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Abstract A key challenge elderly people face is the ability to live independently.
Losing their everyday independence is a major concern for the elderly, partly
because they fear this could lead to an involuntary move to an assisted living
facility instead of living independently. Since 2015, the Dutch government
encourages their citizens to age-in-place, but at the same time struggles with how to
implement new healthcare regulations. To support both government and citizens,
we propose a digital platform to match supply and demand in the health and
wellbeing domain. Such a platform should not only enable end-users to enhance
self-management, but also support them to find solutions for everyday problems
related to aging-in-place. To illustrate our Action Design Research we established a
Living Lab in a metropolitan area in the Netherlands, and developed a prototype of
the proposed platform in a real-life setting.
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1 Introduction

The world’s population is growing older and, as in many other countries in Europe,
the Dutch government is aiming for better integration of health and social care to
support elderly people and patients with chronic conditions in the community [1].
An aging population can be explained by the increasing life expectancy due to
improved public health and a declining fertility rate. Both trends are expected to
continue in the coming decades. Life expectancy at birth will increase globally by
ten years, to reach an average of 76 years by 2045–2050. In the same timespan the
average global fertility rate will drop to the replacement level. Next to that, the
United Nations predict that within thirty years the elderly people will even out-
number children under the age of 15 [2]. One policy to reduce healthcare expen-
ditures is to encourage people to live longer at home (i.e., aging-in-place) [3].
Whilst, most elderly prefer aging-in-place instead of living in an institution [4] and
want to maintain a certain quality of life [5], it is a challenge to make this happen.
Decrease in cognitive and functional abilities, social exclusion, digital divide as
well as time pressure on the caregivers, are typical hurdles. Besides these general
difficulties end-users are not aware of what products and services are available to
fulfill their needs at a certain point of time. Societal issues related to health,
wellbeing and comfort come together in the home-environment of people, but if
elderly become more vulnerable, it becomes harder to take responsibility them-
selves. This requires solidarity from society and especially from voluntary care-
takers, friends and family to support active aging [6]. To assist the elderly,
considerations need to be given to housing, transportation, social interaction, cul-
tural engagement and activities [7]. Aging-in-place also implies that elderly
maintain social connections to the neighborhood and the community, as well as in
socio-cultural contexts [8].

Next to that, ICT solutions can help to arrange daily activities in a smarter way.
It is not about a smart home per se (i.e., with advanced automated appliances) but
how to integrate smart solutions in our daily life. This is related to the concept of
smart living defined as an integrated design of our homes and neighborhoods in
which functional and non-functional requirements come together in an integrated
value-sensitive design. Smart living is related to the quality of life [9] and involves
connecting our daily activities at home, along the way, or anywhere else, that can be
supported by integrated ICT. Smart Living services are related to the Internet of
Things (IOT) that can be interpreted as ‘a worldwide network of interconnected
objects uniquely addressable, based on standard protocols’ [10]. Because of
advanced sensor technologies and integrating sensors, devices are transforming into
smart objects [11]. Next to that, smart living services can be seen as mediator
between providers and customers in the process of value creation [12].

Therefore, we propose a digital platform for health and wellbeing to match supply
and demand in the smart living domain. This service platform should not only create
awareness among end-users about what services and technologies can help them, but
also assist in mediating between (latent) needs and (yet unknown) services.
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Ultimately, such a platform should enable end-users to enhance self-management
(i.e., independency) by the provision of relevant information and support in
matching between different stakeholder groups (i.e., consumers, providers, and
government). Eventually the platform has to enhance the quality of life of end-users.

This paper describes the prototyping phase of a health and wellbeing platform
in a real-life setting. In Sect. 2 the Action Design Research method is explained
and how this is integrated in a Living Lab environment. Section 3 gives insight in
the prototyping phase of the health and wellbeing platform. Finally, before the
conclusion and future work is discussed, the first usability test of the platform is
described in Sect. 4.

2 Action Design Research Method

Our research is part of the design research tradition, which is a well-established
sub-branch of information systems e.g., [13, 14]. To be more precise, we draw on
Action Design Research (ADR) that stresses the relevance circle of Hevner [15] by
providing guidance for combining building, intervention and evaluation of an IT
artifact in a concerted research effort [16].

Fundamentally, ADR is a study of change and particularly appropriate for our
research because: (1) it combines action research (AR) and design research (DR) to
generate prescriptive knowledge (2) it is problem-driven and (3) it aims to build
design principles based on iterative cycles (see Fig. 1).

The problem formulation in the ADR design mainly adheres to two principles:
practice-inspired research and a theory-ingrained artifact. The first principle is

Fig. 1 ADR design stages
and related principles
according to Sein et al. [16],
p. 41
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focused on field problems as knowledge-creation opportunities, instead of theo-
retical puzzles, as in the second principle the artifact can be seen as the carrier of
theoretical traces and iterations, based on the theoretical insights that have been
obtained.

The second block focuses on the building, intervention, and evaluation (BIE) of
the artifact, based on three principles. First, the reciprocal shaping, which means
that it should be emphasized on the influences from two domains the IT artifact and
the organizational context. Mutually influential roles, refer to the fact that all
participants of the ADR team should learn from each other. The principle that is
part of the third block: reflection and learning is the guided emergence. This
consists of three types of reflections: (1) on the intervention results, (2) the learnings
in terms of theories selected, and (3) the evaluation of adherence to the ADR
principles. It provides a reflection of the seemingly incongruent perspectives. The
last block of ADR is the formalization of learning. It has the principle that the
learnings should be abstracted to a class of field problems that should be com-
municated well.

To reflect on the ADR process and to track the iterative design steps, the action
design researcher kept an observation log on a daily basis over the period 2013–
2015 amounting up to 700 pages. Next to that, the logbook is used as a scientific
record [17] and contains the decision steps related to the design process.

2.1 Earlier Research on the Platform

Earlier research on the health and wellbeing platform covered the first stage of the
ADR design cycle: ‘problem formulation’ ([18–21]. In this part of the research we
structured the problem and identified the possible solutions to guide the design [22].

As a result of the first design stage, we categorized the suggested features
extracted from 70 interviews and 2 focus groups for the health and wellbeing
platform before moving to the second stage: the ‘Building, Intervention, and
Evaluation’ phase.

Table 1 illustrates the multiplicity of requirements for platform functions,
ranging from basic information exchange towards active recommendations for
services and matching, and from pure focus on transactions towards inter-active
communication with end-users. Based on the aforementioned features, the platform
would be a first mover in the Netherlands to combine and offer; (1) matching
between providers of smart living products and services and end-users, (2) finding
local activities, (3) connecting with others (e.g., family, caretakers), (4) information
about aging-in-place and, (5) integration of successful, existing platforms in the
health and wellbeing domain.
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2.2 Living Lab Setting

To enter the stage of ‘Building, intervention, and evaluation’ we moved from a pure
academic environment to a Living Lab setting. The Living Lab approach represents
a research methodology for sensing, prototyping, and validating complex solutions
in real-life contexts. Studying behavior in a real-life context allows researchers to
gain a better understanding of how the creation of artifacts fit into the complexity of
daily life [23]. Living Labs thus can be considered as user-centric environments
providing open collaborative innovation. For a successful societal deployment of
the proposed platform we needed to address end-users’ as well as external stake-
holder needs in concert. Feedback from end-users in an early stage of the tech-
nology development phase, on elements like relevance and usability are crucial to
give a boost to both utilization and delivered value of the application [24].
Understanding the (potential) user can help minimizing risks of a technology
introduction. For this reason potential end-users were included in the Living Lab
from the start.

To acquire commitment from stakeholders to enter a Living Lab required a lot of
effort and resilience of the ADR team. Healthcare related systems are extremely
complex and it takes a lot of time to gain understanding, especially when there is no
subsidy or financial compensation involved related to the stakeholders’ efforts.
After several attempts and initial failures related to time, money and priority con-
straints, we managed to assemble a consortium with multiple stakeholders from

Table 1 List of main features for the platform

Domestic Health Wellbeing

Products Security
Home automation

Nursing aids Entertainment
Comfort products

Services Renovation
(i.e., installer)
Maintenance
(i.e., gardner)

Personal care
Health care

Comfort services (i.e., grocery,
cooking, housekeeping)

Local activities Every day
activities
Education

Daycare
Care related
activities

Sports and entertainment
Cultural
In/outdoor activities

Contacts Family
Friends

Patient bonds
Health care

Elderly bonds
Municipality

Information aging
in place

Advisors
Renovators

Municipality Advisors
Caregivers

Integration
existing platforms

Radio and
broadcasting
Restaurants and
takeaway

Governmental Caregivers
Volunteers
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eight different disciplines (i.e., municipality, multinationals, SMEs and end-users)
that committed itself to the Living Lab. Important drivers for the stakeholders to
invest in this pilot were: (1) market access to the health and care domain
(2) competitive advantage and (3) business opportunities [23].

Our Living Lab can be described as a Quadruple Helix: a co-operation between
large and small to medium size enterprises, the university, public organizations and
end-users [25]. In most Living Labs end-users are often consulted ‘after the arrow
has left the bow’, but there are clear benefits to the inclusion of, for instance,
citizens in a preliminary stage of the design [26, 27].

The focus of our public sector-centered Living Lab is on the development of
public services, so that the municipality can function better and offer new and better
products and services to the citizens. To do so, we incorporated user-centered
design (UCD), an approach that involves end-users (i.e., the elderly and caretakers)
throughout the development process, to ensure that the proposed platform tech-
nology meets their needs.

2.3 Building Intervention and Evaluation Phase

The second stage of ADR uses the problem framing and theoretical premises
adopted in stage one carried out as an iterative process in a Living Lab setting. This
phase interweaves the Building of the IT artifact, the Intervention in a real-life
setting and the Evaluation of the IT artifact (BIE) (Fig. 2).

During the first BIE iteration, the ADR team challenges participants’ existing
ideas (i.e., end-users) and assumptions about the platform’s specific use context in
order to create an alpha version of the prototype.

Fig. 2 BIE iterations according to Sein et al. [16], p. 43
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3 Building the Alpha Version of the Prototype

In order to track real-time problems during the design process we are using the agile
scrum method based on flexibility, adaptability and productivity [28].

As a first step, the ADR team elaborated on the main features (i.e., marketplace
products and services, contacts, local activities, information exchange and the
integration of existing platforms) for the prototype (see Sect. 2.1) and translated
these features into a navigation map from an end-user perspective (Fig. 3).

Based on the main features, the Alpha version of the platform captures basically
three core functionalities: (1) a social environment for local activities and contacts,

Fig. 3 Navigation map of the alpha version of the platform
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(2) a marketplace for smart living products and services with reviews, and (3) a
health and wellbeing profile which can be extended with a personal Care Plan.

The rationale behind the Care Plan is that people themselves can be the center of
action-taking related to health and wellbeing, such as measuring, tracking, exper-
imenting and engaging in interventions, treatments, and activities. A Care Plan can
contribute to an increased level of information flow, transparency, customization,
collaboration, and responsibility-taking aspects from the end-user perspective.

3.1 Building the Mockups

As a second step, the ADR team elaborated further on the suggested features to
visually represent them in mockups from the perspective of the end-user (see Fig. 4
for a mockup of the Care Plan). Several user-centric design principles were con-
sidered in this effort such as visual hierarchy, simplicity, and usage of familiar
patterns from successful IT artifacts (e.g., Facebook, google calendar) during the
design of the mockups.

Figure 4 is the mockup that represents the view of an informal caretaker
responsible for an older person (i.e., Annie). This is illustrated in the top bar of the
mockup where it is shown on whose profile the user is acting, self (My home) or
someone else’s (Annie’s home).

There are five key elements in the Care Plan:

• The left menu gives access to the three main features earlier identified as
requirements, such as contacts, activities and smart living products and services.

• The agenda contains the tasks assigned to the user (i.e., Annie) given by a
doctor, caretaker or relative (or any other authorized user) related to Annie’s
health and wellbeing. In addition, the agenda contains activities/events, which
are occasions that Annie (or someone else on her behalf) has voluntarily joined
(through the Activities option on the left menu) as part of her social agenda.

• The diary keeps a record of events, observations, and experiences of Annie so
others can have a traceable log of Annie’s health and wellbeing.

• Insurance and medical info contains the insurance policy file of Annie and other
medical information that is important for Annie and those surrounding her.

• The bottom notification section; this reminds the user to complete the profile (so
relevant social activities can be suggested for Annie) and to review products and
services acquired (in order to present the feedback to other users and to reduce
the customer’s perception of risk with the platform when purchasing products
and services).

The Care Plan can be used by the end-user, or shared with relatives, a district
nurse or even a care broker, but only if the profile owner allows this. In addition, the
Care Plan is key in our design for user engagement and adoption; it is a differen-
tiator in terms of meeting the needs of potential users in the context of health and

160 W.J.W. Keijzer-Broers et al.



wellbeing. In other words, this functionality allows efficient handling of information
for those involved in the care of others.

The proposed platform is a multi-sided platform offering services to individuals
and to providers who offer services to the individuals. Such platforms require
special attention to privacy because each transaction within the platform is some-
how related to personal data of the individual. The platform will be compliant with
privacy-by-design principles throughout all the development phases and the entire
lifecycle. Consideration of appropriate use of existing Privacy Enhancing
Technologies (PETs), as well as the EU Data Protection Directive (Directive
95/46/EC) will be made.

Fig. 4 Mockup of the care plan
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4 Evaluation of the Alpha Version of the Platform

To assess whether the ADR team was on the right track, a usability test was
conducted almost immediately after the first clickable model of the platform was
developed. Two important considerations when conducting usability testing are
(1) to conduct a test in which representative participants interact with representative
scenarios and (2) to ensure that an iterative approach is used [29]. In the test, data
on the time that the participants took to complete the given tasks, as well as the
satisfaction with their experience, had to be collected. These data are both quan-
titative and qualitative and are incorporated in a detailed report that can be used by
designers to make changes and test the artifact again. Leavitt and Shneiderman [29]
suggest that usability testing should be performed early in the design process with a
small number of users (approximately six) in order to identify problems with the
navigation and overall design issues. Once the navigation, basic content, and dis-
play features are in place, quantitative performance testing (e.g., measuring time,
wrong pathways, failure to find content) can be conducted to ensure that usability
objectives are met. Besides providing valuable input for the evolution of the artifact
towards a usable tool, the role of the usability test is to measure the acceptance of
the artifact in an early stage of the design.

The first usability test was in a controlled environment, which means the tester
and the participants were gathered in the same location. The test was intended to
determine the extent to which the user’s interface facilitates the user’s ability to
complete key tasks. This was conducted with a group of six potential end-users
(i.e., elderly, voluntary caretakers and professional caretakers) who were asked to
complete a series of tasks with an end goal. Sessions were recorded and minutes
were taken to identify critical areas for improvement of the artifact. Figure 5
summarizes the usability test tasks along with the criteria set.

These tasks are related to the three functionalities described in the mockup for
which a clickable model was developed in this first iteration. Our benchmarking
norm is 5 out 6 successful tasks by the participants as suggested by Leavitt and
Shneiderman [29]. As a result only one task (‘Create an entry in the diary’) didn’t
fulfill the completion criteria, and two (‘Create an entry in the diary’ and ‘Join
activity’) the time criteria. The diary concept/functionality in the artifact was not
clear for everyone and needs to be revised and enhanced; participants were unfa-
miliar with the type of text input that we offered.

In a post-test survey participants were asked whether they would use/recommend
the platform as well as their satisfaction with their experience; all the participants
(6/6) agreed that they would use or recommend the platform if available and 4 out
of 6 participants rated 4 or 5 in a scale of 1–5 the user experience of the artifact. The
prototype tested was a simple HTML model with no efforts on visual design as yet.
Participants also provided qualitative input during the usability test. Font and
images size, simplicity and structure of the artifact were praised, whereas specific
functionalities like the diary were suggested for improvement.

162 W.J.W. Keijzer-Broers et al.



5 Discussion and Conclusions

Early acceptance of the platform is critical in this research; therefore the results given
by the usability test suggest that the right steps are being taken during the design
stage. Using familiar patterns when designing a prototype helps potential users to
feel more acquainted with the artifact. Preparing a clickable interactive model for a
usability test requires far less effort compared to when a fully functional artifact is
provided. However, we consider that the effects of testing could be comparable.
Although the participants are not provided yet with a full experience, the usability
test can be designed in a way that really evaluates critical elements of the artifact
based on specific tasks and goals given to the participants as in a controlled setting,
creating the feeling of a finalized artifact. Therefore, the approach taken in this
iteration step, for the evaluation of the design of the platform, is also suggested for
the next iterations. Based on the recommendations of the first testers, we included the
mock-up of the design in a large-scale survey (i.e., elderly and informal caretakers)
for further data gathering on the subject. In parallel with the data-analysis of the
survey, field tests of the clickable model of the platform are foreseen with different
groups of informal caretakers, district nurses and potential end-users (age group
55–75). These evaluation moments, that ensure effective participation of end-users,
are part of the iterative design steps of the overall ADR project.

Fig. 5 Usability test tasks and criteria (N = 6)
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