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Abstract

The world is ageing rapidly. Between 2000 and 2050, the number of people aged 265 will double as a proportion of the glo-
bal population, from 7% to 16%, respectively. By 2050, for the first ime in human history, there will be more older people
than children (aged 0-14 years) in the population. More distinctive is the tremendous increase in the oldest old aged =85.
This challenges society to adapt, in order to maximise the health and functional capacity of older people as well as their
social participation and security.

Agcing is a multidimensional process of change in the physical, mental and social domain, leading to functional decline.
Design thinking has embraced ageing as a topic where it can add to public health intervendons. Applicatons of design and
technology can contribute to ‘autonomous ageing’, for example, independent living and life style support, and can compen-
sate for functional deficits associated with ageing. The focus is on supporting and reinforcing the reduced physical, mental,
social and functional capacities of older people by applying groundbreaking, innovative design inclusive enginecring meth-
ods, always starting with a human-centered integrated approach.

Examples of design for geriatric giants include design for falls prevention, dementia care and integrated care.

The establishment of collaborative networks between clinicians and designers, academia and industry is required to advance

design for autonomous ageing.
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Introduction

The world is ageing rapidly. Between 2000 and 2050, the
number of people aged 265 will double as a proportion of
the global population, from 7% to 16%, respectively. By
2050, for the first ime in human history, there will be more
older people than children (aged 0—14 years) in the popula-
tdon [1]. More distinctive is the tremendous increase in the
oldest old aged 285. This can be seen as a success story for
public health policies, but also challenges society to adapt, in
order to maximise the health and functional capacity of old-
er people as well as their social participation and security [2].
The World Report on Ageing and Health has outlined a
framework for action to foster Healthy Ageing built around
the new concept of functional ability [3].

Design thinking, which is based on the original ‘solution-
based thinking’ by Nigcl Cross [4, 5] has embraced ageing as

a topic where it can add to public health interventions.
Applications of design and technology can contribute to
independent living and life style support, and can compen-
sate for functional deficits associated with ageing,

Modemn healthcare is unthinkable without medical tech-
nology, for example, the use of MRI-scans and navigation
systems in brain surgery, or the use of laparoscopic technol-
ogy in abdominal surgery. In personal care, examples are
communication through eye-movement controlled steering
of personal computers for people with aphasia; the use of
care platforms or Skype for consultations with general prac-
titioner or specialist; GPS tracking for persons with demen-
tia; applied gaming for treatment of anxiety disorders; the
use of mHealth apps for disease treatments, fitness and
wellness. Fears exist that these technologies might be
applied to decrease healthcare costs, and might lead to job
losses and impersonal and poor contact between patients
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and care providers. However, the evidence that these tech-
nologies are effective in improving quality of care and
patient outcomes is increasing. A recent randomised con-
trolled trial (RCT) of telehealth for patients at high risk of
cardiovascular disease led to marginal clinical benefits, but
the intervention was associated with improvements in
patients’ risk behaviours and perceptions of support and
access to care [6]. A RCT of a telehealth service based on
non-clinically trained health advisers supporting patients
with depression in the use of internet resources, was accept-
able and effective compared with usual care; intervention
participants reported improvements in anxiety, better access
to support and advice, greater satisfaction with the support
they received, and improvements in self-management and
health literacy [7]. For the use of telehealth by older people,
technologies need to be personalised for their needs, cap-
abilities and preferences. Education in knowledge and skills
may be needed, and guarantees for privacy and security
must be in place. If technologies are made familiar, usable,
desirable, cost-effective and able to be adapted to seniors’
lives and plans, then telehealth is likely to become an inte-
gral part of the lives of older people in the near future [8].

The use of robotic technology in healthcare organisa-
tons is developing; however, adverse effects and staff
resistance will need to be addressed before this technology
can be fully implemented in real life [9]. Engaging doctors
in the healthcare revolution of applied technology is a man-
agement challenge that can be tackled, measured and
improved [10].

The paradigm for iterative design

New design responses to traditional challenges of ageing
differ from traditional medical research in the sense that
design moves at pace, using iterative improvement cycles.
This is in contrast with empirical medical evidence method-
ologies, which deliver an answer only after the technology
has moved on. In traditional medical research, RCTs, with
an intervention and a control group, usually with large
numbers of participants, are the hallmark, whereas in design
the number of future users involved in the design concept
and the (co-)creation, and in the testing of the prototype, is
smaller, and participants are generally not randomised. In
human-centered design, the number of usability problems
discovered in a user trial or identified in a heuristic evalu-
ation can never be claimed to be exhaustive. In general,
after testing of a prototype by at least 10 test persons, 80%
of usability problems will be detected. For further improve-
ment of the prediction, more sophisticated statistical mea-
sures are needed [11].

To embrace the changes in society, new design processes
and methods are needed based on a multi-stakeholder
approach and capable of developing smart (health)care pro-
ducts and services, which facilitate the collaboration between
health professionals, informal caregivers and older people.
From this perspective, empowering older persons will change
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their role from passive care receivers into active participants
of their care decisions.

Design thinking is a powerful tool where ‘out of the
box’ thinking of the designer can be matched with the
evidence-based approaches in the field of healthcare.
Design thinking is defined as a formal method for practical,
creative resolutions of problems and for the creation of
solutions, with the intent of improved future results.
Instead of solving a single specific problem, it has a holistic
approach [12].

From a design point of view, three groups of older peo-
ple can be distinguished: (i) Ambitious older people, they
travel and see the world, have internet access; (i) Domestic
older people, independent in and around the home, internet
access, dependent for outdoor activities; (iif) Dependent
older people, need professional and informal care at home,
usually no access to internet.

Especially groups 2 and 3 will benefit from design to
support their autonomy. However, group 1 can also benefit
from design, a typical example of this type of inclusive
design is the E-bike, which was originally designed for older
adults and became widely popular among all age groups.
The business strategy to also introduce the E-bike in the
market targeted at younger age groups, increased the accept-
ance among the aged population too, since the product was
not stigmatised.

Another selected design case is the Toilet; in this case illu-
strated as the EU project Friendly Rest Room (FRR) [13].
The design of a water flushed toilet existed already 2000
years ago, as can be seen in former Roman buildings on
Crete. However, in the Middle-Ages this hygienic measure
was somehow forgotten and people used the street as their
toilet, until 1851 when at the Great Exhibition in London,
for the first time the public could use flush toilets originally
invented by Sir Harrington, 250 years eatlier. Since 1851 the
toilet design hardly changed. The medical profession hon-
oured this design in the British Medical Journal for having
had a major influence on the hygiene in Europe [14].

However, now that there are more older people, a
redesign was needed, if possible without stigmatisation. In
the EU project FRR a solution for an adjustable toilet was
developed, together with a focus group of older people in
seven EU countries, and several disciplines of 10 different
partners (social, technical, design, psychological). The result-
ing product is a toilet adjustable in height and in angle like a
sit-to-stand chair. A time-alarm was built in. It was user-
tested in a nursing home in Vienna for 3 months. Thereafter,
the FRR was taken into production by a company that was
already one of the 10 partners in the FRR consortium [15].

The design approaches for the FRR and the E-bike
have something in common. Both became successful after
they became appealing to younger people; the toilet to
younger people with a handicap, the E-bike to younger peo-
ple in general, for example, for biking long distances to and
from work. In both examples, howevert, older people were
included in the design approach, because both are based on
inclusive design [16, 17].
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Design for autonomous ageing, how and for
whom?

Designers are challenged with the diversity of the ageing
population, the context in which the interactions with pro-
ducts or services take place, and the emotional meaning of
those interactons and their functional performance. A
designer, from a design thinking perspective, will identify
user’s needs and expectations and will integrate this in his/
her design solutions by applying a holistic approach.

Clinical trials often focus on young adults and exclude
older people [18§].

This means the results of clinical trials are often not
valid for older people. Meanwhile, in the field of Industrial
Design, research among older people has been going on for
many decades. One example is the Geron-project, pub-
lished in a book [19], but also freely accessible on the web-
site. DINED [20]. In that project [20] 600 healthy older
people were measured on 79 variables: with subgroups of
variables in the field of anthropometry, and sensorial, psy-
chomotor and cognitive aspects. To show the effects of age-
ing, all the measurements were also done in a control group
of 150 young adults. The results are used to design pro-
ducts and services, and environments for the older user.

In the definition of Autonomous Ageing, autonomy is
defined as ‘“The freedom to determine one’s own actions’.
Translated to the care context, the senior person is consid-
cred autonomous, and in charge.

The aim of design for autonomous ageing is to support
the older person in maintaining autonomy, in comfort and
safety and with quality of life. This principle can be applied
at home, but also in a care environment, such as hospital or
rehabilitation wards. Older persons constitute the main tar-
get group, but usually also their formal and informal care-
givers are included in the design approach. The patient
journey is a powerful tool for designers to indicate how to
approach such a complex situation with all stakeholders but
still keeping the focus of the patient subject to all activities.

Process mapping enables the reconfiguring of the
patient journey from the patient’s perspective in order to
improve quality of care and release resources [21].

Traditional challenges of ageing

The so-called geratric giants are the major catcgories of
impairment that appear in older people, including immobil-
ity, instability, incontinence and impaired cognition.
Sensorial problems such as impaired vision, hearing loss
and loss of percepton are also common in old age.
Autonomous nervous system changes can lead to ortho-
static hypotension and hypothermia.

Age-associated functional limitations commonly lead to
problems with daily activides such as Activides of Daily
Living (ADL), Instrumental Activities of Daily Living,
mobility, organisation of one’s daily life; and to unsafe situa-
tons in and around the home.

Design solutions in response to ageing

In addition, the need for multiple carers frequently leads
to fragmentation of care, which in itself can lead to errors
and unsafe situations.

Design examples for challenges of ageing:
International studies and case studies from
the faculty of Industrial Design Engineering
at TU Delft

Example |: Design for Falls Prevention

Muscle strength, positonal reflexes and gait speed decrease
with ageing. Visual changes include a decrease in depth per-
ception and contrast sensitivity. These changes lead to an
increased fall risk. Falls represent a major public health prob-
lem, approximately 1/3 of all community-dwelling people
aged 2065 experience a fall at least once a year, and this goes
up to 50% in persons aged 280 years. Falls are associated
with high morbidity and mortality rates [22, 23].

Falls prevention is the subject of many international
studies and projects.

A good example of a European consortium is ProFouND,
the Prevention of Falls Network for Dissemination and imple-
mentation of best practice in falls prevention across Europe
[24]; the ProFouND website includes many EU projects on
falls prevention (WIISEL, FARSEEING, I DONT FALL,
USEFIL, i STOP FALLS, GIRAFFplus, FATE, AMACS,
Ageing Well, ROSETTA).

Case studies from Industrial Design Engineering (IDE)/
TU Delft:

At IDE, research on design for falls prevention is
ongoing, resulting in many student design projects. To give an
impression of the different design solutions for falls preven-
tion, a few design projects are presented in Figure 1. These
include an indoor shoe for easy doffing and donning (Alen
Halilovic [25]), an app demonstrating personal fall risk and
preferred activities to increase mobility (Janna Alberts [25]), a
specialised stair lift (Viki Pavlic [26]) and an exochair for body

support in walking and sitting (Olaf Weller [26]).

Example 2: Design for Dementia care

Another major challenge of ageing is the care for persons
with dementia. Dementia is a growing problem globally.
There are 46.8 million sufferers world-wide, posing a major
challenge for treatment and care [27]. Dementia is a syn-
drome, consisting of a set of symptoms, including: memory
loss; difficulties with thinking, planning, problem-solving,
speech/language or ADL. Dementia is progressive, which
means the symptoms will gradually get worse. People with
dementia become increasingly dependent on the support
and care of others. Patient’s children provide more than
half of the informal care, frequently combining their roles
as caregiver with work and childcare. They risk burn-out or
depression, and job loss. This can lead to loss of productiv-
ity on a macro-economic level.

International design examples for dementia care include
robots, apps and gaming
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Indoor shoe for prevention of falls by Alen Halilovic Bloei: a tool to support elderly patient and their social netwerk by
Janna Alberts

The Mepo: Mobility solution for elderly by Viki Pavlic

Figure 1. Design examples for falls prevention.

Robots are increasingly used in dementia care [28]; even
a specific design has been developed for specific subtypes
of dementia [29]. Also, domotics [30], GPS tracking [31]
and care platforms [32] are increasingly accepted in demen-
tia care.

Case studies from IDE/TU Delft

To give an impression of the different design solutions for
dementia care at IDE, several design projects are presented in
Figure 2. These include the ‘Magic table’, using active cues to
stimulate activaion and human-human interaction (Hester
Anderiesen [33]), ‘Guiding glasses’ for guidance in daily rou-
tine activities (Roeland Reitsema [26]), ‘Run errand’ for out-
door guidance by GPS tracking (Javier Rosales [26]), Memory
Balls’ where pictures and stories from the past are recorded
and used as a conversation starter (Renee Molman [26]).

Example 3: Design for Integrated Care

Integrated care is defined as “The management and delivery
of health services so clients receive a continuum of prevent-
ive and curative services, according to their needs over time
and across different levels of the health system’ [34].

In current healthcare provision, fragmentation, rather
than integration, is the norm. Fragmentation can be defined
as focusing and acting on the parts, without appreciating
their relation to the whole. Statistics on fragmentation of
care are not available. Fragmentation of care leads to ineffi-
ciency, ineffectiveness, inequality [35].

Eight key elements have been described for successful
integrated care design and technology: building on partner
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The application: Bloei
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Exochair to support elderly by Olaf Weller

strengths; identifying a common need and set of outcomes;
integrated management and governance; defining service
user pathways to determine what to integrate; engaging sta-
keholders in the design and delivery of services; getting
quality information; integrating the workforce and work-
place management; and defining the infrastructure, build-
ings and facilities [36].

International examples of design for integrated care
include co-designing and co-production studies [37, 38].

Case studies from IDE/TU Delft

At IDE, design for integrated care aims to improve the
exchange of information, communication and shared deci-
sion making processes between different stakeholders. A
selection of design projects is shown in Figure 3. These
include a support for safe and convenient use of a medica-
tion roll (Lisanne van der Kaaij [25]), an information plat-
form to improve information exchange and communication
between different stakeholders (Jesse Hoeksema [26]), tai-
loring rehabilitation in a personal programme after total hip
replacement (Ana Benito Junquera [26]) and an app for
improving patient experience by sharing activities during
rehabilitation at home, and thereby preventing social isola-
tion (Alexander Weiss [20]).

Discussion and recommendations for the
future

Modern healthcare is unthinkable without medical technol-
ogy. The examples in the current paper demonstrate how
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The guiding glasses for demented elderly using augmented reality by
Roeland Reitsema

Run errand assistant for demented elderly by Javier Rosales The memory balls as conversation starter by Renee Molman

Figure 2. Design examples for dementia care.
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Figure 3. Design examples for integrated care (A selection of different student design projects on the topic of integrated care).

technology and design might improve the quality of (health) Initiation of such collaborative networks requires the
care for older persons. Research and development in design ~ recognition and understanding of the interdependence
for autonomous ageing can best move on as a collaboration ~ necessary for sharing/creating knowledge, as well as a high
between clinicians and designers, academia and industry. sense of trust [39].
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Examples of such collaborative networks are the
regional network of Medical Delta [40], and within that, the
educational Master Programme Medisign [41] at IDE/TU
Delft.

Medical Delta is a network of life sciences, health and
technology organisations, business partners and entrepre-
neurs and regional governments. The research facilities avail-
able within the Medical Delta region are grouped in four
themes: (i) molecular and cellular technologies, (i) imaging
and image-guide medicine, (i) interventions and care, and
(iv) vitality. Academic partners are the Medical Faculties and
University Hospitals of Rotterdam (Erasmus University
Medical Center) and Leiden (Leiden University Medical
Center), and Delft University of Technology. Industrial part-
ners include companies in biotech and pharma. Business
partners get exclusive access to the Medical Delta network.
Medical Delta strives to connect the industrial members with
the right people, resources and services and to inspire their
businesses with new ideas. Both start-ups and multinationals
get the opportunity to promote their company, contribute
to the network and build valuable relations. Living labs in
Medical Delta are real life settings either physical or digital,
in which major stakeholders can develop and test new ideas
in partnership with end-users. On a European scale, Medical
Delta is a reference site for EIP AHA.

As a partner in the topic ‘intervention and care’, the
Medisign specialisation [41] trains dedicated and skilled
engineers in human anatomy, physiology, medical technol-
ogy, healthcare systems and some basic surgical techniques.
It also offers a pathway for health specialists to move into
the Medisign field. Participants in the programme are chal-
lenged to develop products that meet the needs of sur-
geons, doctors, therapists and patients and to solve
problems in human—product interaction [41].

Conclusions

Design and technology can contribute to autonomous age-
ing and compensate for functional deficits associated with
ageing, Design thinking is a powerful tool in the field of
healthcare.

The focus should be on a patient-centered integrated
design approach. Initiation of collaborative networks
between clinicians and designers, academia and industry is
mandatory to further advance research and development in
design for autonomous ageing,

Key points

* Ageing is a multidimensional process of change in the
physical, mental and social domain, leading to functional
decline.

* Design thinking is a powerful tool to address the chal-
lenges of ageing;

* Design moves at pace, using iterative improvement cycles; this
is in contrast with empirical medical evidence methodologies.
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* A patient-centered integrated design approach is essential
for design for autonomous ageing,

* Collaborative networks between clinicians, designers, aca-
demia and industry are mandatory for design for autono-
mous ageing,
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