeframe needs to be determined. Here, we build on the
strengths of current and core operational capabilities.

Structural — Viability (Business)

The Structural segment encompasses the wider ecosystem of manufacturers, insurance companies,
governments and healthcare providers (such as hospitals). The medical device regulatory environment and
FDA requirements (the ‘ticket to play’ in the Medical Devices industry) are also situated into a stakeholder
structure within this segment and herein lies the economic value and value chain delivered by medical devices.
Building globally competitive, viable and sustainable business models is imperative, whilst balancing the
complex ecosystem of stakeholders (i.e. customers and payors), which collectively form a piece of the
structural puzzle. In this segment, it is necessary to consider both the long-term and short-term horizons of
growth. This segment is responsible for building the infrastructure to support the holistic user experience of a
medical device, and the services and systems that resolve their needs.

Human Factors (Functional + Emotional)

This segment of the MDDI framework encompasses an understanding of human behaviour interactions
involved with product experience both directly (tangible) and indirectly (intangible). The goal of this segment is
to enhance both physical and emotional user experience through embodiment, interactivity and
communication. Through human factors, optimum usability is created when both physical and psychological
human capability and limitations are designed into the user experience, hence the importance of achieving an
understanding of the holistic user experience when designing any product, but especially medical devices.

Evans and Geiselhart (2012) identified a number of usability factors which may influence an individual’s
product experience that should be considered when designing medical devices and their associated systems,
including: (1) physical abilities, i.e., anthropometry, biomechanics and sensory abilities; (2) cognitive abilities,
i.e., how the brain processes information and learn new things, memory, and habits; (3) state of being, i.e., the
general health of users, disease states and comorbidities that challenge patients’ mental and emotional states,
and motivation for learning new things; and (4) experiences, i.e., educational backgrounds, and skills that will
guide behavioural interactions. Moreover, environmental factors such as physical environment and life
circumstances need to be considered as these encourage or discourage usability and influence overall user
experiences.
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Service (Emotional + Structural)

The service segment is intended to provide an intangible service in order to fulfil specific customer or user
needs through an intertwined web of stakeholder groups and user touch points throughout the treatment
journey, ensuring device users are consistently engaged, educated, managed and supported. Patient
experience improves more holistically through thoughtfully designed services which include disease treatment
support and aims to reduce the burden of treatment as well as enhance the user experience throughout the
patient journey. Here, we could explore better ways to recruit for clinical trials, explore ethics, determine
candidacy for treatment and regulations that meet the altering requirements for the healthcare provider and
government which in turn may add economic value through extended product lifespan and services. In this
segment, marketing and sales channels may reside, as well as product lifecycle, replacement schedules and
device maintenance, diagnostic pathways, and patient, practitioner and caregiver training and support.

System (Structural + Functional)

Medical device innovation encompasses many different sectors’ and stakeholders’ involvement. In addition,
the ‘invisible’ underlying system that supports a commercially and clinically successful medical device may not
be explicitly recognised for its significant contribution to innovation. The design influence of such invisible
systems may not normally be prioritised. However, a well-considered system may support balancing the
complexity of many different sectors’” and stakeholder’s needs and holistically sustain dialogues between these
groups. Examples of the system include healthcare structures and strategies which may support building
unique relationships with users. This, in turn, may enhance their loyalty and increase efficiency gains
throughout the whole medical treatment life cycle by fulfilling stakeholders needs in an integrated and
customised way. Consequently, the workload is reduced, and the value of a business is improved. In many
cases, the system workflow is rendered invisible in the delivery of digital and physical products and services —
the MDDI framework on the other hand, emphasises system workflow and makes it visible.

Case Studies

The Medical Device Design Innovation framework (see Figure 3) is explored further through two case studies
representing the extremes in medical device classifications currently undertaking a design approach to
innovation. These case studies include the Ankle-Foot Orthosis (AFO) and Ventricular Assist Device (VAD),
which are Class | and Ill respectively.

Case Study 1 — Ankle Foot Orthosis (AFO)

Ankle-foot orthoses (AFOs) are thermoplastic braces that support the foot and ankle to compensate for
weakness, correct deformities and improve walking ability. These devices are a highly effective non-surgical
treatment for patients with walking difficulties, such as cerebral palsy (Wingstrand, Hagglund, & Rodby-
Bousquet, 2014), inherited neuropathy (Scheffers, Hiller, Refshauge, & Burns, 2012), and brain and spinal cord
injuries (Vogel, Mendoza, Schottler, Chlan, & Anderson, 2007). AFOs improve mobility, maintain surgical
correction and prevent recurrence of deformities (Dickinson et al., 2007; Skaaret, Steen, Terjesen, & Holm,
2019). Like other Class | devices, such as bedpans and enema kits, AFOs have undergone minimal change in
experiential design, focusing only on function development. The technology surrounding the field has
continued evolving, but fabrication of the same designs using traditional, manually laborious, handcrafted
methods has continued to proliferate in the field.

The project focuses on patient perspectives of AFOs and design innovation to facilitate the creation of patient-
centric designs and improve the qualitative and experiential aspects of paediatric patient wellbeing. The need
arises from the lack of AFO development beyond technical adjustments, and dissatisfaction elucidated by
preliminary research into patient perspectives — highlighting opportunity for improvement not only in the
functional aspects of the device, but also the experience surrounding it. The aim is to explore the process of
prescribing, producing, acquiring, and using an AFO to understand how the design and production of AFOs can
be innovated to improve patient outcomes.
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Figure 4: Design Innovation Framework for Ankle-Foot Orthoses

Emotional — Desirability (People)

Recognising the importance of emotional attachment and the capability of design innovation to promote
patient-product connection is critical for long term treatment. AFO design considerations cannot be isolated to
just those of the patient. Initial research suggests the value of indirect stakeholders (such as parents, carers
and orthotic practitioners) in providing compelling insights into AFO design. The Emotional segment
encompasses processes that will uncover experiential needs of all stakeholders, both active and latent.
Human-centred approaches to design (emotional, aesthetic and functional) will generate novel and custom
designs. In the context of a specific group of users - for example paediatric patients - this may foster greater
attachment towards their AFO device through personalisation and comfort profiles. The manufacturing of such
designs is feasible using additive manufacturing and a streamlined acquisition process.

Functional — Feasibility (Technology)

The primary technological shifts in the industry of AFOs surround the development of biometric analysis tools
and similar testing facilities, but very little in the development of the AFO itself (Lai et al., 2010). Prior to the
introduction and use of Polypropylene, development of AFO design spans from semi-permanent plaster casts
to a metal and leather construction (Wronksi, 2019). Though polypropylene is now the industry standard, that
technological shift continues with additive manufacturing. In the past 20 years additive manufacturing
technologies (including 3D modelling software, 3D printers, materials and scanners) have emerged from
technological infancy and present numerous advantages in manufacturing. Fortunately, the cost of this
equipment has made public and private access financially less inhibitive (Wohlers & Gornet, 2014). Costs have
reached a tipping point where price no longer inhibits procurement for both the orthotist/practitioners and
the recipient patients, allowing for widespread adoption of this new process in lieu of the traditional methods
of fabrication. Of the few relevant studies found investigating additive manufacturing in AFO development
(Cha et al., 2017; Faustini, Neptune, Crawford, & Stanhope, 2008; Jin, He, & Shih, 2016; Mavroidis et al., 2011)
the overall design language and geometry of the AFO is merely replicated, showing little to no sign of
innovation. A systematic review was conducted by Wojciechowski et al., (2019) and concluded similarly, that
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though additive manufacturing of AFO is being studied, it is an underdeveloped area lacking substantiative
research. This is unlike, for example, 3D printed bicycle frames, such as a stainless-steel bike produced by Tu
Delft and MX3D, that demonstrate innovation in creating mesh-like designs that do away with a solid
homogenous structure. Despite this, additive manufacturing capability and technologies are an apt tool that
can be utilised through the design innovation approach, since the technology offers wide variation to
accommodate many differing patient preferences identified in the study.

However, technological advances alone do not produce a set of design solutions. Through design innovation,
open channels of collaboration, patient contribution and orthotist involvement can develop a new model for
the AFO industry, community and businesses that operate within it.

Structural — Viability (Business)

The Structural segment positions the complexities of multiple stakeholders into a framework that balances and
supports their competing priorities against the regulatory demands of governing medical authorities such as
the FDA. This framework presents AFO practitioners, manufacturers, healthcare providers and insurance
companies with Business as a conduit through which meaningful, life-changing and engaging products can be
provided. Viable business structures are conceptualised resultant from research into novel payment models,
profit structures and cost effectiveness. Innovative cost models generate avenues to innovative processes, for
example additive manufacturing. The automated processes associated with additive manufacturing allow for a
significant reduction in human labour hours, thus reducing operational costs in the long term, despite initial
setup costs being higher i.e.: the purchase of a production grade 3D printer. Lower business costs result in
lower costs to users, and decreased waiting time can increase patient satisfaction (corroborated by initial
research). Timely AFO replacement increases clinical efficiency. This fosters a patient-centric business model.
The adaptive nature of additive manufacturing also lends itself to the regulatory environment, with sudden
changes to industry standards or regulations having less of a detrimental impact on manufacturing. Most
anticipated changes can be accounted for with a material or geometry change.

Human Factors (Functional + Emotional)

Much of the literature surrounding AFO development, testing and use explores aspects of function,
mechanical improvement, and biometric analysis with patients (Faustini et al., 2008; Lai et al., 2010; Lam,
Leong, Li, Hu, & Lu, 2005; Ploeger et al., 2007). However, the MDDI model combines both Functional
(technology) and Emotional (experience) factors of a product. The model identifies a void of substantial
emotional experience qualitative data in the body of AFO research of AFOs. Design innovation highlights this
deficiency as an opportunity for improvement of human factors and provides tools to remedy this. Initial
research into patient perspectives of published literature and secondary data such online platforms (blogs,
message boards, and support forums) form an extensive understanding of the opportunities associated the
pragmatic and experiential aspects of using an AFO. Categorisation Matrixes and the use of qualitative data
analysis software NVivo will transform the data points into thematic clusters. This is the basis for forming
design recommendations and one of the methods utilised by design innovation (Joffe & Yardley, 2003)

Service (Emotional + Structural)

Service encapsulates the intangible experiences and circumstances surrounding a product and system. In the
context of AFOs, the Service segment focuses on improving the procurement and acquisition process,
appointment scheduling, professional training and communication between face-to-face interactions. This is of
particularly importance in paediatric patients (whom initial research indicates may require up to 3 devices of
increasing size per year during childhood, depending on growth). By directly addressing patient wellbeing as a
priority, new spaces for product services are revealed. Utilising design innovation methods within this space
could generate, for example, a patient-facing front end that could be a way that users could engage with and
stay connected with their AFO, orthotist and a larger community of users. A combination of design with
additive manufacturing technology can fulfil just that.

System (Structural + Functional)

Despite being a Class | medical device, the complexity of stakeholder experiences does not diminish.
Preliminary research into qualitative patient feedback establishes a need for clear, ongoing relationships
between the patients and all other stakeholders in the system. The desired value of the patient is an AFO that
is delivered in a timely and accurate manner; a result that can be propagated by the inclusion of novel
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Structural approaches, (such as patient-centric business model) and, Functional approaches (such as additive

manufacturing). A combination of these two aspects forms the System segment and can resolve many of the
detractions present in the systems surrounding Class 1 devices.

Case Study 2 - Ventricular Assist Device (VAD)

A Ventricular Assist Device (VAD) is a mechanical pump that takes over the pumping function of the heart as
an alternative treatment to transplantation for patients diagnosed with end-stage heart failure. VADs support
patients while they are waiting for a future donor organ transplant (Bunzel, Laederach-Hofmann, Wieselthaler,
Roethy, & Wolner, 2007; Jakovljevic et al., 2014) or when they are ineligible for transplant surgery (Boling,
Hart, Okoli, & Halcomb, 2015; Jakovljevic et al., 2017; Kaan, Young, Cockell, & Mackay, 2010; Makdisi, Makdisi,
& Bittner, 2017; Mclarty, 2015; Prinzing et al., 2016; van Manen, 2017). The user experience of Ventricular
Assist Devices is still far less than ideal, which in turn affects the patient’s, and their caregiver’s, quality of life
(Friedman & McMahon, 2014; Kaan et al., 2010; Schléglhofer & Schima, 2018). VADs place a number of
limitations on their users (e.g., ordinary daily activities such as showering, exercising, driving and sleeping are
impacted). In addition to the implanted VAD pump, there are a number of additional external wearable
components that require constant monitoring and maintenance to ensure proper function, including the
controller and external battery pack. These are connected to the pump via a driveline that extends from the
internal VAD through an exit site on the patient’s abdomen. In addition to their overarching condition of heart
failure all VAD patients have a risk of suffering from blood clotting, stroke, bleeding, infection, organ
malfunction, device failure, and right heart failure (Schumer, Black, Monreal, & Slaughter, 2016; Starling, 2010)
as a result of VAD treatment, which increases emotional impact on both patients and caregivers. While
innovation through technology push and incremental market pull has been observed, the translation of deep
user needs into innovative new user experiences is an emerging frontier in VADs.
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Figure 5: Design Innovation Framework for Ventricular Assist Devices

Emotional — Desirability (People)

There are a several key user groups (i.e. patients, caregivers and practitioners) to consider when designing for
VAD treatment. In the Emotional segment, research will use a design innovation approach and practice to elicit
authentic user stories of Ventricular Assist Devices in order to define the key needs of the three user groups
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above and translate, through design, these user desires into tangible and intangible innovations in the Human
Factors, Service and System segments. This segment encompasses user-centred design, human-centred
design, product form and function and emotional design, and may explore VAD digital channel interactivity
and communication, or develop and use novel tools to determine emotional user experience of VADs.

Functional - Feasibility (Technology)

Currently the VAD industry is technology-development driven and engineering-centric. In the Functional
segment, technology must be reframed as an enabler of innovation in VADs, not the driver. Regardless, the
underlying technology of any VAD innovation must work with reliability and efficacy but does not necessarily
have to be completely reinvented. Feasibility of both the physical equipment and a digital platform that
includes any core technological expertise in the form of core intellectual property is situated in this segment.
Future technology development for VADs should be prioritised according to deep insights on emotional user
needs, instead of user needs being served on the basis of technology capabilities and limitations.

Structural — Viability (Business)

In the Structural segment, a viable business model for VAD manufacturers, insurance companies, government
funding, and healthcare providers (including VAD hospitals) is considered imperative. Here, business is
championed as an enabler of innovation that brings life-sustaining value to heart failure patients and their
caregivers, through cost effectiveness, profit structures, and payment models involving e.g. research funding,
government, Medicare, insurance companies, co-pay. This segment recognises and situates the weight of the
medical device regulatory environment and FDA requirements into a stakeholder structure involving VAD
manufacturers, VAD hospitals, research organizations etc. Alternative business and/or industry structures may
be conceptualised in this segment.

Human Factors (Functional + Emotional)

In the existing literature on VADs, human factors and usability is addressed from an engineering perspective
looking at componentry and features, how quality of life (QoL) can be impacted and why it is important, but so
far there lacks a holistic thread to tie together the integration of technology (functional) with user experience
(emotional) into an innovative application of human factors that drives radical innovation of these devices —
design is well-placed to do this. Key authorities in usability and the intuitive use of VADs include Geidl et al.
(2009, 2011), Granegger et al. (2016), Schima et al. (2014), Schléglhofer & Schima (2018), and Throckmorton,
Patel-Raman, Fox, & Bass (2016), however thus far, human factors is still considered quite late in the product
development process. The research team proposes to use human factors principles to drive innovation by
incorporating ‘Design for Wearability’ guidelines for wearable VAD equipment, and by improving
communication and interactivity of a digital support channel.

Service (Emotional + Structural)

This segment situates services to support heart disease treatment and reduce treatment burden. It may
encompass ways to improve the patient experience such as better clinical trial recruitment, more holistic view
of the patient experience from a wellbeing lens, product delivered as a service (e.g. subscription to pump and
peripherals, upgradability). This segment provides the space to consider ethical considerations, including
device candidacy and Decision Support Tools (DSTs) and develop user-centred services such as dedicated
digital channels/platforms and self-care support tools (Ko et al., 2018). Treatment pathways such as
destination therapy vs. bridge-to-transplant, alternative business and service models, and propositions of
shared value may be explored here.

System (Structural + Functional)

In the System segment there is a may be a need to simplify existing complexities that exist at the backend of
VAD product development, regulation, marketing, technological device support systems, and to improve or
create networks and interactivity between device (the technology) and the receiver of revenue (the business)
in order to deliver the desired value to the customer and patient. This segment situates strategic healthcare
systems that may have implications for the broader scope of heart failure treatment pathways via healthcare
strategies for hospitals and governments, for example.
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Medical Design Innovation Constraints

The MDDI framework illustrates the applicability across the two extremes of Class | and Class Il medical
devices. The similarities include a need to meet general requirements of all medical devices. However, clear
differences between a Class | and a Class Il device arise in the increasing difficulty of translating a desirable
user experience under immense technical complexity in the context of a more rigid structural environment
with stacked constraints that must be navigated in order to achieve an innovative outcome.

Where design does play a role in the development of medical devices, the role is often pragmatic, business
centric and/or inward facing — focusing on aspects such as cost-effectiveness (for the business), risk reduction,
market placement and regulatory requirements (Medina, Kremer, & Wysk, 2013). An understanding of the role
of design and need for design innovation in the field of medical device product development is scant in the
wider academic literature, especially in the field of life-saving medical devices. Where design exists, there are
many obstacles that distract from a user- or patient-centric innovation model. These obstacles have been
attributed to the heavily restrictive influence of FDA requirements, reported as “the first external factor
affecting a company’s ability to develop new medical technology and influencing a company’s product
development priorities” (Medina et al., 2013). Such requirements exist for a compelling reason to protect
patient safety and reduce the risk of adverse outcomes. Thus, design innovation faces unique requirements,
constraints and challenges in the field of medical device design that are unlike any other in consumer product
development. Herein lies the opportunity for the framework to yield its contribution (as detailed in Table 2).

Table 2: FDA Regulatory Requirements for Medical Devices as they align to the Medical Devices Design Innovation
framework — Class Il includes requirements listed in Class | and Il, Class Il also includes all requirements listed in Class |

Class |

Class Il

Class Il

EMOTIONAL —
Desirability (People)

Human Factors
(Functional +

Records and reports

Postmarket surveillance

Clinical investigations
data

Emotional)

FUNCTIONAL — Good Manufacturing Performance standards Technical data

5;:;;;?7igfggy) Practices Non-.clinical laboratory
studies data

Service Notification and repair, Patient registries --

(Emotional +
Structural)

replacement, and
refund

STRUCTURAL — Device registration and  Special labelling Premarket Approval

Viability (Business) listing requirements (PMA); or, if exempt:
510(k) — Premarket 510(k) — Premarket
Notification showing Notification showing
substantial equivalence substantial equivalence

System Adulteration Guidelines --

(Struc.tural + Mlsbrandlng Premarket data

Functional) Banned devices .

. . requirements
Restricted devices
Conclusion

This study explores the role of design in medical device innovation and introduces the MMDI framework as a
way to innovate in medical device product development through using a design innovation approach that has
been proven successful in other industries. Two case studies are detailed, with the findings presented
suggesting that the MDDI framework is applicable to the wide range of medical devices available from Class |
through to Class lll. While this study does not offer a conclusive answer to the question of how a design
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innovation approach can be best applied to medical device product development to guarantee innovation, it
does suggest a new way to navigate the nuances and complexities of the medical device industry from early-
end device development through to product launch, in order to better balance user needs with commercial
viability.

It is possible, in exploring the Medical Device Design Innovation framework, that learnings could be
extrapolated to the wider field of healthcare or health services design that are intrinsically interconnected with
medical devices or rely on medical devices to supply care, in order to identify new opportunities for
innovation. One example might be for surgical training tools, which exist in the medical education field but
may not necessarily be classified as medical devices. The authors acknowledge the shortcomings of this
publication in that the Medical Device Design Innovation framework has been exemplified and tested on only
two case studies, and this does not yet allow us to validate the model in the vastness and variety of available
medical devices.

The Medical Device Design Innovation framework is conceptual in nature and thus requires further exploration
in future studies. From the perspective of the VAD and AFO case studies, future research will test the Medical
Device Design Innovation framework as a catalyst for driving design innovation in each of these two devices.
The framework will be used to assess how novel design proposals for each of these devices fit into a wider
innovation context for medical devices in general. Further research is also needed to compare the official FDA
Device Development Process (U.S. Food & Drug Administration, 2018a) to actual design-led innovation success
stories whereby innovative ideas are nurtured from early-stage research through to product development,
manufacture, launch, adoption, and hopefully widespread use and success in the marketplace. There currently
exists insufficient research on non-designers who practice design in the field of medical device product
development, and there is limited research on the role played by trained designers in medical device design —
the work of Mary-Beth Privitera leads the way in this field (Privitera, 2015, 2017; Privitera et al., 2015;
Weinger, Gardner-Bonneau, & Wiklund, 2011). Qualitative studies are needed to understand how medical
device manufacturers are innovating by borrowing and adapting design methods tools, practices, and
processes such as IDEO models (Kelley, 2016), design thinking, design-led innovation, agile, user-centred
design, the double-diamond framework, Ul/UX design, etc. and how designers are working in multidisciplinary,
cross-functional teams. To make a stronger case for design innovation, there needs to be greater
understanding from the field regarding how structural constraints (e.g. marketing, FDA requirements, or
insurance reimbursement schemes) hinder innovation of medical devices. Research is needed that explores
how traditional market research or ‘Voice of the Customer’ could be stifling innovation in medical device
design by simply seeking to prove assumptions and not to deeply understand the relationship between the
function of a device and the emotional experience of such a device; that is, asking customers what they want,
rather than why they want it (Price, Wrigley, & Straker, 2015). Similarly, further research is needed to
determine if and how the FDA 510(k) and similar processes worldwide could be inhibiting medical device
innovation processes and endangering patients by making it easier for manufacturers to base a product’s
design and safety case on a predicate product rather than create a novel invention that would require a PMA,
significant investment, clinical trial before launch, and risk mitigation (Fargen et al., 2013). Additionally,
research is needed on how the structural conditions of doing business with medical insurers may mean that
manufacturers are incentivised to comply to existing insurance reimbursement codes based on older product
configurations which also hampers innovation since better products don't get made for patients because then
those products wouldn't be reimbursed, thus would not sell. Finally, the Medical Device Design Innovation
framework could be tested in-house with a range of medical device manufacturers to further refine and
improve upon the conceptual proposal.
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Taking patient experience as a basis, this paper introduces a theoretical framework, to
capture insights leading to new technological healthcare solutions. Targeting a recently
diagnosed type 1 diabetes child and her mother (the principal caregiver), the framework
showed its potential with effective identification of meaningful insights in a generative
session. The framework is based on the patient experience across the continuum of care.
It identifies insights from the patient perspective: capturing patients” emotional and
cognitive responses, understanding agents involved in patient experience, uncovering pain
moments, identifying their root causes, and/or prioritizing actions for improvement. The
framework deepens understanding of the patient experience by providing an integrated
and multi-leveled structure to assist designers to (a) empathise with the patient and the
caregiver throughout the continuum of care, (b) understand the interdependencies around
the patient and different agents and (c) reveal insights at the interaction level.

Keywords: patient experience, experience design, framework, insights, chronic patient

Introduction

With an increasing life expectancy, healthcare systems around the world have had to evolve to meet several
challenges. In the previous century, healthcare was mainly oriented towards reacting to acute pathologies
where the focus was to address urgent issues. In recent decades, however, the pattern of pathologies has
undergone significant change, with an increase of chronic conditions putting unprecedented stress on
healthcare systems (Institute of Medicine, 2001; World Health Organization, 2005).

Chronic diseases are also known as noncommunicable diseases, and include cardiovascular diseases, cancers,
chronic respiratory diseases, diabetes or dementia. All these diseases have common characteristics, such as
their long duration or their usual non-curable condition. The differences between acute pathologies and
chronic diseases are changing the way the healthcare system needs to respond, introducing the concept of a
continuum of care (World Health Organization, 2018).

The continuum approach has led to an emerging concept in the healthcare sector: the patient experience.
Patient experience refers to the range of interactions that patients have with the different agents of care, such
as doctors, nurses and hospital staff, medical consultations, health plans and other medical care facilities.
Nowadays, patient experience is regarded as a central outcome for many national health systems (Purcarea,
2016).

In this context, technological solutions are contributing to a wide range of opportunities to improve the
patient experience (Andreu-Perez, Leff, Ip, & Yang, 2015). Providing a more personalized, safer, timely,
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efficient and effective experience is becoming a central challenge for the healthcare system (Berwick, Nolan, &
Whittington, 2008; Institute of Medicine, 2001).

This approach locates the patient experience in a central position when designing new medical products and
solutions (Wechsler, 2018). Such technological solutions can keep patients on the radar and monitor their
adherence to treatment, for example.

Altman, Huang and Breland, (2018) made a systematic review of patient centred solution design concluding
that there is an inconsistent use of methodologies. They highlighted the need to develop new methods that
effectively integrate the most useful components for the healthcare sector. The use of a structured approach
to generate new products and solutions with a patient centred approach may be a key factor in their success.
Therefore, there is a need to create specific methods and tools for the healthcare sector that help designers
design new solutions that take the patient experience as a reference.

While design is a process with different stages (Roozenburg & Cross, 1991), the entire design process is based
on identifying meaningful insights that have the capacity to lead to successful new solutions (Caulliraux &
Meirifio, 2015). One of the most effective ways to capture such insights is to focus on the customer
experience. This is important because it (1) takes the customer perspective, (2) identifies root causes, (3)
uncovers at-risk segments, (4) captures emotional and cognitive responses of customers, (5) spots and
prevents decreasing sales, and (6) prioritizes actions to improve (Mccoll-Kennedy et al., 2017; McColl-Kennedy,
Zaki, Lemon, Urmetzer, & Neely, 2019). Applying this approach to the healthcare sector, we can focus on
capturing insights based on the patient experience with the aim of developing new products and solutions.

This paper presents a framework that enables the identification of meaningful insights based on the patient
experience, leading to new products and technological solutions for the healthcare sector.

The framework is based on a literature review of the field of the patient experience. First, we explore the
common guiding principles of patient experience, and develop a theoretical framework that integrates
different levels of information for capturing meaningful insights. Second, the framework is presented
highlighting its potential for empathising, understanding and revealing relevant insights for innovation. Finally,
we explore empirically the potential of the framework in a real case study and guide the steps for future
research.

Patient experience

Patient experience is a broad and emerging concept. Therefore, its definition is still evolving. The Beryl
Institute defines the patient experience as the “sum of all interactions, shaped by an organization’s culture,
that influence patient perceptions, across the continuum of care” (J. Wolf, Niederhauser, Marshburn, &
LaVela, 2014).

Many authors agree with the “guiding principles” underlined by the Beryl Institute (Purcarea, 2016) such as:
engaging all voices in driving comprehensive systemic and lasting solutions; looking beyond clinical experience
of care to all interactions and touchpoints; focusing on alignment across all segments of the continuum and
the spaces in between; and encompassing both a focus on healing and a commitment to well-being (Silvera,
Haun, & Wolf, 2017).

Following this early concept, some authors are rethinking the term patient too. Is it fair to talk about a person
with a chronic condition as a patient, knowing that she or he will never be “healthy”? Is it fair to call a patient
someone who simply wants to achieve a better state of health? Jones (2013) introduces the term “health
seeker”: the health seeker is any person aware of his or her motivation to improve his or her health, whether
sick or not. Health seeking is the natural pursuit of one's appropriate balance of well-being.

Therefore, we define patient experience as the sum of numerous multi-agent interactions particularly
emotional, as a consequence of the pursuit of health and well-being along the continuum of care, whether sick
or not.

Patient experience as a continuum

Patient experience is not just one encounter, but occurs over time and includes many touchpoints; and it is
considered as the continuum of care (J. A. Wolf, Niederhauser, Marshburn, & LaVela, 2014). While the patient
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experience is built upon diachronic interactions led by different agents and organizations, no agent can
oversee the experience like the patient does (Ben-Tovim, Dougherty, O’Connell, & McGrath, 2008).

The patient is the system element that draws a path along the touchpoints; the one who connects all the
interactions creating a unique and unbreakable bond, mapping a journey through the continuum of care.
These journeys are contingent upon patient needs and the agents involved (Evashwick C., 2005).

The continuum of care has been taken as an axis by different authors in the healthcare discipline, especially
when talking about chronic diseases. Batalden et al., (2016) emphasized the idea that the continuum of care
for chronic patients goes far beyond mere clinical factors. Patients, seen as co-producers of their own care and
attention, live their journey as a continuum, integrating different areas in the healthcare system and other
agents present in their life (Figure 1).

The chronic continuum of care leads us to visualize these journeys as more continuous over time and not only
based on clinical interactions. Other interactions outside the medical domain are also part of the continuum;
for example, tasks related to care or proper adherence to the treatment (Bengoa, 2014) (Figure 1).
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Figure 1: Differences in the patient experience between diachronic interactions and the continuum of care perspective
(adapted from Bengoa (2014) and Batalden et al. (2016))

Patient experience as an emotional process

Emotions in patient experience are more relevant than in any other context. Generally speaking, negative
emotions are the prevailing trend in the continuum of care (Caulliraux & Meirifio, 2015). These heightened
emotions are elicited due to the threat of losing valued resources, such as well-being, money or time that
patients experience. Any threat to these resources is, essentially, a trigger event that gives rise to emotion
elicitation (Mccoll-Kennedy et al., 2017).

Chronic diseases appear in an unwanted way: they emerge suddenly in people lives as game changers.
Valuable resources such as quality of life, mobility, or similar are threatened by a diagnosis. This creates a
dichotomy in the experience, defining a before and after the illness. It has been shown that people who suffer
a change derived from a disease, such as diabetes (Isla, Vasallo, Guasch, & Rabasa, 2008), undergo a transition
process that may correspond to the psychological stages of grief (Afonso & Minayo, 2013; Kuibler-Ross, 1969).

When facing the new situation, patients and family members experience intense emotional reactions
throughout the continuum. Those encounters that are especially critical for the patient are commonly known
as moments of truth or pain moments (Figure 2). These moments have a more significant influence on
experience outcomes than any other encounter (Lemon & Verhoef, 2016). (Variables such as frequency,
duration or intensity can be used to describe critical pain moments (Bitran, Ferrer, & Rocha-Oliveira, 2008; den
Uijl, Jager, de Graaf, Waddell, & Kremer, 2014).
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Patient experience as a multi-agent process

A chronic disease guides the patient through a continuum of care. It integrates a high number of agents,
operating within healthcare systems increasingly recognised to be complex (Plsek & Greenhalgh, 2001;
Sweeney, Danaher, & McColl-Kennedy, 2015). Each agent operates within a variety of systems as members of
internally coordinated procedures that seek the well-being of patients (Ham, Kipping, & McLeod, 2003).

The core driver for healthcare systems should clearly be the improvement of health and the personal
experience of health. The prevailing trend, however, is to use disease protocols, financial management
strategies and centralised control of siloed programs to manage healthcare systems (Sturmberg, O’halloran, &
Martin, 2010).

The World Health Organization described the healthcare system as organizations, people and actions whose
primary intent is to promote, restore or maintain health (Musgrove et al., 2000)

This includes efforts to influence determinants of well-being as well as more direct health-improving activities.
A patient is likely to draw on a network of resources that extend well beyond the focal organization to include

interactions with other agents (Arnould, Price, & Malshe, 2006) such as complementary therapies, interactions
with private sources such as peers, family, friends, and even other patients (Black & Gallan, 2015).

For the purposes of this research, there are three different types of agents that are regularly connected
through the continuum of care, as identified by the Health Innovation Network (2013) (Figure 2):

e Healthcare, developing activities around “cure” (i.e. doctor).
e Social care, developing activities around “care” (i.e. occupational health).
e The patient ecosystem (i.e. a mother caring for a chronic child).

Healthcare providers are typically managed through policies and plans adopted by the government. The
healthcare sector employs several staff working in a professional, usually hierarchical structure and orients its
work to patient health following rigorous procedures (Ben-Tovim et al., 2008): doctors, nurses, midwives,
paramedics, therapists, psychologists, among others.

Social care is not characterized by standardized management (Anttonen & Sipild, 1996). It is a care-centred
concept, that countenances and develops care as an activity and set of relations situated at the intersection of
state, market and family and voluntary sector relations (Daly & Lewis, 2000). As a concept and activity, social
care covers a number of different relationships and actors, and it is a broad concept full of different
organizations: governmental, private or charitable support organisations.

The patient ecosystem (Gallan et al., 2018) refers to close and affectionate agents to the patient: relatives,
friends, colleagues or neighbours. Usually the relationship that exists between the ecosystem and the patient
is unpaid care, where the caregiver agent appears. Like the patient, these informal caregivers also experience
emotional fluctuations that directly influence their everyday life (Carey, Tennant, Rodgers, & Dodd, 2017)
(Figure 2).

Patient experience as a sum of interactions

The continuum of care is a journey for the patient. The patient goes through different encounters with
different agents (healthcare, social care or the patient ecosystem) and in different contexts. As the patient
moves from interaction to interaction, it is important to understand how such interactions affect the overall
experience (Lemon & Verhoef, 2016). Therefore, it is important to describe in detail the ingredients of these
interactions.

Each interaction can be described in terms of different factors. On the one hand, interactions can be
characterized by the agents present in the encounter and on the other hand, interactions happen in specific
contexts, locations and under specific circumstances (Lemon K. & Verhoef P. 2016)

According to Klapperich, Laschke, & Hassenzahl (2018), an interaction can be described with: (1) agents profile
(description of the agents that take part), (2) practice (i.e. steps and activities, time-based structure that the
agents follow), (3) meaning (i.e. why is this interaction meaningful for the agents?), (4) needs (i.e. which
psychological needs are affecting agent wellbeing?), (5) skills (i.e. what skills do the agents use to perform the
practice? has the illness affected patient abilities?) and (6) materials (which can be divided into the context or
environment, and the materials that agents employ to perform the practice).
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This approach is based on (Reckwitz, 2002) social practices work where any interaction consists of three highly
interrelated elements: meaning (i.e., symbolic meaning, ideas, aspiration and intrinsic goals), competencies
(i.e., skills, know-how and technique) and material (i.e., artefacts, tools, physical context and infrastructures).
Experiences are the sum of meaningful moments created by interacting with these material arrangements.

As a conclusion, an in depth understanding of an interaction implies analysing factors related to the context
and circumstances of the situation. Figure 2 describes the scope of the interaction, such as agents present in
the interaction, the patient abilities and skills, psychological needs, material arrangements of objects, different

touchpoints and technologies; and tasks and activities which the agents must perform to reach the goal of the
interaction.
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Figure 2: Patient experience features

Methodology
Based on our literature review of the patient experience, we built a theoretical framework to (1) identify

significant information regarding the patient experience that enables the capture of design insights and (2)
organize information in a multi-level structure to facilitate insight identification.
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The framework

We developed a theoretical framework to analyse the patient experience at different levels of information:
meso, macro and micro level. The integration of levelled information guided designers to identify relevant and
realistic insights (Beirdo, Patricio, & Fisk, 2017) revealing technological innovation opportunities that must be
used to improve care (Coulter, Locock, Ziebland, & Calabrese, 2014).

Multi-level frameworks encompass different factors that enhance the understanding of an experience
(Andreini, Pedeliento, Zarantonello, & Solerio, 2018). By addressing the meso, macro and micro layers of the
proposed framework, we visualized the patient experience as a multi-level phenomenon; shaped by
emotional, systemic and psychological forces. An integrated view of all relevant factors is needed if designers
are to comprehensively understand patient experience.

Linkages between meso, macro and micro levels can guide designers when understanding the full dimension of
the patient experience. These connections also provide designers with research guidance when capturing
insights that might be relevant for opportunity identification in the healthcare sector (Evans, Higgins, & Hoffer
Gittell, 2018; Gallan et al., 2018)

While methods are available for separately addressing each of the levels of the continuum of care (meso,
macro and micro) we identified a lack of visualization tools that address the patient experience from a holistic
point of view (Curry & Ham, 2010).

To this end, we developed a conceptual framework to visualize information to capture meaningful insights
from the patient perspective. The three levels of information visualized in an integrated way are:

1. Meso-level information to empathise: the axis of the analysis is the patient and caregiver journey
through the continuum of care. Meso-level analysis involves looking at the patient experience as the
key intermediate-sized unit smaller than the healthcare system, but larger than one-to-one
interactions. The journey of patients and caregivers is full of information with potential to reveal
meaningful insights and opportunities. Many potential new products and solutions will target patients
and caregivers themselves, making them the target user. Thus, understanding their routines,
emotions and everyday activities is central to identify problems they face and to capture possible
insights to solve them.

2. Macro-level information to understand: this level refers to understanding agents present in the
patient experience from a system perspective and the interdependencies of how the upper systems
function. Studying the largest unit is called macro-level analysis and involves looking at patient
experience from a system level. Macro-level analysis is essential for designers to understand how
larger system forces affect and shape the patient experience. How agents interplay with each other
and how a variety of professionals support patients through the journey is key to identifying specific
problems affecting the patient. These professionals may often be target users for specific solutions.
An in depth understanding of their working procedures and protocols is a necessary step for revealing
meaningful insights in the sector.

3. Micro-level information to reveal: taking patient and caregiver pain moments as a driver, the micro
level describes these painful interactions in detail. Micro-level analysis is defined as a focus on
individual or small interactions in specific situations. The micro level is important because it focuses
on one-to-one interactions occurring through the continuum of the patient journey. The micro level
is understood as an in-detail view of the roots of the pain moment and its nuances.

Empathising at a meso level

To empathise with the patient and the caregiver, the meso level has three main factors to be mapped: (1)
focusing on the patient and the caregiver, (2) understanding their journey through the continuum of care, and
(3) identifying the emotional burden for both of them (Figure 3, meso level).

An important contribution of our framework is to integrate the principal caregiver in the analysis. As the
caregiver shares the journey with the patient, the patient’s well-being depends largely on his support (Carey et
al., 2017). Clinicians frequently overlook the caregiver burden. Identifying pain moments affecting the
caregiver, which would otherwise remain hidden, (Adelman et al., 2014) may reveal significant insights that
can guide the development of new products and solutions.
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To start the analysis, it is important to map chronologically all the interactions that the patient is experiencing
through the continuum of care. Moreover, in chronic patients it is crucial to identify those moments that are
off the clinical radar. For instance, self-control and self-care moments are important moments to analyse
(Telford, Kralik, & Koch, 2006).

This journey is typically characterized by high intensity emotions for both the patient and the caregiver. There
are already some design tools like the Customer Journey Map that academic and practitioners use for a better
understanding of the entire and chronological experience (Rosenbaum, Otalora, & Contreras Ramirez, 2016).
Carey et al. (2017) visualized the patient and caregiver journey through the continuum of care, focusing on
their emotions throughout the experience.

Immersive learning increases empathy and understanding of the patient experience (Halton & Cartwright,
2018). Journey mapping allows designers to empathise with the patient and the caregiver experiences to be
able to identify critical pain moments throughout the continuum of care (den Uijl et al., 2014). Hendricks,
Conrad, Douglas, & Mutsvangwa, (2018) highlighted deep empathy as a key aspect for a better understanding
of the problem that contributes to the development of more comprehensive and effective solutions (Yoon,
Desmet, & Pohlmeyer, 2013).

Understanding at a macro level

The macro-level information analysis seeks to identify the agents involved in the continuum of care, and how
they interact with each other. When designing new products and technological solutions, the perspective of
different agents is recognised as a core principle that facilitates the process (Hendricks et al., 2018).

On afirst level of closeness to the patient, the patient ecosystem includes agents who have a personal
relationship with the patient, such as relatives and friends. Unpaid care is a common feature of relationships
with these agents (Gallan et al., 2018).

Typically, healthcare agents include healthcare providers that develop activities around “cure” and social care
providers that focus on activities around “care”. These professionals respond to their own system with their
own goals and hierarchy. This means that each system has its own logic flow of information, resources and
economics.

From a patient experience perspective, inefficiencies and overlapping services between agents may arise.
These points can present important insights for designers when visualizing opportunities for new products and
solutions.

If designers are to identify insights for new products and solutions, it is important for them to consider how

these innovations will fit the current systems (Hendricks et al., 2018). Understanding what a new product or
solution represents for different agents and the impact it might have on their own functioning logic is a key

issue for further acceptance of the innovation within the system.

Accordingly, our framework at a macro level structures information from the healthcare system, social care
and the patient ecosystem (Figure 3, macro level).

Revealing at a micro level

The micro level can easily lead to the identification of especially unpleasant interactions in the patient
experience. As an example, Ternik, (2016) highlighted the importance of micro level information for effective
product innovation. He explored in detail the many considerations to be factored into the design of oral drug
products for elderly patients. His research showed that gaining a comprehensive understanding of patient
behaviours and needs, and incorporating that knowledge into product design is crucial.

Mullaney, Pettersson, Nyholm, & Stolterman, (2012) explored how human-centred design can expand the
solution space surrounding patient experience in healthcare, specifically studying patient emotions. Their
findings focused on anxiety in cancer patients and investigated the situational triggers of patient anxiety within
the radiotherapy treatment experience, leading to innovation spaces.

Although it is a complex and difficult endeavor, insights can arise when identifying critical interaction
throughout the journey (Lemon & Verhoef, 2016). Encounters that are especially critical for the patient are
commonly known as moments of truth or pain moments. Pain moments are endowed with innovative
opportunity potential for designers to improve the patient experience (Figure 3) (Desmet, Fokkinga,
Ozkaramanli, & Yoon, 2016).
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Emotions, therefore, can be seen as elementary information for new product development (Desmet &
Hekkert, 2009). A deeper understanding of patient emotions in the pain moment can help the designer to
anticipate and therefore minimize the negative impact of such moments.

Every identified pain moment refers to interactions where patients respond to their psychological needs in a
specific context and under specific circumstances. Patient abilities and skills play an important role when the
patient goes through a certain sequence of activities or tasks to reach the objective of the interaction. Other
important factors that characterize interactions are the specific material contexts, objects, technology and
touchpoints and the different agents present at the interaction (Hassenzahl et al., 2012; Klapperich et al.,
2018).

In this context, at a micro level, our framework integrates information about activities, context, touchpoints,
agents, psychological needs and abilities of the patient following the Klapperich, Laschke, & Hassenzahl (2018)
approach (Figure 3, micro-level).

The framework

Figure 3 shows the theoretical framework that integrates multi-level information from the patient experience
perspective. The framework pre-structures information so that designers can capture meaningful insights for
designing new products and solutions in the healthcare sector.
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Empirical application of the framework and discussion

The empirical application of the framework targeted the case of a 10-year-old girl with a recently diagnosed
Diabetes Mellitus type 1. Diabetes is a chronic disease characterized by hyperglycaemia resulting from defects
in insulin secretion, insulin action, or both. The chronic hyperglycaemia of diabetes is associated with long-
term damage, dysfunction, and failure of different organs (American Diabetes Association, 2014). The correct
development of the treatment for diabetes type 1 is based on the balance of insulin injection, physical activity
and controlled diet.

The procedure participants used when testing the framework was: (1) interviews with both the child and her
mother, (2) identifying, organizing and plotting relevant information in the framework, (3) a generative session
to create ideas and (4) evaluation of the results.

We tested the framework targeting a recently diagnosed type 1 diabetes child and her mother (the principal
caregiver). Participants for testing the framework were a strategic designer, a service designer, an interaction
designer and a product designer. The interview took place in the Diabetes Association. The mother and the
child were selected by the association, due to their active participation in different activities. The mother
supports many initiatives to fight for the rights and the improvement of the quality of life of people with
diabetes. The child takes part in activities, like summer camps, with other children with diabetes. They are
aware of their condition and the adherence to the treatment was adequate.

Interviews with the patient and principal caregiver

The framework informed the structure of the interview script, which focused on the meso, macro and micro
levels. This helped the designers to (1) extract relevant information about the journey through the disease
experienced by the girl and her mother, (2) identify the participating agents on the journey and understand
their function and (3) identify the most critical pain moments and elicit the specifics of the context and
situation for pain moments.

The semi-structured interview was made to the mother and conducted by the strategic designer and the
service designer: It took 1h. The panel interpret that the mother, as the caregiver, should know more about
how the institutions operate. So the interview was more focused on a macro and meso level information
gathering. The interaction designer and the product designer interviewed the child, obtaining a broader
knowledge at the micro level, by taking detailed painful interactions as the focal point. Finally, a brief summary
was made all together, the panel and the interviewees.

It is also important to point out the limitations of interviewing. The panel assumed that what the mother or
the child said during the interview could not be the same as what they would say or do in other situation.
Despite these limitations, the panel tried to create an atmosphere in which they were likely to talk freely. That
is why the interviews took place at the Diabetes Association, a familiar place for both. In addition, the panel
spent time with them in a meal routine, trying to emulate and observe their day-to-day lives to get a deeper
understanding out of that encounter.

Identifying, organizing and plotting

With the analysis of the girl’s ecosystem, the designers first identified that the adherence to the treatment
regimen was supported by the parents, and the mother was mapped as the principal caregiver. The
information provided by the girl and the mother is shown in Figure 4, at the meso level. Plotting the emotions
of both of them revealed that the experienced pain moments are not the same for the girl and her mother.

For the mother, the most painful moments were those when the girl needed to manage the treatment on her
own: at school or in her leisure time, for example. In contrast, the girl reported different pain moments such as
routines and activities dissimilar to those of the rest of the children, or a loss of independency, for instance.
The entire journey was described as arduous and overwhelming for the family.

One of the most frequent pain moments was having lunch at school (Figure 4 micro level), where the girl
needed to manage her treatment. An in-depth analysis identified that the girl felt overwhelmed by the
treatment requirements, and unpopular because she was different to her friends. The mother, on the other
hand, worried about her daughter’s abilities to manage the treatment on her own. The treatment involved
difficult tasks such as glucose control, calculating and injecting the correct insulin dose and estimating the
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required number of carbohydrates to eat. Although there were some agents present in this interaction
(teachers or canteen monitors), they did not have the knowledge or the responsibility to support the girl.

Designers focusing on the macro level identified different agents that appeared recurrently, for example, the
endocrine doctor, the diabetes educator and the diabetes psychologist (healthcare system), the relatives
(patient ecosystem) or members of the Diabetes Association (social care) (Figure 4, macro level).
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Figure 4: Empirical application of the framework for a recently diagnosed type 1 diabetes child.
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Analysing the pain moment “having lunch at school” through the integrated framework, designers were able
to understand that the regional education system is not always able to provide healthcare support. On the
other hand, the healthcare system does not have the authority to provide healthcare inside the facilities of the
school. A further complicating factor was that the canteen service was subcontracted by the council, making
inter-agent collaboration even more difficult. Later in the generative session, this revealing insight guided the
proposed ideas at the micro level, sharpening feasible proposals.

The integrated framework elicited insights regarding connections and linkages between different information
levels in the patient experience, which can be essential for further idea generation in the healthcare sector.

Generative session

After the application of the framework designers proceeded with the identification of insights that led to idea
generation. Prioritising pain moments by intensity and frequency, insight identification encompassed the three
levels of information and designers were able to create connections among different insights leading to a
variety of ideas. This produced a realistic patient analysis base to start creating new solutions that improved
the journey.

Five different ideas evolved out of the generative session. These were related to developing skills and/or
providing external support to the girl to successfully manage her treatment. Some of the ideas were related to
treatment automation, adaption of the treatment devices or the use of information technology.

Evaluation and results

The designers reported that the framework helped to capture patient and caregiver’s meaningful information
about their experience at a glance helping to become aware of their condition. The interviews made to fulfil
the framework helped to empathise with the child and her mother.

They could easily identify the different pain moments, their intensity and frequency throughout their journey.
They highlighted that the structure provided by the framework helped them to gather information during the
interviews. Moreover, they emphasized that plotting the information in an integrated way helped them when
linking and connecting insights for idea generation.

The panel of designers did agree on most of the positive features of the framework. Nevertheless, one
interesting issue arose: It was pointed out that in healthcare-related product design, often solutions find
difficult to enter the market, since their existence would mean changing the system.

The strategic designer focused on solving problems in a cross-sectional way, aligning the solutions to an
experience-driven approach. This means, instead of focusing on a particular pain moment, she set the focus on
the journey’s ups and downs, trying to develop a holistic solution.

The framework facilitated the performance of a detailed analysis of the context, circumstances and agents that
intervene in the canteen situation, where the girl needed to manage her treatment. The study of this
interaction significantly contributed to the capture of meaningful insights for new products and technological
solutions.

The designers, however, found some limitations during the testing. Particularly, they suggested that a more
robust framework structure would improve the information gathering process. They proposed supporting the
framework with user research tools.

Conclusions

Creating new products and services to improve the patient experience represents a promising field that could
greatly benefit from the expertise and contribution of designers and product developers. The complexity of
the healthcare sector, however, can pose an important barrier for designers to articulate new feasible
solutions (De Sousa Coelho & Branco, 2017), where specific tools and methods for the sector to overcome this
barrier are limited. To this end, we presented a framework to support designers in this context.

The framework pre-structures information so that designers conduct qualitative research to gather systematic
information aligned with the given theoretical underpinning. It captures meaningful design insights based on
the patient experience. After analysis and synthesis, the obtained information is then transformed into
insights. These insights are visualised to provide easily accessible representations of the experience
(Segelstrom, 2013). Thus, the strength of the proposed framework relies on its integrated approach which
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combines, organises and structures different levels of information that are relevant for revealing meaningful
insights. When designing for the healthcare sector, designers need to put the patient at the centre of their
activities, working towards the best quality of care. Consistent achievement of high-quality care can be guided,
therefore, by the patient experience and design (Dixon-Woods et al., 2014; McColl-Kennedy et al., 2019).

The patient experience is at the core of our framework, and this serves as a basis for new products and
solutions to be designed. It articulates new solution design pivoting on emotional intensity from the patient
perspective throughout the continuum of care (Matheson, Pacione, Shultz, & Kliigl, 2015). Another important
contribution of the framework is that it integrates the caregiver perspective in the patient experience. Feelings
such as anxiety and fear at different levels of intensity are experienced by both patients and caregivers
throughout the journey (Carey, Rodgers, Tennant, & Dodd, 2016). Peaks in the intensity level highlight
emotional frictions or pain moments, reflecting the disparity between the offered solutions and real patient
needs (McColl-Kennedy et al., 2019). Analysing these peaks provides designers with insights to ideate new
solutions that can contribute to close this gap.

At a macro level, our framework enables designers to understand the healthcare system and the identification
of different agents that influence the patient experience at a certain moment. Different healthcare agents
want the same thing: to improve people’s health. Unluckily, lack of consensus among agents in a complex
system is one of the biggest barriers to innovation (Jones, 2013). Including a macro level perspective is
important because potential new solutions may involve changes in healthcare practices, which would have an
impact on those agents. Acceptance by professionals, organizations and other agents is a key challenge for the
success of new products, which needs to be taken into account when considering different insights.

Finally, designers need to understand the details of interactions within the patient experience so that they can
seek innovation. Dealing with information such as the physical context, agents involved or tasks to be
performed in an interaction are of significant importance for identifying meaningful insights. Additionally, the
micro level of information in our framework refers to information beyond operational and clinical aspects.
Factors such as underlying emotions, the psychological needs of different agents in the interaction, or specific
patient abilities also need to be taken into account. We believe that these details are of significant value for
designers to engage in innovation or new product design (McColl-Kennedy et al., 2019).

It was straightforward to apply the framework to our empirical case. We had the opportunity to evaluate our
approach with a real-life chronic patient, and the feedback obtained from the participants was largely positive.
The following factors were identified as the main contributions of the framework:

e To capture patient and caregiver’s meaningful information about their experience at a glance helps to
be aware of their condition. The interviews helped to empathise.

o Toidentify and understand different agents and their roles supporting patients and caregivers
throughout the journey.

e Tounderstand processes and interdependencies among agents when supporting patients and
caregivers.

e To understand how new products and solutions link to the psychological needs and skills of patients
and caregivers.

e To gather a collection of especially relevant information which supported designers when capturing
insights.

e To structure information collected from different domains in an integrated and organized way.

As our testing was limited to a single case, this study has certain limitations. It is complicated to state
substantial findings that can be considered representative of the studied framework, which is still at a
theoretical stage and comes out of logical argumentation. However, the first performed empirical test has
begun to reveal some leads on aspects to improve the methodology: it must conform a space that allows
researchers to collect information from a multidisciplinary viewpoint. This means two things. Firstly, each level
of the framework should contemplate the possibility to add information from various agents that may operate
at different levels. Secondly, the framework should provide researchers with ad hoc tools, and be a support
itself which they could use in situ to gather information. Once those improvements are implemented on the
framework, further empirical testing would be performed, that would result in the obtention of more reliable
data to establish more significant results.
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Described as units developing public policies in a design-oriented manner, Policy Labs are
tasked to innovate to gain in policy effectiveness and efficiency. However, as public
policymaking is a context-dependent activity, the way in which these novel organisations
operate significantly differs. This study discusses the emergence of design approaches for
policy innovation. The purpose is to map how Policy Labs in Europe introduce design
approaches at distinct stages of the policymaking cycle. For this study, 30 organisations in
Europe operating at various levels of government were surveyed. Based on the public
policymaking process model, it investigates which design methods are Policy Labs
deploying to innovate public policies. The study exposed a gap in the awareness of the
utilised methods' nature. It also showed that the use of design methods is of less
importance than the introduction of design mindsets for public policy innovation, namely
‘user-centredness’, ‘co-creation’, and ‘exploration’.
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Introduction

In a global context of increasing complexity design has acquired a renewed momentum, for its potential to
enhance economies’ competitive advantage (Raulik-Murphy, 2010), but also as a strategic tool to foster
innovation in the public domain (Junginger, 2014). Since 2008, policymakers worldwide are trying to develop
innovative ways for sustainable growth (Bason, 2014). In this context, design has become central to some
public organisations, employing designers and introducing notions of design thinking across the stages of the
policymaking cycle (Junginger, 2017). Today, several Governments worldwide are gradually incorporating
design approaches to develop public policies and services, recognising the value of service providers’ and
users’ insights into the process (Bason, 2014). It is argued that design offers some potential to overcome the
limitations of conventional policy methods to fostering public and social innovation by developing creative
solutions (Mulgan, 2014).

Moreover, policy-making is conceived as a design activity (Johnson & Cook, 2014), and the implementation of
such policies is subject to the design of services and products (Junginger, 2013). Particularly in Europe, central
governments and local authorities alike are increasingly working with design managers and incorporating in
their organisational structures multidisciplinary innovation units using design approaches (Whicher, 2015).
Conceived in a global setting where the limits between public and private sector are becoming blurrier, these
organisations look to integrate interests and ideas from various policy communities (Perl, 2013). Although
considerably differing from each other, these organisations are frequently labelled as ‘Policy Labs’ and
described as emerging organisations tasked with the devising of public policies in an innovative and
‘designerly’ manner (Fuller & Lochard, 2016). This study of design in public policy innovation targets these
organisations that are comprised of multi-disciplinary teams who explicitly utilise design methods to involve a
variety of users in the development of innovative public policies and services.

@@@ This work is licensed under a Creative Commons Attribution-NonCommercial-
Share Alike 4.0 International License.

https://creativecommons.org/licenses/by-nc-sa/4.0/



http://creativecommons.org/licenses/by-nc-sa/4.0/
http://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/

Similarly, focusing the study to a geographic region responds to this phenomenon (the emergence of Policy
Labs) having originated in Europe (Bason, 2014), thus offering the possibility to inquire into the implications of
using design for policymaking beyond government pilots. Although organisations incorporating these
approaches have reached a supra-national level, systematic understanding of how design is being used to
innovate public policymaking remains unclear. Even though there is a growing body of literature on design in
policy-making, there is still scarce knowledge of the specific design activities that ultimately produce
innovative policies. Understanding how design is currently being deployed in the making of public policies will
aid in understanding the potential for developing innovative policy solutions. Furthermore, it will also allow us
to understand its potential to modify deeply rooted policy practices and its subsequent impact in the larger
socio-political system.

Design for public policy innovation

Interest in design in the public sector has grown over the last decade (Kimbell, 2015; Rosenqvist, 2017).
References to design within public policy-making literature are today more frequent; however, it has been
largely perceived as only relevant to the implementation stage, paying little attention to the introduction of
design into broader aspects of the policy-making process (Junginger, 2013). The adoption of design in
policymaking has been largely facilitated by service design’s penetration into public organisations (Junginger,
2013). This creative approach to service innovation has been praised for its co-participative nature, stimulating
public engagement (Sangiorgi, 2015). It is argued that design growth in the public sector relates to the way in
which design-oriented companies (e.g., Airbnb, Apple) have enhanced customers experiences for new services
(Kimbell, 2015). This, perhaps neo-liberal, approach to government-provided services has been explained by
differences between citizens expectations and the services governments provide (Mintrom & Luetjens, 2016;
Rebolledo, 2016). The design promise is to help creating user-centred services, consequently improving the
users (the citizens) experience.

Furthermore, Junginger (2013) argues that despite not generally being understood in design terms, policy-
making is essentially a design activity. Overarchingly, design and policy-making share the goal of changing
existing conditions into preferred ones (Rebolledo, 2016). Yet, it is argued that whereas traditional policy-
making pursues this from a normative stance, the design approach is based on a systemic and experimental
fashion which offers prospective scenarios through creativity and prototyping (Rebolledo, 2016). Moreover,
Junginger (2017) stresses that the benefits of introducing a design approach in policymaking, are deeper than
the mere gains in efficiency, by also enabling the creating of more meaningful and faster-implemented
policies. By employing design, it is then expected to develop new policies that are based on a human-centred
approach to problem-solving (Junginger, 2013).

Of special interest in the development of public policies tackling complex societal issues is the notion that
most of the problems addressed by designers are wicked problems (Buchanan, 1992). The result of designers
dealing with these types of complex problems over the years has been the advancement of sophisticated
professional practices within the designing disciplines able to do this (Dorst, 2011). Moreover, concerning the
intractability of wicked problems, is the acknowledgement that more creative individuals engage in problem
identification and generally present higher problem construction capability (Reiter-Palmon & Robinson, 2009).
Dorst (2011) poses that frame creation is a core design practice by which a problematic situation can be
tackled from an original standpoint. This is of high significance because it naturally puts designers and the use
of design in a privileged position to target such policy issues.

Additional to that is the idea that “design thinking puts end-users needs —rather than legacy and policy— at the
centre of the policy formulation system, shifting paradigms and creating a new decisional process” (Allio, 2014,
p. 6). This feature is key since relocating the policy focus could counteract the effects of path-dependency
limiting policy innovation. Furthermore, Tunstall (2007) points out the importance of design in making
governance tangible to every citizen by giving them a voice in co-participatory policymaking processes.

Therefore, there is a rising consensus that design can play a significant role in restructuring governmental
processes and structures (Rosenqvist, 2017). However, political science scholars, are unclear on the methods
policy designers employ in identifying problems, defining design criteria or in the overall process (Mintrom &
Luetjens, 2016). Consequently, the introduction of design practices in public policymaking has not yet acquired
mainstream diffusion.

144



Public policy(making) innovation

Dissatisfaction on how governments deal with contemporary issues has arisen across the globe (Rosenquvist,
2017). Likewise, the growing number of co-dependent actors in societies makes finding, processing, and
implementing solutions even more complex than it ever was (Janssen & Helbig, 2016). Furthermore, “the
accelerating flow of ideas, information, goods and money across national borders has affected the nature of
policy problems, [and] reshaped the attempts to engage these problems” (Perl, 2013, p. 44). This growing
complexity in the issues governments face has also brought an increasing awareness of the inefficacy of the
current policy instrument and processes to tackle them (Brookfield Institute, 2018). Moreover, it is currently
widely accepted that governmental bodies’ structures are not particularly appropriate to address current
societal issues (Sangiorgi, 2015). For instance, the British Government already in 2011, recognised that
“decades of top-down prescription and centralisation have put bureaucratic imperatives above the needs of
[public] service users” (HM Government, 2011, p. 7). Additionally, budget reduction has meant the need for
revising public services, often re-assessing user needs to obtain gains in effectiveness and better user
experience (Whicher, 2015). Rebolledo (2016), refers to this situation in which there is a disparity between
what people need and government do, whilst the latter also requires gaining effectiveness in designing and
delivering policies, a two-folded innovation imperative. Junginger adds “we are at a moment in time where
many governments are desperately looking for new approaches to policy making and policy implementation”
(2017, p. 5).

Although the need for doing things differently regarding how public issues are tackled and how public services
are provided has been largely recognised, the process of policymaking remains essentially unchanged. The
process model is one of the most widespread means of depicting public policy-making (Howlett, Ramesh, &
Perl, 2009), and it does so by disaggregating it into a set of discrete interrelated stages with a logical flow
(Hallsworth, Parker, & Rutter, 2011). This process presents an identifiable pattern of activities, although rarely
as orderly and systematic as the process model (see Figure 1) portrays it (Howard, 2005; Dye, 2013).
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Figure 1: The public policymaking cycle, adapted from Howlett, Ramesh, & Perl (2009) and Dye (2013).
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However, when it comes to policy innovation, political scientists have commonly focused on the innovation of
the resulting product (the policy itself), ignoring the process by which innovative ideas make their way into
government agendas (Mintrom, 1997). Policy innovation is then defined “as a policy that is new to the state
adopting it” (Mintrom, 1997, p. 741). Borrowing from the economics of innovation, this definition could be
understood as a case of product innovation, since it is based on the introduction of a new product or a
qualitative change in an existing product (OECD, 2005). Others exclusively focus on the political aspect of
policymaking, recognising policy innovations as those sought by politicians whilst looking for solutions which
allow the attainment of conflicting policy objectives (Quiggin, 2006). Newer approaches define policy
innovation as the “novel processes, tools, and practices used for policy design and development that result in
better problem solving of complex issues” (Brookfield Institute, 2018, p. 6). Thus, emphasises the complex
nature of the issues at hand and the need for new ways of policy-making to attain improved results. Similarly,
an EY report on public sector innovation, claims “policy innovation is about identifying the needs of
constituents and shortening the time required to develop, test, implement and diffuse a policy” (EY, 2017, p.
8). Here, the focus is set on providing the citizens with timely answers to their needs, in what could perhaps be
considered a more client-provider relationship. Additionally, the process of policymaking and its distinct stages
is made explicit. By stressing the need for reducing production and delivery times, the process efficiency is also
highlighted. Again, stretching the definitions from the economics of innovation, we could consider these two
definitions as examples of process innovation, in which innovations are oriented to the effectiveness and
efficiency in which the organisation (in this case, the state) produces and delivers its products and services
(Schilling, 2016). From this, a parallel between how innovation occurs in the private and public spheres can be
drawn. As described by Utterback and Abernathy (1975), the outputs of an organisation embody the
organisation’s innovation at a product level, whereas those innovations in the manner it conducts its ‘business’
— including how the outputs are produced— represents process innovations (see Figure 2).

Policy innovation as a...

Policy that is new to the state adopting ir.J | Maw way of developing policies
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Figure 2: Policy innovation as product Vs. process innovation.

This policy innovation tension could then be described in terms of product-process dimensions. On the one
hand, the innovations could be considered as the policies themselves, and the product and services they result
in at the implementation stage. On the other, the focus could be set on the innovation of the process of
developing new public policies. On this respect, Schilling (2016) stresses that product-process innovation’s
dynamics frequently take place in ‘tandem’, this means that innovative products may allow for the
development of innovative processes, whereas innovative processes may also enable the development of
innovative products.

Following the above, and in the face of new and more complex societal issues, it becomes clear why looking
for novel and experimental ways of arriving at innovative solutions has turned into an imperative for many
Governments. The rationale seems to be: if current policy instruments are not satisfying societal needs,
innovating the process of policymaking may prove crucial to arriving at more adequate solutions.

Policy Labs as a vehicle for design for public policy innovation

In the last decade, public administrations worldwide have built organisations called Policy Labs in the pursuit
of increasing the engagement of diverse and pertinent stakeholders, whilst facilitating experimentation in the
public sector (van Veenstra & Kotterink, 2017). Albeit being different in form, structure, scope and origin,
these organisations are broadly defined as:
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...emerging structures that construct public policies in an innovative, design-oriented fashion, in
particular by engaging citizens and companies working within the public sector (Fuller & Lochard,
2016, p. 2)

Setting-up new organisations to introduce these concepts into the public sector respond to several reasons.
The scale and complexity of the challenges faced by the public sector trigger governments to look at new non-
incremental ways of framing issues and developing solutions (OECD, 2017). Furthermore, it is recognised that a
more systematic approach that institutionalises a culture of innovation as a core value in the public sector is
currently required (Junginger, 2013). Also, that to creatively respond to complex problems, policymakers
should develop the ability to envisage new scenarios (Considine, 2012). However, this clashes with the
traditional notion of policymaking as a reactive activity, in which policies respond to past and present
scenarios, rather than imagining future ones (Junginger, 2014). These novel approaches to creating public
value are the means for public sector innovation and imply a shift in how the public sector operates (OECD,
2017).

Although most Policy Labs do not focus on a specific policy area, they share an interest in the participation of
multiple stakeholders in the policy-making process (van Veenstra & Kotterink, 2017; Junginger, 2017). A 2016
report by the European Commission’s Joint Research Centre recognises that Policy Labs play a vital role at
every stage of the policy cycle, though their primary objective is on supporting innovation in the design of
public policies (Fuller & Lochard, 2016). This, for instance, has led to the creation of the EU Policy Lab, “a
collaborative and experimental space for innovative policy-making... [which utilises] design thinking to explore,
connect and find solutions for better policies” (EU Policy Lab, 2016) at a supra-national level. Though not every
EU member state features a Policy Lab, governments from those without one have expressed the aim of
creating their own, based upon others’ experiences in the EU (Fuller & Lochard, 2016). These “special
organizational units created at the local, regional or national level have begun to explore how new design
methods and new approaches can help them address concrete problems” (Junginger, 2017, p. 6). The need to
create special organisations for adopting such methods, could be explained by public sector organisations
being described as bureaucratic, hierarchical and risk-adverse structures (Sangiorgi, 2015), which find some
design methods to be inappropriate due to their ‘playfulness’, or tendency for “short-circuiting the traditional
decision-making structure by circumventing the political arena” (Bailey & Lloyd, 2016, p. 10). This is interesting
since policy scholars claim that “the variety of instruments available to policy-makers is limited only by their
imaginations” (Howlett, Ramesh, & Perl, 2009, p. 114). Although only a handful of studies on specific Policy
Labs provide with accounts of bespoke design approaches for specific contexts (Bailey & Lloyd, 2016), there is
currently no overview on how this “design-oriented fashion” to public policy innovation is being interpreted.

Considering Policy Labs for the study of design in public policy innovation responds to their explicit use of
design for such endeavours. Similarly, limiting the study’s data collection to European organisations responds
to the phenomenon’s geographical nature. In this regard, Bason (2014) states that experimenting with design
methods in the public sphere has firstly appeared as an Anglo-Saxon and Nordic practice. Consequently, the
most longstanding Policy Labs find their roots in Europe, allowing the study of design for policymaking beyond
the initial experimental stages, as is the case of more novel initiatives taking inspiration from the European
experience.

Research Design

This study mapped the design methods/tools that Policy Labs in Europe utilise when intervening in public
policymaking. Adopting a process perspective, these design methods/tools were identified at different stages
of the policymaking cycle. Data was collected through online surveys conducted between January and
November 2018. The sampling was based on that presented in the European Commission Joint Research
Centre—commissioned report Public Policy Labs in European Union Member States (Fuller & Lochard, 2016),
and expanded from the original 13 countries as to cover all 46 UN recognised states in Europe. In addition to
the four-level classification (City, Metro, Regional, National) used in the above-mentioned report to identify
the organisations’ reach, the supra-national level category was also considered.

Data collection

A survey was sent to 81 organisations in all 46 UN recognised European states. This inquired about the
organisation’s understanding of policy innovation in terms of the dichotomy ‘product vs process innovation’, at
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which stage of the policymaking process they intervene (according to the six-stage model presented), and the
methods/tools utilised at each stage to innovate public policies. Participants were not given definitions of
‘method’ and ‘tool’, nor that of a ‘design method/tool’. The sample consists of:

e 46 UN recognised states in Europe;

e 28 EU member states;

e 81 organisations identified as of interest;

e 17 states with at least 1 organisation of interest.

The online survey was divided into two parts. The first part was sent to the 69 organisations in the sample, and
the second part was only sent to those organisations which completed the first part. This resulted in:

First survey:

e Opened inJanuary 2018;

e  First survey: 69 contacted (85%) out of 81 organisations;

e 30 valid responses (43% of all 69 organisations contacted);

e Responses from 16 countries (89% representation of all 17 countries with at least 1 organisation of
interest).

Follow-up survey:

e Opened in February 2018;
e Sent to 30 organisations;
e 17 responses (57% response rate).

The first survey consisting of eight questions was sent to 69 of the 81 organisations initially identified as of
potential interest. The filtering responded to a few reasons, namely, some of the organisations listed in the
report Public Policy Labs in European Union Member States (Fuller & Lochard, 2016), were no longer
operational by the moment the survey was sent, or further desk research showed that these initiatives were
small scale projects rather than established governmental units. The follow-up survey was opened a month
after and consisted of nine questions with a focus on the respondents understanding of public policy
innovation and the methods/tools they utilise to achieve it.

Results

From “a number of Policy Labs [...] in a handful of Member States of the European Union” (Fuller & Lochard,
2016, p. 2) reported in 2016, the situation seems to have evolved to a much larger number of organisations in
17 countries across Europe (see Table 1).

Table 1: Surveys respondents’ distribution

Country # first survey respondents # second survey respondents
Armenia 1 0
Austria 1 1
Belgium 1 0
Denmark 3 2
France 3 2
Georgia 1 1
Ireland 2 0
Italy 1 1
Macedonia 1 1
Moldova 1 0
The Netherlands 2 1
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Poland 2 1

Portugal 1 0

Spain 2 1

Sweden 2 2

Switzerland 1 0

United Kingdom 5 3
First Survey

Regarding the reach of these organisations, the largest proportion (56.7%) of the respondents indicated they
operate at a national-level (see Figure 3). On the other end of the spectrum, 16.7% claim to be doing so at a
supra-national level. However, when looking at the individual responses, only two of these organisations have
decision-power at a supra-national level, whereas the other three are foundations and academic-based
organisations whose work is commissioned by foreign governments and organisations.
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Figure 3: Distribution of the sample’s reach. Based on 30 responses.

The initial survey tried to elucidate to what extent using the term ‘Policy Lab’ as a proxy for ‘organisation
developing public policies in a design-oriented and innovative fashion’ serves as an all-embracing label. The
results showed that although 56.6% of the surveyed organisation are either formally or informally known as a
‘Policy Lab’ (see Figure 4), over 40% of them are not. This negative response includes organisations which had
been labelled as such in previous reports (e.g., Sweden’s Experio Lab considered a ‘County/Metro-level Policy
Lab’ by Fuller & Lochard (2016)). Moreover, less than a fourth of all respondents are formally known as ‘Policy
Labs’, suggesting that the current label does not effectively encompass all organisations working under the
definition.
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Figure 4: Sample's identification as Policy Labs. Based on 30 responses.

The main objective of the survey’s first part was to map the organisation’s activities in terms of the
policymaking cycle (see Figure 1). Respondents were asked to indicate at which stage their organisations
intervene, allowing for multiple responses. As can be seen in Figure 5, there are consistent responses
regarding the agenda-setting, policy formulation, policy implementation, and policy evaluation stages, with
over half of the respondents indicating their participation at those stages. Perhaps the most noteworthy stages
in the cycle are the problem identification and decision-making stages, with 86.7% and 30% responses,

149



respectively. Whereas organisations from all the spectrum seem to be engaging in the former, the latter is
almost exclusively reserved for organisations embedded in the public sector, with the only exemption being a
Policy Lab with origins in a public university. Also, three organisations described their participation in
policymaking outside the stages of the cycle, either indicating they “...also participate in policy piloting at
smaller scale”, or they participate in “policy making process design & innovation” or simply stating that they
do policy “experimentation”. Moreover, another remark of interest relates to the inability of one organisation
in accomplishing its mission due to what seems as meagre political will, stating they “should be part of the
agenda-setting stage, but this would require a higher buy-in from our partners in Government”.
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Figure 5: Organisation's intervention at each stage of the policy-making cycle. Based on 30 responses.

Follow-up Survey

The second part of the survey focused on the organisation’s understanding of public policy innovation
regarding the ‘process vs product innovation’ dichotomy presented, as well as the methods and tools utilised
by them in the pursuit of policy innovation. Unlike the first part of the survey, this second part was only sent to
the 30 organisations which completed the first part. Therefore, the results are based on 16 responses.

In regard to their view on public policy innovation, participants were asked to indicate whether the
organisation understands it as “a policy that is new to the government adopting it”, “a new way of developing
public policies”, both approaches, or none of them, this last one under the option “other” (see Figure 6).
Interestingly, although no organisation understands public policy innovation exclusively in the traditional
terms, half of the respondents reported that public policy innovation refers to both approaches, with the
remaining seven participants responding it is solely about a new way of developing public policies.
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Figure 6: Organisation's understanding of public policy innovation as product vs process innovation. Based on 16 responses.

In a follow-up question (see Figure 7), participants were asked if their organisations aim at innovating how
public policies are made, with 62.5% responding affirmatively.
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Figure 7: Organisation's aim to produce public policy innovation from a process perspective. Based on 16 responses.

The following question inquired as to why innovation is relevant to public policy-making? Although there was
no restriction on who could respond, this open-ended question was responded to by those who had previously
asserted that their organisations were looking at innovating how public policies are made. Specifically, some
participants argued that innovation is relevant to public policy-making “to create more effect”, as well as “to
ensure effectiveness of the policies”, while others explicitly recognised the complexity and nature of current
issues as the most important reason for innovation in public policy-making:

“To address complexities of our time and to solve wicked problems new approaches to policy making
are needed (stakeholder involvement, evidence-based decision making, ...)”

or

“Because it helps policy makers find more relevant solutions for the challenges of the modern time like
climate and economic challenges, improve the governance and respond effectively to the changing
context of complexity and uncertainty.”

Another participant pointed out that the current policymaking process does not necessarily consider the user’s
needs in its development, hence the need for innovation:

“Public policies are supposed to work for people, each with specific needs. One can never expect one
policy to work for each individual, but one may expect the policy-making processes to start with the
needs of people. To incorporate the lived realities of people in policy-making means to continuously
involve people in the process —something that rarely happens on a structural basis.”

With the aim of mapping the methods/tools utilised when intervening in the policymaking process, the survey
asked participants firstly, if their organisations utilise different methods/ tools at different stages of the
policymaking process to innovate public policies, and secondly, if their organisation utilise design
methods/tools (i.e., persona creation, user journey mapping) to innovate public policies. The results showed
that 14 of the 16 organisations utilise different methods/tools at different stages of the policymaking cycle,
and 12 of those organisations utilise design methods. The remaining two organisations which do not use
different methods/tools at different stages of the policymaking cycle do claim to use design methods/ tools in
their activities.

Regardless of the high rate of positive responses about the use of design methods/tools to innovate public
policies, the respondents were not always clear on what those methods are. Similarly, the notion of
method/tool was not clear for all participants. For instance, one participant who explicitly responded that “co-
design workshops” are used at the policy formulation stage clarified that “probably none of [the] mentioned...
are really a tool or a method (in strict sense)”. This view was echoed by another respondent who explained
that:

“The task... [of the] Lab as part of public healthcare is to grow design capabilities and capacity to
better integrate the resources of patient/relatives in delivery, development, service innovation and
policy making. We are there to create a meeting between Healthcare and Design where both worlds
can learn from each other. Design or service design for us is a mindset and the approach we use in all
projects and work. Therefore we use and adapt a variety of design methods/tools and adjust to the
project at hand. In early stages of course more anthropological tools to investigate user
needs/behaviors, etc. Later on journeys/personas, etc to describe insights. Prototyping to explore and
implement solutions.”

Table 2 below shows the participants responses when asked to identify the methods/tools their organisations
used to innovate public policies at each stage of the policymaking cycle.
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Table 2: Mapping of design and non-design methods/tools utilised at each stage of the policymaking cycle. Based on 16

responses.
Problem Agenda-setting Policy Decision Policy Policy
Identification Formulation Making Implementation Evaluation
User Service design Data
Ethnographic  System Dynamics Agile o &N harvesting
. . Centred monitoring e
fieldwork Modelling . method (monitoring
Design systems
phases)
Spend time with
. . P Ad hoc
Digital . . Co-design the team who .
Prototyping/testing . Prototypes valuation
ethnography enabling has to use new
approaches
tools or spaces.
Co-design
i ksh
Scenarios Strategic . wor .s .op
g conversation (preliminary
£ phase)
s
= Data analysis- Ws (concept
-% interpretation design)
Q
User journey Scenario-based
mapping techniques
Design .
L Agil thod
Thinking gfie metho
. . Design
S I F ht e
ociology oresig thinking
Psychology
Qualitative
interviews

In Table 2, some of the responses —such as ‘Ethnography’ or ‘Prototyping’— were used as examples for more
than one activity, design and non-design methods/tools. Some other responses seem to be representative of
specific practices (e.g. “Spend time with the team who has to use new tools or spaces”) rather than
standardised methods. In this regard, it is important to mention that definitions of ‘method’ and ‘tool’ were
not provided.

Although most respondents recognised the use of different methods across the policymaking cycle, some were
unsure when asked to identify at which each stage they were used. However, respondents were still able to
provide examples of these design methods/tools, namely:

Ethnographic research;

Co-creation;

(Rapid) Prototyping;
Experimentation;

Co-Creation;
Personas;

User Journeys
Design Thinking;

Gamification;

Human-centred design.

One respondent who claimed their organisation does not use different methods/tools at each stage did
mention the use of “design thinking [and] design-driven innovation” throughout the cycle. On the other hand,
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one respondent said they “use so many [methods and tools] and at different points. It very much depends on
the question we are trying to address”.

Discussion

In this section, we analyse and discuss the results of both surveys, considering the design literature presented.
Firstly, although the term ‘Policy Lab’ has served as an umbrella designation to encompass all organisations
working in the development of public policies innovatively, only a limited proportion (<25%) of the surveyed
organisations are formally known as such. This makes explicit the need for coining a broader term to designate
organisations working in this area.

The nature of design-specific methods and tools

The study highlighted a lack of coherence on which methods and tools are specifically useful and where the
role of the design becomes most useful and fulfilling for policy innovation. One evident aspect of the
responses to the survey is the interpretation of what constitutes a design method/tool. The survey did not
control for the ‘design literacy’ of the respondents, however, and without delving into what makes a design
method, it is difficult to conceive a trained designer claiming ‘sociology’ or ‘psychology’ being one. Likewise,
‘design thinking’ or ‘user-centred design’ are seldom referred to as design methods/tools in the literature.
Nevertheless, participants expressed that design is being used in their organisations. This discrepancy could be
attributed to the fact that it is not the use of design methods/tools what constitutes these organisations
design-led approaches. This could be rather based on the mindsets a design approach entail. Likewise, this
could explain the broad definition used thus far, in which public policymaking is addressed by these
organisations in a ‘design-oriented fashion’, without necessarily resorting to specific design methods. The
notions of ‘user-centredness’, ‘co-creation’, and ‘exploration’ —typically through prototyping— appear as key
aspects of this innovative approach associated with a ‘designerly’ manner. Moreover, the recurrent
identification of ‘agile methods’ as a design method may support the idea that specific methods are not the
most relevant aspect of these organisation’s practices. As the Agile Manifesto (Beck et al., 2001) expresses, the
focus should be more on individuals and interactions instead of processes and tools. Further investigating the
specific characteristics that shape these design-led approaches will be key to understanding how design can
contribute to public policy innovation. Similarly, assessing how expert design knowledge is introduced in these
organisations will also help in fully understanding how design is being utilised.

Bringing design approaches to initial stages of the policymaking cycle

The stages of the cycle at which these organisations intervene also highlights an interesting point. A majority
(>85%) of the surveyed organisations claim to be intervening at the problem identification stage of the
policymaking cycle, and this resonates with the use of a design approach. This is because the ability to create
frames which might help in tackling wicked problems is a key skill in addressing complex societal issues.
Moreover, this skill has been associated with core professional design practices which allow for the
development of original solutions. Furthermore, the need for innovating and bringing new approaches to
public policymaking has been explicitly connected to the need to address the complexities of current social
policy issues. This links together the notions of contemporary complex societal issues, the need for policy
innovation, and the introduction of design to fostering such innovation. Additionally, one implication of these
organisations operating at earlier stages of the policymaking cycle (as opposed to solely at the policy
implementation stage) is a shift from the origins of the uses of design in public policymaking, where design
was employed to operationalise solutions which had not necessarily arisen from a design-led process.
However, it is not clear, if these organisations transit a process of problem reformulation once they have been
tasked with a defined policy issue, or if the problem identification is conducted from the outset to push the
identified problem into the policy agenda later. Should the former be the case, the design process could be
entirely occurring at the policy implementation stage. What did become clear is that the decision-making stage
of the policymaking process is still reserved to a limited set of policy actors, most of whom do not seem to
belong to these organisations.

The need for substantial change to the public policymaking process

With none of the respondents subscribing to the traditional view of policy innovation as exclusively the
introduction of a new policy by a government, the idea that the process by which policies are developed is of
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utmost importance became evident. However, with half of the respondents indicating that public policy
innovation should involve both, a new process and a novel outcome, the parallels between public policy
innovation and that described in the economics of innovation is clear. This seems to indicate that innovative
public policies can hardly emerge from the way they have been traditionally developed, signalling its
exhaustion for providing appropriate solutions. Two main arguments appear crucial in supporting this. Firstly,
the need for innovation to address the complexity of current social policy issues, suggesting the traditional
processes fail in doing so. The staged-model represented in the policy cycle could be key to understanding how
policymaking has been mainly conceived in a reductionist manner, limiting the Government’s capacity to
integrate a systemic approach to their development. Secondly, including the inputs from a larger set of
stakeholders throughout the policymaking process is imperative in developing meaningful and appropriate
public policies. The literature is explicit in recognising that during most stages of the cycle, only subsets of the
policy universe are involved (Howlett, Ramesh, & Perl, 2009). However, there seems to be an exceptional urge
for including the inputs from a very specific group of stakeholders: the users. With the advent of service design
at the policy implementation stage, the introduction of the user’s perspective in public service development
has gained traction, due to its extensive use of co-productive approaches. However, in a more holistic view of
the policymaking process, devising a public service may not be possible to disaggregate from the framing of
the problem being addressed. Amongst other reasons, this becomes clear when considering the prototyping of
solutions, an aspect highlighted by the surveyed organisations. Prototyping will necessarily mean a non-linear
process where several iterations of the solution, including the further reframing of the problem, are likely to
occur. This consideration, resorts back to the first point, urging for a more systemic approach to the
policymaking process.

Conclusion

Incorporating design approaches in the making of public policy seems to hold the potential for fostering
innovation, according to this study’s participants. However, the introduction of design in the public
policymaking process does not appear to be attached to the use of specific design methods, but rather to
certain ‘designerly’ mindsets, namely, ‘user-centredness’, ‘co-creation’, and ‘exploration’. User-centredness
relates to the shifting of the policymaking process’ focus towards the ‘main’ users affected by the policy to be
conceived. This implies maintaining a constant feedback loop with these users throughout the process.
Concordantly, ‘co-creation’ refers to the joint development of policies and their actionable outcomes by
several stakeholders which might not typically be involved in such activities. This includes, but it is not limited
to, those directly affected by the new policy (the ‘users’) and frontline public servants. The exploratory
mindset is embodied by a willingness to experiment with solutions that do not necessarily resemble the
existing policies, thus breaking from path-dependency. It also suggests a positive attitude towards failure, in
which several iterations of a proposal are tested against assumptions and with several stakeholders,
consequently reinforcing the user-centred and co-creative spirit.

New ways of developing public policies as well as new public policies better suited to deal with current societal
problems appear to be a requirement for most governments. However, the latter seems to be largely
dependent on the former, often demanding significant changes in the public policymaking process. Whereas
previously an analogy with the product versus process model for technological innovation was presented, it
became apparent that certain features, such as the ‘tandem’ dynamic where innovative processes may allow
for the development of innovative products and vice versa, is not met. Furthermore, as key stages of the
process, such as the decision-making stage, remain in control of limited policy subsets a comprehensive co-
creative approach to public policymaking will only be partially implemented. Furthermore, retaining the
decision-making power in a reduced portion of the stakeholders will continue to hinder exploratory
approaches by, for example, interfering in the feedback loops and policy development’s timescale. It appears
the public policymaking process will require extensive revision to fully incorporate a design approach with the
potential of affecting substantial change, as well as to enable a systematic production of innovative solutions.

Lastly, Policy Labs, or more generically, organisations working in innovative public policymaking are promoters
of the introduction of design mindsets in this realm. Arguably, the design capacities in these organisations may
not be distinctly robust, since, for instance, their understanding of specific design tools and methods is
notoriously fuzzy. This does not necessarily imply a detrimental effect on the outcomes they can produce, as
the design mindsets employed by these organisations can be learnt and appropriated beyond the use of design
methods and tools. However, some of these principles, such as problem re-framing considered crucial in the
ability to develop innovative solutions, are sophisticated professional practices which might require in-depth
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understanding and long-standing experience to be effectively deployed. Low performance due to limited
design expertise may undermine these organisation’s legitimacy, thus having a detrimental effect on the
expansion of innovative public policymaking processes. Regardless, the shifting of these organisations towards
the early stages of the policymaking process may, if the current power structure permits it, precipitate further
changes in the way public policies are conceived. Perhaps even making design literacy a key skill of future
policymakers.
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The aim of this track was to question the divide between the nature of knowledge understood as experiential
in indigenous contexts and science as an objective transferable knowledge. However, these can co-exist and
inform design practices within transforming social contexts. The track aimed to challenge the hegemony of
dominant knowledge systems, and demonstrate co-existence. The track also hoped to make a case for other
systems of knowledges and ways of knowing through examples from native communities.

The track was particularly interested in, first, how innovators use indigenous and cultural systems and
frameworks to manage or promote innovation and second, the role of local knowledge and culture in
transforming innovation as well as the form of local practices inspired innovation. The contributions also
aspired to challenge through examples, case studies, theoretical frameworks and methodologies the
hegemony of dominant knowledge systems, the divides of ‘academic’ vs ‘non-academic’ and ‘traditional’ vs
‘non-traditional’.

The 4 paper from 9 authors approach the theme of this track from various perspectives, highlighting different
aspects of approaches to other ways of knowing, leading to change and transformation in design. The
responding papers came from rich and diverse cultures of India, Namibia, South Korea, United states, United
kingdom, Australia, Sweden and showcased examples from many more contexts. The accepted papers covered
various forms of decolonisation.

In the first paper, In Colonizing Innovation: The Case of Jugaad, Abhinav Chaturvedi and Alf Rehn question the
currently popular concept of frugal innovation that has been appropriated in western management literature
as an innovation. This popular phenomena has its roots in the culturally colonial appropriation of indigenous
knowledge systems. They sequentially explore various journals for use of postcolonial theory or thinking to
inquire into the knowledge systems of innovation studies and innovative thinking, and also break down the
concept and phenomenon of Jugaad to understand its linkages. Thereafter, they examine the colonisation of
Jugaad through exortisim and narratives of want, and the commodification of the terms as well as the
knowledge system; calling for an understanding of the phenomena of non-western paradigms to be reviewed
and understood for their own worth and through their own lens.

Boeun Bethany Hong and Sharon Prendeville, in their paper Understanding Development Discourse through
Ontological Design: The case of South Korea examine the case study of South Korea's manufacturing industry
and its replication as a form of coloniality. While the authors begin their paper with understanding discourse
and its relationship to ontological design. Through empirical analysis they demonstrated how the current
manufacturing industry in South Korea has been evolved through development assistance strategies from the
west. However, in replicating their hegemony of manufacturing know-how in the South-Asian region they are
replicating the “West-centred” discourse of developmentalism.
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Melanie Sarantou, Caoimhe Isha Beaulé and Satu Miettinen explore Nambian art and design proliferation
through the frameworks of decolonising design and participatory service design with scope of improvisation
therein, that allows the participants agency to shape the service. They analyse the role of Art South-South
Trust (ASST), a start-up Namibian not for profit (NFP) organisation, as service providers, in increasing visibility
and enabling global exposure of the artists, designers and artisans. The paper draws on reflective practice to
analyse the data of interviews of various Namibian and Australian partner art organisations. It also uses
reflective practice to analyse the focus group discussions between Namibian artists, designers, artisans and
arts organisations. The authors use critical thinking to evaluate the findings of the focus groups need for
awareness and open dialogue and the plural identities and the complex social, economic and cultural
environments in which the participants live and function. Expectations of focus groups were to promote
Namibian artists and designers globally through sustainable links with art and design organisations, providing
feedback to participants and the broadening of knowledge and experiences. The authors suggested sustained
engagement with international markets, efficient, yet flexible and agile management protocols. The authors
finally build a practical framework for decolonising practices in Namibian art and design through a mindful and
enacted shift from stifling institutions to a willingness to erode and fight power structures associated with
institutionalisation. The challenged institutional politics and gatekeeping in the arts by suggesting an
alternative participatory framework. They elaborate that this could be achieved through adopting bottom-up
approaches as well as fostering capacity building in areas of service design, digital business management and
marketing and digital storytelling.

The final paper in the track was by Nicholas Baroncelli Torretta and Lizette Reitsma, through enquiring three
Design for Sustainability (DfS) projects through design approach strategies, made a case for challenging
colonial and modern development structures. The authors problematises the dynamic between situated place,
situated community and design work. They also problematise the term sustainability is deeply local and tied to
specific nature/culture contexts and as a collective global action for life on planet. They use Paulo Freire’s
decolonial perspective to analyse the approaches of the case study. They first take on the approach of design
activism in an example of Design for Sustainability (DfS), projects on urban farming in Finland. The second
approach is of humbling designing shown through a DfS project of energy conservation project in Sweden.
Lastly, Radical Listening as design approach in the case of preserving tropical forests through offering
healthcare in the context of Borneo. The authors also caution against the use of Design for Sustainability (DfS),
projects themselves becoming as a colonial tool. They conclude that steering DfS to become decolonial or
colonizing is a relational issue based on the interplay between the designers’ position in the modern/colonial
structure, the design approach chosen, the place and the people involved in DfS.

All the papers examine the role of local knowledge and culture in transforming innovations. Situatedness,
local-global community interplay, indigeneity and identity become a feature in every case study that has been
discoursed. All papers locate the innovations inspired by local practices, and diverse design approaches as
means of decolonising and challenging the hegemony of western paradigms. They showcase experimentations
and scales in this knowledge domain, through their own categories. The diversities of the case-studies and the
many locations of the examples show the many ways in which designers, communities, organisations and
innovators challenge the expertise position, while acknowledging the models of experiential, subjective and
tacit knowledge that making/doing/problem-solving inherently hold. The track also paves way to view these
knowledge beyond binaries, create new dialogues and evolve a common language through diverse action
examples. The papers examine diverse design approaches and contexts, however the commonality is the
caution about any of these case studies or approaches becoming an colonial tool.
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Innovation is one of the most popular concepts and desired phenomena of contemporary
Western capitalism. As such, there is a perennial drive to capture said phenomena, and
particularly to find new ways to incite and drive the same. In this text, we analyze one
specific tactic through which this is done, namely by the culturally colonial appropriation
of indigenous knowledge systems. By looking to how jugaad, a system of frugal innovation
in India, has been made into fodder for Western management literature, we argue for the
need of a more developed innovation critique, e.g., by looking to postcolonial theory.

Keywords: innovation, innovation critique, postcolonialism, indigenous knowledge systems

Introduction

As a concept and the desired end-state, innovation and the innovative organization has for many years been a
mainstay in the global debate on management and the drive towards increased efficiency and profit. The
modern corporation needs to at least present itself as innovative, or it risks being punished on the stock
market (see, e.g., Sood & Tellis, 2009) and in the public debate, and the same goes for business thinking more
generally. To be seen as relevant, both CEOs and business pundits need to show continuous innovative
activities, pushing both towards a homogenized business discourse (see, e.g., Collins, 2000) and a relentless
desire to increase levels of innovation — or at least to make it appear that this has been achieved. At the same
time, an increasingly globalized market economy presents companies with additional challenges. Where
companies earlier could trust markets to be relatively homogenous, products and services must today often be
geared to more and more precisely defined such. Markets that were earlier seen as secondary, such as India
and China, are today viewed as central. No wonder, then, that corporations see a great deal of value to be had
from gearing innovation efforts towards these spheres (Bruche, 2009; cf. McKenna, 2011). However, in the
field of innovation, this cultural ‘awakening’ also has a flipside, one where non-Western markets are seen not
only as a space in which to increase market- share but one from which innovation inputs can be harvested.

This latter move, where previously marginalized markets are seen as a key source for innovation insights, takes
some forms. On the most basic level, global companies routinely strive to localize their products and services
for new markets and use cultural insights to do this (Petison & Johri, 2008; Swoboda, Pennemann, & Taube,
2012). On another level, markets can be studied for their specific needs, and the existing knowledge and
competencies of the corporation can be deployed to serve these (see Anderson & Markides, 2007). Such
aspects are well known in the literature on both innovation and, e.g., international business, and we will not
here delve deeper into them. Our interest is on the level where the interest of companies isn’t to understand
the specifics of the market, but rather to utilize ‘indigenous knowledge systems,’ i.e., culturally specific forms
of knowledge and knowing, to enhance their innovation capacities.
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The concept of indigenous knowledge (and the systems thereof) comes to us from anthropology (see e.g.
Battiste & Henderson, 2000; Semali & Kincheloe, 2002; see also Banerjee & Linstead, 2004), and emphasizes
that cultures develop ways of analyzing their world, forming knowledge about the same, and creating novel
meanings that stem from their local context rather than from a general mode of ‘thinking’. Whereas Western
analyses of knowledge emphasize specific modalities of sensemaking (including a strong reliance on
‘objectivity’ and abstracted empiricism), these shouldn’t be seen as general and eternal, but rather as forms of
indigenous knowledge unto themselves. Other ways of knowing and thinking, such as it may formin, e.g., a
rural Indian, Indonesian or Chinese context, is in such an understanding not erroneous simply because it
holds different modalities of knowledge, and can in some contexts even be better suited for the specific
locality than the assumedly more objective Western knowledge. This is not, particularly in our use of the term,
to be mistaken for absolute cultural relativism or knowledge nihilism. Rather, it emphasizes that local
knowledge systems can a) have special insights into specific matters (such as how to utilize resources that are
special for an area), and b) provide valuable alternative interpretations and perspectives.

It is particularly this last point that is of interest here. Within the field of innovation, one might say that the art
of developing alternative perspectives forms the very core of innovative thinking® . In a sense, all innovation
hinges on seeing an existing product, service, process or model in a new way, making alternative perspectives
valuable in and of themselves. It should come as no surprise, then, that indigenous knowledge is potentially
valuable within innovation thinking, particularly if this can be harnessed — either directly or symbolically — to
further new avenues in this field. This paper deals with a specific case of this, namely the manner in which
jugaad, a form of indigenous knowledge stemming from India, is turned into a resource for Western innovation
thinking.

Jugaad, which we will detail as a concept later on in the paper, is in effect a particularly Indian philosophy of
innovative problem-solving in situations with very limited means. Its practitioners, jugaadu, are often part of
the most socioeconomically challenged group in India and characterized by being poor to the level of
destitution, illiterate or functionally illiterate, uneducated and often either living in rural areas or having a rural
background. They are, to put it succinctly, among the poorest of the global poor. At the same time, as detailed
in a number of contemporary management books (see e.g. Birtchnell, 2013; Leadbeater, 2014; Radjou, Prabhu,
& Ahuja, 2012; Radjou & Prabhu, 2015), they have shown a tremendous capacity for developing novel
solutions using extremely limited resources, utilizing an improvisational approach to technical development
reminiscent of bricolage (see Baker, Miner, & Eesley, 2003; Garud & Karnoe, 2003) and what in
entrepreneurship studies has been called effectuation (see Sarasvathy, 2009).

Here, our interest is in the manner in which jugaad has been appropriated in Western management thinking,
both as an example of the exotic Other (Jack, Westwood, Srinivas, & Sardar, 2011; cf. McKenna, 2011) and as a
potential knowledge-base to be colonized. In the latter case, jugaad is recast to align with the Western
preoccupation of continuous progress, and further with the triumphalist notion that innovation can, as long as
the mindset is correct, be done with little or no resources. We will return to this latter point.

In the following, we will discuss the possibility of discussing innovation through the lens of postcolonialism,
after which we will introduce jugaad in more depth. Following this, we will analyze the manner in which jugaad
has been utilized as a resource in Western management thinking, and end by discussing the problems inherent
in colonizing indigenous knowledge systems within innovation thinking, and in management studies more
generally.

Innovation and Postcolonialism

As a theoretical field, postcolonial theory (see, e.g. Said, 1979; Bhabha, 1994; Spivak,1987), has been widely
deployed in the field of organization studies (see Prasad, 2003, 2012; Banerjee & Prasad, 2008, Frenkel &
Shenhav, 2006; Jack, Westwood, Srinivas, & Sardar, 2011; Khan, Munir, & Willmott, 2007; Nkomo, 2011).
Inspiration from key postcolonial thinkers such as Edward Said, Gayatri Spivak, and Homi Bhabha has
enabled scholars of the organization to question Eurocentrism, the primacy of Western knowledge and
narratives of organizational identity in ways that have enriched our understanding of organizational life in a

T We will in this text use ‘innovation studies’ when referring to the academic field and the academic literature,
and ‘innovation thinking’ when referring to the more popular field, i.e. the field of business books and similar
material for non-scholars.

160



globalized society. However, the deployment of postcolonial theorizations has been very uneven. It has had its
main champions within the field of critical management studies (CMS) and within diversity studies, with
decidedly less uptake in “mainstream” fields such as leadership studies (see, however, White, 2010; Nkomo,
2011) and strategy (see, however, Westwood, 2006). Its use has often been a critical one, i.e., using
postcolonial theory to highlight epistemological and ontological limitations in how organization studies
have attempted to create generalized knowledge without taking into account, e.g., differences in cultural
epistemology or power-relations. For instance, Muhr & Salem (2013) use a postcolonial perspective in
challenging notions of equality in a Swedish organization. By highlighting the often forgotten colonial history of
Sweden, they show how a context often assumed to be one of the most equal and integrated ones in the
world still creates images of ‘the Other’ and silences its own history in a manner that affect the ways in which
foreign workers can align themselves to the ‘openness’ of the studied, Swedish company. In this way,
postcolonialism can act as a critical lens into how our understandings and their cultural foundations are
created and managed.

That said, it is notable that postcolonial theory or thinking has almost never been used to inquire into the
knowledge systems of innovation studies and innovative thinking. In our literature review, we went through
the five top journals in innovation, as listed by The Association of Business Schools (ABS), 2015: Journal of
Product Innovation Management, Research Policy, R and D Management, Technovation and Creativity and
Innovation Management. For each of these, we used the journal’s full-text search for the terms “post-
colonial,” “postcolonial,” “post-colonialism” and “postcolonialism” (the hyphen is sometimes used and
sometimes not). The results were as follows:

|II “
’

TABLE 1
Keyword Search
Journal “Post-
“Postcolonial” “Post-colonial” “Postcolonialism”
colonialism”

1. Journ.al of Product 0 1 0 0
Innovation Management

2. Research Policy 0 0 0 0
3.Rand D Management 0 0 0 0
4. Technovation 0 0 0 0
5. Creativity and 1 0 0

Innovation Management

The reader is here asked to note that we in this have had to trust the search engine and that
there is always a possibility that insufficient indexing and glitches in the software have
returned erroneous data, but some variations on searches, spread out over time, returned
the same results. Also, and as a precautionary matter, we searched, in the same manner, for
references to the works of three key postcolonial theorists: Homi Bhabha, Gayatri Spivak,
and Edward Said. While this is of course not a complete list of possible postcolonial
influences, we argue that the lack of references to these thinkers would be notable, as an
article that attempts to introduce postcolonial critique would almost certainly have to refer
to the seminal works of at least one of these, and most likely all three. The results of this
were as follows:
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TABLE 2

Authors
Journal

Gayatri Spivak Homi Bhabha Edward Said
1. Journal of Product

) 0 0 0

Innovation Management
2. Research Policy 0 1 0
3. R and D Management 0 0 0
4. Technovation 0 0 0
5. Creativity and Innovation

0 0 0

Management

It should here be noted that references to, e.g., Spivak are quite common in feminist theory, and Edward Said’s
influence in no way limits it just to postcolonial theory, making the fact that neither has seemingly been
referenced or mentioned in Journal of Product Innovation Management even more interesting. As an
additional side-note, not even Alexander Styhre, a leading critical innovation scholar who has published on
postcolonialism (Styhre, 2005), uses any such references in his book-long attempt to form a social theory of
innovation (Styhre, 2013). In this case, the lack of engagement cannot be explained by a lack of insight into the
field, as Styhre most certainly has such. So, there is a silence in innovation studies, a silence regarding
postcolonial approaches. Arguably, this is due to the more general lack of critical innovation studies
(see, however, Sveiby, Gripenberg, & Segercrantz, 2012), as the field is often seen as one representing a
general good, one where there is scant need to inquire into the ethical and cultural assumptions it builds on.
This, as we will show, is a problematic view, and also one at odds with the professed ethos of the field.

A key, one might even say constitutive element, of innovation, is the capacity to borrow ideas from other
fields. Looking to the literature, there is no end to the number of ways in which this can be re-iter