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It was September 2018 when I graduated. With two masters in design and philosophy, I
was ready to start working and was only anticipating one challenge ahead: how to combine
design and philosophy? I found a job at the Radboud university medical center. At the
surgery ward. The challenge increased. Now I had to find my way into combining three
very diverse disciplines: design, philosophy, and medicine.
Whereas each chapter of this thesis presents an academic search into bridging the gaps
between design, philosophy of technology, and medicine, this thesis has also been a
personal journey of finding the intersection between design, philosophy, and medicine.
And I dare to say not only for me but also for my three supervisors who reflect these three
different worlds. It was my task to merge the disciplines into one thesis.
The English saying of “reading between the lines” refers to understanding someone’s real
feelings and thoughts that are not written out directly but that may be abstracted from the
text. In this thesis, you do not have to read between the lines, but you can “read between
the chapters”. Just follow the yellow-colored pages. In addition to the academic search in
bridging design, philosophy, and medicine these pages provide insight into the personal
journey of a multidisciplinary researcher. In each part of my PhD journey, from doing
research to writing and submitting a paper and collaborating with business, I learned a lot
from the search into bridging the various disciplines.
I share this knowledge through lessons exemplified by short anecdotes written with some
emotion and a little cynicism here and there. I hope that the reader will enjoy my lessons
learned and that they stimulate other researchers to cross the boundaries of their fields.
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Introduction
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Introduction
“73- reasonable” – it is 6:30 in the morning, and I wake up. Tired. I look at my smartwatch
and see that my sleep quality was reasonable. I slept seven hours, of which 1.5 hours
were spent in the REM phase, dreaming. An average score, an average night. No reason
to go to bed early this evening.
My smartwatch gives me insight into my health status. It monitors my heart rate during
sporting activities and provides me with valuable post-workout information. It pushes
me to run just a little faster to improve my physical condition. It reminds me to walk
now and then when I am immersed in my desk work. And it can even tell me how well
I slept last night.
Digital technologies to monitor and improve health are increasingly used today. There
has been enormous growth in the development of digital technologies utilized across all
medical settings, from primary to tertiary care, concurrent with the booming popularity
of commercial health monitoring products. These technologies are collectively termed
“digital health”, referring to the “technology and data that inform medical practice and
improve health” (The Lancet Digital Health, 2019). Digital health has been heralded
by big promises, including—amongst others—improving the quality and efficiency of
healthcare, heightening accessibility via remote care delivery, and democratizing healthcare
(Meier, Fitzgerald, & Smith, 2013). Digital health additionally contributes to achieving
the United Nations’ “17 Sustainable Development Goals” (World Health Organization,
2021). The intervening COVID-19 crisis led to an increase in the uptake of digital health,
and its application is expected to increase in the upcoming years (Quinn, Macpherson,
Long, & Shah, 2020; Torous & Wykes, 2020).
73. A rather random number when it comes to something as all-encompassing as
describing my sleep quality. On a regular day, comparing this number to previous similar
nights, the number makes sense enough that I don’t worry about it. However, were I
to be hospitalized for an underlying disease, more context would become necessary
to understand the value of a number. In that context, 73 becomes part of a complex
network. As a patient, I pour considerable mental energy into the meaning of my
monitor generating the number 73. It is something for me to fixate upon. It represents
my health status, perhaps my days left in the hospital—or maybe even my life. I am
not the only person looking at this number; the 73 is monitored and transferred via
the cloud to my electronic health record. At a distance, a nurse is regularly checking
my values. 73. The nurse is in doubt. Before, she could have just asked me how I felt.
Now, there are these novel data influencing daily care decisions. The clinical guideline
prescribe action for any number lower than 70—but, the nurse believes that I have not
been improving in my sleep quality over the past five days. Perhaps 73 might be a critical
14
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value in this context? On the other hand, the nurse reflects, she heard me saying that I
feel good. She decides to discuss my case with the medical doctor before a decision is
being made regarding my care.
The example above is hypothetical; at present, monitoring sleep quality in this fashion is
not a routine component of clinical care. Nonetheless, this example might become reality
soon: insight into sleep quality for clinical purposes could improve the quality of sleep,
which could increase the speed of a hospitalized patient’s recovery (Su & Wang, 2018).
The technology to make this example a reality is, in fact, already available. Yet, the case
above highlights that a successful implementation of digital health requires more than
a combination of hardware and software. A complex system of participants, procedures,
expectations, and experiences is created once a technology is introduced. As such, medicine
is not the only voice which should inform the creation of this system; various disciplines
should influence the shaping of this system.
Herein, I describe the importance of the disciplines of design and philosophy of technology
in shaping digital health systems. I subsequently explore how the contemporary practice of
medicine regards digital health.
Design of digital health

For a complex system to work, it must be designed. By the dictionary’s definition, a design
is “a drawing or set of drawings showing how a building or product is to be made and
how it will work and look” (Cambridge Dictionary). Digital health design begins with
an iterative process to create the actual digital health technology that solves a practical
problem in healthcare. Such a process typically consists of several stages of divergence and
convergence. Diverging comes first, whereby a team explores the many aspects of a given
problem. It then proceeds by converging the varied identified elements of the problem
into a clear problem statement. Multiple solutions are subsequently identified in a novel
stage of diverging, after which the team converges the multiplicity of ideas into one final
idea: the digital health technology. Design requirements are created, and a prototype of the
solution is ultimately built, tested, and redesigned into a final product.
Whereas the design stage traditionally ends with a set of drawings showing how a product
will work, design knowledge today also focuses on designing complex procedures, services,
and systems. Digital health technology similarly requires designers to consider this holistic
view. In addition to hard- and software, the means of implementation—the required
procedures, support services, and infrastructure— should also be designed. Designing
digital health thus refers to a holistic process of creating a service that should be established
to provide patients with optimal care.				
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Many design methodologies prescribe how to design. Well-known methodologies include
the “Design Thinking” process (Brown, 2008) and the “Double Diamond” process (Design
Council, 2005). A wide variety of methods also exist for specific design purposes, and
amongst these are numerous methods related to health. For example, methods exist
for designing in support of healthy behavior. One of the first such frameworks was
“Persuasive Design” (Fogg, 2009; Sunstein, 2014), and subsequent frameworks related
to healthy behavior include “Design for Healthy Behavior” (Ludden & Hekkert, 2014),
and “Dilemma-Driven Design” (Ozkaramanli, 2019). Design methods additionally
exist for healthcare-specific design. “Evidence-Based Design” is one of the major design
methodologies accepted within the field. The method aims to make design decisions based
on evidence generated in scientific studies (Stichler & Hamilton, 2008). Other methods
predominantly adjust and optimize existing design methods for the healthcare context,
including “Participatory Design for Healthcare” (Hamzah & Wahid, 2016), “Service
Design for Healthcare” (Anderson, Nasr, & Rayburn, 2018), and “Design Thinking for
Healthcare” (Roberts, Fisher, Trowbridge, & Bent, 2016).
Specific methods do exist for designing digital health, including the “CeHRes Roadmap”
(van Gemert-Pijnen et al., 2011), and “Value Proposition Design” (Shaw et al., 2018).
Another set of approaches related to designing for health include those seeking to
enhance well-being. Examples include “Emotional Design” (Norman, 2005), “Capability
Sensitive Design” ( Jacobs, 2020), “Positive Design” (Desmet & Pohlmeyer, 2013), and the
“Motivation, Engagement and Thriving in User Experience Model” (METUX-model)
(Peters, Calvo, & Ryan, 2018). Finally, a major field related to designing for health and
well-being are those models focused on designing for values. The method of “Value
Sensitive Design” is one of the main methodologies within this field (Friedman, 1996).
Others include “Reflective Design” (Sengers, Boehner, David, & Kaye, 2005), “Vision in
Product Design” (Hekkert & Van Dijk, 2011), the “Needs and Aspirations for Design and
Innovation Model” (‘NADI-model’) (Van Der Bijl Brouwer & Dorst, 2014), and “Values
at Play” (Flanagan & Nissenbaum, 2014).
A design process for a smartwatch that monitors my sleep quality would start by
identifying the reasons behind why this monitoring is necessary. In doing so, the
design team identifies the most important users of the technology: patients, nurses,
and medical doctors. These users are studied extensively to understand their needs. For
example, a nurse needs to have a clear overview of the sleep patterns of patients without
being overloaded with information. The nurse additionally needs clear protocols
delineating how to act upon the data derived from the smartwatch. As a patient, I need a
comfortable and attractive smartwatch design that does not stigmatize but rather takes
into account any disabilities I may have. The smartwatch also needs to fit on the same
wrist of mine which is already attached to an infusion pump. In addition to user needs,
the hospital environment adds design requirements to the list, such as consideration
16
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of hygiene and infection prevention. Supposing that the design team has mapped the
users, their various needs, and the list of design requirements, the team is ready to create
three prototypes. These are evaluated with the users. Prototype two seems to be the best
option to meet the various needs. Based on this feedback, the design team refines the
design. Engineers create the technical components. A co-creation session is organized
with the various users to understand what procedures and education sessions should be
established to utilize the device. The procedures are designed, and an education module
is constructed. The resulting final service is then presented to hospitals for hopeful
broad uptake.
Philosophy of digital health

The complex interactions between digital health technology and its users automatically
involve philosophy of technology as an important second discipline in digital health.
Philosophy of technology refers to the study of “the meaning of technology for, and its
impact on, society and culture, rather than with technology itself ” (Franssen, Lokhorst, &
Poel, 2018 ). Technology changes what we perceive, how we act, and what we value. These
changes are intended to be positive, but they can also be negative. A study into the effects
of technology enables us to understand the role of technology in society and provides
guidance on dealing with technology. As digital health establishes intricate connections
between technology, users, and their health, a reflection on these connections enables us to
understand the desirability of the technology and to guide the design and implementation
processes.
Philosophy has a well-established history of studying technology, and its frameworks
and theories provide valuable tools today to assess and guide digital health. For
example, “Phenomenological Theory” on “Lived Experiences” and “Embodiment’”
(originally described by Merleau-Ponty and Husserl (Smith, 2018)) provides insight
into the need for understanding user behavior within the physical, technological context.
“Postphenomenological Theory” illustrates the intricate relations between human
beings and the world. One of the most well-known approaches today within this field
is the theory of “Technological Mediation” (P.-P. Verbeek, 2010; P. P. Verbeek, 2014).
This construct studies the effects of technology on users’ perceptions (“Hermeneutic
Mediation”), users’ actions (“Existential Mediation”), and users’ values (“Moral Mediation”
or “Value Mediation”). In addition, numerous studies have been written regarding “Ethics
of Technology” which provide valuable insights into how to deal with moral problems
in technology. Frameworks concerning philosophical values of well-being and health
might be interesting sources to better implement digital health and understand its effects
on healthcare. Finally, an interesting and emerging movement within philosophy is the
movement of “Responsible Research and Innovation” (RRI). The two main approaches
in RRI are RRI by Von Schomberg (2011) and the “Anticipation-Inclusion-ReflexivityResponsiveness-Framework” (AIRR-framework) (Stilgoe, Owen, & Macnaghten, 2013).
17
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RRI aims to provide responsible guidance in aligning society with science and technology.
These philosophical theories all provide tools to evaluate and guide the development of
digital health.
Back to the smartwatch. Philosophy of technology provides various theories that form
a reflective framework for evaluating and weighing the effects of the smartwatch on
both individual users and society as a whole. For example, the smartwatch not only
provides insight into my quality of sleep as a patient, but also changes what I perceive
to be high-quality sleep. 73. This seemingly random number has become a metric to
express a night in bed. It refers to average sleep quality, even if I might have experienced
a horrible night. A smartwatch contributes to the datafication of my health and my
body. Its increasing use might decrease the value I ascribe to my own innate feelings.
It requires me and my healthcare providers to have the autonomy to deal with all
the data that is generated. In addition, questions arise on the ownership of the data
produced by the smartwatch. Does that data belong to me, the patient? Is it owned by
the hospital? By the design team that produced the smartwatch? My privacy—a night
in bed— becomes challenged. On the flip side, perhaps I feel safer for being monitored
constantly, contributing greatly to my overall feeling of well-being. A philosopher can
weigh these effects of technology and balance the costs and desirability of these effects.
Medicine and digital health: today’s practice

While often not considering design processes and philosophical insights, healthcare has
established its own ways of dealing with digital health. Strict rules and regulations to protect
the safety and performance of digital health technologies were created soon after the first
introduction of technology to healthcare. An important regulation that many technologies
are required to meet today is the “Medical Device Regulation” (MDR). The MDR not
only considers the safe implementation of technology in healthcare, but also focuses on its
clinical benefits (Wilkinson & van Boxtel, 2020). Digital health technologies seeking to
comply with the MDR should be proven clinically effective before implementation.
Clinical effectiveness studies form an important component of today’s culture in healthcare.
Healthcare is characterized by the principles of “Evidence-Based Health” (EBH). EBH
prescribes healthcare institutions to base healthcare decisions on the best available evidence
(Sackett, 1997). Evidence is, in turn, generated via scientific studies. Such studies are
commonly shaped by the “PICO model” (Huang, Lin, & Demner-Fushman, 2006). In this
model, a study must define a specific “Patient” or “Population”, “Intervention”, “Control
group”, and “Outcome”. A PICO study commonly results in information about the clinical
effectiveness of an intervention.
Returning to our novel smartwatch to explain the PICO model. Let us assume that
the smartwatch is introduced in a healthcare setting. The mission: optimize patients’
18
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sleep quality to hasten their recovery (Su & Wang, 2018). However, technology cannot
be haphazardly implemented for just any patient. A specific patient group must first
be defined for whom this technology will be employed. A team of clinical researchers
decides to focus on patients recovering from abdominal surgery. A clear distinction
is decided upon concerning which patients to include or exclude from the study; for
example, patients with documented clinical sleep disorders are excluded due to preexisting specialized needs. “P” is now defined. The team describes in detail when and
how the particular group of patients will use this smartwatch; the intervention is now
determined. For “C” patients are randomly assigned to the intervention group (using
the smartwatch) or the control group (not using the smartwatch). The “O”, outcome, is
determined: quality of sleep and speed of recovery. Now the study starts. As a patient, I
am included in the study as part of the large patient group using the smartwatch during
the admission period. An identical patient group is randomly assigned as the control
group. At the end of the study, researchers compare the average results of the two patient
groups based on the defined outcomes. Only when positive results are obtained can the
research team proceed with obtaining the necessary CE marking and other standards
for broadly implementing the smartwatch in healthcare settings.
The study described above follows the study design of a “Randomized Controlled Trial”
(RCT). In such studies, two groups are typically compared in a setting where only one
variable, the intervention, varies. The RCT is one of the highest levels of evidence accepted
in healthcare (Wilkinson & van Boxtel, 2020). Only the systematic review of RCTs is
considered to be a higher source of evidence, evaluating cumulative outcomes of multiple
studies into the effect of a smartwatch on quality of sleep and speed of recovery. Although
not all digital health technologies need to conform to the MDR, the need for clinical
validation remains paramount in every technology that is implemented in healthcare.
The culture of EBH was established around 1980 in response to the poor quality of care
and high healthcare costs in the United States of America (Sur & Dahm, 2011). Before
its establishment, decision-making was broadly based on experience and expert judgment.
EBH created a reliable and standardized mechanism for decision-making in healthcare,
which now persists over four decades later. Although several initiatives have aimed at
reshaping the EBH movement by, for example, focusing on individual experiences instead
of the average of a large group (Djulbegovic & Guyatt, 2017; Greenhalgh, Howick, &
Maskrey, 2014; McCartney, Treadwell, Maskrey, & Lehman, 2016; Vlaeyen et al., 2020),
healthcare still broadly relies on the mechanism of EBH. The explosive use of digital
health did not affect the commonly accepted culture of large-scale RCTs as the ultimate
source of evidence. And that is remarkable. Digital health changes the way care is provided,
the knowledge of patients, and the reach of care provision. Instead of only innovative
medicine, digital health introduces novel disciplines into the care context which challenges
traditional mechanisms of performing research.
19
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Digital health: bridging the gaps

A substantial majority of all digital health technologies do not reach successful
implementation. Estimates vary between 50% up to 98% of all technologies not ultimately
becoming successful in clinical use (Chase, 2016; Van Velsen, Wentzel, & Van GemertPijnen, 2013). In this thesis, I hypothesize that digital health will achieve more successful
implementation when the large gaps between the disciplines of design, philosophy, and
medicine are bridged. Bridging these gaps and crossing interdisciplinary borders enables
more efficient design, evaluation, and implementation of digital health in multidisciplinary
teams.
First, a large gap exists between the cultures of medicine and design. In order to design
digital health, a thorough understanding is required of the healthcare context. This
includes insights into current workflows, and the needs and values of all involved users
(Shaw et al., 2018). Today, digital health commonly does not align with the needs and
values of its end-users. This has been identified as the main reason why a great majority of
digital health technologies do not achieve widespread uptake (Birnbaum, Lewis, Rosen, &
Ranney, 2015; Pagliari, 2007). Despite regular pleas, design requirement creation is often
left to engineers alone (Van Velsen et al., 2013). Medicine and design collaborate far too
infrequently to create meaningful technologies.
Second, a gap exists between the cultures of medicine and philosophy of technology.
Philosophy of technology provides valuable theories and tools to assess the added value
and ethics of digital health designs prior to their implementation. Nonetheless, the tools of
philosophy are rarely used in healthcare. Medicine currently employs “Health Technology
Assessments” (HTA) to facilitate decision-making on the adoption of digital health. HTAs
gather (scientific) evidence to evaluate digital health. In general, they focus on quantitative
outcomes such as costs, quality, and safety of digital health products (Lehoux & Blume,
2000). More recently, though, HTA models were introduced focusing on the philosophical
and qualitative effects of digital health, including “interactive technology assessment”
(Van der Wilt, Reuzel, & Grin, 2015), and the “evidence-informed deliberative process
approach” to HTA (Baltussen et al., 2017). Even though these models provide a promising
approach to the assessment of technology from a wide philosophical angle, they are rarely
used in practice. At present, technology evaluation remains largely limited to cost- and
clinical effectiveness (Vis, Bührmann, Riper, & Ossebaard, 2020).
Finally, design and philosophy of technology also exist in two different worlds. Despite
the interesting frameworks provided by philosophy, insights from philosophy are rarely
considered in technology design (Fry, 2009). Several explanations exist for this divide. First,
philosophy is an abstract, theoretical activity, whereas designers are most typically familiar
with hands-on empirical tools. Since traditional philosophy and design do not make use
of similar methods, it remains difficult for designers to embed philosophical insights into
20
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technological design. Second, philosophy often provides general insights that transcend
application domains. By contrast, design is inherently context-specific. Third, philosophy
as a discipline typically focuses on the ethically wrong things that new technologies could
bring, while often seeming to ignore its potential moral goods. Sandler (2014) explains that
this results from the “innovation presumption”, which holds that human have an inherent
drive to innovate. This drive only results in questioning what concerns should be addressed
during the innovation process itself, rather than questioning the underlying need or
desirability of a novel technology in the first place. Consequently, ethical debates tend to
be rather pessimistic, which might discourage designers from consulting philosophy when
formulating their designs. Likewise, philosophy commonly does not consider the value
of design and empirical design research in creating ethical insights. Many philosophical
domains remain a purely theoretical activity (Angner, 2013).
To conclude, even though digital health is required to maintain high-quality care delivery
in the future and has the potential to revolutionize the way healthcare is provided, no
revolution has occurred yet in healthcare’s culture. Alongside medicine, design and
philosophy of technology need to enter the domain of healthcare. These disciplines can
only successfully collaborate when the gaps between the various disciplines are bridged.
Towards successful and responsible digital health

This thesis presents an exploration into the cultures of the varying disciplines of design,
philosophy of technology, and medicine, with an eye toward enabling each discipline to
cross its own borders to align better with the other disciplines and to create a novel culture
in which digital health can be successfully and responsibly implemented. With the term
“responsible digital health”, I refer to digital health that not only improves clinical outcomes
(e.g., improve sleep quality), but that also aligns to user needs (e.g., need for a visually
appealing smartwatch that does not stigmatize), and user values (e.g., feeling autonomous
and safe). A responsible digital health technology will have considered all users during the
design process (e.g., patients, nurses, and medical doctors). Further, it will anticipate the
potential positive and negative effects of the technology on users early on in the design
process. Finally, it will study the actual effects of the technology once implemented, and
these outcomes can be inspiration for redesign. Responsible digital health is not only
designed, evaluated, or implemented. It is created. It is the result of a multidisciplinary,
iterative, and scientifically inspired design, evaluation, and implementation process in
which the disciplines of design, philosophy of technology, and medicine are merged.
A responsible digital health technology does more than simply improve users’ health.
Today, the term health is still typically associated with the “absence of disease”, despite
attempts to redefine the term (Healthy People 2020, 2010; World Health Organization,
1992). Responsible digital health results in user well-being. It is technology that improves
all values of multiple users to maximize their quality of life. With a responsible digital
21
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health process, I argue that the term “Digital Health” is too limited. The term “Digital Wellbeing” does more justice to the complexity of personal experiences, needs, and values in the
healthcare context, and enables healthcare to move from solving disease towards happiness
and flourishing.
In this thesis, I aim to elucidate the methods for creating digital technologies that improve
the well-being of its users in the healthcare context. This thesis, thereby, is a search
into Creating Digital Well-being. While working on several digital health case studies,
I will search for ways to bridge the gaps between the various disciplines important in
digital health: design, philosophy of technology, and medicine. Bringing together these
disciplines will increase the successful and responsible implementation of digital health
without wasting resources on the misalignment between the disciplines. It will stimulate a
change in healthcare. It will lead to better consideration of the impact of technologies on
healthcare as a whole and on its individual users. Moreover, it will stimulate the adoption
of a holistic view of health not only as a disease-free state, but as a state of well-being.

Outline of this thesis
In this thesis, I aim to convey insights into the current cultures of design, philosophy,
and medicine, and to explore the differences between these cultures. I additionally aim
to identify the common grounds on which these disciplines can be merged. I start with a
systematic exploration of the differences in design, philosophy, and medicine insofar as their
varying notions of digital health and digital well-being. Then, I propose a methodology
consisting of three phases that enables the design, evaluation, and implementation of digital
health, making use of both designer and philosophical knowledge and tools. I term this
construct the “Values that Matter” (VtM) framework. The framework provides heuristics
for considering user values in digital health. VtM consists of three phases: “Explore”,
“Conceptualize”, and “Anticipate”. To understand the usability of this method and to
adjust the method to the context of healthcare, each following chapter addresses one of
the phases of the method through a digital health case study. Based on the case studies, I
demonstrate that the current culture of healthcare does not enable design and philosophy
to work to their respective strengths. I, therefore, conclude the thesis with the need for a
transformation in healthcare to enable digital health to flourish. Figure 1 illustrates how
the various chapters of this thesis are related.
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Chapter 2: From Digital Health to Digital Well-being: Systematic Scoping Review

In this chapter, I systematically analyze the differences that currently exist between the
disciplines of medicine and design based on philosophical theories. I review papers on
designing (design) and evaluating (medicine) digital health to improve the well-being of
patients. I compare the papers based on philosophical problems identified in designing for
digital well-being: definitions of well-being, types of actors involved, timespan of well-being
measurement, and methodologies used, as well as the value conflicts that arise therefrom.
Based on this analysis, I identify major gaps between the disciplines. The conclusions focus
at bringing design and medicine together through philosophical theories.
Chapter 3: Values that Matter: A New Method to Design and Assess Moral Mediation
of Technology

Based on the gaps identified between disciplines, Chapter 3 proposes a framework to
bridge gaps between design and philosophy to create digital health. I term it the ‘Values
that Matter’’ (VtM) framework. This framework aims to provide heuristics for considering
user values in digital health. VtM consists of three phases: “Explore”, “Conceptualize”, and
“Anticipate”. Within “Explore”, all actors involved in the digital health application are
identified. Through empirical research, the value framework of each actor is established.
In the “Conceptualize” phase, the identified values are translated via norms into design
requirements, and a prototype is built. In the “Anticipate” phase, actors use the digital health
prototype in its intended daily context. Via empirical research, a novel value framework is
constructed and compared to the initial value framework. This illustrates how digital health
changes values: value mediation. Insights from the value mediation analysis are considered
in a novel version of the digital health technology in pursuit of an optimal responsible
design. The methodology is exhibited via a case study of the redesign of continuous vital
sign monitoring technology in hospitalized patients. The three prescribed phases merge
design with philosophy and the need for clinical research in healthcare. The framework
forms the basis for the remainder of the thesis. Using a case study in digital health, each
following chapter will focus on one of the three phases of VtM to evaluate and improve
each phase.
Chapter 4: Environmental Needs, Barriers, and Facilitators for Optimal Healing in
the Postoperative Process: A Qualitative Study of Patients’ Lived Experiences and
Perceptions

Within this chapter, I execute the “Explore” phase of VtM to obtain a thorough
understanding of the needs and values of patients in the healthcare context as a basis for
design processes. I study the needs and values of postoperative patients in the context of
their current (non-digitalized) hospital room. Using context-mapping exercises and a semistructured interview, patients provide insight into their experiences during admission. This
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chapter shows the importance of considering patients’ individual preferences, experiences,
and changing needs during recovery as a basis for the design process.
Chapter 5: Do Simulated Hospital Admissions Reflect Reality? A Qualitative Study of
Volunteer Well-Being During a 24-Hr Simulated Hospitalization

This chapter further examines the “Explore” phase of VtM. This chapter has two aims.
First, it aims to obtain a broader insight into the value framework of hospitalized patients
by studying healthy volunteers admitted to simulated care as a basis for design processes.
Second, it aims to study if and how these healthy volunteers can aid in understanding
real well-being experiences of in-hospital surgical patients. High-fidelity research is an
important part of the design process, but it remains difficult to conduct with actively
recovering patients. The ability to conduct reliable research with healthy volunteers would
considerably ease design research in digital health. I conclude that simulated hospital
admissions with volunteers may serve as a fruitful proxy for studying real patient outcomes.
Chapter 6: Stepwise Design and Evaluation of a Values-Oriented Ambient Intelligence
Healthcare Monitoring Platform

In this chapter, I focus on the “Conceptualize” phase of VtM. The chapter studies how
philosophical values can be embedded in the design of technology, thereby aligning design
with philosophy. To execute the “Conceptualize” phase, I make use of the framework
provided by “Value Sensitive Design”, adjusted to accommodate the practical limitations
and needs of healthcare. This results in a values-oriented stepwise approach that I
evaluate via the design of a hospital-based ambient intelligence solution for remotely and
continuously monitoring the quality and safety of patient care. In this chapter, I show that
the ability to embed values in digital health design increases the fit between technology and
user values, improves uptake of technology, prevents users from exclusion, and improves
the societal impact of technology.
Chapter 7: Could Virtual Reality play a role in the Rehabilitation after COVID-19
infection?

This chapter is an interlude. It introduces a novel technology: Virtual Reality (VR). In
a changing world affected by the COVID pandemic, this opinion article identifies the
opportunity of VR to provide rehabilitation to long COVID patients. This chapter aims
to create awareness of the potential of digital health, especially in emerging pandemics,
and highlights the importance of researching the creation of such technologies. After this
chapter, two chapters follow on the responsible design and implementation of VR for
healthcare.
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Chapter 8: Evaluating Value Mediation in Patients with Chronic Low-Back Pain using
Virtual Reality: Opportunities for Empirical Research in Value Sensitive Design

In this chapter, I focus on the “Anticipate” phase of VtM. The chapter examines whether
it is possible to anticipate the effects of VR before actual implementation in healthcare.
I conduct a pilot study in which patients with chronic lower back pain are provided with
VR for four weeks. The patients’ value framework before using VR is compared with
their framework after using VR. I show that values are expressed in a certain context
of technology use and are constantly subject to change, exemplifying value mediation.
Based on this before/after comparison, I identify a list of design requirements for VR to
better meet the values of patients. I thereby use philosophical insights as design input. This
chapter shows that a pilot study enables us to anticipate value mediation as a source of
design inspiration. It also highlights the importance of looking beyond clinical outcomes
to additionally consider user values and well-being.
Chapter 9: Responsible Design and Evaluation of a SARS-CoV Virtual Reality
Rehabilitation Program: A Digital Health Technology Guidance Approach

Chapter 9 continues with the work begun in Chapter 7 utilizing VR for long COVID, and
in Chapter 8 on the “Anticipate” phase of VtM. Where Chapter 8 only considers values,
Chapter 9 also studies effects. “Effects” refer to all qualitative outcomes of technology
on users’ actions and perceptions. I construct the “Digital Health Technology Guidance”
framework, building on the work of “Guidance Ethics”, to provide the heuristics for
designers to anticipate the values and effects of digital health in a pilot study as a source of
design input. The framework is applied through a case study consisting of developing and
evaluating a VR rehabilitation service for long COVID patients. I conclude the chapter
with an evaluation of how the framework can bridge gaps between design and medicine
through a wide focus on qualitative and philosophical outcomes. This chapter shows that
design, philosophy, and medicine should not be considered as separate processes, but
together account for responsible technology.
Chapter 10: How Digital Health is Urging the need for a Paradigm Shift: from
Evidence-Based Healthcare to Experience-Based Well-being

As a general discussion, I urge for a paradigm shift in healthcare that does justice to
the various disciplines of design, philosophy of technology, and medicine in creating
well-being through digital health. In prior chapters, I identified the need for design and
philosophy in digital health. I also identified that the current healthcare context of EBH
commonly does not enable design and philosophy to practice to each of their strengths.
This chapter addresses the need for more engagement by a variety of users in evaluation
(“citizen science”), considering design in healthcare and evaluation processes, focusing
on individual experiences rather than the average, studying user values for moving from
“health” to “well-being”, and stressing the need for continuous evaluation of the dynamic
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relations between users, context, and digital health. When healthcare accepts the need for
this novel paradigm, design and philosophy will naturally achieve more relevance. This will
improve the successful and responsible design of digital health.
The table on the next page illustrates each chapter’s aim, considered philosophical
framework and design method, digital health technology, and type of users considered.
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Chapter

Aim

Philosophical
framework

Design or
research
method

Digital health
technology

Users

2. From digital
health to digital
well-being

Understanding
the differences
between design
and medicine
based on
philosophical
theory

Philosophical
theory on
technology for
well-being

Systematic
scoping review

Various

Any patient
using digital
health for wellbeing

3. Values that
Matter

Presentation
of ‘Values
that Matter’:
framework to
bridge the gaps
between design
and philosophy
to create digital
health

Technological
mediation,
technology
anticipation

Value Sensitive
Design, semistructured
interviews,
co-creation in
focus groups,
morphological
chart, design
concept
evaluation

ViSi Mobile:
continuous
monitoring of
patients

17 patients
after surgery
7 healthy
volunteers and
ex-patients

4.
Environmental
needs, barriers,
and facilitators
for optimal
healing

Identification
of patients’
needs after
surgery in
contemporary
inpatient
settings to
understand
medicine as
input for design
processes

Lived
experiences

Semistructured
interviews,
diaries,
photographing,
design
requirement
creation

Non-digitalized
patient room
on a hospital
surgery ward

21 patients
after surgery

5. Do simulated
hospital
admissions
reflect reality?

Identification
of values
of healthy
volunteers
during
simulated care
to understand
medicine as
input for design
processes and
to facilitate
design research

Lived
experiences

Value Sensitive
Design, semistructured
interviews,
diaries,
photographing,
design
requirement
creation

Non-digitalized
patient room
on a hospital
surgery ward

17 healthy
volunteers
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CONCEPTUALIZE
6. Valuesoriented
ambient
intelligence
healthcare
monitoring
platform

Understanding
how to embody
values in
digital health
design through
optimal user
involvement by
aligning design,
philosophy, and
medicine

Technological
mediation,
value
embodiment

7. Virtual
reality
rehabilitation
after
COVID-19

Introducing
VR, illustrating
how VR
benefits
healthcare, and
why digital
health requires
research

Not applicable

8. Value
mediation in
patients with
chronic lowback pain using
virtual reality
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how empirical
research can
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study into
value change to
bridge design
with philosophy
in healthcare
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design and
evaluation of
a SARS-CoV
virtual reality
rehabilitation
program

Constructing
and testing
a holistic
framework for
the responsible
design of
digital health in
which design,
philosophy, and
medicine are
merged

Value Sensitive
Design,
values-oriented
interviews, cocreation, design
requirement
creation,
design concept
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Ambient
intelligence
for continuous
monitoring of
patients

9 nurses
8 healthy
volunteers

Literature
research

Virtual
reality for
rehabilitation
after
COVID-19

Patients with
long COVID

Lived
experiences,
technological
mediation,
ethics of
technology,
empirical versus
theoretical
ethics

Value Sensitive
Design,
values-oriented
interviews
before and
after using
VR, design
requirement
creation

Virtual reality
for chronic
low-back pain

20 patients
with chronic
low-back pain

Lived
experiences,
technological
mediation,
guidance ethics,
Responsible
Research and
Innovation

Value Sensitive
Design,
values-oriented
interviews
before and
after using
VR, design
requirement
creation

Virtual
reality for
rehabilitation
after
COVID-19

20 patients
with long
COVID
15 physical
therapists

Any digital
health
technology

Not applicable

ANTICIPATE

CONCLUSION
10. Towards a
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in healthcare
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novel landscape
for digital
health to reach
more successful
implementation

Scientific
paradigms

Speculative
design for a
transition in
healthcare
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Abstract
Background

With advances in digital health technologies, the concept of well-being has evolved.
Understanding the values constituting well-being and addressing them in both design
and evaluation processes is key to ensure a positive impact of digital health on well-being.
Yet, often well-being is understood differently in these processes and this could limit the
successful implementation of digital health. To increase the success rate of digital health,
it is important to align the concept of well-being in the design and evaluation processes.
Objective

A systematic scoping review was conducted to obtain insight into (1) the concept of wellbeing in digital health, (2) current practices and differences within design and evaluation
of digital health (e.g., scope, target user), and (3) how practice deals with theory on wellbeing. We also aimed to (4) provide recommendations for future practitioners to optimize
digital health for well-being by aligning design with evaluation.
Method

We followed Preferred Reporting Items for Systematic reviews and MetaAnalyses
extension for Scoping Reviews. Papers were extracted from six databases and included if
they addressed the design or evaluation of digital health and reported the enhancement
of patients’ well-being as their purpose. Data were divided into design and evaluation
papers and extracted guided by a theoretical framework on four problems in technology
for well-being: the epistemological problem, the scope problem, the specification problem, and
the aggregation problem.
Results

A total of 117 studies were eligible for analysis (46 design, 71 evaluation papers).
Epistemological problem: the thematic analysis resulted in various definitions of well-being
grouped into seven values: Healthy Body, Functional Me, Healthy Mind, Happy Me,
Social Me, Self-managing Me, and External Conditions. Design papers mostly considered
well-being as Healthy Body and Self-Managing Me while evaluation papers considered
the values of Healthy Mind and Happy Me. Users were rarely involved in defining wellbeing. Scope problem: Patients with chronic care needs were commonly considered as main
users. Design papers also regularly involved other users such as caregivers and relatives.
These were not often involved in evaluation papers. Specification problem: Most design and
evaluation papers focused on the provision of care support through a digital platform.
Design papers used numerous design methods. Evaluation papers mostly considered prepost measurements or randomized controlled trials. Aggregation problem: Value conflicts
were rarely described.
38

From digital health to digital well-being

Conclusion

Major differences exist between design and evaluation of digital health, particularly in
their considered intended digital health outcomes, research methodologies, and involved
users. Recommendations were provided for aligning these processes. The same concept
of well-being should be shared in both processes as an intervention outcome. Evaluation
should enlarge its study scope into the subjective effects of digital health on a variety of
users. Also, design outcomes should be used as input for evaluation and vice versa.
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Introduction
The core meaning of health in healthcare is subject to change. Health was long regarded
as the absence of disease or infirmity. Its formal definition changed in 1948 to well-being.
In that year, the World Health Organization (WHO) redefined health as: “a state of
complete physical, mental, and social well-being” [1]. Nonetheless, this novel definition
was scarcely applied into practice [2, 3], and was regularly criticized for being unrealistic.
Such criticisms mostly applied to the word complete, as this word implies that people
cannot feel healthy without absolute physical, mental, and social well-being. Especially in
an aging society, complete well-being would then only be reserved for a few [4]. To specify
the novel definition of health as well-being, the concept of positive health was introduced.
Positive health is a focus on health, through well-being. It is the ability to flourish despite
mental or physical diseases. Over the past years, numerous authors developed their own
frameworks of positive health, including Seeman [5], Ryff and Singer [6], Seligman [7],
and Huber [8]. In addition, as a response to assess health through a perspective of wellbeing, an entire range of validated questionnaires emerged; often termed as quality of life
(QoL) measurement scales [3].
Although today often used, the terms of well-being, positive health, and quality of life are
“rarely defined and often used as although they were synonymous and interchangeable”
[9]. This made Locker and Gibson [9] conclude that the commitment to these concepts is
“more rhetorical than real”.
In addition to changes in the core meaning of health, also the way of care provision is
changing. Today, digital health technologies are increasingly used to monitor, manage, and
support health and well-being. The term ‘digital health’ refers to “proper use of technology
for improving the health and wellbeing of people at individual and population levels, as
well as enhancing the care of patients through intelligent processing of clinical and genetic
data” [10]. The use of digital health promises to increase access to health information,
improve the quality of care, reduce errors, and stimulate healthy behavior [11]. Digital
health delivery is also often referred to as electronic health, ‘eHealth’ [12]. Subsets of
eHealth are the application of a specific technology in health delivery, for example, mobile
health technologies, ‘mHealth’ [13], or use of digital technology for a specific purpose, for
example, remote delivery of healthcare services: ‘telehealth’ or ‘telemedicine’ [14, 15]. The
COVID-19 crisis has stimulated the use of digital health, and its application is expected
to increase in the coming years [16-18].
Remarkably, only a small minority of digital health technologies reaches successful
implementation [19]. Digital health commonly follows two processes before adoption
takes place: design and evaluation. Design is the process in which a technology is created
with the objective to solve a specific problem in healthcare. Evaluation is the process of
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(scientifically) assessing the added value of a technology to decide whether to adopt this
technology as part of standard care. Clearly, differences exist between the processes of
design and evaluation given that they take place in different stages of the development
process. However, the differences seem to be bigger than what can be explained by the
stage of development. For example, the processes commonly consider different outcome
measures and their ways of reporting greatly vary. These differences result from the varying
cultures in which design and evaluation take place. Design processes commonly take place
outside the care context. Contrary, evaluation follows the rules of ‘evidence-based health’
and is located in the healthcare environment [20]. More digital health technologies would
reach successful implementation when design is better aligned with evaluation and vice
versa [21]. Before alignment between the two processes is possible, we first need insight
into what differences exactly exist between design and evaluation.
To understand differences between the two processes, we compare design and evaluation
based on a theoretical framework on four problems that are paramount in technology for
well-being. Brey [22] explained these four, starting with the epistemological problem. This
problem refers to what the definition of well-being is and to who defines the concept.
The scope problem refers to questions on the who and when of considering well-being in
design. A design can improve the well-being of its main user group, but could also include
needs from indirect users. In addition, focus of improvement of well-being could be shortterm, or long-term, or both. The third problem, the specification problem, includes all
questions related to the embodiment of well-being in technology design. How should
well-being be translated into design requirements, and how can one ensure that users
will actually experience improved well-being when they use the technology? The fourth
problem, the aggregation problem, refers to dealing with conflicts that arise between
contradictory values of well-being. Such value conflicts can occur in one user (for example,
when choices for optimal short-term well-being do not correspond to choices necessary
for long-term well-being) or between users of a similar group or of different groups (when
an increase in the well-being of one user leads to a decrease in the well-being of another
user).
In this paper we aim to (1) obtain insight into the different values constituting wellbeing in digital health, (2) map current practices within design and evaluation of digital
health, (3) obtain insight into differences between design and evaluation of digital health
on the basis of the four theoretical problems, (4) obtain insight into how practice deals
with the theoretical problems, and (5) provide recommendations for future practitioners to
responsibly design, evaluate, and implement digital health technology that improves wellbeing. To reach our aims, a systematic scoping review was conducted. With the results of
our study, we aim to further the field of digital health by generating knowledge to increase
its successful implementation without wasting resources on the misalignment between
design and evaluation.
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Methods
Eligibility criteria

The Preferred Reporting Items for Systematic reviews and MetaAnalyses extension for
Scoping Reviews (PRISMA-ScR) were followed to ensure reliability of our results [23].
To meet eligibility criteria, included papers had to (1) address the design or evaluation of
digital health, (2) report increased well-being as the purpose of digital health, (3) address
the patient as the main user, and (4) be published in English. All types of original research
peer-reviewed papers were considered (see Table 1 for an overview of the eligibility criteria).
Inclusion

Exclusion

Study types

Any types of original peer-reviewed research
papers

Conference abstracts, (systematic) reviews,
opinion papers, editorials, doctoral theses,
workshops, protocols, textbooks

Period

Any paper published before the 24th of
February 2021

Papers published after the 24th of February
2021

Language

English

All other languages

Population

Any patient receiving care for prevention,
cure, or rehabilitation

Healthy people, health in the workplace,
health of caregivers

Intervention

Design or evaluation of digital health
technology

No interaction between patient and
technology, medical aids (such as electronic
wheelchair or IV-pump), does not address
design or evaluation of digital technology,
technical description of technology

Outcome

Well-being of the patient

Digital technology does not aim at improving
well-being, digital technology only aims
at logging well-being without considering
the impact on well-being, well-being only
referred in abstract and not in full text

Table 1. Eligibility criteria systematic scoping review
Search strategy

Data were extracted from six databases on the 24th of February 2021: ACM Digital
Library, PubMed, Web of Science, IEEEX plore, PhilPapers, and Google Scholar. We
used a combination of the following terms appearing in the title or abstract of the papers:
(“well-being OR wellbeing”) AND (“patient*”) AND (“design” OR “moral*” OR “ethic*”)
AND (“technology” OR “digital” OR “ehealth” OR “mhealth” OR “telemedicine” OR
“telehealth” OR “electronic health” OR “mobile health” OR “Mobile*” OR “smart*” OR
“internet”) (see Appendix 1). We only addressed the term ‘well-being’ (and not ‘quality
of life’) as we particularly studied this term. Terms of ‘moral’ and ‘ethic’ were added to the
search strategy to include a broad set of papers on the different values belonging to wellbeing.
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Study selection

After the extraction of all papers from the databases, duplicates were removed. The title and
abstract of the remaining papers were screened for eligibility criteria in Rayyan software
[24] by two authors independently (MS and CK) (Table 1). Full texts of the remaining
papers were downloaded and independently screened for inclusion by the same authors. In
both phases, the authors discussed disagreements until consensus was reached.
Data analysis

Data were extracted by one author (MS) guided by the four theoretical problems to
understand if and how these problems are considered in design and evaluation practices
and compare differences between these two (see Table 2 for guiding questions per problem).
Data were subsequently analyzed by means of thematic content analysis [25]. Results are
presented per problem.
Review question
General information

Type of research: design /evaluation
Year
Journal

Epistemological problem

What is the definition of well-being?
Who defined well-being?
What research tools are used to define user well-being?

Scope problem

Who is the main user of the technology?
What other users are involved?
What time-span of well-being is considered?

Specification problem

What type of technology is designed?
What method is used to design or evaluate digital health?
How is well-being translated into design requirements?

Aggregation problem

Does the paper refer to conflicts in well-being?
What type of conflicts are considered?

Table 2. Guiding questions data extraction systematic scoping review
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Results
Study selection

A total of 1111 papers were extracted. After removing duplicates and grey literature, 842
papers remained. After title and abstract screening, 581 papers were discarded mainly due
to not studying a digital health intervention, or not considering the patient as the main
user of the technology. Full text screening resulted in excluding 90 papers for not being
original research, 40 papers for only reporting well-being but not considering it in the
design or evaluation process, and 14 papers for either not considering patients as main user
or digital health as intervention (see Figure 1).
n=1111

Records identified through database search
ACM Digital Library: 34
PubMed: 531
Web of Science: 300
IEEEX plore: 33
PhilPapers: 13
Google Scholar: first 200

n=269
Removed duplicates: 215
Removed grey literature: 50
Book chapters: 41
Conference overview: 8
Erratum: 1

n=842

n=581

First round of screening
based on title and abstract

Removed based on title: 257
Removed based on abstract: 324
Multiple exclusion reasons per paper
Study type: 42
Population: 159
Intervention: 387
Outcome: 82

n=261

n=144

Second round of screening
based on full texts

Removed based on full text:
Study type: 90
Population: 7
Intervention: 7
Outcome: 40

n=117
Records included in review
Design paper: 46
Evaluation paper: 71

Figure 1. Flowchart paper selection
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A total of 117 papers remained for data extraction. 46 papers focused on the design of
digital health, 71 addressed its evaluation. Although some papers described both processes,
it was possible to group the papers according to their main focus. Included papers were
written between 1999 and 2021. 80% of all papers were written in or after 2015.
General results

Results are presented on each of the four problems (see Table 3 for a summary of the
results and Appendix 2 for more detailed information).
Epistemological problem

The epistemological problem refers to the definition of well-being in digital health, who
defined well-being, and the methods used for defining the concept (see Table 4).
What is the definition of well-being? Papers that considered well-being in their study design
were often vague on its definition. For example, Kayrouz et al. [78] studied digital health as
part of the ‘Wellbeing course’, but did not define well-being. In such cases, we derived its
definition from the research tools used in the papers. Most papers applied terms as ‘Mental
well-being’, ‘Emotional well-being’, or ‘Spiritual well-being’. Also, combinations of these
words were used: ‘Psychosocial well-being’, ‘Psychospiritual well-being’ or ‘Biopsychosocial
well-being’. In comparing the different definitions of well-being, we found that similar terms
do not always refer to the same content or, contrary, that two varying terms are used to say
the same. For example, spiritual well-being was used to refer to self-transcendence [108],
but also self-acceptance [92]. Also, depression and anxiety were termed interchangeably
as belonging to the domains of ‘Emotional well-being’ [99], ‘Mental well-being’ [96], and
‘Psychophysical well-being’ [98]. For these reasons, we refrained from using such terms.
Instead, we categorized the various definitions of well-being into values. Values refer to
what people consider important in life [143]. In this review, we relate values to what people
consider important to obtain well-being. After a thematic content analysis, we identified
seven values: Healthy Body, Functional Me, Healthy Mind, Happy Me, Social Me, Selfmanaging Me, and External Conditions (see Figure 2).

45

2

46

Scope
problem

Epistemological
problem

General
information

Main health condition: mental, behavioral
neurodevelopmental disorder: 10 (22%)
Involvement of caregiver 26 (57%), relatives 8 (17%),
and experts 18 (39%)
Not applicable

What other users are involved?

What time-span of well-being
is considered?

Interview: 11 (24%)
Focus group/workshop: 4 (9%)
Survey: 2 (4%)
Data derived from smartphone: 1 (2%)

What research tools are used
to define user well-being?

Who is the main user of the
technology?

Author: 31 (67%)
User: 15 (33%)

Who defined well-being?

Most published in JMIR;
10 (22%) in JMIR or partner journals

Journal
5 values found;
Healthy Body 21 (46%), Healthy Mind 15 (33%),
Happy Me 14 (30%), Social Me 15 (33%), Selfmanaging Me 21 (46%)

From 2003 to 2021;
45 (98%) after 2010; 24 (52%) after 2018

Year

What is the definition of
well-being?

46 (40%)

Design papers n (%)

Inclusion

Review question

During use 13 (18%)
Direct after use 43 (61%)
0-1 month after use 4 (6%)
1-3 months after use 11 (15%)
3-6 months after use 10 (14%)
6-12 months after use (9 (13%)

No other users involved 59 (83%)

Main health condition: neoplasms: 11 (15%)

Interview: 9 (13%)
Survey: 10 (14%)
Observation: 3 (4%)
Data derived from smartphone: 1 (1%)

Author – without QoL questionnaire: 5 (7%)
Author – with QoL questionnaire: 48 (68%)
154 different QoL questionnaires used of which 14
disease specific. PHQ-9 used most often: 8 (11%)
User: 22 (31%)

7 values found;
Healthy Body 28 (39%), Functional Me 12 (17%),
Healthy Mind 42 (59%), Happy Me 35 (49%), Social
Me 28 (39%), Self-managing Me 20 (28%), External
Conditions 6 (8%)

Most published in JMIR;
11 (15%) in JMIR or partner journals

From 1999 to 2021;
67 (94%) after 2010; 42 (59%) after 2018

71 (60%)

Evaluation papers n (%)
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Aggregation
problem

Specification
problem

Mostly personalization 20 (43%)

How are conflicts solved?

1

Some papers are categorized in multiple domains.

Table 3. Overview of results1

Value conflicts within one user 1 (2%)
Value conflicts within users of same group 2 (4%)
Value conflicts between users of different groups 10
(22%)

What type of conflicts are
considered?

Not specified, but generally based on insights from
user research

How is well-being translated
into design requirements?
No value conflicts 35 (76%)

Wide variety of methods. Tools include interviews 16
(35%), focus group 13 (28%), or usability test 15 (33%)

What method is used to
design or evaluate digital
health?

Does the paper refer to
conflicts in well-being?

Support platform 30 (65%)
Sensor 8 (17%)
Location of use: home 45 (98%)

What type of technology is
designed?

Mostly personalization 31 (44%)

Value conflicts within one user 1 (1%)
Value conflicts within users of same group 4 (6%)
Value conflicts between users of different groups 1
(1%)

No value conflicts 66 (93%)

Not applicable

Pre-post measurement 23 (32%)
Randomized controlled trial 22 (31%)

Support platform 38 (54%)
Phone or video support 12 (17%)
Location of use: home 64 (90%)
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Healthy Body

Functional Me

48

Healthy Mind

[26, 33, 35, 40, 44,
80-82]

Interview: [43, 83-85]
Focus group: [43]
Survey: [86, 87]
Data derived from
smartphone: [88]

Defined by user:

Interview: [89]
Survey: [49, 50, 90, 91]
Observation: [92]

EQ-5D: [54]
iADL: [65]
MFHW: [76] (German)

Validated
questionnaire:

Defined by author:

Survey: [75]

BFI: [52]
CIS: [53]
EQ-5D: [54]
HRQoL: [55]
HRQoL-MacNew [56]
LTPAQ: [57]
PAIS: [58]

Interview: [47, 48]
Survey: [49-51]

Defined by user:

Defined by author:

Validated
questionnaire:

Interview: [41-45]
Workshop: [46]
Focus group: [43]

Defined by user:

Methodology

Methodology

[26-40]

Evaluation
n=71

Design
n=46

Defined by author:

Who defined
well-being

MIDAS: [77]
HRQoL: [55]
HRQoL-MacNew [56]

PDQ-39: [59]
PSQI: [60]
PWI-A: [61]
QWB: [62]
MAI: [58]
SF-12: [54]
SF-36: [55, 63-65]

PDQ-39: [59]
SDS: [78]
SF-12: [54]

SwQoR:[66]
TUGT:[65]
WHO-QOL BREF:[67]
6MWT: [65]
QoLAD: [68]
(Alzheimer disease)
BCTRI: [58] (Breast
cancer)

SF-36: [55, 63-65]
FACIT: [79] (Chronic
illness)

FACT-B: [69, 70]
(Breast cancer)
QoLBC: [71] (Breast
cancer)
CRDC: [72] (Chronic
respiratory disease)
CRQ: [72] (Chronic
respiratory disease)
IVI-VLV: [73, 74] (Low
vision)
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Happy Me

Social Me

Interview: [45, 85]
Focus group: [114]

Defined by user:

Interview: [47, 89, 130]
Text message analysis:
[131]
Observation: [130]

[129]

[29, 34, 80, 109-111,
123-128]

Defined by author:

Interview: [47, 115, 116]
Survey: [49, 90, 91,
117-119]
Observation: [92, 120]
AAQ-II: [105]
CSQ: [101]
FHS: [97]
GSES: [93]
HeiQ: [121]
HHS: [108]
HSQ: [52]
MFHW: [76] (German)

Interview: [41, 83-85]
Focus group: [114]
Workshop: [46]
Data derived from
smartphone: [88]

Defined by user:

BDI:[60, 91]
BRIEF-A: [93]
DASS-21: [61, 94]
EQ-5D: [54]
EuroQoL-5: [95]
GAD-7: [78, 95, 96]
HADS: [53, 64, 97-101]
HRQoL: [55]
HRQoL-MacNew: [56]
K-10: [78]
PASAT: [93]
PCL-C: [60]

Validated
questionnaire:

[29, 32, 109-113]

Defined by author:

Validated
questionnaire:

MLQ: [108]
OTH: [61]
PAL-C: [58]
PANAS: [52, 61]
PWI-A: [61]
SCS: [60]
SHS: [122]
STS: [108]

PDQ-39: [59]
PHQ-9: [57, 78, 93-96,
102, 103]
PHQ-15: [95]
PSS: [60]
RSES: [60]
SF-12: [54]
SF-36: [55, 63-65]
SHAI: [95]
SRRS: [91]
ST: [93]
SwQoR: [66]

SWLS: [61]
VAS mood: [97]
WEMWBS: [104, 105]
WHO-5: [106, 107]
WHO-QOL BREF:[67]
QoLAD: [68]
(Alzheimer disease)
FACT-B: [69, 70]
(Breast cancer)

WAIS-IV: [93]
WEMWBS: [104, 105]
WHO-5: [106, 107]
WHO-QOL BREF:
[67]
WSAS: [95]
ZSAS: [108]
ZSDS: [108]
QoLAD: [68]
(Alzheimer disease)
BCTRI: [58] (Breast
cancer)

QoLBC: [71] (Breast
cancer)
FACIT-SP-12: [92]
(Chronic illness)
DDS: [102] (Diabetes)
ICECAP-O: [54]
(Elderly)
IVI-VLV: [73, 74] (Low
vision)

QoLBC: [71] (Breast
cancer)
FACIT: [79] (Chronic
illness)
CDDS-15: [94]
(Diabetes)
DDS: [102] (Diabetes
distress)
IVI-VLV: [73, 74] (Low
vision)
SCI-QoL: [57, 96]
(Spinal cord injury)
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50

Self-managing Me

External
Conditions

[134-137]

[27-29, 34, 35, 80, 109,
110, 123-128, 132, 133]

Interview:[43, 85, 138]
Focus group: [43, 114,
139]

Defined by author:

Defined by user:

PAIS: [58]
PWI-A: [61]
WHO-QOL BREF:
[67]

Validated
questionnaire

DDS: [102] (Diabetes)
SDSCA1-14: [94]
(Diabetes)
QoLBC: [71] (Breast
cancer)

QoLAD: [68]
(Alzheimer disease)

WHO-QOL BREF:[67]
QoLAD: [68]
(Alzheimer disease)
FACT-B: [69, 70]
(Breast cancer)
QoLBC: [71] (Breast
cancer)

SwQoR: [66]
QoLBC: [71] (Breast
cancer)

PDQ-39: [59]
PWI-A: [61]
RDAS: [60]
SF-12: [54]
SF-36: [55, 63-65]
SRA: [57]
UCLALS: [119, 122]

ICECAP-O: [54]
(Elderly)

ICECAP-O: [54]
(Elderly)

FACIT: [79] (Chronic
illness)
DDS: [102] (Diabetes)
ICECAP-O: [54]
(Elderly)
SCI-QoL:[57, 96]
(Spinal cord injury)

3

QoL questionnaires were downloaded and analyzed by the authors and grouped according to the values of well-being that they consider.

2

Abbreviations of the diverse validated questionnaires can be found in Appendix 3.

Table 4. Epistemological problem of well-being in digital health 2,3

DES-20: [94]
EQ-5D: [54, 94]
HeiQ: [121]

Validated
questionnaire:

Interview: [47, 65, 89,
115, 116, 130, 140]
Observation: [130]
Survey: [90, 141]
Data derived from
smartphone: [142]

CSQ: [64]
EQ-5D: [94]
HeiQ: [121]
HRQoL-MacNew [56]
MSPSS: [60, 119, 122]
PAIS: [58]
PAL-C: [58]

Validated
questionnaire:
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Figure 2. Values of well-being in design and evaluation papers
(in number of papers and percentage of the total amount of papers in each process)

Healthy Body: This value of well-being was commonly considered in design and evaluation
papers. It relates to health in its traditional definition; the absence of disease of the body.
In papers, this item is often referred to as ‘Physical well-being’. Within this value, it is
common to study the effect of disease on items as pain experience, obesity, incontinence,
sleep quality, vital sign monitoring, delirium, and sexual functioning.
Functional Me: Functional Me refers to the ability to execute activities of daily life and
reach life goals affected by one’s health condition. This value of well-being was identified
based on a set of validated questionnaires used in evaluation papers, of which the ShortForm Health Survey (SF-36) was used the most. None of the design papers considered
Functional Me explicitly in their design.
Healthy Mind: The Healthy Mind was considered regularly by design papers, and even
more in evaluation papers. It refers to the absence of mental disease and is in papers mostly
referred to as ‘mental well-being’ or ‘emotional well-being’. Levels of depression and
anxiety are typical items that relate to this value. Also, effects of mental disease belong to
this value, such as effects of bipolar disorder, post-traumatic stress disorder, schizophrenia,
and (mild) cognitive decline.
Happy Me: One third of design papers and half of the evaluation papers considered
this value. It consists of the ability to feel happy, to flourish, to have a meaningful life,
and to accept the own body. In the reviewed papers, this value is often referred to as
‘Psychological well-being’, ‘Subjective well-being’, ‘Emotional well-being’, ‘Spiritual wellbeing’, ‘Happiness’, and ‘Wellness’. Items often considered related to this value are hope,
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satisfaction, positive experiences, pleasure, fulfilling personal potential, feeling needed,
self-transcendence, and personal growth. Other important items are the ability to cope
with and accept own health status, self-confidence, being proud, feeling dignity, and not
feeling stigmatized.
Social Me: Social Me was considered in approximately one third of all design and
evaluation papers. It includes all personal relationships people have and the evaluation of
those relationships. This value is consistently termed in papers as ‘Social well-being’. Items
belonging to this value relate to conversations, feelings of partnership and friendship,
compassion, trust, empathy, and support. Relationships studied within the papers include
those with partners, family members and friends, and healthcare givers.
Self-managing Me: Almost half of all design papers considered this item, compared to
fewer evaluation papers. Self-managing Me relates to the ability to understand and manage
one’s healthcare condition autonomously. Only ‘Psychological well-being’ was sometimes
related to this value; no other specific terms were used within the papers. Concepts such
as autonomy, competence, confidence, free will, decision-making, empowerment, and
self-understanding belong here. The ability to understand and make use of healthcare
information to make well-informed decisions, ‘health literacy’, is also important within
this context.
External Conditions: External Conditions does not directly refer to a personal ability, as
the other values do. Also, this item was not studied in design and rarely in evaluation.
Nonetheless, we included it as several evaluation questionnaires dedicated questions to
these conditions and these could not be grouped elsewhere. Such questions referred to
external conditions creating the setting for well-being of patients and included, amongst
others, financial security, having a job, and a house.
Who defined well-being? In the majority of design and evaluation papers, well-being was
solely defined by the authors (e.g. researcher, physician, designer, engineer). Design papers
commonly referenced literature to justify their definition of well-being. Evaluation papers
made use of validated QoL questionnaires, from which the authors derived a definition of
well-being. 154 unique questionnaires on well-being were found in evaluation papers. 14
of these could only be applied to one specific disease. Only in one-third of all design and
evaluation papers, the main users of the digital health service were questioned on their
definition of well-being. In these cases, users were often not ‘free’ to define the several
values of well-being but were questioned on how they would define one specific item, such
as ‘Physical well-being’. Design papers considered these user definitions in their design
requirements. Evaluation papers considered these as a qualitative evaluation outcome. In
general, these definitions of users seem not to vary from definitions provided by authors.
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What research tools are used to define user well-being? In the few papers in which users
defined their well-being, several empirical research tools were employed. The most
common tools were interviews, workshops or focus groups, and open non-validated
surveys. Design papers commonly considered interviews or workshops. Evaluation papers
considered mostly surveys. In two papers, the concept of well-being was defined through
data collected based on smartphone usage [88, 131].
Scope problem

To understand how the scope problem is considered in design and evaluation of digital
health, we studied the main user of the technology, additional users, and the time frame
considered.
Who is the main user of the technology? We grouped the health conditions of the main users
of digital health, e.g. patients, according to the International Classification of Diseases
for Mortality and Morbidity (ICD-11) [144] (Figure 3). Design papers showed that
most digital health solutions were created for patients with mental disorders, in particular
depression, anxiety, and cognitive decline. Evaluation papers considered mostly mental
disorders and neoplasms.

Figure 3. Disease classification of patients in design and evaluation papers
(in number of papers and percentage of the total amount of papers in each process)4
4

Categories with fewer than 4 papers in total were left out of the figure.
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What other users are involved? Design papers commonly considered other users, e.g.
caregivers and relatives. Contrary, only a few evaluation papers considered other users. The
reason for involving other users was mainly to provide input regarding patient needs rather
than their own. Recognizing the value of involving a wide variety of users in design, two
design papers conducted an in-depth exploration of what type of users to involve in the
design process [44, 127] (Figure 4).

Figure 4. Other users considered in design and evaluation papers
(in number of papers and percentage of the total amount of papers in each process)

What time-span of well-being is considered? In evaluation papers, the effect of technology
on well-being was mostly measured during use of the technology, or direct after its use.
Only a few papers carried out an additional measurement after one to twelve months from
initial use.
Specification problem

The specification problem relates to the embodiment of well-being in the design of digital
health. For that, we extracted the type of technology, the design or evaluation method
employed, and the procedure for creating design requirements.
What type of technology is designed? The majority of design and evaluation papers studied
the application of a supporting digital platform. Such a platform is provided to users by the
internet or via a tablet or smartphone application. Few design papers also considered the
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design of sensors or wearables. Other technologies considered by evaluation papers were
mainly telephone or video-based consulting and support (Figure 5). The great majority of
all digital interventions were designed and evaluated for use at home. Only very few were
found to be used within the hospital, primary care setting, or public space.

Figure 5. Technology types considered in design and evaluation papers
(in number of papers and percentage of the total amount of papers in each process)

What method is used to design or evaluate digital health? In design papers, a wide range
of methodologies were used to create digital health, and most of them were focused on
including the user in the design process through participatory design. Interviews, focus
groups, and workshops were regularly employed. Also, usability testing through small pilot
studies and prototype testing were popular tools to design and refine technology. Methods
structuring the design process greatly varied and included, for example, the methods of
Service Design for Value Networks [127], Persona Enrichment Process [128], Social
Network Analysis [44], Systems Development [28], Transformative Service Research
[109], and Human Factors Research [29, 110]. In addition, numerous papers applied
varying frameworks on designing for behavior change [27, 31, 34, 35, 41, 43, 125].
In comparison with design papers, evaluation papers were more consistent in their
methodologies. The majority of all papers applied a pre-post study design or a randomized
controlled trial (RCT) to evaluate the digital health intervention compared to a control
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group. Another type of evaluation paper considered interviews for understanding usability
and acceptability of the technology, sometimes in addition to a pre-post study or RCT.
More rare forms of evaluation were population surveys [90, 136, 137], or analysis of
technology use through big data analysis [57, 100, 131, 142]. One paper explored an
alternative to the RCT and named it ‘partially randomized patient preference’ (PRPP). In
this, patients were allocated based on their preference in either the intervention or control
group. The authors concluded that the intervention has higher efficacy when patients have
consciously chosen for its use [67].
How is well-being translated into design requirements? Design papers commonly did not
explain what methodology was used to translate user input into design requirements. We
only identified a few papers that illustrated their procedures. For example, requirements
were created by coding user input into requirements [110], and requirements were explicitly
elucidated by users in a workshop [46].
Aggregation problem

The aggregation problem refers to conflicts within the values of well-being. We aimed to
understand if such value conflicts were reported, and if so, what type of conflicts arose, and
the solution for solving these.
Does the paper refer to conflicts in well-being? The great majority of papers did not consider
value conflicts. Design papers considered conflicts more often than evaluation papers
(Figure 6). For example, the paper by Doherty et al. [83] considered a set of value tensions
as a source of design inspiration.
What type of conflicts are considered? Two papers explicitly considered value conflicts within
one user. These papers studied both benefits and harms of digital health for individual
well-being [83, 91]. For example, the ability to obtain support through technology versus
a reduction of personal contact were contrasted. Two design papers [83, 139] and four
evaluation papers [47, 90, 98, 142] considered a conflict arising between users of the
same group. Such conflicts generally referred to differences between individual patients
in their desire to apply digital health [47, 98, 142], or their ability to use it [90, 139]. Ten
design papers and only one evaluation paper [136] considered conflicts between users
of different groups. Such conflicts mostly occurred between patients and caregivers. For
example, Kujala et al. [136] illustrated digital health to improve patient autonomy but to
decrease caregiver autonomy. Cahill et al. [110] showed conflicts between organizational
needs (i.e. staff costs, keeping residents safe) and patient needs (i.e. independence, privacy,
and social interaction). In another paper, the same authors explained that whereas digital
health might benefit patients, it might hinder nurses’ working processes [29]. Derboven
et al. [126] addressed a conflict in the autonomy of patients and control over patients by
caregivers (Figure 6).
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Figure 6. Value conflicts considered in design and evaluation papers
(in number of papers and percentage of the total amount of papers in each process)

How are conflicts solved? Most papers only referred to the conflicts without providing a
solution. The few solutions offered were procedural; such as engaging in multidisciplinary
collaborations [36], weighing benefits and harms of the conflicting values [126], and
being aware of the conflicts [111]. Another solution for solving value conflicts within
users is offered by Doherty et al. [84] and related to personalizing digital health based
on individual needs. The topic of digital health personalization was found within almost
half of all design and evaluation papers, but was rarely explicitly related to the topic of
value conflicts. Multiple personalization options were addressed. For example, papers
recommended providing individualized health advice through digital health [26, 32, 66,
75, 86, 87, 131], adjusting software to patient needs [29, 48, 50, 57, 104, 107, 116, 117, 119,
121, 123, 131, 142], importance of also supporting non-users [27, 47, 53, 84, 90, 98, 100,
122], and personalizing support needed to apply digital health [44, 58, 65, 68, 109, 110,
126]. Other personalization options included changing motivational gaming techniques
to individual needs [31, 50, 141], adapting solutions to specific cultures [69, 142, 145],
allowing patients to make their own motivational messages [95], choosing the gender of
the digital health assistant [133], and inserting personal memories into design [108, 120].
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Discussion
In this review, we identified more evaluation papers than design papers. The difference
might result from design research not always reporting its processes [146]. Seven well-being
related values were identified: Healthy Body, Functional Me, Healthy Mind, Happy Me,
Social Me, Self-managing Me, and External Conditions. Design mostly considered wellbeing as Healthy Body and Self-Managing Me. Evaluation often considered the values
of Healthy Mind and Happy Me. In both design and evaluation papers, users were rarely
involved in defining the concept of well-being. Patients with chronic care needs were often
considered as main users. Design papers mainly focused on mental disorders. Evaluation
papers also studied mental disorders and neoplasms. Other users, such as caregivers and
relatives, were regularly involved in design papers but not in evaluation papers. Evaluation
commonly took place during or directly after technology use. Most design and evaluation
papers focused on the provision of care support through a digital platform. Design
papers used numerous design methods while evaluation papers mostly considered prepost measurements or randomized controlled trials as method. Value conflicts were rarely
described in design papers and even less in evaluation papers. Personalization of digital
health is commonly applied in both processes and might be a solution to prevent conflicts
between users of the same group.
Below, we return to the four problems and address how design and evaluation differ in
dealing with the problems. We thereby compare design and evaluation practice to how
theory deals with these problems. We address the most remarkable elements per problem
and provide recommendations for future practice. Recommendations are enlisted in Table
5. The rationale for each recommendation is described in the next paragraphs.
Recommendations
Design and evaluation should be transparent on the reasons for using certain research methods, tools, and
definitions.
Design outcomes should be input for evaluation processes and vice versa.
Users should be involved in defining the design and evaluation outcomes.
A person-centered instead of disease-centered approach should be followed.
Digital health should be personalized to individual circumstances.
Digital health should always be studied in its context of implementation.
A wide variety of users should be studied.
Values of well-being and value conflicts should be one of the main outcomes of digital health.
New research methods and tools beyond RCTs and validated questionnaires are required that justify the
complexity of digital health and are aligned to each unique context.
Effects of digital health should be evaluated periodically.

Table 5. Recommendations for practice to align design and evaluation for more successful
implementation of digital health
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Epistemological problem

What is the definition of well-being? We found that a large majority of papers only reported
on well-being without actually implementing it, which corresponds with the rhetorical
commitment to well-being in healthcare postulated earlier [9]. In design and evaluation
papers that defined well-being, this definition seems to be in line with the trend of health
as physical, mental, social well-being, and positive health. However, design papers focused
on different values of well-being than evaluation papers. Better alignment between these
values is recommended.
The definitions of well-being in digital health that we found have some resemblances
with definitions of well-being from other disciplines. Consider, for example, philosophy.
Philosophers have long been reflecting on the question of how to live; well-being is
considered as the highest good in life, or as: “a state of persons which designates that they
are happy or flourishing and that their life is going well for them” [22, p.367]. Philosophical
definitions of well-being can be divided into three main categories: hedonism, desiresatisfactionism, and objective list theories [22, 147, 148]. The value of Happy Me that we
found relates to the philosophical category of hedonism. Hedonism refers to well-being as
the largest intensity of pleasure over pain [149, 150]. The concept is specifically reflected
in certain validated questionnaires, such as the Positive and Negative Affect Schedule
(PANAS). Desire-satisfactionism, which considers well-being as the fulfillment of shortand long-term desires [151], is less considered in digital health. A person-centered instead
of disease-centered perspective to well-being would better acknowledge individual desires.
Objective list theories consider well-being as a list with objective values. Fulfillment of
these values leads to well-being for any person [152]. Implicitly, we have been creating
our own ‘objective’ list of digital health related well-being by systematically defining wellbeing through a review of digital health technologies. This list resembles values previously
defined by philosophers (for example, Friendship and Social Me; or Knowledge and Selfmanagement [153, 154]), but is tailored to the context of health. The risk of following
an objective list is that having such a list may prevent researchers from studying values
beyond this list [155]. Namely, novel technologies might change what values belong to
the objective list [156] or could introduce new values not present before, for example,
privacy and security associated with sensing technology (see for example: [157-160]).
We, therefore, would not argue that our identified values of health-related well-being
are exhaustive and should all be considered in any technology for any patient. Rather,
our values should be employed as a source of inspiration for digital health designers and
evaluators to start with and identify with patients in their context what they currently
value regarding digital health [161, 162].
We identified external conditions to influence well-being, even though its occurrence was
rather small. External conditions of well-being are commonly studied within economy.
Economy considers well-being as a wide set of external conditions used to compare
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the level of well-being between countries, such as possibilities for education, healthy
environment, quality of healthcare, and availability of jobs [163, 164]. Considering better
external conditions in digital well-being research, would enable increased understanding
of needs and values of users in context.
All QoL questionnaires that we found resemble psychological studies into well-being.
Psychology mostly considers well-being through subjective experiences (so-called
‘subjective well-being’ [165]). A difference between well-being in healthcare and
psychology follows from the ‘positive’ focus of psychology [166, 167]. Positive psychology
aims moving beyond the study of mental disease towards mental happiness. Healthcare,
generally, considers a disease- or prevention of disease-centered perspective. A personcentered perspective (for example the ‘capability approach in design’ [168, 169]) would
better align digital health with individual needs and values.
Who defined well-being and with what research tools? In most design and evaluation
papers, well-being was defined without user input. When users were questioned, they
were commonly asked to define only a specific value of well-being instead of explaining
what values they considered important. Brey previously noted that well-being cannot be
determined objectively independently from the user [22]. Our results are worrisome as the
papers did not obtain real understanding into what users considered to be important values
belonging to their well-being. Involving users in defining values of well-being as source of
design inspiration and evaluation outcome is recommended.
The definition of well-being in evaluation papers often followed from using one of the
many validated QoL questionnaires. In the past, these questionnaires have been studied
thoroughly [3, 170]. Guyatt et al. [170] rightfully posed the concern on how to select,
utilize, and interpret such questionnaires. We share their concern and believe that when
applying such a questionnaire, it is important to understand and illustrate what values
of well-being are measured through the questionnaires and to be aware of the potential
and limitations of what is being asked. Likewise, as Blandford et al. [21] argued, such
questionnaires have only limited face- and construct validity. They do not provide insight
into how the social structures of care become changed and in how technology is changing
current values of well-being [171]. In addition, QoL questionnaires are validated in a
specific user group in a specific context. When technology is introduced, the entire basis
on which such questionnaires were validated might change. Using QoL questionnaires
thus requires careful consideration of its selection and application. The selection of a QoL
questionnaire should be informed by qualitative research into the potential positive and
negative effects of digital health. Such research could also result in the need for a novel
QoL questionnaire adapted to the use of digital health. Finally, QoL questionnaires should
never be the sole basis on which digital health is implemented. Use should always be
accompanied by qualitative research into the effects of digital health on care and context.
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Scope problem

Who is the main user of the technology? Although design and evaluation papers considered
different healthcare conditions of main users, the differences between design and evaluation
are not as large as they seem on first sight. Namely, all papers seem to focus mostly on
long-term (chronic) diseases. This might result from a focus on technology to support selfmanagement. In the past years, the application of digital health has been growing. Novel
technologies such as artificial intelligence and virtual reality enable application of digital
health to a wide patient population extending beyond chronic disease management. For
example, a growing number of authors are already studying digital health for diagnosis
[172, 173]. In the near future, we expect an increasingly various patient population to use
digital health.
What other users are considered? Evaluation papers rarely considered other users than
patients, e.g. healthcare providers. When providers were considered, they mostly provided
input on patient needs rather than on their own needs. We can explain this because
evaluation is mostly based on research setup following the ‘PICO’ question. By demarcating
one specific Population (the patient), one specific Intervention (digital health), a Control
group (comparison to non-users), and one Outcome (well-being), no room is left for also
studying the effects of an intervention on other users. Papers have been written focused
on caregivers in particular, but these were left out of this review’s scope and often not
contrasted to studies into patient’s well-being.
As design papers commonly targeted self-management of patients, effects of digital
health on other users might have been studied less. Although design papers more often
considered other users than evaluation papers, only two papers systematically searched for
other users. These mapped out the entire actor-network [44, 127]. Such actor-network
mapping is a common activity within the philosophical domain of ‘science and technology
studies’. The actor-network theory posits that our world, interactions, and activities are
given shape through actor-networks in which both human and non-human actors and
their relationships are constantly interacting and shaping each other. Technology is part
of this network and co-shaping social interactions. The theory has been used before to
comprehend medical technology development [174, 175]. More hands-on tools for
visualizing actors and their relationships also exist, for example, the stakeholder mapping
tool [176]. Although the tools and theories exist, in practice they seem not to be used often
and that whilst these tools enable to prevent overseeing negative effects of a technology
on a minor user group. Ideally, design and evaluation should start with an identification of
all users involved in digital health. Also non-users, people deliberately choosing not to use
digital health, should be identified as implementation of digital health might change the
standard care they receive.
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What time-span of well-being is considered? The majority of evaluation papers considered
the effect of digital health on well-being during or direct after technology use. Only a
small part of the evaluation papers considered a well-being measurement after three, six,
or even twelve months of digital health use. Considering such measurement after a longer
period of use might provide valuable insights. The evidence-based design methodology
recommends measuring the effects of healthcare design only after six months when the
‘shakedown cruise’ is over. Namely, it takes at least six months before changes in healthcare
have become part of standard care [6]. Although the methodology of evidence-based design
is particularly designed for healthcare buildings, this insight also applies to digital health.
As the effect of digital health greatly depends on how it is embedded in the healthcare
context, periodic assessment might be valuable to optimize its efficacy.
Specification problem

What method is used to design digital health? In most of the design papers, a form of
participatory design was applied. Yet, as Orlowski, Matthews [177] argued, in addition to
participatory design, a design method for structuring the process is needed. The papers in
this review considered a variety of design methods to structure the design process. A review
of methods for usability testing of eHealth showed similar results [146]. No consistency
seems to exist in design papers on what design method to use to design for well-being.
This question of what design method to use to create well-being has been raised in the past
[178]. Multiple papers have been written on the potential to embed values of well-being in
technology design. For that, design methods as ‘Value-Sensitive Design’ [179] or ‘Values
that Matter’ [180] have been introduced. In addition, numerous papers have aimed at
creating ‘design for well-being’ methodologies to provide designers with a framework for
particularly embodying well-being in design. Examples within literature are the approaches
of Emotional Design [181], Life-Based Design [182], Capability Sensitive Design [183],
Positive Design [184], Motivation, Engagement and Thriving in User Experience model
(METUX-model) [185], Positive Technology [186], Experience Design [187], and
Positive Computing [188]. Given this myriad of design methodologies particularly aiming
at our goal: designing for well-being, it is remarkable that none of these methods was
found to be used in the design papers. We speculate that this resulted from not knowing
about the design methods, finding these methods useless, or valuing well-known methods
over novel ones. Future digital health designers would benefit from heuristics on what
method to employ in what situation. This can be facilitated by transparency and reporting
on reasons for using a certain design method, and experiences in using the method.
What method is used to evaluate digital health? The interaction between user and
technology, and the context of use might affect how well-being is expressed, which does
not necessarily correspond to the initial embodiment of well-being in design. This is called
the ‘positivist problem’ [189]. For that reason, an evaluation process is necessary to study
the actual effects of design on well-being. Evaluation papers commonly considered a
62

From digital health to digital well-being

same set of evaluation methodologies: pre-post measurements and RCTs. The RCT has
become the golden standard for effectiveness studies into pharmacological interventions.
Its methodology has been one-to-one transferred to also evaluating the effectiveness of
nonpharmacological interventions, including digital health [21].
An RCT only provides valuable information on an intervention’s effectiveness when (1) the
intervention and the way of providing the intervention are stable, (2) the intervention can
be applied with fidelity, and (3) when it is expected that the outcomes of the intervention are
measurable and meaningful [190]. Given these requisites, the use of RCTs in digital health
is subject to several concerns. An RCT requires that the intervention is stable implying
that the digital health technology has been finalized before the start of the RCT. However,
design is an iterative process requiring numerous phases of testing and adaptation. Clinical
outcomes obtained through an RCT are often required to justify the employment of
more resources to improve the design. Yet, when the design becomes improved based on
the RCT’s clinical outcomes, these outcomes become directly outdated. Likewise, when
the digital health solution needs to await clinical outcome measures for being improved,
the technology might be outdated once the trial is finished [191]. Also, a digital health
solution cannot be directly applied with high fidelity as the solution mediates clinical
processes and might require changes to the context of use to be optimally employed. These
effects require study too. The limited study design of an RCT does not permit studying
such mediating effects, and without knowing the optimal context of use, digital health
cannot be applied with high fidelity [192]. Finally, as a digital health solution affects the
current workflow and mediates user’s actions, perceptions, and even norms and values,
the entire range of outcomes is not directly measurable through validated measurement
instruments. Such instruments provide only an average mean of limited outcome metrics,
whilst digital health requires individualized insights on multiple outcome metrics. When
clinical measures are collected that do not show statistically significant effects, it might not
be clear whether these outcomes result from the technology not being suitable for clinical
use, or from other confounding factors such as a sub-optimal design or insufficient support
and embedding in the care context [21].
Several changes and alternatives to RCTs have been proposed to align scientific evaluation
to digital health. These include, amongst others, a multiphase optimization strategy
(MOST) to the RCT allowing to adapt the design during the evaluation process [193],
evaluating the principle of a solution rather than the specific technology itself [191],
and broadening the set of outcome measures into, amongst others, the inclusion of
human-technology interactions [194], legal, and ethical evaluations [195, 196]. Another
interesting alternative is the single-case experimental design (SCED) [197]. This method
illustrates that RCTs only provide an ‘average’ good and not the optimal solution for each
individual. They propose to observe a single case over a longer period whilst manipulating
the treatment (technology). This study design allows for personalizing digital health to
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an individual’s needs and thereby increasing its efficacy. So far, the papers in this review
have barely considered moving beyond the traditional evaluation methods. In this, our
results resemble previous results from systematic reviews into evaluation methods and
health technology assessments for digital health technology [198, 199]. There is need for
evaluation methods that are better aligned with the complexity of digital health.
Aggregation problem

Does the paper refer to conflicts in well-being? Value conflicts have been discussed in theory
often [22, 200], yet practice rarely seems to consider them. Especially evaluation papers did
not discuss value conflicts often. This might result from the PICO study design that such
papers follow. Without comparing results of studies into different user groups, no value
conflicts between user groups are found. Conflicts within users of the same group were even
less often identified. Within evaluation, such conflicts might not have been identified as a
validated questionnaire does not provide insight into value conflicts. Design papers might
have circumvented the problem by addressing personalization of digital health. Conflicts
between values within one user (conflicting values of well-being) were found least. As all
papers aimed at improvement of well-being, no harms to well-being were found. There is
need for more openness to multiple outcomes of digital health in multiple users to identify
value conflicts and better align digital health to the values of all various users.
How are conflicts solved? Most design and evaluation papers did not explain how they
would solve value conflicts. In theory, multiple solutions have been proposed to solve such
conflicts, including using participatory design principles to reformulate the value conflict
[201], expressing values in monetary value and conducting a cost-benefit analysis, creating
value trade-offs based on a set of criteria, opting for the maximin principle (values are
scored based on highest or lowest benefit or harm for the users), opting for the satisficing
principles (establishing a minimum level for values and then opting for the optimal
solution), considering to redefine values and their related norms and design requirements,
and redesigning the technology for improved value mediation [202]. Design methods have
also been created that aim at identifying and solving conflicts for increased user wellbeing, such as dilemma-driven design [203]. Explicitly bringing value tensions between
and within users to the forefront enables to optimally align a solution to all values of wellbeing of a variety of users. Solutions for solving conflicts are already abundant.
Strengths and limitations

In this paper, we aimed to bridge gaps between the practices of design and evaluation and
the theory produced on digital health technologies aiming at well-being improvement.
This endeavor is both a strength and a limitation. By highlighting the differences between
the fields, we enable design to consider the context of evaluation and vice versa, inspire
practice to consider better theoretical insights, and guide theorists to acknowledge the
needs for pragmatic decision-making in practice. The application of our recommendations
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would result in individual, social, and economic benefits. First, on an individual level, digital
health would foster a culture of ‘inclusiveness’. It would better meet the needs and values
of individual patients, caregivers, and relatives, regardless of their education, age, gender,
or culture. Second, on a social level, digital health would fit within current healthcare
practices and align to the care processes of healthcare personnel. Third, economic benefits
will arise from alignment of design with evaluation by preventing a waste of resources and
leading to more successful uptake of digital health.
One limitation of our study is that it appeared difficult to report insights from all disciplines
through a common language. The attempt to place all insights from practice into theoretical
frameworks might have resulted in missing important items or mistakenly interpreting
certain practical phenomena to belong to certain theoretical concepts. For example, we
found that a great majority of design papers aims to create digital health technologies for
lifestyle management of the elder population, regardless of their medical condition. By
categorizing all design papers into the ICD-11 framework these ‘elderly’ were divided into
three different categories (mental disorder, disease of the nervous system, symptoms not
classified elsewhere). Although design papers often considered lifestyle management and
elderly, this insight was made invisible for those looking at the graph only.
A second limitation is that we aimed to include a wide variety of digital health technologies,
whilst our results mostly identified digital health solutions in the domain of support
platforms via apps or internet. Besides, almost all solutions were designed for use at home.
This is remarkable, as our search strategy did not focus on the home only. Obviously, terms
as ‘telemedicine’ and ‘telehealth’ refer to technologies for use at home. Nonetheless, we also
included the term ‘digital’ in our search strategy, of which we expected that it would result
in papers on digital technologies used in hospitals and primary care settings. Either our
search strategy was missing terms resulting in technology use in hospitals, technology use
in hospitals is not common yet, or it is not discussed in relation to well-being. Although we
believe that our insights can also be applied to a wider range of digital health technologies
in varying contexts, it is interesting to expand our research in the future into varying
interactive technologies (such as virtual reality) and extend it towards the inpatient care
context, to understand differences in designing technologies in diverging contexts. Finally,
as we only included papers focused on well-being improvement, we might have missed
results on in-person value conflicts that are reported in papers studying the harms of
digital health on well-being.
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Conclusion
In this review, we have shown how two major changes in healthcare: the change of the
definition of health into well-being and the introduction of digital health come together
in digital health for well-being. We compared the processes of design and evaluation on
the basis of four problems and compared theoretical insights with practice to provide
recommendations to better align design with evaluation. We identified major gaps between
design and evaluation regarding their conceptualization of well-being, the types of users
studied, and the methods used to design and assess well-being. The comparison of empirical
practice to theoretical frameworks, also showed how both fields have found their pragmatic
ways of circumventing or dealing with the problems of digital health for well-being. By
illuminating the differences between design and evaluation and practice and theory, and
providing recommendations for both fields, we expect to have set first steps to slightly
bridge some gaps. As digital health technologies are gaining an increasingly important
role in the future, we believe it is required to improve multidisciplinary collaboration by
moving beyond the common dichotomy of design and evaluation. Only then it is possible
to transcend from digital health towards digital well-being.

Implications for Practice
•
•
•
•

•
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To prevent a waste of resources and increase the successful implementation
of digital health, there is a need to bridge the gaps between design and
evaluation of digital health.
Values of well-being in digital health -Healthy Body, Functional Me,
Healthy Mind, Happy Me, Social Me, Self-managing Me, and External
Conditions – can serve as an inspiration to create digital well-being.
Digital health design outcomes should be input for digital health
evaluation and vice versa.
New research methods and tools beyond randomized controlled trials
and validated questionnaires are required that justify the complexity of
digital health and are aligned to each unique context of digital health
implementation.
Design and evaluation should consider individual user needs and values
in context to enable personalization and foster a culture of ‘inclusiveness’.
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Lesson #1: Immerse yourself in an inspiring environment
I started working at the Radboud university medical center. At the surgery ward. This was
so much a surprise to me as it was to all my relatives. Only say the word “blood” and I
would faint. I owed my PhD in digital health at the surgery ward to the enthusiasm and
devotion of one professor there. Yet, soon I discovered that the ward was not the inspiring
environment I needed to proceed with my PhD.
For example, during research meetings with the other PhD candidates at the ward,
discussions often revolved around “treatment of cholecystolithiasis” or training of
“laparoscopy”. And that whilst I liked to discuss “phenomenology”and “service design”.
Also, joining courses provided by the ward appeared to be difficult. I followed the
“systematic review course” to write a review about “well-being in digital health”. The course
was built on Cochrane’s method. This methodology might work for “cholecystolithiasis”,
but it did not work for digital health and well-being. Also in writing papers, I encountered
a problem. To improve scientific reliability, two individual researchers should generally
analyze and code the qualitative data. Clearly, I would be the first researcher, but who
would be second at the surgery ward?
The first lesson I learned, is to make your own inspiring environment. I occasionally started
to work in the “innovation space” of our hospital, joined two additional research meetings
in design and ethics, used the educational offer of online universities to obtain knowledge,
and invited design intern students to collaborate on papers. With this personal, inspiring,
environment, I was able to proceed my PhD.

LESSONS FOR A PHD:
find an inspiring
environment (#1)

Values that Matter: A New
Method to Design and Assess
Moral Mediation of Technology
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Abstract
Design methods increasingly aim to integrate ethics in the design process. Most often,
these methods focus on design for values, offering ways to design more responsibly by
stimulating designers to embody values in design. The Value Sensitive Design approach
is a clear example of this development. In this article, we aim to expand and strengthen
the basis of designing for values, by relating it to the ethics and philosophy of technology.
Once implemented, technologies affect the value frameworks that provided a basis for the
design of that very technology. These value mediations should be better anticipated in the
design process, because they eventually affect a design’s impact. In this article we propose
a way to do this. We start by discussing several theories to understand technology-induced
value mediation: the technological mediation approach, technology assessment methods,
and types of value change. We continue by connecting these theories to design practice
by proposing a new design for values methodology: Values that Matter. This methodology
provides the means to evaluate moral mediation of technology during the design process
and to responsibly design for it. The methodology is explained by the case study of the
redesign of continuous vital sign monitoring technology in hospitalized patients. The
article ends with recommendations for future research that will further the field of design
for values.

84

Values that Matter

Introduction
How to integrate ethics into design practice? Among the various approaches that have
been developed at the interface of the ethics of technology and design research, a wellknown focus is that of design for values. “Values” refers to what people consider important
in life.1 As Van de Poel and Royakkers state, values are “lasting convictions or matters that
people feel should be strived for in general and not just for themselves to be able to lead a
good life or realize a good society”.2
The most well-known design for values methodology is Value Sensitive Design (VSD).3
This methodology aims at identifying the values that are at stake in concrete technological
innovations, to take these values into account in design practices and to materialize them in
a design. Its methodology is threefold. The first phase, “conceptual investigations,” aims at
identifying and ordering all values at stake in a given context. The second phase, “empirical
investigations,” is for studying the ideas of stakeholders about values. Third, existing
technologies and their embodied values are studied as part of the “technical investigations,”
followed by the design of the novel product. One of the standard examples in the field
–which this methodology actually pioneered two decades ago– is the development of
interfaces to fine-tune the cookie settings of web browsers, integrating the value of privacy
into the design of information technology.4 Subsequently, the methodology has been
applied in a wide range of domains, including nano pharmacy, transportation services, and
safety of homeless young people.5
Many design-for-values methodologies, such as reflective design, worth-centered design,
values at play, and value-inspired design, find their origin in VSD.6 These methodologies
are “user-driven methodologies” meaning that users define what values are important. In
contrast, the values-based methodologies of Vision in Product (ViP) design and Social
Implication Design (SID) consider designers to be the source to identify values (i.e.,
they are “designer-driven methodologies”).7 ViP has been introduced to create awareness
among designers about their responsibility in shaping society. In ViP, designers start
with imagining a future for which the desired user-product interaction is visualized, after
which the product is designed.8 Building on ViP, SID aims at creating positive (value)
implications in design by asking designers to visualize them and reason backwards toward
a required behavior and the corresponding design.9
Although values-based design methodologies have made a first attempt in bringing
philosophy to design, most still lack a clear methodological framework, especially for their
understanding and design of values.10 The problem stems from the way values are often
conceptualized in VSD: VSD “seems to assume that values remain stable during adoption
and use”.11 Yet, we believe that values arise only in the interplay between users and
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technologies and, therefore, are far from stable. Hence, designing for values is impossible
without considering potential value mediation. In the following sections, we bring together
philosophy and values-based design while considering value mediation of technology.

What Design can Learn from Philosophy
In this section, we introduce how several philosophical theories –respectively, mediation
theory, technology assessment methodologies, and theory on value change– consider the
interaction between users, technologies, and values. These theories form the basis for the
new design for values methodology that we propose in this article and illustrate by means
of a case study.
Technological Mediation

Since the industrial revolution, different assessment methodologies have been used
to understand technological risks accompanying the adoption of novel technologies.
Technological risks are measurable impacts directly caused by technology –for example,
environmental pollution. Design processes have incorporated ways to anticipate these socalled “hard” impacts. However, technology also generates “soft” impacts in addition to these
hard impacts. Soft impacts are qualitative and are co-produced in the interaction between
a technology and its environment.12 Soft impacts show that technologies are not neutral
tools but have far-reaching individual, social, and societal implications: technologies coshape the behavior, experiences, and even moral frameworks of their users.13 Remarkably,
soft impacts are only rarely anticipated during design processes.
Philosophical mediation theory is one tool that allows for the study of soft impacts of
technologies. This approach originates from the post-phenomenological work of Don
Ihde.14 Post-phenomenology studies the relations between humans and technologies and
the implications that technologies have for human practices and perceptions.15 Based on
this theory, technologies should be seen as “mediators” between human subjects and the
world, rather than as “objects” contrasting with human “subjects”. When technologies are
used, they help to establish relations between the person using the technology and her or
his environment. Technological mediation has several dimensions including a hermeneutic
dimension and an existential one.16 The “hermeneutic” dimension is related to the effects
of technology on perception and interpretation. It acknowledges that technologies can
amplify or reduce the perception of certain elements of the world. The “existential”
dimension focuses on how technologies help to shape actions and social practices.
Technologies thereby can invite or inhibit certain behaviors. MRI imaging is a good
example of a technology in which both types of mediation are present. Hermeneutically,
MRI scanners facilitate neuroscientists’ understanding of the brain and developing ideas
about the human mind and human behavior in relation to the brain; this interpretation also
results in new societal frameworks of interpretation, like the idea that “we are our brains”.
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Meanwhile, through an existential frame, the scanners reorganize the actions of doctors
and the interactions between doctors and patients, while also changing social practices, like
marketing (“neuromarketing”), and psychiatric care (“neuropsychiatry”).17
A special category of the hermeneutic dimension of mediation is the mediation of moral
frameworks. As we have argued, technologies cannot be evaluated based only on a set of
ethical principles; they also affect our ethical frameworks for evaluating technologies. A
recent example of this moral mediation is the effect of Google Glass on definitions of the
value of privacy. Empirical analysis of how people discussed Google Glass online, allowed
for an investigation of how the definition of the value changes when people apply it to a
novel technology. People appeared to define privacy not as the right to be left alone, but
as the right to be together privately and the character of private interactions in public
spaces.18 Technology and morality are intricately connected. This connection presents an
extra dimension to the ethics of technology because it implies that the ethical frameworks
with which we evaluate technologies are themselves co-shaped by these technologies.
Mediation theory offers a framework for understanding the interrelated dynamics among
users, technologies, and values and forms a basis for a values-based design methodology.
Some authors have introduced mediation to design in the past.19 However, none have
proposed a way to use the methodology for designing and assessing the moral mediation
of technology.
Technology Assessment

Technological mediation theory analyzes technological mediation in retrospect. In
contrast, design methodologies should anticipate technological mediation. For this
task, philosophy currently employs technology assessment methodologies. Two wellknown approaches are the sociotechnical experimentation methodology of Van de Poel
and the techno-moral change approach of Swierstra, Stemerding, and Boenink.20 The
sociotechnical experimentation methodology sees technology as an experiment needing
responsible guidance. Three design strategies are proposed for technology to “better adapt
to changing values in the later phases of the life cycle of a product or system”: adaptability
(permit changing the design during its lifecycle), flexibility (permit multiple types of use),
and robustness (permit design to perform its function under any circumstance).21 The
techno-moral change approach suggests creating future scenarios for visualizing how a
new technology might change standard morality. These moral scenarios are compared to
current morality to envision technology-induced changes.22
These two methodologies provide a diverging view on dealing with changes in moral
frameworks. Sociotechnical experimentation illustrates how to deal with changing values
during the design process, but it considers technology as an object needing guidance to
deal with external value changes, rather than placing technology at the heart of the value
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change itself. The techno-moral change approach acknowledges technology’s mediation of
moral frameworks. Yet, design decision making remains difficult following this approach
because the anticipated technology-induced changes are very speculative.
Ideally, users of a technology are involved in the anticipation process to observe how they
interact with the technology. Unfortunately, this involvement brings about the “control
dilemma” of Collingridge.23 This dilemma explains that involving users early on in the
design process provides opportunity to adjust the design according to the empirically
anticipated moral mediation. Yet, this early anticipation remains speculative because the
real dynamics between a technology and the moral frameworks of users can be visualized
reliably only when a technology is societally adopted. Regrettably, making design changes
has by then become difficult. Kudina and Verbeek provide a solution to the control dilemma
by studying technologies “at the threshold of society”.24 They consider the Google Glass as
an example because this technology is still under development but is already used by some
people and is widely discussed online. According to these authors, studying technologies
at the threshold of society gives early insight into real-life user-technology dynamics. Their
line of reasoning would aid a design team in reliably anticipating moral mediation by
technology.
Technology-Induced Value Change

Before describing how the combination of mediation theory and technologies at society’s
threshold leads to a novel method to design and assess moral mediation, we illustrate the
concept of moral mediation by means of value frameworks. We define a value framework
as the current moral perception of a certain group of people in a certain societal context. It
comprises a set of values and the ways these values are experienced. Technological moral
mediation then refers to the changes in this value framework caused by the introduction of novel
technologies. Van de Poel illustrates this technology-value dynamic by means of five forms
of value change.25 The first form refers to value change when new values emerge in society.
For example, the value of sustainability only emerged in the late 1990s as a novel value; it
was not mentioned as a value before then but has often been considered in technology’s
design since. Second, existing values could gain in importance as they are considered in
design processes. For example, for a long time, privacy in information technology was not
considered important. Now, this value is prominent in each list of design requirements
formulated for information technologies. Third, value changes happen in a relative sense,
as one value increases in importance over others. The value tension between the values of
privacy and safety illustrates this form. Because cameras can improve safety by decreasing
privacy, particular locations and contexts determine which value—privacy or safety—
matters most and what decisions are made. Fourth, the definition given to a certain value
is subject to change. As explained, Google Glass has affected how privacy in public space
becomes defined. Fifth, value specifications might change. Value specifications form the
process of translating values into norms and design requirements. One example is a change
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in design requirements related to the shape of Dutch dikes. Because of climate change, the
shape of these dikes must change to meet the same water safety levels. These five types of
value change illustrate that value frameworks are dynamic and that technologies not only
mediate how they are experienced but also how they are constructed.

3

Values that Matter Approach
Values that Matter (VtM) integrates into design the philosophical approaches already
discussed by enabling designers to anticipate technologically induced value mediation in
an empirically informed way rather than in a merely speculative way. It aims to create
a “threshold position” for the technology during its design, from which empirical study
of its social implications and potential moral mediations becomes possible before the
technology has become societally embedded. Thus, it aims to find the right balance

Figure 1. Values that Matter Framework
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between speculation and experimentation: without trying to look too far into the future,
and also without giving up the possibility of anticipation at all, it acts as a tool that can
be used in the process of responsible design of technology. The method consists of three
phases (see Figure 1). Depending on the specific needs of the design process, these phases
can be followed multiple times in the desired order. We explain the three phases in the
following sections.
Explore

This first phase theorizes the current value framework. Because a value framework comes
into existence in a specific context for a certain group of people (actors), clearly defining
the study area is important: what context should be studied, and what group(s) of actors
will be affected by the future technology? For each actor or group of actors, a separate value
framework can be theorized. A value framework consists of multiple facets, which we have
adapted from van de Poel’s different kinds of value change:
1. What values are important for the actor?
2. What definition is given to each value?
3. What is the relative importance of each value?
4. How is each value specified in norms?
5. How is each value experienced?26
The value framework can be constructed based on empirically gathered data of the actors in
their context. Different types of qualitative (value-oriented) research could be valuable—
for example, semi-structured interviewing, value sketching, observations, diaries, and
context-mapping exercises.27
Depending on the goal of using this methodology, a design team can continue to the
conceptualize phase for designing a new technology meeting the current (or desired)
value framework, or it can proceed to the anticipate phase to assess a technology’s moral
mediation that results from adopting an existing technology in the studied context.
Conceptualize

Because a new technology might mediate actors’ actions, perceptions, and values, designers
can consciously design for a certain value framework. They can either start with the value
framework previously constructed, or they can envision a preferred value framework as
a basis to embed in a technology’s design. Van de Poel illustrates how to embody values
in technology.28 He starts by translating each value into several norms. We define norms
as all conditions needed to realize values in practice. Norms can be identified empirically, as
users refer to a set of norms when reflecting on an overarching value. Consequently, the
design team can translate each norm into several design requirements that are needed to
achieve that norm. The list of design requirements aids in designing the new values-based
technology.
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Anticipate

The anticipate phase aims to acquire an understanding of technology’s soft mediating
impacts on the current value framework of actors. To develop an understanding of these
mediating effects, VtM follows Kudina and Verbeek’s suggestion to create a threshold
position for the technology in question. A pilot study meets the requisites of this threshold
position, allowing actors to use a prototype or even a virtual or imaginary version of a
technology for a specified period in the context already studied.29 As empirical research,
the pilot setup generates insights into a technology’s moral mediating effects. This research
allows designers to construct new potential value frameworks per actor, again answering
the questions:
1. What values are important for the actor?
2. What definition is given to each value?
3. What is the relative importance of each value?
4. How is each value specified in norms?
5. How is each value experienced?
Comparing this new value framework to the value framework defined in the exploration
phase provides insight into the moral mediation of technology.
Technological mediations could both benefit and harm actors’ existing value frameworks.
For each beneficial mediating effect, the current value framework can be “reframed.”
Thus, the design team accepts that a technology positively affects the value frameworks.
Technology also could harm current value frameworks. These undesired mediations should
be prevented through “reconceptualization” of the technology. In this step, the technology
is redesigned to better meet the desired value framework (again, see Figure 1). This
reconceptualization should start with seeking to understand what aspect of the technology
causes the negative effects on values; design teams do so by translating the threatened
values into norms and the norms into design requirements, as done in the conceptualize
phase. The design requirements causing the undesired outcomes can then be adjusted,
and the technology can be redesigned accordingly, after which the whole process can be
repeated.

What Philosophy can Learn from Design
To understand VtM’s usability, we applied the VtM method in the redesign of a
continuous vital sign monitoring device used with hospitalized patients. This device
has strong mediating effects on its professionals and patients because it enables patients
to continuously face their health condition. We sought to understand how this device
mediates patients’ values so that the device could be redesigned for optimal mediation of
patients’ value framework.
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Figure 2. Continuous vital sign monitoring device ViSi Mobile
Traditionally, nurses have measured vital signs of patients manually three times a day: heart
rate, respiratory rate, blood pressure, body temperature, and oxygen saturation. Measuring
patient’s vitals, writing them down, and registering them in the electronic medical record
takes approximately six minutes. Taking vitals is subject to inter-observer variability; in
addition, the large gap of eight hours between two subsequent manual measurements could
cause caregivers to miss relevant data for optimal care. Continuous vital sign monitoring
of patients using a device worn on the wrist —one showing vital signs in real time—
potentially could overcome these drawbacks and predict and prevent (deterioration of ) the
disease course. In 2017, the Radboud University Medical Center, Nijmegen, started a pilot
study with a continuous monitoring device, ViSi Mobile® (Sotera Wireless, San Diego,
CA, USA). The aim was to assess its potential in improving the quality and safety of inhospital patient care on a general ward (see Figure 2).30
Explore

To understand the current value framework of patients subjected to traditional vital
sign measurements, two studies were conducted in the same university hospital. In the
first, experiences of 21 patients at the surgery ward were collected by means of contextmapping exercises and semi-structured interviews.31 The second study, conducted under
similar circumstances, collected (value) experiences of 17 volunteers who underwent 24
hours of simulated post-surgical care. Data were collected via context-mapping exercises
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and semi-structured, value-oriented interviews.32 Based on these studies, we were able to
construct a value framework comprising six values important for patients in their healing
environment: autonomy, safety and security, privacy, social comfort, sensory comfort,
and spatial comfort. Regarding autonomy, we found that patients greatly value being in
control over and understanding their treatment, ambient environment, mobility, and help
requests. Safety and security involved feelings of being safe during admission. Participants
explained privacy as being related to having sufficient personal space. Social comfort was
an important contributor to patients’ well-being and was experienced when they had good
contact with hospital personnel, relatives, and other patients. Sensory comfort included
comfort in light, sound, temperature, and smell. Finally, spatial comfort related to a
comfortable environment, including a pleasant view, easy-to-use technology, and positive
distractions. Participants of both studies offered multiple recommendations to improve the
values. Only safety and security and privacy were already satisfactorily met. This current
value framework was used as a reference for understanding the moral mediating effects of
continuous vital sign monitoring.
Anticipate

We systematically analyzed 17 semi-structured interviews that Weenk et al. had conducted
with patients wearing ViSi Mobile.33 Interview data were categorized into values and
norms and then compared to the value framework of patients not wearing such a device
to understand moral mediation by the technology. Where the technology held negative
mediation, a design recommendation was created. To summarize, the current continuous
monitoring device mediates value frameworks of patients: mediation is found in almost
all values, based on how the value is experienced and how it is translated into norms. In
response to the technology, definitions of privacy and health seemed to change, making the
value of health suddenly more apparent. However, we observed no changes in the relative
importance of values or in what values were important for patients. Results are listed in
Table 1 and per value explained below illustrated with a quote of a patient.
The continuous vital sign monitoring device affects the autonomy of patients in different
ways. Patients wearing such a device defined autonomy in the same way as patients not
wearing such a device. Autonomy was subdivided into a set of new norms, including the
ability to have insight into and control over their own health, the ability to mobilize, and
being independent from technology. Half of the patients experienced improved autonomy
in wearing the device, indicating the ability to mobilize, gain better self-understanding
by seeing their own vitals, feeling reassured in looking at their vitals, being able to express
feelings by relating them to the vital signs, and being in control to call a nurse when vital
signs change.
P54: “At night, when I did not feel well, I looked at the device to find reassurance that everything
was okay.”
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Safety & Security:
Feeling safe in the
patient room

Privacy:
Protection of
personal data
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Autonomy: Having insight into and control over own
health without interference

Value

Positive value experience
(number of patients mentioning this item)

Trusting the technology (2x)

Device improves self-understanding (7x)
Device confirms feelings by vital signs, even
in retrospect (6x)

Being able to intervene in own health (3x)

Having more freedom to mobilize
(2x)

Feeling safer due to constant monitoring by
others (11x)
Feeling safer by being able to monitor
yourself (1x)
Feeling safer because the doctor will see
more of your vitals (1x)

Feeling safer because nurses can intervene
more quicker when something is wrong (7x)

Privacy is not an issue (10x)

Norm

Independent
from
technology

Insight into
own health

Control over
own health

Ability to
mobilize

Being
monitored

Fast response
time

Personal data
is protected

Device’s alarm generates anxiety (4x)

Fear of seeing own vital signs (6x)
Obsessively checking own vital signs (2x)

Distrusting the technology (4x)
Fear that device does not reliably measure
vital signs (3x)
Fear of technological failure (2x)

Negative value experience
(number of patients mentioning this item)

The device should generate an alarm at the
nurse station when a patient’s vital signs
deteriorate.
Patients can decide themselves whether to
turn on the alarm in their own room.

Patients should be well-informed on the
meaning of the displayed vitals.
The device should not show vitals constantly
to prevent patients from checking their
vitals obsessively.

The device should indicate that it is turned
on and functioning well.
Patients should be well-informed on
alternative ways of measuring vital signs, in
case of technological failure.
The device should never replace the ‘clinical
look’ of the nurse.

Design requirement
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Social comfort:
Valuable contact with
other people

Sensory Comfort:
Comfortable sensory
experiences

Spatial Comfort:
Feeling of comfort in the
patient room

Health: Having
your vital signs
within range

Device does not register feelings (1x)

Expressing
own feelings

The device should provide insight into past
healthcare data.
The device should register a patient’s
feelings.

All nurses should be well-informed about
the use and functionality of the device.
Patients should be well-informed about
the use and functionality of the device, and
expectations should be managed well.

The device should be easy-to-use for any
type of patient.
The device should have a long-lasting
battery.

The screen should not light up by accident.
Patients should be able to turn off the
alarm.
The device should be adjustable on the arm.
Band aids should be prevented when
possible.
The device should be waterproof.
The device should be smaller.
The device should not be stigmatizing.

Relatives should not be able to monitor the
vital signs of the patient.

The time nurses gain of not having to
measure vital signs manually, should be
spent on good contact with patients.
The device should not replace nurses but
empower them in their daily job.

Table 1. Value mediation of patients wearing the continuous vital sign monitoring device ViSi Mobile

Some nurses and patients not wellinformed on how to use device (2x)

Clear
information
provision

Device is not easy-to-use (1x)
Battery does not last long (5x)

Device is easy-to-use (1x)

Easy-to-use
technology

Relatives feel insecure (1x)
Screen lights up by accident (3x)
Beeping alarm is stressful (4x)
Device is not well connected to the arm (4x)
Band aids generate discomfort (8x)
Difficult to shower with the device (9x)
Device has too many cables (4x) Size of
device is not hindering patients (14x), but it
could be smaller (4x)
Device’s design is stigmatizing (1x)

Relatives feel safer (5x)

Valuable
contact with
family/relative

Less quality time with nurse (3x)

Sensory
comfort in
design

More quality time with nurse (9x)

Valuable
contact with
nurse
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Meanwhile, for the other half of patients, the ability to see personal vitals generated stress
and anxiety because they did not understand how to interpret the data and because some
patients became obsessed with checking their vitals constantly. In addition, several patients
experienced a threat to their autonomy because they did not trust the technology or feared
it would fail.
All patients experienced a positive mediation of their experiences of safety and security
by the device. They valued the idea of being monitored constantly by the hospital staff,
felt safer for being able to monitor themselves, and felt safer for knowing that hospital
personnel could intervene faster when something was wrong.
P17: “Then I thought, oh they are monitoring me constantly! That made me feel relaxed, safe.”
Continuous monitoring devices seem to change the definition of privacy. Before, patients
defined privacy as their own visual and auditory space. After wearing the device, patients
defined it as the protection of personal data. All participants indicated that sharing healthrelated data could affect privacy, yet none of the participants believed this data collection
to be a concern, as long as it would improve their health.
P23: “I don’t care at all about healthcare personnel being able to see my vitals. It is actually desired
that they can see it!”
Social comfort—good contact with healthcare personnel and relatives—does not change
in definition or norms, but patients’ experiences of the value are mediated in different
ways. Because the device would reduce the need of nurses to measure vitals manually,
the majority of participants liked the idea that this time could be spent on patient–nurse
communication. However, a few patients feared seeing nurses less often. In addition, most
relatives felt reassured knowing that the patient’s vitals were measured constantly. Yet,
when relatives could see the vitals of the patients, some indicated that they became anxious
about not understanding the data.
P03: “When I was asleep, my daughter saw that the screen lit up. She woke me up asking: “mum,
is everything all right? Is your oxygen level well?””
Sensory comfort mostly expressed itself in design recommendations for a better value
experience, including recommendations that the screen not light up at night, that patients
have the ability to turn off the alarm function and to shower with the device, and that the
design be made more attractive to prevent stigmatization.
P62: “When the device was close to my head, the light made me wake up.”
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Spatial comfort did not express itself clearly with respect to this technology. Patients briefly
mentioned that the technology should be user-friendly, that it should have a longer lasting
battery, and that information about its functionality should be provided well.
P23: “It all depends on how the doctor explains it. If I would be anxious.”
Although health was not mentioned by patients as an important value in the earlier value
analysis, its value became apparent with the continuous monitoring device and had a
particular definition. Instead of being located in the patient’s body, with health understood
as feeling well, it became defined as having vital signs within a healthy range. To prevent
datafication of health and to illustrate that feelings are important as well, one patient
indicated a desire for regular questions about how he felt.
P55: “The devices are not able to register pain. When the nurse does not visit me, I cannot tell her
I am having a headache. The device will not register that.”
Several negative moral mediations were observed in patients wearing a continuous
monitoring device. In the following section, we address these negative mediations with a
redesign. In this redesign, we aim to improve the values of autonomy and of social, sensory,
and spatial comfort; patients had negative experiences of norms related to these values.
In addition, we aim to redefine the value of health in the new design because patients
negatively experienced the current design as focusing only on vital signs and not giving
attention to their feelings.
Reconceptualize

We held two participatory design sessions, with volunteers and former patients,
respectively—the former with three participants and the latter with four. Our intent was
to co-create a new continuous vital sign monitoring device for better value mediation.
Participants were first given scenarios representing value mediation by the current device
and were asked questions about how to improve its design. Participants then were asked
to create a low-fidelity paper mock-up of an ideal interface for a continuous vital sign
monitoring device by selecting from elements of pre-designed interfaces that our team
made. Together with data from the analysis of the anticipation phase, these sessions served
as input for creating a morphological chart that identified design elements for each value
that were intended to optimize value mediation. Based on this chart, we then created three
concepts and evaluated them. Insights resulted in a final design that reflected all design
requirements for optimal mediation of patients’ values (see Figure 3).
First, we sought to prevent the redefinition of the value of health as having vitals within
the normal range; to do so, we recommend including regular questions about patients’
feelings and well-being in the device’s design, so that nurses receive this information as
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Figure 3. Values-based design of a continuous vital sign monitoring device
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well (see Figure 3c). This feature allows patients to connect their feelings to the vital signs
and to communicate that actions may be needed to address patient’s worsening feelings
as well.
To improve experiences of autonomy by design, we propose changes to the graphical user
interface (GUI). In the adapted GUI, patients are not continuously exposed to their vital
signs but instead see an abstract visual confirming that they are still being monitored (see
Figure 3a). This visual would improve feelings of safety. To access detailed vital signs and
information about how to read them, patients would need to turn the device to the inside
of their wrist. The screen then reveals an overview of their current vital sign data (see
Figure 3b). Having control over when they see this level of data could help patients to
avoid obsessively checking their vitals.
To improve the patient–nurse relation through the design of the continuous monitoring
device, we suggest that it serve as a tool for conversations. Because the redesign requires
that the device be turned inward to see the vitals (as in Figure 3b), the nurse and patient
both attend to the same task, strengthening their relationship. Also, because the device
does not show detailed vital sign information by default, relatives cannot easily overmonitor the patient’s health (see Figure 3a).
To target spatial comfort through design, we propose an increased engagement and ability
for positive distraction. The GUI could offer patients personalized advice about joining
activities at the ward, showing plans for the day, and generating advice on physical exercises
or stress-relieving breathing exercises (see Figure 3d).
Sensory comfort increases by decreasing the size of the current device, preventing its lighting
up by accident, and allowing patients to turn alarms off or on. To reduce stigmatization, we
propose an attractive design that can be personalized based on individual preferences—for
example, by changing the design of the wristband (see Figure 3e).

Conclusion
In this article, we propose a new design-for-values methodology. Most of the current
values-based methodologies do not acknowledge that the technologies designed for values
then can affect users’ experience of the value frameworks for which they were originally
designed. To consider this capacity for influence in the design process, we studied several
philosophical theories: mediation theory, technology assessment methodologies, and
theory on value change. These philosophical theories were brought together to give shape
to the VtM method. This method studies the mediating soft impacts of (a preliminary
version of ) the technology on actions, perceptions, and morality in an experimental usecase setting. Results are compared to the situation without technology to understand
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the moral mediation of the technology. Designs can be created or redesigned based on
new insights. We tested the method via the case study of redesigning a continuous vital
sign monitor for hospitalized patients. This method has led to a new design that better
addresses the values of patients.
The VtM methodology benefits values-based design. Still, several questions arise in its
implementation. Future research might address these questions to ease the implementation
of VtM, as well as of any values-based design methodology. First and foremost, concerning
the exploration phase, questions still need to be answered regarding the actors a design
team should consider. For example, in continuous monitoring technology, nurses also
clearly should closely interact with the device and should influence its design. In addition,
apart from actors present during the use of a technology, should actors involved in the
hygiene of these devices or its production and recycling be targeted in design as well?
Second, a pressing question arising in the conceptualize phase relates to the translation of
values in design. In the past, van de Poel proposed the methodology of values–to norms–to
design requirements. This methodology seems to work to improve value experiences by
design, but it is difficult to apply in designing for all other aspects of the value framework—
that is, what values are important, and what is the definition of values? For addressing
these questions, we have yet to study which design processes can best be followed.
Third, in the mediation analysis, we found mediation of the value framework on only a few
levels: mediation of value experiences, of the way values are translated into norms, and the
definition of values. Better understanding the ability of technology to affect the different
layers of a value framework would facilitate values-based design. Moreover, we found that
in the same group of actors, individuals’ value mediation differs, and that it even differs for
the same individual over different time frames, depending on personal health conditions
(i.e., differences in experienced feelings of autonomy resulting from the same design).
These insights encourage the exploration of the use of personalized, adaptable technology.
We have introduced a next step in the development of a systematic design framework based
on several philosophical theories for assessing and designing positive value mediation. VtM
shows the importance of transcending the boundaries of design practice and bringing in
philosophy. Better bridging the gap between philosophy and design is needed to make
future design more responsible.
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Implications for Practice
•
•
•

The ethical frameworks with which we evaluate technologies are
themselves co-shaped by these technologies.
Design for values needs to take into account how technologies do not
only embody values, but also bring about value mediation once they are
implemented.
Values that Matter is a methodology to design and evaluate moral
mediation of technology via empirical research into the relationships
between users, technology, and the context of implementation.
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Abstract
Objectives

Gaining an understanding of postoperative patients’ environmental needs, barriers, and
facilitators for optimal healing.
Background

An optimal hospital environment (the “healing environment”) can enhance patients’
postoperative recovery and shorten length of stay. However, insights lack into patients’
lived environmental needs for optimal healing after surgery and how these needs are being
met.
Method

A qualitative study was conducted between August 2016 and August 2017 with 21
patients who underwent elective major abdominal surgery in a Dutch university hospital.
Data were collected through context-mapping exercises and interviews to capture patients’
lived experiences and explore the meaning of these experiences. Data were systematically
analyzed according to the principles of thematic content analysis.
Results

Three themes were identified. First, participants want a sense of control over their
treatment, ambient features, privacy, nutrition, and help requests. Participants described
the need for positive distractions: personalizing the room, connecting with the external
environment, and the ability to undertake activities. Finally, participants expressed the
importance of functional, practical, and emotional support from professionals, peers, and
relatives. According to participants, the hospital environment often does not meet their
healing needs while being hospitalized.
Conclusion

The hospital environment often does not meet patients’ needs. Needs fulfillment can be
improved by practical adjustments to the physical and interpersonal environment and
considering patient’s individual preferences and changing needs during recovery. Patient
narratives, pictures, and drawings are valuable sources for hospital managers in their
efforts to design evidence based environments that anticipate to patient-specific needs for
achieving early recovery.
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Environmental needs for optimal healing

Introduction
Patients recovering from elective abdominal surgery usually spend several days on the
general ward. During this period, they often suffer from postoperative pain accompanied
by increased stress, sleep deprivation, and immobility (Apfelbaum et al., 2003; Kehlet &
Dahl, 2003; Rosenberg-Adamsen et al., 1996). These conditions amplify each other, increase
postoperative complications, and affect well-being and recovery of patients. For example,
pain after surgery can lead to stress or anxiety (Desborough, 2000), altered sleep (Chouchou
et al., 2014; Rosenberg-Adamsen et al., 1996), functional decline (Gan, 2017; Peters et al.,
2007), and respiratory complications due to ineffective breathing (Chouchou et al., 2014).
Inversely, disrupted sleep and anxiety may contribute to increased pain perception and
hinder effective pain management (Chouchou et al., 2014; Vaughn et al., 2007). Moreover,
psychological stress is associated with the disruption of biomarkers associated with wound
healing (Walburn et al., 2009). Finally, minimal postoperative mobilization is associated
with a higher probability of prolonged hospitalization (Daskivich et al., 2019). Altogether,
effective management of pain, stress, sleep, and mobility is essential for patients’ wellbeing, optimal recovery, and shortening of hospitalization (Daskivich et al., 2019; Walburn
et al., 2009).
Traditionally, pharmacological and therapeutic interventions are used to relieve
postoperative pain and support the patient’s recovery process (Rawal, 2016). However,
fueled by the limitations and potential side effects of these interventions (Oderda et al.,
2007), there is increased attention for the need to design healthcare environments that
positively affect the healing process and well-being of patients (Dijkstra et al., 2006; Ulrich
et al., 2008), also known as healing environments. A healing environment is the complete
environment of a patient that contributes to a whole person’s (physical, mental, social, and
spiritual) healing ( Jonas et al., 2014).
The movement of evidence-based design emerged to justify the adoption of healing
environments in hospitals. Evidence-based design is, according to Ulrich et al. (2004),
“a process for creating healthcare buildings, informed by the best available evidence, with
the goal of improving outcomes” (p. 26). The design process starts with developing a
hypothesis for which experiments and literature reviews are conducted to find correlations
between the design of the environment and improved healthcare and patient outcomes.
Design decisions are consequently made based on the best available knowledge (Stichler
& Hamilton, 2008).
The creation of hypotheses as a basis for evidence-based design requires understanding of
what patients themselves describe as environmental needs for achieving optimal healing and
the factors that help patients in achieving those needs. However, few studies have examined
the needs of hospitalized patients. Those studies used different methods to identify patient
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needs: retrospective analysis of surveys (MacAllister et al., 2019), literature reviews (Rigby
et al., 2010), asking healthy participants to imagine being a patient and questioning their
hypothetic needs (Andrade & Devlin, 2015), cocreation with patients (Lavender et al.,
2020), discussing different environmental prototypes with patients (Patterson et al., 2017),
and asking directly patients their opinion on design characteristics (Douglas & Douglas,
2004; Schreuder et al., 2016). All studies focus only on patients’ environmental perceptions
in hindsight or do not even involve patients. As such, they fail to capture the actual, lived
experiences of patients. The concept of lived experience flows from the philosophical
tradition of phenomenology that aims to study experience from a first-person “embodied”
point of view in its current environmental context (Ellis & Flaherty, 1994; Smith, 2013).
To understand lived experience, it should be captured by the individual at the moment
of experience. This could be done via context-mapping exercises (i.e., diaries, drawings,
and photographs) and subsequent interviewing (Clandinin, 2006). This study aimed to
identify patients’ environmental needs for postoperative healing, particularly of the ward
and patient room, and the barriers and facilitators related to fulfilling these needs based on
patients’ lived experiences and perceptions.

Method
Study Design, Setting, and Participants

We conducted a qualitative study at the Radboud university medical center, a Dutch
university hospital, between August 2016 and August 2017. Standards for Reporting
Qualitative Research (O’Brien et al., 2014) were followed to ensure study trustworthiness.
Study participants were patients meeting the following criteria: (1) 18 years of age or
older; (2) able to speak, read, and understand the Dutch language; (3) had elective major
upper open abdominal surgery; and (4) were hospitalized for at least 3 days at the surgical
nursing ward. Eligible patients were recruited at the surgical ward 1 or 2 days after surgery.
We used purposive sampling to ensure a diversity of patients based on age, gender, type
of hospital room (private vs. shared with other patients), and expected length of stay. The
local ethics committee approved the study (study identification number: 2016-2693). Each
participant provided written consent before study participation.
Data Collection

To capture the lived experiences of patients, they received at the beginning of their
hospitalization a package containing a small booklet and a disposable camera. The
booklet contained context-mapping exercises, including open-ended diary-like questions
and drawing assignments (e.g., “please, draw your ideal patient room”; Figure 1 and
Appendix 1). The camera was used to record experiences from a first-person point of
view. Subsequently, we conducted narrative interviews in the period from August 2016
to January 2017 to better explore patients’ lived environmental healing experiences during
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Figure 1. Selection of pages of the booklet with context-mapping exercises
hospitalization. Nine narrative interviews were held at the patients’ homes, on average 2
weeks after hospital discharge. Two narrative interviews were held during admission. The
interviews consisted of four phases to minimize interviewer impact on patient’s generated
narrative: that is, introduction of the initial central topic, main narrative, questioning, and
concluding talk (Wong & Hogan, 2016). The narrative interviews were conducted without
prearranged questions except for one initial question: “Can you tell me what happened
from the moment you were admitted for surgery until hospital discharge?” The contextmapping exercises helped during the interviews to better reaccess and reexpress experiences
(Visser et al., 2005).
Finally, we conducted 10 in-depth interviews with another group of patients in the
period from June to August 2017. All interviews were held during hospital admission.
They were facilitated by a guide with open-ended questions and probes derived from the
digitalized contents of the context-mapping exercises, the narrative interviews, and input
from literature on conditions for an optimal healing environment (Dijkstra et al., 2006;
Ulrich et al., 2004; Appendix 2). The narrative and in-depth interviews lasted 30–90 min.
Researchers with a background in biomedical sciences (S.M.N.) and industrial design
engineering (D.v.B.) conducted the interviews. Audio recordings of the interviews were
transcribed verbatim.
Data Analysis

Context-mapping data and interview transcripts were systematically analyzed according
to the principles of thematic content analysis (Braun & Clarke, 2006). Relevant data
were identified and structured by open, a priori, axial, and selective coding. Coding is
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the interpretative process in which conceptual labels are given to data fragments. Two
researchers (S.M.N., M.D.) independently coded the data to minimize subjectivity of
findings. During the iterative analysis process, researchers frequently shared and discussed
the meaning and uniqueness of the generated open codes. In consultation with two
experienced qualitative researchers (G.H., T.H.v.d.B.), a codebook was developed and
refined, codes belonging to the same concept were grouped into categories, and finally,
themes were identified from the data. Data analysis was supported by using a qualitative
data analysis software program (Atlas.ti Version 7.1.4).

Results
Forty patients were approached for this study. Nineteen did not participate for various
reasons: that is, too sick, full focus on recovery, no interest, already participating in another
study. Twenty-one patients participated in the study. All 21 completed the contextmapping exercises. Eleven participated in the narrative interviews and 10 in the in-depth
interviews (Table 1). Interviewees’ perceptions and experiences were based on 2 weeks of
hospitalization on average. Interviewees were evenly distributed across age. Eight shared
a four-bed bay with three others; three of them spent the early postoperative days in a
private room. Thirteen patients stayed in a private room for the whole hospital stay.
Three themes, each with multiple categories, emerged from the data representing patients’
perceived environmental needs for postoperative healing and experienced barriers and
facilitators related to fulfilling these needs: (1) sense of control, (2) positive distractions,
and (3) an interpersonal healing environment. Table 2 provides an overview of the needs,
barriers, and facilitators identified in this study.

Participant characteristics
Male, n (%)
Female, n (%)

Narrative interviews
(n=11)

In-depth interviews
(n=10)

5 (45)

7 (70)

6 (55)

3 (30)

60.5 (13.5)

51.9 (10.7)

Length of hospital stay until
interview, mean days (sd)

18 (13)

13 (9)

Stay in a private room, n (%)

7 (64)

9 (90)a

Stay in a four-bed bay, n (%)

4 (36)

4 (40)a

Age, mean years (sd)

a

Three patients stayed both in a private room and a four-bed bay.

Table 1. Baseline Characteristics of Study Participants
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Theme 1: Sense of Control

Ability to influence treatment and recovery. Patients expressed that they were wellinformed by their care providers about their health situation. They also felt involved in
decisions regarding the treatment process. This involvement gave patients a sense of being
able to influence their recovery. In addition, the support and encouragement received from
care providers to learn selfcare activities were valued as these activities increased levels
of independence. They expressed a preference for greater involvement in the planning of
medical checkups and medication rounds to reduce the level of stress. Unexpected visits
and treatments often left patients surprised and induced stress. Patients noted that more
clarity in the timing and purpose of activities and in the estimated duration of visits and
checkups probably would have made their recovery more comfortable.
“I want to do the stoma care myself. I know some people [other patients] don’t want that, but I
insisted on doing it myself, because I want to be in control. I don’t want to depend too much on
others” (SSI08).
Control over ambient features. The recovery of patients was positively and negatively
influenced by several ambient factors such as light, sound, and temperature. The appreciation
of ambient factors varied based on interviewees’ personal preferences and state of recovery.
For example, hearing constant sounds from the hallway could give a sense of safety,
whereas the sounds of medical devices (e.g., the beeping of an infusion pump running low),
conversations, or footsteps could as well create irritation. Furthermore, sunlight entering
the patient rooms could give energy to patients, while it could also disturb patients’ rest.
Patients felt that they had limited possibilities to regulate or modify important ambient
factors in their room in accordance with their preferences. Patients described depending
on an automatic sunblind system and on the assistance of nurses to adjust the lights or
room temperature or to close the door. The constant need for help from nurses and the
preferences of roommates in shared rooms made patients reluctant to seek assistance and
discouraged them from proactively changing ambient factors.
“Sensing the presence of staff in the evening and night, because you hear them talking and
working. This reassures me and gives me a comfortable feeling” (SSI01).
The illogical placement of light switches and devices hindered control, for example,
managing the temperature or illumination. Switches or control devices in patient rooms
were often perceived as difficult to access, especially when patients were confined to bed.
Therefore, suggestions were made on alternative locations for switches and control devices
closer to the bed and the use of a comprehensive and portable device (e.g., a mobile tablet
device) to increase control over the ambient environment.
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2. Positive
distractions

Undertaking activities

Connection with the
external environment

Personalized bedroom

Outside view of nature

View on concrete buildings

Well-functioning multi-media systema
Outdoor patios, benches and nature close to the hospital
exita

Poorly functioning multi-media system in patient
bedroom
Poor hospital direction signing
Large walking distance between the ward and hospital
exit

Day room with multi-media, games and seat comforta

Monotone, uninviting day room

Wall images or projections of nature scenesa

Large bedroom windows, panorama viewa

Artworksa

Sterile, monotone bedrooms
Small bedroom windows and poor covering style

Room decoration options (from the bedside view)

Pinboard positioned behind the hospital bed

Nurse call system with different help request options, e.g.
prioritya

Nurse call system with a single-option alarm button

Control over help request

Privacy curtains

Private room
Easy access to a variety of food and drink options

Presence of roommates

Preferences of roommates

Control via a mobile tablet device (e.g., iPad)a

Training in self-care

Involvement in treatment decisions and care planning

Facilitators

Control over nutrition

Control over privacy

Absence of control mechanisms

Control over ambient
features
Illogic placement of control mechanisms

Lack of information about timing, purpose and duration
of check-ups and treatments

Ability to influence
treatment and recovery

1. Sense of
control

Barriers

Related needs

Theme

Chapter 4

a

Up-to-date information on bedroom whiteboardsa
Extra personal attention in a private room

Inaccurate information on bedroom whiteboards
Uniform care provider clothing and lack of identification
badges

Conflicting attitudes and preferences with roommates

Flexible visiting hours in multi-bed bay

Contacts with relatives

Table 2. Environmental needs for postoperative healing, and related barriers and facilitators as described by patients

Flexible visiting hours in private room

Involvement in the allocation to a private room or multibed baya

Ability to socialize with roommates

Contacts with a constant group of care providersa

Continuous changes of medical and nursing personnel

Busy care providers unable to quickly respond to a help
request

Caring attitude and motivating words of care providers

Provider’s inattention to recognize changed supportive
needs

Contacts with patients

Contacts with care
providers

The facilitator is based on a suggestion for improvement provided by one or more participants.

3. Interpersonal
healing
environment
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Control over privacy. Patients perceived privacy as an important aspect of recovery. Those
who were hospitalized in a private room described the comfort of having their own
bathroom and being able to do certain activities without worrying about being overheard or
seen by others. They also felt in control of deciding when to isolate themselves from others.
On the contrary, all interviewees who stayed in a four-bed bay experienced limited to no
privacy, both in audio and visual privacy. They mentioned that their personal information
could be easily overheard by others. This poor level of privacy could induce stress. Patients
described isolating themselves from roommates, if needed, with the limited means they
possessed in a four-bed bay. For instance, they closed the curtain to create privacy around
their bed. Despite more visual privacy, this did not prevent them from possibly being
overheard by others and created a feeling of being “locked up.” The lack of privacy, however,
did not withhold patients from sharing personal information with care providers if needed.
“It’s like you are in the worst student dorm ever. No privacy and you are bothered all day long.
But it’s part of the game, and after a couple of days you adapt” (NI04).
Control over nutrition. It was felt that recovery benefited from the ability to make own
choices about when and what to eat and drink. Patients liked the fact that they could select
their preferred meal from a large variety of options and that food and drinks were offered
multiple times per day.
“The food service system is great. Food tastes good, it looks good ( ...) but also showing what is
offered to you is fantastic” (NI10).
Control over help request. The nurse call button nearby was valued as important for control.
Being able to quickly call the nurse for help provided them with a sense of safety. However,
frustration was expressed on the “single-option” feature of the device which made patients
sometimes hesitate to ask for help. Due to the device’s design and functionality, a nurse
cannot distinguish between a life-threatening event and a simple question from the patient.
Being able to indicate the urgency level of their help request could improve the use of such
a device (Figure 2).
“I would prefer an additional button. One for urgent matters and another one for help requests
such as: ‘I’m hungry and I would like something to eat’” (NI03).
Theme 2: Positive Distractions

Personalized room. The need was expressed for positive distractions during hospitalization
to be less focused on pain, worries, and stress. For example, it was much appreciated that
patients could decorate their own room with presents or postcards received from friends
and family. However, as the pinboard was positioned behind the bed, patients could not
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Figure 2. Impractical nurse call button—NI05: “The nurse call button is not practical.”
see the decorations and kind messages themselves. Therefore, the wall or door opposite of
their beds was sometimes decorated (Figure 3).
Patients expressed needs to personalize their room or personal space. Rooms were often
negatively described as sterile, monotone, and white. A room with a warm ambience was
preferred with a feeling being at home. This could be facilitated by artworks, for example,
particularly intriguing ones that are worth looking at for a longer period.
“I think you’ll go slightly mad when you have to stare at a white wall for 6, 7, 8 days or longer”
(SSI09).
Connection with the external environment. Patients expressed their preferences concerning
the window and the outside view. In general, they prefer to be better connected with the
external environment. Without an outside view, the natural view was missed, which was
perceived as missing a potential powerful distraction. Moreover, the current window size
and covering style were mentioned to contribute to even more isolation. Large (panorama)
windows were suggested as a better connection to the outside environment. Windows
larger than the current ones would give patients a more comprehensive view of the outside
world. Nevertheless, patients often accepted and understood that the size and shape of
the hospital building made it impossible to answer to the view preferences of all patients
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Figure 3. Personalized door—SSI05: “A pinboard would have been nice.”
(Figure 4). When a natural view from the window is not possible, it was suggested to use
images or dynamic projections of natural scenes on the wall as an alternative to providing
distraction.
“Opposed to the bed there should be a depth effect, allowing you to look away. Something peaceful.
A sea, forest, or mountains ( ...) allowing you to relate to nature and the outside world” (NI02).
Undertaking activities. To improve recovery and as a form of distraction, patients also
expressed the need to undertake activities. This need was mostly expressed by patients
during later phases of recovery in contrast to patients immediately after surgery. These
patients mentioned needs for activities such as going for a walk to mobilize, getting
some fresh air, and finding social distractions, either by talking to other people or just by
observing people in the corridor. Although the hospital provides several opportunities
to distract patients, each was considered to have its own flaws. For example, activities
outside the hospital were difficult to undertake due to the large distance patients had to
cover between the hospital ward and its nearest exit and the poor direction signing of the
hospital. One patient, for example, mentioned being afraid to get lost, which discouraged
him from leaving the ward.
“ You have to take the main exit and cross a crowded square to find a few benches. And first, you
have to get through a curtain of smoke because many people smoke outside of the hospital” (NI10).
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Figure 4. The outside view (L) SSI06: “I can see over the trees (…) The view is good and
calming.” (R) SSI05: “The outside view can be better (…) looks like a prison room.”
Moreover, patients expressed the need for a room to undertake social activities as having
lunch with other patients or playing games (e.g., board games, jigsaw puzzles). Although
such a “dayroom” already exists within the hospital, patients describe the room as monotone
and uninviting (Figure 5). Finally, where the hospital offers a multipurpose device with TV,
radio, and Internet access to facilitate entertainment and distraction from pain and worries,
the technology was not always functioning well which could be frustrating for patients.
Theme 3: Interpersonal Healing Environment

Contacts with care providers. Patients perceived the contact with care providers as very
important for their well-being and healing. They indicated that a caring attitude and the
motivating words of providers helped to relieve stress, anxiety, and pain. Contact with
physicians mostly helped to gain medical information and guidance to obtain a better
understanding of and more confidence in one’s own health, medical treatment, and
recovery. Contact with nurses was considered a very important first contact offering
practical, informative, and emotional support. Furthermore, having contact with a constant
group of familiar care providers helped patients to trust providers and know what they
could expect from them. Interestingly, it was mentioned that more personal attention was
perceived in a private room compared to that in a four-bed bay.
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Figure 5. Design of the dayroom—SSI10: “The dayroom looks rather sterile. Could be cozier
and look like home.”
Where patients experienced benefits from the contacts with care providers, they also
mentioned several factors that hinder healing support. First, due to the high workload of
care providers, the providers were sometimes not able to quickly respond to a help request.
Not knowing when they would receive support after requesting help was experienced as
stressful. Patients also mentioned that seeing their care providers in a rather stressed state
made them refrain from seeking help or care when needed.
“I had to get used to how things work here. Super structured. ( ...) I noticed that because of the high
administrative burden, there is less time for people in beds” (SSI03).
Second, it was felt that care providers were inattentive to their changed supportive needs
during the recovery process. While the need for functional support decreased during
recovery, patients indicated that they could have benefited from an increase in emotional
support by care providers. Patients mentioned that it took a while for them to realize what
had happened and how their illness/surgery affected them physically and emotionally.
They indicated that they had to bring better specific needs to the attention of their care
providers.
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Figure 6. Crowded room by patient visits—NI08: “It’s often very crowded, while I really need
more rest.”
Third, constant changes in medical or nursing personnel turned out to be confusing and
worrisome for patients. For example, patients felt insecure about whom to address with
their problems and complaints. They sometimes did not know whom to turn to in case of
questions or whom they had spoken to after a visit. It was also found hard to discern the
different types and roles of care providers, for example, due to the lack of identification
badges or specific provider uniforms. Furthermore, it was felt irritating to repeat the same
information to different care providers.
“ You have to find out yourself who is doing what. Who will bring you towels in the morning?
(...) stuff like that. We see so many new faces. For us [patients] all faces are new when we wake
up” (SSI09).
Finally, patients were confused by the inaccurate and outdated information on their
whiteboard (e.g., describing today’s on-duty staff, patient’s nutrition status, special remarks).
Contacts with other patients. The need for contact with other patients seemed to depend on
the phase of recovery and personality of a patient. Especially during the initial postoperative
phase—when they felt sick and in need of rest—patients did not experience a need to have
contact with other patients. There were also patients who wanted minimal contact because
they disliked listening to other people’s problems or stories.
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Other patients—often referring to their later phase of recovery—preferred communication
with peers. They pointed out the benefits of staying with multiple patients in a hospital
room: being able to support each other emotionally and practically, sharing experiences,
and keeping an eye on each other. The possibility to interact with fellow patients or
relatives was also seen as a positive distraction from their current health situation and
a helpful way to pass time. These positive experiences, however, largely depended on the
personality, health condition, and preferences of the people the patients had to share their
room with. Patients described that more involvement in the allocation or relocation from
or to a private or four-bed bay could reduce stress and fasten recovery.
“I do not want to exaggerate but I think that being in a four-bed bay resulted in three to four days
of extra recovery. It takes so much energy, all the stimuli” (NI07).
Contacts with relatives. The contacts with family and friends during hospitalization were
valued. Aside from being a positive distraction from pain, anxiety, and boredom, talking
with relatives helped patients to cope with their health situation. Patients who stayed in a
private room appreciated having autonomy in deciding when to receive visitors. In their
view, the flexible visiting hours at the ward allowed visitors to come from distant places,
and it allowed patients to plan their rest moments themselves. On the other hand, patients
in a four-bed bay mentioned that the flexible visiting hours induced stress and fatigue
because visits were allowed the whole day. They indicated not having the courage to ask
visitors from other roommates to leave even when they needed to rest (Figure 6).

Discussion
Our study findings contribute to an increased understanding of postoperative recovery
by emphasizing that—besides a clinical perspective—a broader perspective is needed to
improve postoperative recovery. Participants’ descriptions of healing needs including sense
of control, positive distractions, and support from professionals, peers, and relatives are
congruent with theories of healing environments (Hole et al., 2015; Laursen et al., 2014;
Ulrich et al., 2008). These theories identify stress and pain reduction as primary pathways
to healing and suggest that the physical and interpersonal environment should support
patients in achieving their healing needs. Through their lived experiences, we learned that
these healing needs of patients are not always met. First, practical limitations related to
the physical environment (e.g., poor positioning of controls, inefficient design of alarm
buttons, and lack of privacy) can hinder the patient’s sense of being in control. These
practical limitations are relevant since lack of control is often associated with stressinduced symptoms such as depression, passivity, and elevated blood pressure (Ulrich, 1991).
Second, the design and interior of patient rooms can hinder patients in finding positive
distractions. Previous studies have underlined the importance of distraction to reduce pain
and stress (Dijkstra et al., 2006; Huisman et al., 2012; Laursen et al., 2014; Ulrich et
122

Environmental needs for optimal healing

al., 2008). Current hospital infrastructures can also limit positive distractions. Wayfinding
and acceptable walking distances for patients are important to avoid frustration and
disorientation, which in turn may lead to stress (Pati et al., 2015). Third, constant work
shifts, high workload, and care providers’ main focus on clinical issues at the ward can
hinder a patient’s feeling of receiving sufficient and timely practical and emotional support.
Moreover, it can also obstruct patients from being well-informed on issues related to their
recovery. All are important mechanisms for enhancing healing and well-being (Miller &
Crabtree, 2005; Sakallaris et al., 2015) and engaging patients in their recovery (Gillis et al.,
2017). In addition to a better insight into environmental needs, barriers, and facilitators for
optimal healing, this study contributes to the understanding that patients’ healing needs
often change during the postoperative period. Moreover, effects of environmental stimuli
on healing may vary per person as they also largely depend on patient-specific factors such
as personality, cultural background, and cognitive and affective capacities (Dijkstra et al.,
2006). It is, therefore, not possible to develop an “one-size-fits-all” healing environment.
Professionals need to anticipate on these shifting needs by taking into consideration the
optimal healing environment for a specific patient in his or her recovery phase (i.e., need
for activities, focus on functional or emotional support, sound or silence).
Limitations

Our study has several limitations. First, the relatively small sample of participants from
only one tertiary referral hospital limits an immediate generalizability of our findings to
other (types of ) hospitals with a different patient population. Although this was a major
limiting factor, we deliberately chose to use budgeted research time and capacity for
one setting to perform a multimethod in-depth inquiry. This allowed us to capture our
patients’ lived experiences and perceptions, increase the trustworthiness of our findings,
and gain a comprehensive understanding of our patients’ healing experiences (Carter et
al., 2014). Nevertheless, as many hospitals in developed countries have private rooms and
two-bed and four-bed bays and share commonalities in their designs, nursing wards, and
contacts between patients and healthcare professionals, our findings may apply outside the
Netherlands and to nonacademic hospitals.
Second, although we purposively sampled participants to ensure diversity of opinions and
experiences, we were only able to include patients who stayed in a private or four-bed
bay. Insights from patients who stayed at a room with only one other patient could have
provided a more nuanced view on preferences for a private versus multi-person room.
Moreover, most of the participants were aged 50 years and older and had a relatively
long hospital stay due to several postoperative complications. This population may have
a different recovery process and may desire a different healing environment than younger
patients and/or patients with a shorter hospital stay. Finally, as we aimed to understand
patients’ lived experiences, we have not gained evidence yet on the efficiency of changing
environment design for optimal healing.
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Conclusion
This study contributes to the increased understanding of what surgical patients experience
with respect to and need from their environment to optimize healing. The fulfillment
of patients’ healing needs can often be facilitated by very practical adjustments to the
physical and interpersonal environment they are recovering in. To create an optimal
postoperative healing environment, hospitals and professionals also need to anticipate
on patient’s individual preferences and shifting healing needs while being hospitalized.
We believe our study findings are valuable for managers and professionals in a variety
of hospitals and surgical wards in their efforts to support their patients during recovery
after surgery. Following evidence-based design, more research is now needed—involving
quantitative methods, a larger study sample with patients varying in ages and multiple
study sites (e.g., different bedroomsizes, types of hospitals)—to determine associations
between patients’ postoperative recovery and perceived healing environmental factors
and to find explanations for potential differences among hospital and patient types. As a
result, hospital management and professionals will be better able to make evidence-based
decisions on changing or maintaining hospital layout and equipment.

Implications for Practice
•
•
•
•
•
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An optimal hospital environment can enhance patients’ postoperative
recovery and shorten length of stay. Careful consideration of the design
of the hospital environment is therefore required.
The hospital environment should provide patients with control over
their treatment and recovery, ambient features, privacy, nutrition, and
help requests.
The hospital environment should provide patients with positive
distractions via a personalized bedroom, connection with the external
environment, and ability to undertake activities.
Good contacts between patients and care providers, other patients,
and relatives are an important element of the interpersonal healing
environment.
Needs fulfillment of patients can be improved by practical adjustments to
the physical and interpersonal environment and considering individual
preferences and changing needs of patients during the recovery process.
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Working as a multidisciplinary researcher is very useful but it requires some adjustment.
Here are some lessons that aid in working with scholars from other research fields.
Lesson #1: Be inspired by the other discipline
I learned and gained a lot from being in the middle of the surgeons (to-be). Who would,
for example, have ever guessed that I would know the meaning of “HIPEC”? (Google it,
but do not look at the images!). The devotion and compassion for their jobs and the will
to become one day a surgeon is very admirable. I was astonished the first day that the new
AIOS positions (education position to become a surgeon) were announced. A strange and
nervous energy went through the ward. Disappointment mixed with ultimate happiness of
finally reaching a long-desired goal. Furthermore, I liked listening to the most surprising
stories told by colleagues of people’s stupidity that sent them off to the surgery table. And I
felt safe. I would only have to say: “my ankle hurts” and I received ten diverging diagnoses.
Be inspired by the other discipline. It is fun.
Lesson #2: Make an ambiguity dictionary (you will need it)
Writing a multidisciplinary paper is a challenging task. I regularly noticed that the terms
added by one of my supervisors were crossed by the other. That learned me which words to
use and which not. Specific philosophical terms (for example, “phenomenology” or “science
and technology studies”) were often too vague to use. Words like “artefact” inflicted
confusion. Whereas philosophers consider this as “all man-made items – technologies”,
healthcare considers it as “unforeseen issues arising in a study of an intervention”. It might
be interesting to study the linguistics of this term once. Probably all man-made products
lead to unforeseen issues. At least my thesis shows. Anyway, create your own vocabulary
because it helps in writing papers.
Lesson #3: Challenge existing structures
One day, another PhD candidate from the surgery ward asked me for advice. This
candidate developed a novel solution for treating patients and aimed to understand how
patients experienced this solution. What kind of questionnaire I would use. I looked at my
colleague with a frown. “Why don’t you just ask them?” I got a surprising look in return. The
candidate never considered this a possibility and replied: “Is that publishable”? This event
appeared to be the first of many similar. For example, I cannot even recount how often I
received questions from researchers on what the ideal validated questionnaire would be
for understanding the experiences of patients using virtual reality. Being a stranger in the
midst, enables you to challenge current structures. You can bring a new perspective, enjoy!

LESSONS FOR A PHD:
work with other
disciplines (#1)
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Abstract
Objectives

This study aims to delineate if and how healthy volunteers admitted to simulated care can
aid in understanding real well-being experiences of in-hospital surgical patients.
Background

Scientific research is necessary to understand the mediating effect of healthcare design on
patient outcomes. Studies with patients are, however, difficult to conduct as they require
substantial funding, time, and research capacity, and recovering patients are often not
willing or able to participate. If studies conducted with volunteers provide similar findings,
such studies might serve as fruitful alternatives for future research.
Method

A multimethod study was conducted between July 2017 and December 2017 with 17
volunteers who underwent a 24-hr simulated inpatient postsurgical care protocol. Data
on value experiences, norms, and design requirements for an optimal healing environment
were collected via diaries and semi-structured value-oriented interviews, focused on the
values of spatial comfort, privacy, autonomy, sensory comfort, safety and security, and
social comfort. Volunteers’ outcomes were compared to prior literature on similar patients’
outcomes.
Results

Volunteers seem to experience their healing environment similarly to patients with regard
to the values of spatial comfort, privacy, autonomy, sensory comfort, and social comfort
related to contact with personnel and relatives. Less valuable insights were gained on the
values of safety and security, and social comfort related to interaction with other patients,
most probably due to the study design and because the participants did not truly experience
a diseased bodily state.
Conclusion

Simulated hospital admissions with volunteers provide a satisfactory alternative for
studying real patient outcomes.
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Introduction
The mediating effects of the built environment have garnered increasing interest in the
study of evidence-based design. Contemporary designers consider these mediating effects
in their efforts to optimize user well-being. In healthcare design, physical spaces are called
“healing environments” when they are designed to optimally contribute to the physical,
mental, and social well-being of patients and healthcare personnel (Huisman et al., 2012).
The methodology of evidence-based healthcare design originates from the need to justify
design choices related to the healing environment (Hamilton, 2003). This methodology
is described by Ulrich et al. (2004, p. 24) as “a process for creating healthcare buildings,
informed by the best available evidence, with the goal of improving outcomes.” To
date, studies of environmental effects on patients’ experiences of well-being have most
commonly used surveys. For example, several studies have asked patients to rate their
stress resulting from elements of the environment (Karnik et al., 2014; Latha & Ravi
Shankar, 2011; Pati et al., 2016). Other studies have considered patient satisfaction surveys
regarding perceptions of the healing environment (MacAllister et al., 2016). More detailed
explorations of patient experiences have been obtained from semi-structured interviews
or context mapping exercises conducted with admitted patients. Our group used these
methods to identify environmental factors related to postoperative recovery (Hesselink et
al., 2020). Anåker et al. (2019) used these methods to investigate the experiences of strokeunit patients. Other patient experience studies have directly involved patients in the design
process by discussing design characteristics with patients to make evidence-based choices
(Douglas & Douglas, 2004; Schreuder et al., 2016). In this vein, Lavender et al. (2020)
conducted co-creation sessions with patients, and Patterson et al. (2017) showed simulated
room prototypes to patients for feedback.
Despite the existence of many studies evaluating patients’ experiences of the healing
environment, most insights can only be applied in specific settings. Given these studies’
potentially limited external validity, it has been argued that there are not enough studies to
make general balanced evidence-based design decisions (Zborowsky & Bunker-Hellmich,
2010). In particular, original in-depth qualitative and quantitative studies of the effect of
the healing environment on patients’ well-being are sparse, likely because it is challenging
to properly and reliably conduct these studies. Among the challenges imposed by such
studies are the requirements for substantial funding, time, and research capacity, which
are barriers for healthcare institutions and healthcare designers. Further, measurement of
outcomes and experiences is an involved and demanding task, particularly when imposed
on patients who are still actively recovering from a disease or operation; this challenge
frequently leads to refusals to participate or study dropouts (Agoritsas et al., 2011).
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As an alternative to the use of patients, some scientists have recruited healthy volunteers
for patient simulation studies. Andrade and Devlin (2015), for example, asked volunteers
to imagine being a patient and questioned them their imagined needs. Similarly, Vincent
et al. (2010) studied the effect of nature images on patients’ well-being by “admitting”
volunteers to a simulated patient room. However, these studies bear only limited face and
construct validity. Particular elements of the healing environment were studied for only a
period of a few hours, mostly during daytime; to our knowledge, no study has subjected
volunteers to simulated interactions with healthcare design elements and care processes
of comparable duration and authenticity as those experienced by real patients. Indeed, the
ability to involve healthy volunteers in authentic care processes to gain an understanding
of patient experiences of well-being would facilitate the conduction of an entirely new
branch of impactful healthcare design studies and would greatly expand our capacity to
employ evidence-based decision making in healthcare design. This study aims to delineate
if and how healthy volunteers can be used to better understand the inpatient experience of
admitted surgical patients.

Method
Study Design

A multimethod study design was adopted to understand if volunteer participants can aid
in understanding real patients’ experiences and outcomes. Healthy volunteer participants
were admitted as “patients” to a private room on the surgical ward of a Dutch university
medical center for 24 hr. Figures 1 and 2 depict the patient room utilized for this study.
The postoperative Day 2, nurse care protocol for a major abdominal cancer operation was
followed for all admitted volunteers, mimicking conditions and interventions to which real
patients would be subjected (see Appendix 1). Such interventions included an intravenous
(IV) line attached to participants’ forearms and connected to a fluid bag and an IV
pump, placebo medicines, three times daily vital sign measurements by nurses instructed
to approach the volunteers as real patients, standard inpatient hospital food service,
connection to a transcutaneous electrical nerve stimulation (TENS) device to simulate
abdominal pain for 30 min several times per day, mobilization with a physiotherapist,
and requirements to leave their patient rooms for a maximum of 30 min three times daily.
Volunteers were prepared for admission by means of a booklet with information about
the surgery ward (see Appendix 2). To study the experiences of the volunteers during
admission, we utilized diaries and semi-structured value-oriented interviews conducted
immediately after conclusion of the 24-hr stay.
The study was conducted over a 6-month period, during which time the care protocol
remained unchanged. Standards for Reporting Qualitative Research (O’Brien et al., 2014)
were followed to maximize validity. The local ethical commission approved the study
(study ID: 2016-2899).
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Figure 1. Map of the patient room for the 24-hr stay

Figure 2. The patient room for the 24-hr stay
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Participants

Study participants were healthy adult volunteers, recruited by word-of-mouth advertising.
Purposive sampling was used to ensure variability in participants’ gender, age, and highest
received education to best reflect the actual patient population at the study ward. Study
participants had to meet the following criteria: (1) age 18 years of age or older on the
day the informed consent form was signed; (2) able to speak, read, and understand the
Dutch language to familiarize themselves with the procedures of the study; and (3) agree
to participate in the study program by giving oral and written informed consent.
Data Collection

At the start of their hospitalization, participants were given a diary with open-ended
questions probing their experiences, with a particular focus on sensory elements. Questions
included “What did you do this afternoon?” “What do you hear and how do you feel
about those sounds?” and “Draw your ideal patient room” (see Appendix 3). They were
asked to reply to all questions during the admission. After 24 hr, participants returned the
booklet and participated in a semi-structured value-oriented interview before discharge.
A value-oriented interview is a well-validated method that has been repeatedly used to
ascertain participants’ evaluative judgments and experienced values related to a certain
design (Friedman & Hendry, 2019); in our study, this focus was applied to the healing
environment.
The interview guide consisted of open-ended questions and probes derived from prior
literature concerning six commonly found values known to be important for patients in
their healing environments: spatial comfort, privacy, autonomy, sensory comfort, safety
and security, and social comfort (College Bouw Zorginstellingen, 2008; Schreuder et al.,
2016; see Appendix 4). Spatial comfort includes any physical aspect of the patient room
that provides functional and personal support. Privacy includes factors that enable patients
to have their “own” perceived space. Autonomy addresses the sensation of being in control
and having the freedom to make one’s own decisions. Sensory comfort encompasses a
set of pleasant sensory experiences resulting from the environment. Safety and security
addresses patients’ experiences of feeling safe within the hospital environment. Finally,
social comfort relates to pleasant interpersonal relationships and support.
Knowing already that these factors are of significant importance to real patients, we aimed
to understand if volunteers experienced these values to a comparable degree as has been
documented from real patients in the literature. The semi-structured interviews lasted 30–
45 min and were conducted by a researcher with a medical degree (Y.E.).
Data Analysis

Data obtained from the diaries and the semi-structured value-oriented interviews were
systematically analyzed via thematic content analysis (Braun & Clarke, 2006). To minimize
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bias, two independent researchers with a background in industrial design engineering first
analyzed all data separately (M.S., P.M.), followed by a thorough discussion and comparison
of findings. Data derived from both diaries and interviews were brought together and
categorized according to the six studied values. Each value was then translated into several
norms, and subsequently into design requirements for an optimal healing environment,
according to the methodology of Van de Poel (2013).

Results
Seventeen volunteers with an average age of 44 (+13.2) were admitted in this study. Eight
volunteers had been previously admitted to a hospital as a patient. Four participants were
male, and 13 were female. Six participants—of whom four had been admitted in the
past—positively replied to the question: “Did you feel like a patient over the past 24 hr?”
The other 11 indicated that the lack of pain and stress related to surgery partially prevented
them from having a genuine patient experience. In general, the volunteers provided a rich
overview of how their optimal healing environment would function in terms of values,
norms, and related design requirements. Design recommendations are illustrated below
and listed in Table 1.
Spatial Comfort

All experiences related to spatial comfort were categorized into five domains: easy-to-use
technology, comfortable furniture, comfortable interior design, positive distraction, and
pleasant view.
Easy-to-use technology. In general, participants appreciated the ability to watch television
and listen to music in the patient room as a form of distraction. Several remarks were made
suggesting making these, and other technologies, more user-friendly. Six participants, for
example, indicated that the weight and current positioning of the television (placed on an
extendable arm behind the bed) made locating the device problematic, especially from a
lying or sitting position. Two participants would have preferred a faster Wi-Fi connection.
One participant desired quality sound in the headphones provided for shared rooms or a
sound system in private rooms. Another participant wished to have a bed stand to enable
use of his laptop on the bed.
Comments frequently referenced an inability to reach control devices while in the bed.
Four participants could not always reach the nurse-call button or the hospital bed hand
control pendant, as the cable limited its positioning. Five participants complained about
being unable to charge their smartphones from the bed, as the electric outlets were located
out of reach. Finally, all the electronic devices’ various cables made the room look cluttered.
One participant suggested that wireless functionality and charging would make the patient
room more relaxing. “The electricity plugs are located too far away to charge your phone” (P15).
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Positive
distraction

Comfortable
interior design

The bathroom does not provide space to store personal items.

There should be space in the bathroom to store personal items.

The ward should provide activities to prevent boredom during the
day.

The patient room should provide positive distraction by i.e. a
PlayStation, a media device on the bed, or a digital screen on the
wall allowing to show personal videos and photos.

There should be nature in the patient room.

There should be colour in the patient room.

It is boring in the patient room.

The patient room feels ‘sterile, clinical, and cold’.

The chair in the room is not comfortable.

The patient room should provide a warm and comfortable
appearance.

The chair in the room has a ‘cold and clinical’ appearance.

There should be a comfortable chair for patients and visitors.

All cables of electronic devices make the room look cluttered.

The patient room provides cable less devices, hides cables where
possible, or combines cables where possible.

The chair should have a ‘warm’ appearance.

It is difficult to charge a smartphone from out of bed.

Patients can reach electric outlets from out of bed, or wireless
charging is available in reach.

The bed is too small. The sheets fall off the bed regularly.

It is difficult to reach control devices (i.e. nurse call button and bed
hand control pendant) from out of bed.

All control devices should be within reach from out of bed.

The bed should be large enough. To prevent the sheets or patient
from falling, it can be placed with one side to the wall.

It is difficult to use a laptop from out of bed.

There is a stand for an iPad or laptop available.

The bedside table is heavy, difficult to move around, provides too
less space for personal items and items easily fall off the table.

The headphones have a low quality sound.

There should be a headphone with good quality sound (multi
bedroom), or a good sound system (private room).

The bedside table should be user-friendly: it should move around
easily and provide sufficient space for personal items.

The Wi-Fi connection does not work properly.

The Wi-Fi connection should work seamlessly.

Spatial Comfort

Comfortable
furniture

The quality of the sound and the screen of the television are low.

The television should have good quality sound and screen.

Current experience
The television is difficult to operate. It is heavy and placed out of
reach.

Design requirement

The television should always be positioned in view of the patient.

Norm

Easy-to-use
technology

Value
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Privacy

Autonomy

Autonomy in
planning

Autonomy in
the ambient
environment

Auditory
privacy

Visual privacy

Pleasant view

Hospital personnel sometimes enters the patient room without
providing a sign.
It is possible to look into the patient room of other patients via the
window.
Exercising on the home trainer in the hallway does not improve
feelings of privacy.

Patients should know when someone is entering the patient room.
Hospital personnel could knock, provide a sign, or ring a bell.

Patients should not have a view on other patient rooms from out of
the window. For example, by windows that allow for looking out but
that hinder others from looking in.

It should be possible to move the home trainer into the patient
room.

Patients are often unaware of the day planning and want to be
involved in the planning.
Patients are often unaware of what to expect during the day.

Patients should be informed about what they can expect during
their hospitalization. For example: provide information on beeping
infusion pumps and medical check-ups at night.

It is not always clear how to control the ambient settings.

Patients should be involved in the planning of the day.

The sunscreens cannot be controlled. They close automatically.

Patients should be well informed about the use of all devices for
controlling the ambient environment.

It is impossible to control the temperature from out of bed.

It is impossible to open or close the curtain from out of bed.

It is impossible to open or close the door from out of bed.

Patients should be able to control the sunscreen.

Patients should have a device that allows to control light, door,
curtains, and temperature from out of bed.

It is impossible to control the light from out of bed.

It is possible to hear personal conversations in other patient rooms
or in the hallway.

It is nice to have a private room.

Sound should be muted by the design of the building so that
personal conversations cannot be heard by others.

It is nice to be able to lock the toilet door.

Patients should have a private room.

It is difficult to look outside from out of bed.

Patients should be able to lock the toilet door.

The window is too small.

The bed should be able to be turned towards the window view.

Looking outside provides a boring and confronting view on other
buildings and other patients’ rooms.

The patient room does not feel like home.

There should be a large window.

Patients should not be able to look into the patient room of other
patients from out of the window.

Patients should be able to see nature from out of bed.

There should be space for personal items in the patient room.

Do simulated hospital admissions reflect reality?

5

139

140

Sensory
Comfort

Safety
and
Security

The food is of high quality and variety, and delivered multiple times
a day. This is appreciated.
It is not possible to choose the preferred moment of food delivery.
The portions of the food are experienced as too small.
The sounds from the hallway provide a sense of safety.
The nurse-call button provides a sense of safety.

The food should be of high quality and variety, and delivered
multiple times a day.

Patients should be able to choose the preferred moment of food
delivery.

Patients can order more portions of food per time.

Patients should be able to hear background noise from the hallway.

Patients should have a good working nurse-call button.

Taste

Experience of temperature differs greatly per individual.

Patients should be able to control the temperature.

Temperature

The smell in the hospital might be disliked.

The sound of the beeping infusion pump is experienced as stressful.

The infusion pump should be silent.

A smell neutralizer should be installed, or fresh air should be able to
enter the patient room.

The sound of medical devices, sunscreens, and clock are experienced
as irritating.

(Medical) devices should not generate sounds or good earbuds or
headphones should be facilitated.

Smell

Subtle sounds from the hallway are pleasant. Louder conversations
are experienced as irritating.

At night, light from the hallway and the medical devices hinders a
quality sleep.

Patients should be able to turn off all lights at night.

The patient room should mute sounds to only background noise.

The light cannot be turned into warm light.

The light should be adjustable.

Sound

It is difficult to read a book during daytime. There is not enough
light.

There should be enough light during daytime.

Light

The infusion pump hinders simple actions as getting a glass of water
or visiting the toilet.

The nurse call button does not indicate whether help calls are send.

The nurse call button should provide feedback on send help calls.

The infusion pump should be mobile.

The nurse call button cannot differentiate between different types of
help requests.

It should be possible to differentiate between different types of help
requests.

Each individual has a different information preference.

Information provision should be personalized.

Autonomy in
mobility

Autonomy in
help request

Patients are often unaware of all activities offered by the hospital.

Patients should be well informed about the activities offered by the
hospital.
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Not all help requests require personal contact with a nurse.

It is not always necessary to receive personal help. Some questions
might be answered via a text or video message.

Contact with family or friends is very much appreciated.

Table 1. Experienced values, norms, and design requirements by healthy volunteers admitted 24 hours to a simulated care protocol

Patients should be able to be in contact with their family or friends.

Patients are unaware to whom their help requests are send.

The nurse-call button should indicate to whom a help request is
send.

Contact with
relatives

Hospital personnel sometimes enters the patient room without
providing a sign.

Patients should know when someone is entering the patient room.
Hospital personnel could knock, provide a sign, or ring a bell.

N/A

The roles of hospital personnel are sometimes unclear.

The roles of hospital personnel should be clear to patients.
Personnel’s attire might help in differentiating between roles.

N/A

Hospital personnel is friendly.

Hospital personnel should be friendly.

Contact with
patients

Contact
with hospital
personnel
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Comfortable furniture. In an ideal healing environment, the participants preferred more
comfort offered by room furniture. Five participants desired alterations to the bedside
table; the current one was heavy, difficult to move around, provided too little space for
personal items, and allowed items to easily fall off. Most participants liked the bed; three
desired a larger bed since sheets seemed to fall off regularly. One participant suggested
turning the bed from its head side to its long side against the wall to feel more protected.
Two participants desired a chair with a better appearance and more comfort. While most
participants did not mention the bathroom, one suggested providing more space to store
personal items.
Comfortable interior design. All participants agreed on the need for a “warmer” appearance
of the patient room. Participants described their rooms as “sterile,” “clinical,” and “cold.”
Five participants would have appreciated more color on the walls. Other recommendations
referred to improving the ceiling and floor, placing plants and artworks, and hiding cables
and personal items for better appearance. Participants did not mention size and shape of
the patient room or distance to the bathroom as element of their spatial comfort.
Positive distraction. All participants desired to experience a positive distraction during
admission, for example, via the television. Several suggestions were made for alternative
forms of positive distraction. Two participants wanted to decorate the room with postcards
and photos. One participant wanted to join activities in the ward. Most suggestions related
to digital technologies in the patient room, including gaming consoles, media devices
for video streaming, and the ability to listen to music. Finally, one participant suggested
equipping each room with a digital screen on the wall with the ability to display personal
videos, photos, and postcards. “I would like to have a view on a large screen. I would personalize
this screen to my preferences; from one color to videos that I like” (P3).
Pleasant view. The view from the patient room showed participants only buildings and
views into other patients’ rooms. Thirteen participants disliked the view, believed the
windows to be too small, or said that it was difficult to look outside when lying on the bed.
Ideally, five participants preferred seeing nature and enough daylight throughout the day.
Privacy

The participants ranked privacy as the second most important aspect of a stay in the
hospital, surpassed only by good communication and contact with hospital personnel.
Based on their descriptions of privacy, we were able to make a further delineation between
visual and auditory privacy.
Visual privacy. Almost all participants experienced visual privacy positively. Fourteen
participants indicated an acceptable level of visual privacy thanks to the private room they
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stayed in, the ability to close the room with a door or curtain, and the ability to lock
the toilet. Nevertheless, multiple suggestions for improvement were made. First, hospital
personnel sometimes walked into the patient room without providing a notification
beforehand. Two participants liked them to knock on the door and one suggested to have
a doorbell ringing automatically when someone enters. Second, two participants disliked
being able to see into others’ patient rooms via the window, as it made them feel that they
too were being watched. One participant suggested a window that allows for looking out
but hinders others from looking in. Third, certain activities, such as exercising on a home
trainer, are currently done in the hallway; one volunteer suggested it would improve visual
privacy if the home trainer could be brought into the patient room.
Auditory privacy. All participants indicated having satisfactory auditory privacy thanks
to their private room. However, six participants reported being able to hear personal
conversations coming from the hallway or other patient rooms when their door was opened.
These participants felt guilty for hearing personal conversations, especially conversations
about others’ medical conditions, and wondered if others could hear them also. Closing the
door reduced sound but made one volunteer feel locked-up. “I can hear them talking about
medical conditions. It makes me feel guilty. I don’t think I should be able to hear personal medical
information of other patients” (P10).
Autonomy

While all participants favored autonomy during hospitalization, only one participant
indicated that he actually felt autonomous. All others saw room for improvement in four
domains: ambient environment, planning, help requests, and mobility.
Autonomy in the ambient environment. To follow the care protocol of a postsurgical patient,
participants were asked not to leave their beds without a nurse’s permission. Being unable
to mobilize, all participants had difficulties with regulating the ambient environment
themselves. They had to ask the nurse for help with such basic elements as opening and
closing the curtain or door, and changing the lighting or the temperature in the room. Five
participants suggested having a control device close to their bed allowing for regulation of
the ambient environment.
Autonomy in planning. In general, participants prefer to be better informed about
their daily planning. Seven participants wanted to receive information earlier or before
admission. Not being able to know what to expect and when induced a degree of stress
for the volunteers. “I never knew what to expect exactly. The nurses said: we’ll come back. But
when?” (P6). Suggestions included the use of an agenda with scheduled activities during
the day, managing expectations regarding environmental experiences such as beeping
infusion pumps and medical checkups at night, and providing information on the facilities
in the hospital. At the same time, information overload should be prevented.
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Autonomy in help requests. The current nurse-call system does not allow for differentiation
between different types of help requests. Improving this system would improve participants’
experience of autonomy. Three participants felt guilty for pushing the button for perceived
“simple” calls such as getting a glass of water or changing clothes, as “real” patients might
be in a greater need of a nurse’s assistance. Another participant remarked that the call
button does not indicate whether the help request has been received and acknowledged,
inducing uncertainty. One participant felt lonely when waiting 20 min for help before
finally finding out that the help request had never been sent. “Although everyone is very
friendly, I feel guilty for pushing the help button.[ ...] Together with the nurse, I filled a bottle
with water, so that I don’t have to ask for it every time” (P10).
Autonomy in mobility. The infusion line attached to the pump greatly decreased mobility—
and thereby the autonomy—of all participants. Simple actions as getting some water or
visiting the toilet became difficult to undertake. One participant found visiting the toilet
troublesome, so she decided to lower her fluid intake against instructions during the
admission. All participants agreed that a wearable infusion pump would greatly benefit
autonomy.
Sensory Comfort

Sensory comfort was mostly analyzed from the experiences of the participants noted in the
diaries. We were able to differentiate between comfort in light, sound, smell, temperature,
and taste.
Light. In general, participants saw most room for improvement in sensory comfort by
changing the current lighting conditions. All but one participant suggested such changes.
Two participants would have wanted to dim their lights. One suggested providing a bedside
lamp for reading books. At night, light from the hallway and the medical devices hindered
a sleep for three participants. One participant who visited the toilet at night complained
about the brightness of the bathroom lights.
Sound. Participants reported a large variety of sounds in the hospital. Some were
comforting; others were experienced to be stressful. Subtle sounds from the hallway, such
as walking staff, quiet conversations, or a buzz, made 12 participants feel comfortable and
even feel safe. Louder conversations, however, were experienced by six participants as
irritating and for some induced feelings of guilt when these were private discussions. These
sounds were mostly heard when the door of the room was opened, which was preferred
by two participants as it provided them with fresh air. Other sounds, such as the clock or
the flapping sunscreens, were disliked by two participants. Six participants experienced
the alarm of the infusion pump as highly stressful. When it started beeping at night,
one participant said that he felt extremely guilty of being afraid to wake up patients in
other rooms. Several suggestions on sound improvements were made relating to silent
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medical alarms, silent wheels of infusion pumps, silent doors, silent clocks, earbuds at
night, and good headphones to mask unpleasant sounds. “I hear people talking, walking
around, conversations between nurses and patients. It makes me feel calm and content. It provides
me with a comfortable feeling that I am not alone” (P4; participant desired to have the door
opened all day).
Smell. Generally, smell was not an important item for the participants. Only three
participants mentioned smell in any capacity. For these individuals, the smell in the patient
room was noted to be “typical,” “clinical,” and “uncomfortable.” They suggested changing
the bathroom smell into a soap-like smell and to allow the patient room to be filled with
fresh air once in a while, as they were unable to open the windows.
Temperature. Half of the participants mentioned temperature as an important aspect
of sensory comfort. Eight participants preferred a different room temperature, of which
five wanted a decrease in temperature and three desired an increase. Experiences differed
between day and night. Sensory comfort could be improved by controlling temperature
from the bed.
Taste. Currently, our hospital’s food service delivers patients with food options six times
per day. All participants appreciated the service, variety, and quality of the food. Only a
few suggestions were made on increasing the size of meals and delivering it at a later time.
Safety and Security

Participants were specifically asked about their feelings of safety and security in the patient
room during the interviews. None of them indicated feelings of being unsafe or insecure.
The alarm button for help requests provided a sense of comfort, knowing there would be
help any time when needed. Hearing quiet conversations in the hallway and other rooms
helped alleviate feelings of not being alone and thus feeling safe. Although a locker was
provided, participants did not use it.
Social Comfort

Social comfort was marked as the most important value related to well-being in the patient
room. We subcategorized into three categories: contact with hospital personnel, relatives,
and other patients.
Contact with hospital personnel. During their 24-hr stays, participants engaged multiple
times with hospital personnel and were very positive about the received “care.” Only a
few recommendations were given. First, one participant could not identify the role of
each caregiver entering the room, which created confusion and stress regarding what to
expect from the interaction. A better distinction through caregiver attire was suggested.
Second, two participants would prefer that caregivers knock on the door before entering
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the room and properly introduce themselves. Third, even though the participants liked to
stay in contact with personnel during the day, one commented that some nurse visits were
redundant. He suggested using a smartphone application as an alternative means of asking
questions and receiving answers, hypothesizing that this would reduce the workload of the
nurse and lower the threshold for asking questions. “It would be nice to contact the nurse with
a short text message: ‘Am I allowed to visit the toilet on my own?’” (P16).
Contact with relatives. In general, good contact with relatives was much appreciated.
Twelve of the 17 participants were visited by a relative during their 24-hr stay. Those who
did not receive a visit communicated with relatives via phone calls or text messages. No
design recommendations were given.
Contact with patients. There was no contact between the participants and other patients
in this study. As participants were only occasionally allowed to leave their room, they did
not meet with other patients. In addition, one participant indicated avoiding contact with
real patients as that made him feel embarrassed. “It felt embarrassing to contact patients as a
healthy volunteer pretending to be a patient” (P3).

Discussion
To understand the relationship between well-being and the healing environment, we
studied the mediating effects of the healing environment on fundamental values. To this
end, healthy volunteers were admitted for a 24-hr period of simulated care. Experiences
related to six important patient values were studied and translated into norms and design
requirements for an optimal healing environment. This process allowed us to understand
how the healing environment affects important elements of well-being and allows
designers to make and prioritize design decisions based on their effects on values of
well-being. In addition, this study showed that the healing environment extends beyond
the physical environment (e.g. walls, outside view, furniture) and is, indeed, inclusive of
elements such as interaction with technology, expectations regarding care protocols, and
feelings toward others. In turn, value experiences seemed to rely on an interplay between
the healing environment and one’s physical and mental condition. These findings indicate
that future designers should follow a values-based design approach in the design of healing
environments in order to increase the well-being of admitted patients.
To facilitate future studies of the healing environment, we aimed to understand if healthy
volunteers admitted to simulated care can provide “real” patient experiences. When
comparing the results of this current study with existing literature, it appears that healthy
participants do indeed provide valuable design insights that are comparable to real patients’
values of spatial comfort, privacy, autonomy, sensory comfort, and social comfort related to
contact with personnel and relatives (Devlin & Arneill, 2003; Herweijer-van Gelder, 2016;
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Hesselink et al., 2020; Ulrich, 1991). For spatial comfort, autonomy, and sensory comfort,
the participants suggested design improvements such as better electronic equipment,
control over the ambient environment, information about day planning, improved
mobility, and improved lighting conditions. Participants believed their privacy and social
comfort requirements were already met well. They experienced good visual and auditory
privacy—mostly because they were admitted to private rooms—and had generally positive
interactions with hospital personnel and relatives. Less valuable insights were gained on the
values of safety and security, and social comfort related to interaction with other patients.
Good spatial comfort is important for patients to feel comfortable and reduce experiences
of stress and pain (Dijkstra et al., 2006). Our healthy volunteers mostly allude to similar
norms and design requirements as found in the literature. Furniture and interior design, for
example, have been found to directly affect feelings of comfort (Patterson et al., 2017). The
need for positive distractions is part of Ulrich’s theory of supportive design (Ulrich, 1991)
and improves comfort. A good outside view reduces stress, and provides decoration and
distraction, especially when showing nature (Devlin & Arneill, 2003). The norm expressed
by our volunteers on easy-to-use technology has not yet commonly been described in
other studies. This might be a consequence of our open study design and our relatively
young study population; young participants may be more likely to utilize and suggest the
use of digital technology, although the use of digital technology is rapidly increasing in
the elderly.
Experiencing visual and auditory privacy is intrinsically an important factor for wellbeing in the healing environment (Yildirim & Yalcin, 2016). Some norms and design
requirements for optimal privacy referenced by our volunteers are also found in the
literature; among these are a private room with curtain and door, hospital personnel
knocking before entering, and avoidance of overhearing personal conversations from the
hallway (Bäck & Wikblad, 1998; Hesselink et al., 2020; Huisman et al., 2012).
Patients’ autonomy is a prominent topic in healthcare design. Patients often lack autonomy
during admission (College Bouw Zorginstellingen, 2008), generating stress, passivity,
depression, and reduced immune function (Ulrich, 1992). To increase autonomy, our
volunteers referred to norms also found in literature: more control over the ambient
environment, need for better involvement in planning, more control over help requests,
and a desire to be more mobile (Devlin & Arneill, 2003; Herweijer-van Gelder, 2016;
Hesselink et al., 2020; Lipson-Smith et al., 2019).
Sensory comfort is important for patients’ well-being, especially with regard to light, noise,
and fresh air and their consequent impacts on mood, stress, sleep, and recovery (Herweijervan Gelder, 2016; Schreuder et al., 2016; Van den Berg, 2005). Our volunteers expressed a
need for better lighting conditions in the patient room and indicated that they experienced
147

5

Chapter 5

stress resulting from private conversations and sounds of medical devices, especially at
night. Some desired fresh air in the room. The differences in volunteers’ experiences
between day and night highlight the added value of our study design lasting 24 hr rather
than only a few hours.
The need for safety and security was not apparent in our volunteer group; all participants
indicated that they felt safe. The absence of a need for safety likely mostly results from the
volunteers being healthy; disease inherently reduces feelings of safety and security, and the
possibility of adverse events from medicine intake or surgery reduces these feelings even
more. Although healthy volunteers seem not to experience great needs for safety/security,
a few suggested norms relating to the value are found in literature: availability of a locker,
an alarm button, and the sound of conversing hospital personnel (Hesselink et al., 2020;
Schreuder et al., 2016).
Finally, the need for social comfort is often stressed as an important element of wellbeing in the healing environment (McLaughlan, 2018; Sakallaris et al., 2015). Positive
interactions with hospital personnel and relatives clearly mattered for our volunteers.
No design improvements were suggested related to patient room design to address the
perceived needs of relatives, such as additional chairs and beds, or flexible interior design
(Herweijer-van Gelder, 2016), probably because of the short admission period and the lack
of any study participant’s relatives’ presence during the night. Further, the need to connect
with other patients was not expressed in our study. While real patients seem to rely on the
assistance of roommates in shared rooms (Ehrlander et al., 2009), none of the volunteers
in this study spoke to other patients or felt the need to do so. This is likely a result of the
private room and an absence of disease among our healthy volunteers.
Summarizing, volunteers mostly seem to allude to the same norms and design requirements
as found in literature, excepting values of safety and security, and social comfort. In the
latter domain, our study insights can be used to make design decisions regarding values in
single-patient rooms for postoperative recovery.
Although we only briefly touched upon the relative importance of one value over others,
there seem to be large differences between volunteers and patients. In our study, volunteers
indicated positive contact with hospital personnel and good privacy to be the two values
of most importance, while the values of safety and security mattered least during the
simulated admission. This greatly contrasts with results gathered by Schreuder et al.(2016),
who studied in detail what values matter most to real patients. These patients rated the
values of safety and security, spatial comfort, and autonomy to be of the most importance
and considered privacy to be of least importance for their well-being. It is conceivable that
being diseased might not only affect the experience of the healing environment in terms
of safety and security, and relationships with other patients but may additionally change
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the relative importance attached to values (e.g., with privacy becoming less important and
safety and security becoming more important). An interesting future investigation could
apply the same study design of Schreuder et al. to volunteers, to more reliably compare
relative value importance between patients and volunteers, and to provide deeper insights
in the effects of disease on different values.
Implications for Future Practice

Our study adds to the understanding of the nuances of studying volunteer patients in
comparison with “real” hospitalized patients. Our findings may orient healing environment
researchers and designers to consider the following six areas in their decision making:
1. Healthy volunteers versus patients. Amid constant changes in healthcare design and everevolving healthcare technologies, there is a growing need for studies on patient experiences
to aid in design decisions. Simulated admissions with healthy volunteers could reduce study
load on recovering patients and facilitate a greater body of research. Importantly, however,
it must be noted that healthy volunteers cannot provide genuine experiences related to
the actual state of being diseased. This, for example, affects their feelings of safety and
security, their need for peer support, and the importance they attribute to privacy. Future
studies should, therefore, first consider if volunteers could meaningfully aid in the study
and, second, if volunteers’ absence of disease might negatively impact the study objectives.
2. Type of volunteers. In our study, we used purposive sampling to guarantee a variety
of participants. Yet, our volunteers were all Dutch middle-aged individuals. They were
relatively young compared to the average hospitalized patient, which might have affected
outcomes, such as the need for digital technology in the room. Future studies with
volunteers should consider to what extent the volunteering population is reflective of the
targeted patient population.
3.Type of simulated care. In our study, volunteers were admitted to the simulated care
protocol of postsurgical patients. For example, participants were attached to an IV line,
received placebo medicines, and were periodically subjected to simulated pain. Although
we aimed at optimal simulation of the care protocol, it nonetheless diverged from real care
in several important areas. For example, pain was only periodically experienced by the
volunteers, and no adverse effects from medicine could be reasonably experienced. This
might have affected the need for positive distraction (constant pain could increase the need
for positive distraction) and feeling safe (the specter of adverse effects could affect feelings
of safety). Future studies in volunteers should identify and simulate major elements of
patients’ care protocols and consider how the difference between simulated and real care
might affect study objectives.
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4.Study focus. The healing environment extends beyond mere physical objects. Our study
showed patients’ well-being also greatly depends on, for example, expectations, relations,
and interactions with technology. Accordingly, healing needs seems to vary depending
on the current physical and mental state of the patient, and changes over time. In future
studies of the healing environment, these characteristics should not be overlooked.
5. Study period. The 24-hr stay provided richer information on volunteers’ experiences,
compared to a stay of only a few hours. For example, it allowed us to identify experiences
of the healing environment at night (e.g., worse sleep due to lights and sounds of medical
devices) which differed from those during the day. The length of future study periods should
be targeted to achieve all study objectives while keeping the study load for participants as
minimal as possible.
6. Focus on values. It is a challenging task to optimally design healing environments. As
values are fundamental to well-being, a values-based design approach can facilitate design
decision making. At first glance, it seems difficult to target values in design as it remains
vague what they exactly stand for. Yet, as we have shown here, an in-depth study of the
lived experiences of volunteers or patients allows for relation of values to concrete norms
and design requirements. Important in following a values-based approach to healing
environments is to identify what specific values should be studied, and to identify to what
relative extent the value in question adds to overall well-being, given that the importance
of these values vary in the context of recovering patients.

Conclusion
In this study, we admitted healthy participants to a simulated inpatient postsurgical care
protocol. The volunteers provided reliable design requirement suggestions similar to real
patients for the values of spatial comfort, privacy, autonomy, sensory comfort, and social
comfort related to contact with personnel and relatives. Less valuable insights were gained
on the values of safety and security, and social comfort related to interaction with other
patients. In addition, the importance attributed to the values of privacy and safety and
security seemed to differ between healthy volunteers and patients. The focus on values in
this study allowed identification of the aspects of healing environments that improve the
most fundamental elements of well-being, such as a need for user-friendly technology,
positive distractions, and desire to control the environment from bed. This study has
shown that volunteers can aid in understanding real patient experiences for the purposes
of study design. Furthermore, a values-based focus generates optimal insights for design
decision making. For future studies on healing environments, we provide several items for
consideration to facilitate the generation of value for future patients.
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Implications for Practice
•

•

•

•
•

The ability to involve healthy volunteers in authentic care processes to gain
an understanding of patient experiences of well-being would facilitate
the conduction of an entirely new branch of impactful healthcare design
studies and would greatly expand our capacity to employ evidence-based
decision making in healthcare design.
Healthy volunteers admitted to a 24-hr simulated care protocol provide
valuable design insights that are comparable to real patients’ values of
spatial comfort, privacy, autonomy, sensory comfort, and social comfort
related to contact with personnel and relatives.
Healthy volunteers admitted to a 24-hr simulated care protocol do not
experience a need for safety and security or a need to contact other
patients, probably because the participants have not undergone surgery
and do not feel sick.
Future studies should first consider if volunteers could meaningfully aid
in the study and, second, if volunteers’ absence of disease might negatively
impact the study objectives.
As values are fundamental to well-being, a values-based design approach
can facilitate design decision making.
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Lesson #4: Know the differences
Each discipline has its own ways of working, its own scientific standards, and its own
accepted common practices. Know the differences between the fields you are working in.
This table might help.
Healthcare

Design

Philosophy

When is the design
process initiated?

Not. We wait

When we have a
technical solution

When another author
writes something
interesting

What is a technology?

An intervention for
curing a disease

Something to make the
world ‘a better place’

A very complex system
full with actors and
intricate relationships

What is value?

Economic benefit for the
institution

A source of design
inspiration

Part of an objective list
that should be strived for

What is well-being?

Absence of disease

A design goal

Do you have some time?

What is an artefact?

A problem

Don’t use such difficult
words

A man-made solution

When do we conduct
empirical research?

When the technology is
finalized

In the process of
developing a technology

We rather don’t conduct
empirical research

How many users are
studied?

+200

10-20

0

What users are studied?

Depends on PICO,
mostly one particular
patient group

Wide group of patients,
caregivers and relatives

A whole actor-network

What outcomes do we
consider?

Quantitative empirical

Qualitative empirical

Theoretical

The technology is
finalized. What now?

Evaluate it via a
randomized controlled
trial

This just doesn’t happen

Think for ethical reasons
that might prevent
implementation

How do we report the
outcomes?

In <4000 words

With approximately
10.000 words

With at least 10.000
words

How conscise is our
report?

100%

50%

0%

LESSONS FOR A PHD:
work with other
disciplines (#2)

Stepwise Design and Evaluation
of a Values-Oriented Ambient
Intelligence Healthcare
Monitoring Platform
Merlijn Smits, Metin Nacar, Geke D.S. Ludden, Harry van Goor
Value in Health 2022; In press
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Abstract
Objectives

The majority of all developed digital health technologies do not reach successful
implementation. A discrepancy between technology design, the context of use, and user
needs and values is identified as the main reason for this failure. Value Sensitive Design
(VSD) is a design method enabling to align design with user values by embedding values in
technology. Yet, the method is lacking clear heuristics for practical application. To improve
the successful design and implementation of digital health, we propose and evaluate a
stepwise approach to VSD.
Methods

The approach consists of the phases: Experiment, Demonstrate, and Validate. Experiment
takes place in an office to create makeshift solutions. Demonstrate takes place in a
mock-up environment and aims to optimize design requirements through user feedback.
The validate phase takes place in an authentic care situation and studies how the novel
technology affects current workflows.
Results

We applied the stepwise VSD approach to the design of a hospital-based ambient
intelligence solution for remotely and continuously monitoring quality and safety of
patient care. We particularly focused on embodiment of the values of safety, privacy, and
inclusiveness in the design. Design activities of the Experiment and Demonstrate phase
are discussed.
Conclusion

A stepwise approach to VSD enables a design to optimally meet the values of all users
involved, whilst aligning the design process with the practical limitations of healthcare
institutions. We discuss some benefits and challenges related to VSD and the potential for
transfer of this approach to other digital health solutions.
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Introduction
The application of digital health is expected to rise in the upcoming years.[1] The term
‘digital health’ refers to “proper use of technology for improving the health and wellbeing
of people at individual and population levels, as well as enhancing the care of patients
through intelligent processing of clinical and genetic data”.[2] The benefits of digital health
are promising: it might improve efficiency and quality of care provision and reduce the
workload of healthcare professionals.[3]
With these benefits, it is remarkable that more than half of all digital health technologies
do not reach successful implementation.[4] The discrepancy between technology design,
the context of use, and user needs and values is identified as the main reason for this
failure.[5] Considering a values-based design approach to digital health would improve the
fit between technology and user values. A well-known approach to design for values is
Value Sensitive Design (VSD).[6] VSD defines values as everything that people consider
important in life. The methodology consists of three phases of investigation: conceptual,
empirical, and technical. User values are identified through literature search and stakeholder
deliberation in the conceptual investigation. These values are evaluated and translated into
design requirements through empirical research in the empirical investigation. Similar
technologies are studied to comprehend how the identified values can be embodied in the
novel technology in the technical investigation.[7]
Although VSD provides an interesting perspective to technology design, no clarity exists
on how to apply VSD into practice,[8] and especially not into the practice of healthcare. For
example, VSD does not guide the desired order of phases. Also, the involvement of users
in identifying and evaluating values remains unclear. In addition, the process of translating
values into an actual digital health design is subject to several questions.[9 10] In this article,
we aim to understand and facilitate the practical use of VSD in digital health, for which
we will apply and evaluate VSD via the design of an ambient intelligence hospital solution.
Ambient intelligence refers to the use of contactless sensors in an environment for analyzing
this environment using artificial intelligence (AI).[11] Ambient intelligence is increasingly
applied in healthcare to inform decision-making. Application domains include, amongst
others, mobility monitoring to prevent intensive care acquired weaknesses,[12] hand hygiene
compliance to reduce infections,[13] and monitoring of surgery to assess and improve the
technical skills of surgeons.[14] In this article, we will design ambient intelligence for
remotely and continuously monitoring the quality of care and safety of patients in the
patient room in the context of an acute care facility. To facilitate the implementation of VSD
to this technology, we propose a stepwise framework to VSD. We based this framework
on our experiences as healthcare designers and the practical needs and limitations of the
healthcare context.
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Stepwise approach to VSD

We propose here a stepwise VSD approach to digital health to have hands-on guidance
in designing for healthcare. The approach considers the practical needs and limitations of
healthcare institutions. First, there is a need for research and evidence on the efficacy of
a technology but at the same time, this research requires substantial funding, time, and
research capacity which are all sparse. Second, the involvement of actors in the process
is demanding; recovering patients frequently do not have the energy to participate, and
healthcare providers often do not have the time.[15] The stepwise approach to VSD that
we propose, therefore, provides practical guidance on designing for values in healthcare
considering the need for evidence whilst reducing the research burden and workload for
participating actors. The approach is summarized in Table 1 and consists of three steps in
which the three phases of VSD are embedded: Experiment, Demonstrate, and Validate.
Experiment Within experiment, all three phases of VSD are conducted. Literature research
in the conceptual phase enables definition of the context of the technology, identification
of important actors, and exploration of what values should be considered. In addition, the
empirical investigation is conducted to provide first insights into the design requirements
derived from the main actors. Also, the technical investigation of VSD is executed to
explore which values are embodied in the design of similar technologies and how. This
information serves as a basis to design makeshift solutions that can be tested in office
settings by the team.
Demonstrate Here, the empirical investigation of VSD is conducted with an initial
prototype to understand how actors experience the embodied values in the prototype.
This enables to refine the list of values important in the design and specify how these
values should be translated into design requirements. The phase takes place in a mock-up
environment with the exact layout of the authentic care environment. A demonstration of
the initial prototype is provided to different actors, e.g. caregivers and healthy volunteers
mimicking the real patient population, that provide values-based feedback during enacted
care scenarios. The technical investigation is repeated to translate empirical research into
practical design requirements for creating a functional prototype.
Validate The functional version of the technology is ready for testing with admitted patients
and their caregivers in an authentic care context. Researchers study how the technology
mediates the previously embodied values through empirical inquiry. Namely, the context of
use and the user-technology interaction might affect how the values are expressed, which
does not necessarily correspond to the initial value embodiment, the so-called ‘positivist
problem’.[16] Insights can be translated into design recommendations for better value
mediation and an adapted version of the technology.
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Experiment

Demonstrate

Validate

Who

Multidisciplinary
development team,
involve main users

Involve healthy
volunteers

Involve patients and
healthcare providers

What

Stakeholder and value
identification and
specification

Value experiences

Value validation

Where

Office/lab

Simulated care
environment

Authentic care situation

Technology

Makeshift solutions

Prototype for
demonstration

Functional technology

Table 1. Stepwise values-based design approach to digital health

Methods
With a team of (clinical) researchers based in a university medical center (Radboudumc,
The Netherlands), and a team of engineers of the company Ouva (San Francisco, USA),
we applied the stepwise approach to VSD to develop an ambient intelligence solution
for remote, continuous monitoring of patients. We focused on patients recovering at
the surgery ward after they underwent major abdominal surgery. Overall, these patients
are older adults; some have multi-morbidities with polypharmacy, and part of them is
vulnerable to infections, thrombosis, and delirium. [17-19] The solution would have to secure
the safety of these patients by providing nurses with real-time data on the status of the
patient and their rooms. The solution should be able to identify potential events leading
to decreased patient safety and automatically take action (e.g., alerting staff or utilizing
bedside screens to inform patients). The local ethical committee approved the process
(study ID: 2020-6908).
Technology

Ambient intelligence is a form of AI where several sensors are embedded in the everyday
environment to make it sensitive to the occupants’ needs. Our solution was a videobased AI platform comprised of multiple machine learning models that generate various
predictions and classifications. These models process images from color, infrared, thermal,
and depth sensors in real-time. For example, separate models locate people in the room,
classify them based on their role, and predict their activity and posture. These models all
learn to make such predictions using a large dataset of sample scenes from the patient
room. A central server translates all the data points and predictions into practical insights.
It displays them on a dashboard visible at the nursing ward to provide insight into the
status of a patient and the care operation.
In our case, we started development of the AI model by fine-tuning publicly available opensource machine learning models. Researchers have trained these models using large, public
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datasets. We closely screened the base models to understand what had to be added to the
dataset feeding the models to detect events in the patient room. Based on this screening,
we started adding novel video data to the models to recognize healthcare-related activities.
This is what we call ‘training’. This training occurs through the three research phases.
Study design

Phase 1: Experiment In this first phase, our multidisciplinary team identified the main goal
of the project, the main actors, and important values. For that, we interviewed nine nurses.
Interviews were transcribed through thematic content analysis.[20] Data were categorized
into values and these were specified in norms. Norms are “all kinds of prescriptions for, and
restrictions on, action”.[21] Norms were translated into design requirements via the ‘values
hierarchy’ methodology.[21] Design requirements are more specific guidelines for design. In
addition to the definition of the context of the design, this phase is focused at creating an
initial prototype of the solution by training the models in office settings.
We aimed to design for patients and nurses and their values of safety, privacy, and
inclusiveness. Safety was studied because the goal of the project was to increase patient
safety. Safety is: “a state in which or a place where you are safe and not in danger or at
risk”.[22] Privacy was studied as this value was directly mentioned as a concern related to
ambient intelligence. Privacy has been defined in literature as “the right to be let alone”.[23]
Three types of privacy are commonly distinguished. Relational privacy refers to a right to
be let alone without observation or interference from other people. Informational privacy
includes control over personal data. Finally, privacy as a freedom from surveillance refers
to “the right to not be tracked, followed, or watched”.[24]
Value three, inclusiveness, was considered as a wide variety of patients and caregivers will
be making use of the technology and should be able to use it without bias. Computer
technology is biased when it: “systematically and unfairly discriminate[s] against certain
individuals or groups of individuals in favor of others”.[25] Prevention of bias in AI through
inclusive design is an important topic today. There are ample examples of algorithmic bias,
also in healthcare alone.[26] Obermeyer et al[27], for example, showed how health models in
the United States contained racial bias, to such an extent that black patients were identified
as needing less care than white patients in the same situation. AI models work by detecting
and responding to specific events identified in large datasets based on what these models
have observed in the past. Initial datasets used to train the models often contain hidden
biases. An AI model can embody biases in initial datasets, and even amplify them. In
the whole process, we aimed at preventing algorithmic bias by carefully considering what
initial datasets are used as input for the models, and safeguarding the variety of the data
used to train the models.
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Phase 2: Demonstrate This second phase is aimed at improving the accuracy of the solution
for the values of safety and inclusiveness by training the models in a mock-up patient room
via enacted simulated care scenarios. In addition, this phase is aimed at understanding
actors’ experiences as mediated by the solution regarding the values of safety and privacy.
We report here on one systematic study of eight healthy volunteers mimicking the real
patient population reducing burden on real patients. The volunteers were admitted to a
hospital mock-up room equipped with the monitoring solution for a 2,5 hours stay. To
ensure that the healthy volunteers provided useful information similar to how patients
would experience it, we admitted the volunteers to a simulated care protocol by, amongst
others, attaching a fake infusion pump to their arms and simulating care via a research
nurse that entered the room regularly. The use of the solution was demonstrated via photos
or videos as a basis for the semi-structured value-oriented interviews.[28 29] Interviews were
processed in the same way as the interviews with nurses.
Phase 3: Validate This phase will not be reported in this article as it still needs to be
conducted. We will study the use of the solution in an authentic care situation and
collect experiences and evidence on safety, privacy, and inclusiveness to generate design
recommendations for improving the solution. An initial study design of this validate phase
is shown in Appendix 1, Table A.

Results
This section reports results for the first two design phases separately. An overall summary
of the design process is shown in Table 2.
Experiment

The design process began in January 2018 with the experiment phase. Here, we started
by clearly defining each value through literature research and conversations with various
actors as a basis for creating initial design requirements that the solution should fulfill.
Also, we started training the initial models for recognizing safety-related events in the
patient room.
Safety Nine nurses provided their input on how to increase safety by the solution. First,
nurses expressed the need for alerts on unsafe situations in the patient room. Nurses
desired early warning alerts for fall prevention in vulnerable patients and early warnings
for wandering patients. Also, mobility and sleep monitoring were listed as facilitators for
the improvement of patient safety. Providing nurses and physiotherapists with insight into
sleep and mobility data through a dashboard allows them to engage patients in increased
mobility to prevent pressure ulcers, and speed up recovery. Based on the requirements for
increasing safety through AI, the design team created the dashboard as shown in Figure 1
and supplementary Figures A and B (Appendix 4).
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Privacy This value is central to the design of computer technology. In relation to the
solution, the interviewed nurses mostly defined privacy as freedom from surveillance. The
nurses particularly feared that the solution would be used against them to keep them
responsible for mistakes that they could make during their shifts. Therefore, all nurses
desired not to be recognized when they entered the patient room. Based on this desire,
we studied the several computational methods available to de-identify persons for privacy
preservation and explored a method called ‘body-masking’, which consists of adding a layer
over the identifiable person to prevent this person from being recognized (see Figure 2).
We added this option to the list of design requirements even though this option requires
additional computational power.
Experiment

Demonstrate

Validate

Who

Team with engineers,
medical doctors, nurses,
designers, and researchers,
nurses from surgery ward

Healthy volunteers
mimicking real patient
population and nurses from
surgery ward

Patients recovering from
surgery and nurses working
at surgery ward

What

Stakeholders
Patients recovering from
surgery, nurses working at
surgery ward

Value experiences
Safety: feeling safe by
monitoring solution

Value mediation
Safety: reduction of falls and
infections, improved sleep
and mobility, experiences
of patients and nurses
when using technology in
authentic care

Value identification
Safety, Privacy, Inclusiveness
Value specification
Safety: well-being
monitoring and safety alerts

Privacy: no ‘big brother is
watching you’
Inclusiveness: being
accurately recognized by the
solution

Privacy: anonymous data
processing, body-masking

Privacy: compliance
to GDPR guidelines,
experiences of patients
and nurses when using
technology in authentic care
situation
Inclusiveness: technology
works in every situation for
every individual

Inclusiveness: set of variables
identified to consider in
training the solution
Where

Office

Mock-up simulating real
patient room

10 patient rooms at surgery
ward

Technology

Sensor installed in office;
initial solution is able to
roughly detect a variety of
events and people

Sensor installed in mock-up
room; solution is able to
detect a variety of attributes,
events, clothing, lighting
conditions, and people

Sensor installed in ten
patient rooms; solution
works for every event and
individual, collecting and
analyzing patient safety and
quality data displayed at a
provider dashboard

Table 2. Stepwise values-based design of hospital-based ambient intelligence for remotely and
continuously monitoring care safety and quality of patients
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6
Figure 1. Dashboard for displaying information of the ambient intelligence solution

Figure 2. Body masking to protect user privacy
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Inclusivity Inclusive design refers to design that works for and addresses the needs of as
many users as possible. In the context of ambient intelligence, this includes the absence of
bias in software. An ambient intelligence model should be able to monitor each person to
the same extent regardless of body size, skin color, gender, or clothes. To prevent bias in
our system, our team generated a set of scenarios that critically included a variety of events,
lighting conditions, people, attributes, and clothing as input for training the models.
Based on the values identification and definition, we initiated the design of the first
prototype of the AI solution. We built on baseline models that we closely screened to
understand possible biases in these models and understand what had to be added to train
the models for recognizing safety-related events in the patient room. Training started
in office settings. We drew the walls of a patient room on the floor of the office. Care
scenarios were enacted in this imaginary patient room and recorded by three video cameras
located at the opposite corners of a sensor. In addition, the video feed from the contactless
sensor was processed in real-time by the initial models running on a local workstation.
Data generated by the models were then manually compared to video data, after which the
models were trained. In Appendix 2, Table B, we show what training sessions were done
to develop the solution.
Demonstrate

The experiment phase resulted in a clear context of use, two main actors, three defined values
providing the basis of the solution’s design requirements, and a first working prototype of
an ambient intelligence solution trained by 1408 video clips recorded in the office and
added to the baseline models. This solution can detect events in the patient room with
an accuracy of 77% and recognizing patients with an accuracy of 91% when compared to
video footage. In the demonstration phase, we located a sensor with the running solution
at the ceiling of a mock-up patient room. There, it was used to obtain empirical feedback
on experiences regarding the values of safety and privacy and increase the accuracy of the
solution by training it for the values of safety and inclusiveness. Results of one systematic
analysis of semi-structured interviews with eight healthy volunteers on the values of safety
and privacy are described here. More information can be found in Appendix 3, Table C.
Safety The solution was trained with volunteers and care providers to increase its accuracy
in detecting safety-related events. The interviews with healthy volunteers aimed to
provide an understanding of how patients would experience their safety mediated by the
technology. Four types of definitions were provided by volunteers when they explained
what safety in a hospital meant for them, of which the first three would be mediated
by the model: provision of high-quality care, the absence of adverse effects, including
falls, infections, and food poisoning, and absence of harm and violence. The final one, not
mediated, was the unsafety of medical equipment or the absence of safety precautions. Six
of the volunteers agreed that they would experience increased safety when monitored by
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an ambient intelligence sensor. Two volunteers indicated they would not experience their
safety differently. Only one volunteer mentioned a concern related to safety. This volunteer
expressed the concern that the data of the sensor might be hacked.
Privacy The healthy volunteers provided their definitions of privacy in a hospital, which
accorded with the three types of privacy mentioned before. Relational privacy was most
often referred to. It included the importance of a single-patient room, personnel knocking
on the door before entering, and having a curtain/door to close the room. Informational
privacy was also mentioned several times. Being able to hear personal conversations from
the hallway, for example, decreased informational privacy. Freedom from surveillance was
mentioned by half of the participants as part of privacy. Three volunteers continued that a
hospital admission inevitably decreased feelings of privacy. The volunteers were divided in
their opinion on how the sensor mediated privacy. Half believed the sensor would not affect
their privacy, or considered this effect acceptable. The other half considered the sensor to be
a privacy infringement. Remarkably, most volunteers that considered the sensor no harm
to their privacy had experienced a hospital admission in the past, whilst the volunteers that
did consider the sensor harmful had no past hospital experience.
Different design choices for optimal privacy mediation were discussed. Volunteers clearly
expressed improvement of privacy when using the body-masking option. Providing
consent on using the sensor before admission, and the ability to turn off the sensor during
admission was also discussed with volunteers. The majority of the volunteers indicated
that they did not want to be involved in deciding on whether to use the technology, as that
would reduce its effectiveness. Some volunteers suggested not to inform patients about
the sensor at all to prevent them from asking questions about it. Finally, several volunteers
expressed that they would want to obtain insight into their data to comprehend what is
being monitored for greater feelings of privacy. Not all suggestions are realistic in the
context of care, but they aided the design team in finalizing the design requirements. Table
3 shows the list of design requirements with the values and norms they were derived from.
Inclusivity To train the solution for higher inclusivity, care scenarios were played out in
the mock-up room (see Figure 3). Scenarios varied in attributes, events, clothes, lighting
conditions, and persons. A total of 442 videos were collected during this phase and added
to the database. This increased the accuracy of the models for event recognition by 10%
(from 77% to 87%) and recognition of individuals by 4% (from 91% to 95%) compared to
phase one.
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Figure 3. Training session ambient intelligence solution

Value

Norm

Design requirement

Safety

Absence of adverse
effects

The model should identify vulnerable patients.
The model should detect risks of falling.
The model should detect and display high touch surface areas.

High-quality care

The model should detect and display mobility of patients.
The model should detect and display sleep patterns of patients.

Absence of violence and
harm

Strictly meeting all general data protection regulation (GDPR)
guidelines in the design of the model.
Communicating to patients how the GDPR guidelines are met in
the design of the model.

Informational privacy

Providing patients with insight into personal data collected by the
model.
Providing patients information on the use of the model before
admission.

Freedom from
surveillance

The model uses body-masking to de-identify personal information.
The model is only used in vulnerable patients.

Ability to ‘be yourself ’

The sensor with the running model is placed out of sight.

Model can adequately
monitor each individual
to the same extent

The model is able to recognize any person irrespective of skin and
hair color, disability, used medical equipment, and clothes.

Privacy

Inclusivity

Table 3. Values hierarchy with values, norms and design requirements of the ambient
intelligence hospital-based monitoring platform
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Discussion
This paper studied how VSD can benefit the design process of a hospital-based ambient
intelligence platform aiming to improve the value of safety of all patients (value of
inclusiveness) whilst respecting the value of privacy of patients and nurses. We proposed a
stepwise approach to VSD to enable using the method in practice by considering the need
for design and clinical research whilst keeping the workload of users to a minimum. We
will reflect below on 1) the use of the stepwise approach to VSD, and 2) the general use of
VSD in digital health.
A stepwise approach to VSD

As VSD provides no practical guidance on how to apply the method, we followed a
stepwise approach to VSD. This stepwise approach saves costs, time, and research burden
on authentic care, whilst involving actors and collecting evidence on efficacy for making
design adoption decisions. When using this stepwise approach to VSD in the future,
several considerations are required regarding the location of research, and the involvement
of actors.
First, the location of research depends on the type of digital health solution. Our process
spread over three locations: an office, a mock-up room, and an authentic care context.
Starting in office settings allowed us to develop an initial prototype without the need for
intensive stakeholder involvement in developing the model. The next phase took place
in a mock-up patient room close to the general wards, allowing for demonstrations of
the technology when that suited healthcare personnel and volunteers. Also, as phase
three will be executed at the nursing ward, the use of the technology will become part
of daily care under close support. This increases the involvement of care professionals.
Although we experienced benefits from this approach, the use of a mock-up patient room
and validating technology at the general ward is environment-specific. Applying remote
ambient intelligence technology at home, for example, to monitor the ageing population or
patients with chronic diseases needs another mock-up environment.[11] In such cases, the
demonstrate phase could take place in other easily accessible locations e.g. the local general
practice, or a community center. Another possibility is to set up community labs simulating
the home environment nearby the target groups. The validate phase should then take place
at the patient’s home, and requires additional work in support of using the technology and
installing the technology.
Second, involvement of actors requires reflection before the design process begins. In
our case, we identified and involved where possible the main users of the technology,
without burdening them too much. To facilitate this, we commonly involved healthy
volunteers with past patient experiences instead of actual patients. The involvement of
healthy volunteers over patients reduces study load for patients and allows for speeding
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up the process. Although they provided valuable insights, they might have different value
experiences than patients.[30] Here, we observed that privacy mattered more for healthy
volunteers than for actual patients. We took this difference into account by valuing safety
over privacy while working on the design requirements. Knowledge of differences between
healthy volunteers and patients is required before healthy volunteers are involved. Also,
it is not always possible to involve healthy volunteers with past patient experiences, for
example, when actors are patients with long-term care needs or with congenital disorders.
Even more, involvement of mentally disabled patients, or people with dementia, requires
different participatory design principles (see, for example, designing for down syndrome,[31]
or designing for dementia[32]). In these cases, it is often needed to involve spokespersons
for the patient group. Thus, a clear investigation on the how and whom of stakeholder
involvement before the design process starts is required in any digital health technology.
VSD of digital health

Current digital health development and assessment is mostly concerned with quantitative
evidence on efficacy, so-called ‘hard impacts’.[33] A values-based approach to technology
design allows for considering the ‘soft impacts’ (qualitative impacts on experiences and
values) of technology, as these provide insight into aligning technology to its context of use
and user needs and values for increased chances of success. Although VSD is a promising
approach, we faced several practical challenges evoked by the unclarity of the concept
of ‘values’ and its practical use in design. These challenges refer to designing for what
values, understanding different types of values, dealing with conflicting values, and the role
of empirical research on values.
VSD prescribes to study what values are embodied by similar technologies. Values often
included in the design of information technologies are, amongst others, privacy, security,
and justice.[34] Values designed for in healthcare relate to other values, including dignity,
autonomy, and social comfort.[35 36] Considering other technologies leads to a myriad of
values. We, therefore, defined our values with actors. To demarcate the scope, we consciously
decided to only focus on three values and two main actors. Also the number of actors
involved could have been enlarged, including medical doctors, visitors of patients, and
other healthcare personnel entering the patient rooms. VSD was critiqued for its inability
to provide tools to identify all values and actors involved in VSD.[9] We agree upon the
need for guidance on value and stakeholder identification but believe that there is an even
larger need for studies to identify which values and actors are pivotal and which could be
left out in the design process. A systematic empirical study on a wide range of values of
each stakeholder involved is unrealistic considering the large time and money investment
necessary for such a study. We recommend digital health development teams to begin each
project with a clear demarcation of the study’s scope with respect to actors and values.
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Likewise, when we began the design project, we encountered problems in dealing with
different types of values. We particularly aimed to focus on moral values in the design.
Whereas nonmoral values can include anything that people consider important, moral
values are more fundamental and include an accepted, rationally shared set of ‘right’ and
‘wrongs’.[37] Yet, this demarcation remains questionable. The value of inclusiveness, for
example, could be seen as a moral value when it refers to justice and equal treatment.
Yet, considered from a usability perspective in inclusive design, it would be regarded
as a nonmoral design value. In addition, we encountered differences in procedural and
contextual values. Procedural values result from the design process. Contextual values
result from actors’ experiences. Inclusiveness was mostly defined as a procedural value,
as it requires a certain process of technology development for preventing bias. At the
same time, inclusiveness would become contextual when it refers to usability. Privacy and
safety were mostly considered contextual values. Yet, safety also includes functional safety
which is an inherent feature of the design and could be seen as procedural. Moreover, the
values can be separated based on designer values (what designers consider important) and
user values (what actors consider important).[38] The multiple ‘faces’ of values complicates
designing for them. Values-based digital health designers would benefit from an early and
clear definition of each value that is considered. We encourage reporting on values-based
design processes, as digital health designers can learn from previous experiences. A value as
inclusiveness, for example, matters in any type of ambient intelligence model irrespective
of its use in a hospital or home setting. Ideally, future research should allow for identifying
universal values related to digital health, and factors affecting how such universal values
should be considered in design, such as user factors e.g. acute versus long-term care needs,
and context-dependent factors e.g. use in hospital or at home.
The third issue we encountered was related to dealing with conflicting values. In the example,
experiences of safety and privacy conflicted; increased feelings of safety required reduction
of privacy. In the past, many solutions have been proposed on how to deal with these socalled ‘value conflicts’ or ‘value tensions’.[39 40] We based our decision of valuing safety over
privacy on the great need to increase safety in hospitals. This choice was justified by a study
by Schreuder et al[36] showing that patients, amongst other values, consider safety as most
important whilst privacy is least important to them during admission. We argue that there
is no optimal framework for solving value conflicts. The solution will greatly depend on
the type of values, the actors, and the context of use. For example, changing the context
of developing an ambient intelligence monitoring platform from hospital to remote home
monitoring, or changing the actors from acute care to long-term care patients might result
in increased importance for privacy. This could result in different design decisions. For
digital health designers, it is important to be aware of value conflicts and find the right
solution depending on the specific technology, values, actors, and context of use.
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The role of empirical research in VSD is subject to debate. Dantec et al[28] critiqued VSD’s
focus on known values over value discovery and plea for empirical research on users’ lived
experiences through photo-elicitation techniques. Although we endorse the need to study
values in context through lived experiences, such an empirical approach to values raises
questions. In our values hierarchy, values were derived from a mixture between empirical
research, literature reviews, and research and engineering knowledge. We noticed how
difficult it is for actors to speak in terms of values. For example, one of the healthy
volunteers considered her privacy to be intruded on by AI but she could not illustrate what
privacy meant. Insights were, therefore, translated by the research team into data useful for
the design. Norms were based on empirical input solely. Design requirements were created
by the design team inspired by empirical research. We could have created a long list of
design requirements solely derived from actors’ opinions. Yet, actors’ lack of understanding
in technology development, need for evidence-based design, rules and regulations, and
the context of use would result in suboptimal, and sometimes even unrealistic solutions.
This happened, for example, when a volunteer suggested leaving patients ignorant about
the use of the monitoring solution to prevent privacy-related stress. Such a solution is
not only unethical but also illegal. Our experiences exactly relate to the critique posed by
Manders-Huits[9] on the use of empirical research in VSD. Continuous involvement of one
stakeholder representative that comprehends the context of technology development could
solve some issues, but reduces the richness of opinions gathered through semi-structured
interviewing. As long as no optimal solution is provided, we suggest being transparent in
how empirical research is applied to inform design to enable critical reflection for better
design.
Strengths and limitations

Our paper contributes to the practical application of values in technology design, and in
particular of values in digital health. We show the benefits and challenges of embedding
values in technology and contribute to the vocabulary on designing for values. Our study
is also subject to limitations. First, the development of an AI model is time-consuming.
In the time frame available, we were not able to conduct the Validate phase, as initially
proposed. In future research, we will research the use of values in digital health validation
studies. In addition, to optimally test the application of VSD to digital health and its
ability to improve the fit between technology and user values, more design teams and case
studies are required. Experiences of using VSD will vary per design team. Future research
should ideally follow multiple design teams in their needs related to embedding values in
technology. Also, our case study of AI is a very particular technology. Again, future research
in other digital health technologies should provide insight into the generalizability of our
findings.
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Conclusion
As digital health is expanding in healthcare, consideration should be given to the design,
evaluation, and implementation of these technologies. We recommend each healthcare
institution and digital health developer to join forces, form a multidisciplinary team,
and follow a stepwise and values-based approach to digital health development. Such an
approach involves actors whilst reducing costs, time, and research load. In addition, it
systematically generates evidence on technology’s effects. By studying the values of all
actors involved, the process allows for aligning the digital health solution with the context of
use and user needs and values to ensure successful technology adoption. Several challenges
with regards to the use of values were encountered. Also, strengths and limitations to
implementing and generalizing such an approach to other digital health solutions were
identified. We believe there is not one way to design digital health solutions for improving
actors’ values, as each actor and each care context might require different practical tools.
Reporting on values-based design processes, raising questions on its use, and improving
the vocabulary on values through heuristics, improves awareness of the importance of
designing for values, and shows designers the need to consider users and context of use to
create value through values.

Implications for Practice
•
•

•

The discrepancy between technology design, user values, and context is
one of the main reasons of why the majority of all developed digital
health technologies do not reach successful implementation.
A values-oriented stepwise approach to designing digital health solutions,
illustrated through the case study of designing and evaluating an
ambient intelligence healthcare monitoring platform, enables the design
to optimally meet the values of all users involved, whilst aligning the
design process with the practical limitations of healthcare institutions.
The processes of digital health technology design and health technology
evaluation should be merged to create ‘value’ by considering user ‘values’.
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Lesson #5: Prepare yourself for journal selection
My papers were often too empirical to be published in a philosophical journal. No actual
design being made to be published in a design journal. And way too wordy for a journal
in medicine. I made this decision tree to support myself in choosing the right journal for
a paper.
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Consider starting
your own journal
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Rewrite your paper
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Is your research empirical?
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Well done, go ahead
Pretend you did, add some references

NO

Nice try, won’t work
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Have patience, reviewers
should linger on your topic
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Abstract
Post-COVID-19 patients, particularly those who needed high care, are expected to have
high needs for physical, psychological and cognitive rehabilitation. Yet, the resources
needed to provide rehabilitation treatment are expected to be inadequate because
healthcare systems faced a shortage of high-quality treatment of these symptoms
already before the COVID-19 crisis emerged in patients with comparable needs. In this
viewpoint, we discuss the potential of Virtual Reality (VR) administering fast, tailor-made
rehabilitation at a distance, and offering a solution for the impending surge of demand for
rehabilitation after COVID-19. VR consists of a head-mounted display (HMD) that can
bring the user by computer-generated visuals into an immersive, realistic multi-sensory
environment. Several studies on VR show its potential for rehabilitation and suggest VR
to be beneficial in post-COVID-19. The immersion of VR may increase therapy adherence
and may distract the patient from experienced fatigue and anxiety. Barriers still have to be
overcome to easily implement VR in healthcare. We argue that embedding VR in virtual
care platforms would assist in overcoming these barriers and would stimulate the spread
of VR therapy, both for post-COVID-19 patients in the present and possibly for other
patients with similar rehabilitation needs in the future.
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Introduction
Even as many countries struggle to care for critically ill COVID-19 patients, a new
challenge has emerged: Post-Intensive Care Syndrome after coronavirus infection, or as
we name it, PICS-COV.1 Patients who receive intensive care are known to be at high risk
for physical, psychological and cognitive impairments, a constellation known as PICS.
A subset of COVID-19 patients who were admitted to the intensive care unit (ICU)
frequently required several weeks of such intensive care; furthermore, traditional PICS
preventive measures, such as reduction of environmental stressors, early mobility or writing
an ICU diary, are virtually impossible due to infection control precautions, prone positioning
and deprivation of social contact.2 Consequently, COVID-19 patients potentially have a
substantial need for physical, psychological and cognitive rehabilitation after discharge
from the ICU and the hospital.3 In the present viewpoint, we discuss how Virtual Reality
(VR) can provide rehabilitation to post-COVID-19 patients. We summarise the needs
for rehabilitation of patients who suffered from COVID-19, particularly those after ICU
admission, the potential of VR rehabilitation and the expected challenges to implement
home-based VR rehabilitation.
Several consensus statements and position papers concerning treatment and prevention of
PICS-COV have already been put forth by physiotherapists’ and behavioural therapists’
professional organisations.4–6 These are largely comparable with those addressing PICS
before the COVID-19 pandemic, although with certain alterations addressing respiratory
function recovery and hygiene measures. Nonetheless, the resources needed to successfully
implement these healthcare interventions are inadequate because healthcare systems faced
a shortage of high-quality PICS treatment even before the COVID-19 crisis emerged.7
Traditional PICS treatments also do not account for the additional emotional and societal
side-effects of this particular crisis, such as social distancing, limitation of family members’
visits and consultations by primary caregivers when patients are discharged. VR provides
healthcare practitioners with the means to administer fast, temporary and tailor-made
rehabilitation services at a distance, and offers a solution to address the impending surge
of demand for PICS-COV therapy.

What is Virtual Reality?
In literature, the term Virtual Reality is used for a wide range of technological interventions.
Those vary between head-mounted displays (HMDs), flat-screen projections and large
simulators. All share the ability to bring the user by computer-generated visuals into an
immersive multi-sensory environment. At its conception in the late 20th century, VR
was expensive, difficult to operate and often led to nausea. Current VR headsets, like the
Oculus Go (Facebook, Inc.; Menlo Park, USA), Oculus Quest (Facebook, Inc.; Menlo
Park, USA) or HTC Vive (HTC corporation; Taoyuan, Taiwan) have potential to provide
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safe and affordable rehabilitation at home. Their side-effects are reportedly limited.8 9
These headsets allow VR becoming part of telemedicine: any type of healthcare delivery
at a distance, employing technologies like telephone calls, videoconferencing and remote
monitoring.10 The articles referenced here analyse any type of VR. We refer to their
conclusions when the content described could as well be applied in current VR HMDs for
home-based rehabilitation.

PICS-COV and VR
Recovering COVID-19 patients have deficits that are usually amenable to physiotherapy
interventions, for example, resistance training for respiratory muscle weakness, and
exercise-based rehabilitation for impaired mobility and other physical functions.11 12 Similar
physiotherapy interventions have been provided by VR. Studies have shown post-stroke
virtual rehabilitation improves balance, ability to deal with environmental challenges,
and walking speed compared to other interventions.13 Reviews have also demonstrated
VR’s efficacy in increasing joint mobility and motor function for patients with chronic
musculoskeletal disorders, positive impacts on rehabilitation of individuals with geriatric
syndromes and better balance among children with Cerebral Palsy.8 9 14 Although these
are different pathologies from COVID-19, the similarities in treatment goals and hurdles
(eg, compliance, anxiety for movements and fatigue) suggest that VR is also beneficial in
post-COVID-19.
In addition to physical rehabilitation, we should anticipate a need for psychological
support to reduce depression, stress, post-traumatic stress disorder (PTSD) and anxiety in
COVID-19 patients. An intensive care admission is a fearsome experience, especially when
a patient is supported by mechanical ventilation as is common in COVID-19. Depression
occurs in approximately 30% of recovering patients, post-traumatic stress disorder (PTSD)
in 10–50% of patients and anxiety in 70% of PICS patients.2 Psychological therapy
targeting these indications can be offered through VR. There are many applications
designed to target stress reduction, depression, anxiety and even PTSD. Applications, for
example, can provide mindfulness by employing guided meditation in natural settings
which might decrease experience of pain and stress.15 With regard to depression, there exist
several promising applications which provide gamified cognitive behavioural therapies,
psychoeducation, behavioural activation and cognitive restructuring.16 In addition, VR
has demonstrated success in the application of exposure therapy—a modality in which
participants are virtually confronted with their fears to decrease anxiety or PTSD.17 18
High physical and psychological stressors during ICU admissions routinely result
in cognitive disabilities such as memory loss, inability to concentrate, and may confer
higher risks of dementia. Without intervention, such impairments can last for years after
discharge.19 Cognitive interventions, including memory exercises and exercises for building
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optimism, may reduce these symptoms.20 These can easily be provided through VR, and
allow for exercises to be completed at individualised pacing.21

Advantages of Virtual Reality for PICS-COV
Rehabilitation
VR rehabilitation as part of telemedicine solutions has several advantages compared
to traditional rehabilitation. First, considering our society’s continuing need for social
distancing, therapy can be given at a distance. Second, VR allows therapists to treat
patients simultaneously. While therapists must monitor sessions at a distance in some
cases, live support is generally not required, increasing patients’ autonomy and reducing
the workload of therapists. Other telemedicine solutions, such as video calls and therapy
by videos or games on a flat-screen, offer (some) similar advantages. What makes VR
particularly different is that it provides its users with a 3D immersive environment. The
immersion makes therapy more fun and reduces distraction from the external environment.
Both might increase therapy adherence and engagement. Besides, VR may serve to distract
patients from experienced fatigue and anxiety which would otherwise hinder their ability
to move.22 In addition, VR offers extensive tools compared to other telemedicine services
that allow therapists through the use of a dashboard and tracking software to constantly
monitor treatment adherence and patients’ performance.

Barriers to Implementation

7

The COVID-19 crisis has stimulated the adoption of telemedicine technologies in
several domains.23 This opens the door to apply VR treatment as part of telemedicine.
Nonetheless, there are a few challenges that must be addressed before VR rehabilitation
can be implemented. First, VR toolkits in the three domains of physical, mental and
cognitive therapy will need to be created. Existing VR applications are already abundant.
The challenge for VR developers and therapists will be to rapidly select and in some cases
(re)design applications that are safe and effective in use for PICS-COV rehabilitation at
home, based on patient-reported experiences that thus far are still scarce and dispersed.
Another barrier to implementation is the safety of using VR HMDs at home. Patients,
especially those with imbalance, have a potential safety risk when doing mobility exercises
for example, accidental falls. To increase safety, patients should be instructed well on doing
mobility exercises in a playground free from objects. Fortunately, new VR HMDs have
safety precautions, switching from the virtual environment to the real environment when
approaching objects. We also recommend doing all psychological and cognitive exercises
sitting on a chair. Other concerns relate to costs of purchasing a VR headset and education
on VR. Education sessions and technical support are required to take any patient through
the use of VR headsets and make sure the internet connection is stable for playing.
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Physiotherapists and general practitioners who best would prescribe VR currently lack
the supporting logistics to provide patients with these education sessions and technical
support. For that, ideally, VR would be embedded within a larger virtual care platform.
These platforms already provide telemedicine and have the infrastructure to add VR to
their service lines.24 Such services are expected to exponentially increase during and in the
aftermath of this pandemic. Healthcare practitioners could involve virtual care platforms
to lend or lease VR headsets to patients for use at home, as purchasing a headset is ideally
not the responsibility of a patient and is at the long run not a sustainable business model.
Ideally, costs would be covered by general health insurance, making VR equally available
for anyone. First steps have been made recently when insurance companies decided to
reimburse rehabilitation for COVID-19 patients, which can include VR treatment. Virtual
care platforms could consequently facilitate the need for education to teach patients to
use VR headsets. Education sessions could be provided remotely to patients personalised
to their level of experience with computer technologies. If needed, these sessions could
be supported face-to-face by a skilled family member. On-demand support should be
constantly available for answering questions and solving technological artefacts. When
virtual care platforms fulfil criteria of privacy and security, physiotherapists can safely
monitor progress of patients and adjust and communicate treatment plans accordingly.
The authors have set up a scientific study for assessing VR for rehabilitation from
COVID-19 (study identification name and number: COVRehab, NCT04505761). All
patients after COVID-19 who need physical therapy are eligible for this study, regardless
of whether they have or have not been admitted to the hospital and/or ICU. This choice
was made based on early experiences with serious postinfectious complaints of patients
who did not have to be treated in the hospital.25 Study results will facilitate the collection
of critical data regarding implementation of VR for rehabilitation.

Conclusion
The COVID-19 crisis has generated a need to expand telehealth technologies. We believe
that VR therapy offers an opportunity for recovering COVID-19 patients and care
providers to partake in efficient home-based and individualised rehabilitation, monitored
at a distance. Several barriers for implementation will need to be overcome, including
designing an appropriate, safe, easy-to-use and cost-effective VR toolkit, organising homebased VR therapy and support at a distance, and reimbursement. Embedding VR in virtual
care platforms would assist in overcoming these barriers and stimulating the spread of VR
therapy, both for post-COVID-19 patients in the present and possibly for other patients
with similar rehabilitation needs in the future.
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Implications for Practice
•
•
•

Post-COVID-19 patients, particularly those who needed high care, are
expected to have high needs for physical, psychological, and cognitive
rehabilitation.
Virtual Reality provides potential to administer fast, tailor-made
rehabilitation at a distance to post-COVID-19 patients.
Embedding Virtual Reality in virtual care platforms would ease
implementing Virtual Reality in healthcare.
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Having a unique background as a PhD candidate, you will be in doubt often. Are your
decisions the right ones? Are you on the right track? The following lessons show you to
stop doubting and be proud of your work.
Lesson #1: Use your value
There are advantages and disadvantages of being the only one with a certain background
in another discipline. I certainly experienced that myself as a designer and philosopher in
medicine. No one could set an example for me, I needed to find my own ways of working,
and was required to be sure of knowledge I had only just learned in school. Nonetheless,
it was also nice to be soon seen as “an expert” in the field. Being this “expert” enabled me
to work on many interesting projects, teaching direct colleagues about topics they were
unaware of (and vice versa) and presenting at conferences about the progress we were
making. I got appointed an expert in human-technology relations, an expert in digital
health, and even an expert in user interface design. Well, I can confirm that I am certainly
not an expert in the latter. Designing healthcare dashboards is a separate study on its own
and requires much more knowledge than I currently have. But ok, being the only designer
quickly seems to make you an expert in that domain too. Use your value to make a change.
Lesson #2: Be proud of your work
After a year of collecting data, months of analyzing and ordering the data, and weeks
of writing, rewriting, and suffering behind your laptop, a scientific paper is a personal
treasure. It can be of no surprise that it hurts when your paper is rejected by an academic
journal. But no stress. Rejection can have multiple reasons. One of the major reasons is
that your paper just does not fit the scope of the journal. Well, clearly, please just do not
try to submit a qualitative design paper to “Annals of Surgery”. I already did that for you.
It will only result in disappointment. There are also less extreme examples. Editors might
have different opinions on their journal than you were expecting. An e-mail to the editor
before submission can help to align these expectations. Once you have found a good fit for
your paper, and your paper is rejected, there is still no need for stress. Look at the review,
and take what you need to improve the paper. Reviewers are not always right. After the
publication of my first paper in the journal HERD, I became a HERD reviewer myself.
Well, that puts everything into perspective. Imagine me, a young little researcher at the
other side of your paper. And rethink your worries.

LESSONS FOR A PHD:
embrace your work (#1)

Evaluating Value Mediation
in Patients with Chronic LowBack Pain using Virtual Reality:
Opportunities for Empirical
Research in Value Sensitive
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Abstract
Value Sensitive Design (VSD) is the most well-known method to consider values in design.
It consists of three iterative phases of investigation: conceptual, empirical, and technical.
Although the approach is promising, the role of empirical research remains unclear. We
address two opportunities for extending the role of empirical research in VSD. First, we
argue that empirical research enables us to identify values in context. Second, we explain
that empirical research enables us to anticipate how technology mediates the values of users.
We make our point by means of an empirical study in a real-life controlled experimental
context into the value mediation of virtual reality (VR) in patients with chronic lowback pain. Using value-oriented semi-structured interviews with twenty patients, we first
analyze what values these patients consider important, and how the values are experienced.
The second set of interviews held after all patients used VR four weeks at home, aims to
provide insight into value changes as mediated by VR. We end the article by a comparison
of our empirical results with previous, often speculative, literature into values in VR. We
show that empirical research benefits the VSD process by providing in-depth insight into
the effects of context and technology on values and the ability to translate these insights
into recommendations for more responsible design and implementation of the technology.
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Introduction
Value Sensitive Design (VSD) is the most well-known method considering human values
in technology design [1]. Values are “lasting convictions or matters that people feel should
be strived for in general and not just for themselves to be able to lead a good life or realize a
good society” [2, p.27]. VSD consists of three phases of investigation: conceptual, empirical,
and technical. The first, conceptual investigation, is aimed at the identification of users
(also called ‘stakeholders’) and the values they consider important in technology design
[3]. In the empirical investigation after this, users are empirically studied to understand
how the novel technology affects their value experiences. The technical investigation, to
conclude, is aimed at how the technology-in-design could embody the identified values
via a study of similar technologies [4-6].
Considering human values in technology design is an important endeavor. Although
VSD is a promising approach, it has also received critique on various elements of its
framework. For example, several authors have stressed the need for an ethical framework
to augment the VSD framework [6-8]. Other authors addressed the need for tools on user
identification, and clarity on the role of users in the process [6, 9, 10]. Another frequent
critique of VSD relates to the claim that values are ‘universal’ [3, 11, 12]. In this paper, we
particularly reflect on the role of empirical research in VSD.
Based on a systematic review of papers on VSD over the past twenty years, Winkler and
Spiekermann [1] conclude that VSD misses the hands-on tools that designers need to
consider values in technology design. Especially the role of empirical research remains
unclear [13]. Empirical research is conducted during the phase ‘empirical investigation’.
In this phase, empirical research should provide insight into how a technology affects user
values. Although no order of phases is prescribed, the empirical investigation generally
follows after the ‘conceptual investigation’ in which values are identified, and precedes
the ‘technical investigation’ in which the actual embodiment of values takes place and the
design is made [1].
We argue for the need for a greater role for empirical research in VSD to (1) contribute to
value identification, and (2) anticipate value mediation once a technology is implemented.
First, as Dantec and Poole [13] argued, VSD seems to prioritize known values over value
discovery. Instead of studying empirically what values matter for users, the methodology
considers a speculative and theoretical approach to value identification. This is particularly
concerning given that the role of the context of users greatly influences what values should
be targeted, and how these values are defined [14]. Several authors have, therefore, plead
for the need for empirical research into the ‘lived value experiences’ of users: a study of
values in context [13, 15].
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Second, empirical research that studies the actual effect of a novel technology on the values
of users is rarely done in VSD. This evokes the ‘positivist problem’, which is the assumption
that the embodiment of values in technology directly corresponds with how values are
expressed in the use of the technology [8]. VSD, thereby, wrongfully assumes that values
are stable constructs [16]. Instead, once a technology is introduced, it starts to ‘mediate’
values. ‘Technological mediation’ refers to the effects of technology on the experiences,
actions, and values of users [17]. Value mediation, in particular, refers to the effects of
technology on the values of users [18]. A technology can ‘mediate’ or ‘change’ values
in multiple ways [16, 19]. Once implemented, it can affect what values are important
for users, the definition and meaning given to values (which is also referred to as ‘value
dynamism’ [20]), the relative importance of one value over another, the way of translating
values into design requirements, and users’ experience of values via norms - “conditions
needed to realize values in practice” [19, p.11]. All these elements together are termed
a ‘value framework’. The basis of VSD is to make design decisions with values in mind.
Yet, as these values are mediated once a technology is implemented, the initial design
might directly become suboptimal. Therefore, we argue that values cannot be embodied in
technology design without anticipating in a real-life controlled experimental context how
these values are mediated in the interaction between user, technology, and context.
In this article, we show how empirical research into values can benefit VSD to account for
value identification and value mediation. We investigate empirically how a virtual reality
(VR) application designed for people with chronic pain is experienced in terms of values.
VR is increasingly used in healthcare to manage acute and chronic pain [21-23]. The VR
application we studied is designed to enable patients to deal better with their chronic pain
daily without the extra burden of pain medication and its side effects, or minimal invasive
pain treatments and its possible complications. We will start by empirically studying
what and how the values of patients are mediated by experiences of pain. Next, we will
empirically study the effects of VR technology and this particular application on patients’
values and provide design and implementation recommendations for more responsible use
of therapeutic VR. The article ends with a reflection on the use of this empirical approach
contrasting previous, often speculative, literature on values in VR.

Methods
Study Design

This study is part of the PijnVRij study (ClinicalTrials.gov Identifier: NCT04042090),
a randomized controlled trial on the effect of therapeutic VR on improving the quality
of life in patients with non-specific chronic low-back pain. The quantitative results of
the study will be reported separately. The study was conducted from January 2020 till
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January 2021. Participants were randomized at a pain clinic of a large teaching hospital
(Rijnstate, Arnhem, the Netherlands). Approval was obtained under Dutch law by the
medical ethical committee (CMO Arnhem-Nijmegen, NL70042.091.19) in compliance
with the Declaration of Helsinki.
Participants

Study participants were adult patients suffering from chronic non-specific low-back
pain not attributable to a recognizable, known specific pathology (e.g. infection, tumor,
osteoporosis, lumbar spine fracture, or cauda equina syndrome). In- and exclusion criteria
can be found in Appendix 1. All patients provided informed consent before participation.
Intervention

We studied the VR application Reducept (Reducept, Leeuwarden, The Netherlands).
Reducept is a novel psychological VR intervention for treating chronic pain. It incorporates
several psychological therapies into one ‘serious game’: hypnotherapy, mindfulness,
acceptance and commitment therapy, and eye movement desensitization and reprocessing
therapy. At the time of the study, the application was still being optimized but a fully
working version was available for testing in an experimental controlled setting. Figure 1
portrays screenshots of the application. Reducept was played on the VR headset Oculus
Go (Facebook, Inc.; Menlo Park, USA). Participants of our study were inquired to use
the application each day at home during a four weeks intervention period. The use of VR
and reported pain scores could be monitored through an online dashboard that provided
insight into the usage data from a distance.
Data collection

To comprehend what values patients consider important in the context of their pain, and
how VR mediates the values of patients with chronic low-back pain, we interviewed each
participant twice, either personally or by phone, using a value-oriented semi-structured
interview [24]. The first interview intended to understand the current value framework of
patients in the context of chronic pain: what values mattered, the definition of these values,
and the effect of pain on each value in terms of norms and experiences. After this interview,
participants received education on VR and used the VR application for four weeks. On
days 7 and 14, participants received a call from the research team for support when needed.
The second interview was held directly after four weeks and investigated technological
value mediation. We aimed to construct a novel value framework including what values
were important in the use of VR, the definition of each value, and patients’ experiences
of each value via norms. Both interview guides consisted of open-ended questions and
probes derived from literature on important values. Interview guidelines can be found in
Appendix 2.
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Figure 1. The Reducept application
Data analysis

Interview data were systematically analyzed and grouped into two value frameworks by
way of thematic content analysis [25]. Value frameworks were constructed independently
for interviews before using VR and interviews after using VR. Value frameworks were
then compared to understand how VR technology and this particular application
mediates values. Based on this empirical work, the authors then assigned a normative
claim to the value mediations. This normative claim is needed to make design decisions.
Value mediations were either marked as ‘positive’, ‘neutral’, or ‘negative’. Negative value
mediations or opportunities for better value mediations were consequently translated into
recommendations for the design and implementation of this VR technology.
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Results
General

Twenty patients with an average age of 51 (27 -71 years old) used VR at home. Seventeen
were interviewed before using VR, twenty after using VR. Education levels varied between
participants. Three were male, seventeen were female. Only three participants had used a
VR headset before. Below, first, the interviews held before using VR are reported. These
interviews resulted in six values important in the context of chronic pain: health, selfperception, safety, hope, autonomy, and social comfort. After reporting how these values
are defined and expressed in norms and experiences through patient quotes, we report
what values matter when VR is used. VR affected the six aforementioned values, and
four additional ones were introduced: privacy, accessibility, sensory comfort, and spatial
comfort. VR did not affect how people defined the values. Yet, norms related to the values
and value experiences were greatly mediated by VR. Recommendations are provided per
value to better consider value mediation in this VR design and implementation. Figure 2
visualizes a summary of the results. A more comprehensive overview of the results can be
found in Appendix 3.
Value experiences related to non-specific chronic low-back pain

Health All participants experienced chronic pain in the lower back of the body. Pain
experience lasted on average already eight years, ranging from one to thirty years. For most,
the pain was constantly nagging, intermitted by episodic heavy pain attacks. These were
described by terms as: “stabbing in the back”, “burning”, “shooting nails”, or “stinging knives”.
For most, the cause of their pain was unknown. Consequently, most participants had a long
history in medical therapy and pain-relieving medication.
Participants were asked to define what it meant for them to feel healthy. First, four
participants indicated health to mean feeling well, depending on a healthy food intake,
being in a good physical condition, and taking good care of their body. Seven participants
defined health as the freedom to be able to live life independently without the constraints
of pain. Of them, only four indicated not being healthy due to chronic pain. All others
indicated to feel healthy irrespective of the pain. “The pain does not make me feel unhealthy, it
only makes me feel restricted – participant 32 (Female /40 years old)”. Participants agreed that
a life without pain would enable them to more often participate in society, work, undertake
activities, exercise, spend time with (grand)children. “Without pain, I would be able to better
enjoy life, without having to constantly fear the pain – 11 (F/35)”.
Self-perception In the context of chronic pain, this value consists of the norms: activities
of daily life, professional life, mood, ability to accept pain, understanding own pain, and
self-image. With regards to daily life, for all participants except two pain regularly had
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Figure 2. Values in chronic pain and virtual reality
profound effects, requiring many to give up sports, hobbies, or daily household chores.
Most participants had to consider constantly which activities are possible and which are
not. “I always have to check my shopping basket. When it is too much, I cannot carry it. I always
have to consider the pain – 30 (F/71)”. Moreover, the pain people experienced during short
walks hindered multiple participants to leave home. “I rather stay home all day long, not to feel
the pain – 12 (F/50)”. Pain also influenced participants’ professional life. Five participants
indicated to have lost their jobs because of their pain, which remained difficult for them
to accept: “It cannot continue like this. I want to work. I am not the type of person to stay at
home – 20 (F/45)”. Two participants started working fewer hours to handle their pain. Four
participants pointed to the importance of continuing their jobs, as it provided them with
distraction from pain.
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Four participants believed their optimism would not allow pain to affect their mood. All
others indicated the pain regularly made them feel unhappy. In periods of heavy pain,
they experienced feelings of agitation, frustration, anger, and pessimism. “After all these
years, I have started to become a pessimist – 22 (M/39)”. Eleven of the participants believed
they had accepted the pain as part of their daily lives. They indicated that there is no other
way than to accept the pain, as it will not just disappear. Six others had not accepted the
pain. “I do not accept it. I need something to fight for, I need to fight for pain relief – 38 (F/38)”.
Being unable to understand the source of their own pain, negatively affected ten of the
participants in the way they looked at themselves. “I am constantly searching for something
that might explain my pain. I cannot accept the pain as long as I have not discovered what is
causing my pain – 20 (F/45)”.
With regards to self-image, all but two participants reflected differently on their bodies
due to the pain. For example, six illustrated that they saw their bodies as handicapped: “Yes,
I feel older, I feel handicapped – 15 (F/63)”. Another six had lost trust in their own body,
were disappointed in their own body, felt anger towards their own body, felt vulnerable,
or believed their body was failing them. “I am tired. I hate my body. It hurts everywhere – 20
(F/45)”. Three felt powerless and incapable to deal with their pain.
Safety The value of safety was divided into the norms: physical safety, financial safety,
and emotional safety. Eight participants felt physically unsafe. They illustrated feeling
vulnerable, slow in mobility, unable to take care of themselves in case of accidents, and
constantly afraid to fall. “Most people are not aware of my pain. I live alone and I have been
thinking lately, what happens if I fall at night? – 30 (F/71)”. Two participants feared being
unable to defend themselves. Only one referenced feeling financially insecure as the pain
might force her to give up her job. Concerning emotional safety, six indicated to constantly
fear the pain will deteriorate, restricting their freedom. “I fear that the pain will worsen and
that I will not be able to do anything anymore – 15 (F/63)”.
Hope In this context, all participants hoped to experience pain relief. After years of chronic
pain and different treatments, many had not found a solution for pain relief. Four indicated
to have lost faith in some of the physicians during the process. Still, most participants kept
looking for a solution for solving their pain. Eleven indicated to embrace any treatment
offered to reach this aim. “When you are in pain, you have to try everything – 25 (F/66)”.
Hopes are constantly relatively high at the beginning of a new treatment, oftentimes
resulting in disappointment. “My expectations are very high. I hope so badly he can take away
my pain. Or only half of it – 8 (M/53)”.
Autonomy The value of autonomy was expressed through the norms: feeling in control over
pain, independence from people, and independence from medication. All participants felt
out of control over their pain. This deficiency of control resulted from painful experiences
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that cannot be stopped by any means nor predicted on its course. Only small actions as
taking medication, doing exercises for the back, finding relaxation, or finding distraction
from pain, provided the participants with a minor feeling of temporary control. At the
same time, medical specialists had their opinions on how the participants should deal with
their chronic pain, and when these did not correspond to the ideas of participants, this
led to frustration and dependence. “‘Oh, madam, you are not allowed to do that! That is not
supporting your back.’ But what should I do? Everything hurts my back! I do not feel supported
– 30 (F/71)”. In addition, pain medication made participants feel dependent as eleven
expressed worries concerning the side effects of medication. “I am using pain medication
already for years. I am a nurse. I am worried about how the medication is harming my body – 22
(M/39)”.
Social Comfort Chronic pain affected the social lives of most participants by affecting the
quality of contacts, the number of contacts, and being taken seriously by others. Eight
participants indicated that the pain made them feel agitated, which directly affected how
they responded to the people surrounding them. They frequently felt guilty about how they
treated their family in times of pain. In addition, many participants indicated having fewer
contacts with others resulting from the pain. “I have relatively few social contacts, I just do
not have the energy – 19 (F/50)”. Examples were provided on how pain negatively affected
social interactions by withholding participants from making appointments, going outside
to meet others, playing with grandchildren, or going out with partners. Two participants
indicated that losing their jobs isolated them from social contacts even more. Being
taken seriously seemed to be an important norm for social comfort. Multiple participants
expressed a dislike that others, including treating physicians, did not regularly regard the
pain as an important problem. Six participants did not even inform their relatives about
their pain. They believed others would not desire to hear their complaints, were afraid
others would not believe them, or considered it useless to complain as their relatives would
not be able to do anything about it. “I sometimes think everyone is tired of having me and my
pain around. That is why I try to pretend to be healthy – 20 (F/45)”.
Value experiences related to the use of VR

Interviews held after participants made use of VR were translated into a novel value
framework. Below, we present all values affected by the use of VR in terms of norms
and experiences. The same values as discussed in the previous section were found, and
four additional ones were introduced: privacy, accessibility, spatial comfort, and sensory
comfort. A comparison of the empirical findings of the two value frameworks resulted in
VR design and implementation recommendations at the end of each value.
Health Participants were again asked to define this value. Similar definitions were given
as in the previous set of interviews. When participants were asked whether VR had
affected their feelings of being healthy, all excluding one indicated no effect. This particular
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participant mentioned pain relief, which provided her with more freedom and a healthier
feeling. The remainder of the interviews revealed that other participants also experienced
health benefits of VR as well as a new norm, sleeping well.
Half of the participants reported periods with lower pain experience since the use of VR.
For three of them, these effects were only felt whilst using the headset as a form of pain
distraction. The others reported changes also when not using VR. These mostly resulted
from insights the VR brought them regarding their pain. One exercise in the VR game is
making the red pain points green. Five participants reported to successfully visualize this
exercise when in pain. “When I am in pain, I think back: make the red ones green. This thought
helps to deal with the pain -12 (F/50)”. Four other patients had used this technique as well,
but unsuccessfully as they could not translate the insights of the game into real life. “They
gave me the exercise to shoot away my pain. But all I think is: how? – 37 (F/44)”. Although
VR affected pain only subtly for most, all participants were positively surprised by these
feelings.
Six participants indicated that the VR experience enabled them to find relaxation. Three
of them argued that this relaxation lasted long after using the headset. “I became more
relaxed. The VR headset stimulates your mental health – 38 (F/38)”. One participant explained
she lowered her medication intake during the use of the headset. “Initially, I thought the
VR headset did not work for me as I was still in pain. But when I stopped using it, my pain got
worse. Besides, I noticed I had started using less medication whilst using the headset – 4 (F/32)”.
Furthermore, weeks after the study, one participant had canceled her planned surgery as
the VR had worked for her. Four participants noticed their sleep quality increased due to
VR. “Yes, it is the headset. I used to wake up because of my pain. Now I only wake up when I need
to go to the toilet – 16 (F/64)”. Tiredness was also mentioned twice as a disadvantage of VR.
To conclude, VR seems to positively affect how health is experienced. It added a new
norm, sleeping well, to the value, but did not affect the definition of health itself. Yet,
results also show that health improvement sometimes remains limited to the virtual world
as some users cannot translate virtual games into real-life behavior. To optimize the effects
of VR, we recommend:
A healthy virtual and real me: To ensure that VR benefits patients in real life, support is
necessary on how virtual lessons could be applied in real-life situations. This support might be
incorporated in the VR game or could be provided by caregivers.
Self-perception This is an important value for people with pain. The previously found
norm of professional life was not affected by VR. The others: daily life, mood, accepting
pain, understanding pain, and self-image were mediated. One participant believed VR
helped her to resume daily life. Another experienced a better mood. Pain acceptance was
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improved for five. These participants illustrated that VR learned them to accept pain as a
part of life, instead of only focusing on the pain. “The difference is that I used to push away
my pain. Now I accept the pain and try to find relaxation – 3 (F/63)”. Half of the participants
became aware of the importance of timely relaxing and not ignoring pain with continuing
activities during their busy day. “I used to be in a constant rush. Never took the time to relax.
But now, the headset taught me to relax – 3 (F/63)”. For one, this insight was emotional: “The
first time I did that exercise, I cried. I was so emotional when I got the insight that I have to find
relaxation in my life – 24 (F/52)”. Half of the participants appreciated the knowledge on
the concept of pain they gained by VR. “It helps to understand what is happening within my
body. This knowledge is reassuring – 24 (F/52)”.
Pain has a strong impact on the norm self-identity. Unfortunately, VR did not positively
affect this norm. At a certain moment, the game explained that chronic pain is often
caused by the brain, instead of resulting from a physical cause. Five participants could not
identify themselves with this image. They even felt offended by the message that their pain
was ‘being made up’. Consequently, these participants considered themselves not as the
right target audience for this VR application and used this to explain why the headset had
not brought them any benefits. “It annoys me when they say that chronic pain has no specific
cause. That the body is not damaged. I thought, my body is heavily damaged. My pain is not an
illusion! – 19 (F/50)”.
To conclude, VR seems to be able to positively mediate the value of self-perception,
in particular the ability to accept and understand pain. The norm self-identity was not
mediated positively. As this norm is important in patients with pain, we recommend the
following:
Create a positive self-image: VR design should make use of the immersive character of VR,
enabling patients to embody a positive self-image in real life.
Safety Norms of physical and emotional safety were mediated by VR. The norm financial
safety was not. With regards to physical safety, positive effects were found for three
participants who felt stronger after four weeks of using VR. Few adverse effects were
reported which negatively affected the norm. Four participants experienced fatigue and
dizziness especially the first time. Two were unable to play all games as some games led to
pain in the neck. Emotional safety was positively mediated for one patient. She explained
that VR taught her to accept her pain and not to fear it constantly. Negative mediation of
this norm was found for another person that indicated that the decrease in pain introduced
a new fear for her pain to return. Also, full immersion took away awareness of the external
environment, which resulted in unsafe feelings for three. That made two of them play VR
only when they were alone, doors locked. Contrasting, the third participant only played
VR with her radio on, to remain connected to the external world. “Yes, the first time it
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scared me. […] I want to play alone, but I turn on the radio in the background. And I play only
during daytime. Because it is scary – 30 (F/71)”. Concluding, VR can positively affect norms
related to safety, yet, negative value mediation of safety is also found, mostly regarding full
immersion. We recommend:
Feeling safe and sound: VR hardware should allow for a temporary ‘opting-out’ of the virtual
environment that enables users to see the real world without taking off the headset to improve
their feelings of safety.
Hope Expectations of participants regarding VR were mediated by many external factors.
For some, expectations were magnified by the enthusiasm of medical staff and media
attention that the VR experience had generated in the past. Almost half of the participants
had seen the VR experience on television or social media before they even had heard of
this study. After four weeks of using VR, three participants were consequently heavily
disappointed VR had not brought them what they had hoped. “When I started, I was very
positive. I hoped so hard it would help. I believed this would be the solution for solving my pain!
[…] But it is useless. I am helpless. The pain will last forever– 20 (F/45)”. Also, as the VR
experience has been promoted frequently positively in media, one participant illustrated
she began to doubt herself when it did not provide her any benefits. She questioned what
she was doing wrong as a reason for why it was not working. “Many friends had seen this on
television. They asked me: are you doing it right? Shit, I thought, I am doing something wrong – 1
(F/61)”. Other participants did not have high expectations regarding this virtual treatment
as they were only waiting for the ‘real’ medical treatment (often surgery) that was already
scheduled. As the context of patients affects expectations and resulting outcomes, we
recommend:
The right patient, the right time, the right expectations: Medical history and future of patients
affect the expectations and hope patients have regarding virtual treatment. The context of a
patient should be considered before prescribing VR and whilst supporting patients during VR use
to prevent false hopes.
Autonomy VR added one additional norm to those found previously: independence from
technology. More than half of the participants believed to experience more control over
their pain after four weeks of using VR. Participants explained they were able to use VR
whenever and wherever they desired and did not require the assistance of others in using
it. VR was seen as a tool for pain distraction and relaxation. On top of this, it provided
participants with the insights that they were able to deal with their pain daily, without
simply undergoing it. “Yes, VR helps me to take control, to take an initiative to deal with my
pain. Autonomy over my health, instead of always just waiting for the pain to come – 26 (F/27)”.
Three participants even preferred VR therapy over therapy with a medical doctor, as the
gamification demands attention instead of passive listening and, more important, does not
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judge the participants. At the same time, four participants felt to depend on the technology
as it reduced control over the ‘real world’ and demanded to follow the program, instead of
doing relaxation exercises at their own pace. To conclude, VR seems to be a promising tool
for self-managing health. Self-management, however, does not imply that users should
act on their own. All participants greatly valued instructions on the use of the technology
before the start and liked the support and encouragement of the research team during use.
Therefore, we recommend:
I can do it!: VR improves self-management of pain when patients are well supported on optimal
use of the technology to increase their feelings of autonomy.
Social comfort Social comfort was previously separated in the norms related to quality and
quantity of contacts, and being taken seriously. VR affected the norms of quality contacts
and being taken seriously and added a norm of not disturbing others. High-quality contact
with others was negatively mediated as four participants missed an interaction in the virtual
world. Half of the participants desired using the headset only when they were alone as that
improved their ability to focus. “I consciously withdraw myself from my family. I have a place
in my office upstairs. It helps me – 22 (M/39)”. Positive mediation of this norm was found for
one participant who believed the headset to have improved her mood, which consequently
improved her relationship with her children and spouse. Positive mediations were found
for being taken seriously. Almost half of the participants felt the desire to share the VR
experience and the corresponding pain education with others. Two participants, finally,
greatly disliked disturbing others whilst playing VR. To conclude, our analysis shows that
VR design could provide multiple opportunities to become more social:
VR as a social medium: VR provides the opportunity to improve the social contacts of patients.
It could allow patients to meet peers, introduce a digital buddy, or allow relatives to empathize
with the pain condition of patients.
Privacy Participants were questioned on their opinion on the use of a dashboard for
monitoring VR use from a distance. Various participants directly referred to their privacy,
whilst this was not a value found before. Participants compared the dashboard to smart
home assistants, a camera in the office, and social media profiles. Yet, none believed their
privacy to be harmed. Instead, it was deemed beneficial: making VR more part of the pain
treatment, reducing the need to visit the medical doctor personally, and having an external
motivator to apply VR on a more regular basis. “That entire privacy nonsense. You want the
doctor to help you. Data exchange is then only beneficial – 22 (M/39)”. These opinions show us
that participants are willing to share personal data to improve their health.
Do not let privacy harness care: Patients should control the ability to exchange their VR usage
data and pain experiences with their caregivers to obtain support in their virtual treatment.
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Accessibility Two norms were identified which introduced accessibility as a new value:
costs of VR and technical knowledge. In this study, we aimed to make VR accessible: VR
headsets were provided for free during the intervention period, and researchers provided
support when needed. Nevertheless, accessibility still emerged as an important value.
First, two participants desired to continue using VR. Yet, the costs of the headset and
the monthly license costs were too high. “So, I asked the medical doctor, but I had to buy a
headset myself. I cannot afford a VR headset, as I am unemployed. Look, I can save some money
for buying a headset, but I cannot afford to pay a monthly license – 4 (F/32)”. Second, three
participants indicated that the technical knowledge required to practice VR is a major
barrier. Numerous participants referenced technical malfunctions, including a short battery
period, inability to charge the device, inability to connect to Wi-Fi, poor vision, and a
malfunctioning controller. The research team solved all artifacts. To ensure accessibility of
future home-based VR use we recommend:
Accessible virtual care: Any patient should be able to try therapeutic VR. To enable this for any
patient, research is necessary on reimbursement and sustainable support services.
Sensory comfort This value only emerged when VR was used and includes comments on
physical comfort, audio comfort, and visual comfort. Concerning physical comfort, thirteen
participants had recommendations for improvement. Most disliked that the glasses of
the headset quickly became fogged. Additionally, the headset was called heavy, pressing
uncomfortably on the skin, pulling down on the head or being too tight on the head, and
messing up one’s hair. Two participants were not able to wear their glasses in combination
with the headset. One feared the headset would break her glasses: “I only wore my old glasses,
because my current glasses are fragile. I am afraid they would break – 24 (F/52)”. Concerning
the audiovisuals, most participants appreciated what they experienced. Nevertheless, half
of them complained about the constant repetition of pain education, which was boring.
Also, few participants had blurry sight. We would not regard sensory comfort as a moral
value. It can better be seen as a design value affecting the willingness to use VR. Therefore,
we recommend:
It’s all in the details: All sensory experiences should be considered in the design process to contribute
to an optimal and coherent experience. This includes both VR software and hardware.
Spatial comfort This value could also be seen as a design value. This value included all
aspects related to comfort participants experience in using VR: having time to use VR,
alignment to personal preferences, and joy in using VR. First, the ability participants had
in finding a moment for themselves affected the use of VR. Some illustrated they just did
not have time to use the headset because of their children or jobs. Others indicated it was
difficult to accept they had to sit down during the day. The moment of use, consequently,
really depended on the daily schedules of participants. In addition, personal preferences
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affected use. Nine appreciated continuing using the headset. For some because they liked to
do the exercises regularly. Others valued having it at home in case of pain. The final norm,
enjoyment, also affected spatial comfort. All participants indicated that using VR for four
weeks became boring. Participants agreed on the need for more games, more education,
and more competition. To conclude, this value shows how the context and preferences of
participants affect willingness to use VR. Possibly, personalization of VR use and software
might improve spatial comfort and thereby the other values:
Personalized technology: As each person has different needs, the personalization of software and
usage details would optimize virtual treatment.

Discussion
We empirically studied in a real-life controlled experimental environment how patients
experience VR for treating chronic pain in terms of values. The first set of interviews
provided us with insight into what values patients considered important in relation to their
pain and illustrated that value definitions and experiences were greatly affected by their
daily pain. The second set of interviews illustrated that value frameworks are mediated
once VR is used. Although definitions of values did not change, value mediation by VR
was found in the list of values important, the translation of the values into norms, and
value experiences.
We discuss below per identified value how this empirical approach to VSD compares
to previous, often speculative, research into values in VR. The comparison highlights
that empirical research actually provides valuable insights that cannot be anticipated
theoretically. We illustrate the advantages and disadvantages of empirical research
contrasting a speculative, theoretical approach. First, in contrast to speculation about values,
empirical research results in many more moral goods found in VR than moral concerns. This
increases the acceptability of a technology. Second, empirical research provides contextand even person-specific insights, whilst a speculative approach mostly creates general
insights. The specific insights facilitate translation of values into design requirements, and
even more, personalizing technology to individual users. Being so context-specific is also
a disadvantage as it disables generalizing insights to other application domains. Third,
empirical research enables to identify and define values that users consider important in
context whilst these might not have been identified in speculation. However, this is also
a risk of empirical research. It only shows values users consider important, whilst there
might be values that need consideration nonetheless. Speculative anticipatory reflections,
therefore, might still be necessary in addition to empirical research. Fourth, being able to
identify value mediation in practice, enables for a redesign of the technology and its way
of implementation to ensure that initial value embodiment corresponds with how values
are actually expressed in practice. A disadvantage of empirical research is that it is time206
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consuming to conduct empirical research. The time and resources for research and ability
to study a prototype of a technology in a controlled experimental environment might not
always be available to development teams. Each VSD development team should weigh the
advantages and disadvantages of empirical research. When possible, empirical research is
generally preferred over speculation only.
Health In contrast to the other values, ‘health’ has been studied empirically often. Multiple
studies have been conducted in the medical domain on the effectiveness of VR for health.
Our study results are in line with those of Snelgrove and Edwards [26], showing chronic
pain to be constantly affecting patients’ well-being. Interviews held after using VR
suggest that VR can improve health. These findings comply with findings from studies
on improving pain management skills by VR [27-30]. To even better deal with pain in
real life, we recommended the provision of support to patients to translate virtual lessons
to real life. Games that support changing real-life user behavior have been described
as persuasive games [31]. Therapeutic VR could consider principles of persuasive game
design to optimize healthy patient behavior in real life.
Self-perception Several authors have speculated on the ability of VR to alter the selfperception of individuals [32, 33]. They stated that because VR can create ‘virtually real
experiences’ [34], users of VR quickly identify themselves with the virtual arms or virtual
heartbeat that they can hear [35, 36]. This illusion of embodiment could result in loss
of self-identity by alienating users from their own body, and a loss of connection to the
real world, which could negatively affect behavior in real life [37]. In the VR application
we tested, this ability to change the way people phenomenologically experience their
bodies is intentionally used to lower experiences of chronic pain. Before using VR, most
participants expressed that chronic pain has altered the way they perceive themselves,
which complies with prior research [38]. After using VR, several participants positively
experienced a change in self-perception; most participants indicated to accept pain better
as part of daily life and to comprehend the concept of pain better. Our findings, therefore,
do not correspond with the speculative concerns. We also found different results than the
concerns posed by Tack [30]. The author posed the concern of VR providing a temporary
illusion of a ‘stronger’ back. He questioned whether this would cause patients to act beyond
their physical capacity and if the return to self-perception would lead to disappointment.
In leaving VR, our participants did not experience disappointment. Even better, some
were able to apply lessons learned from the VR application in real life. By, for example,
‘shooting away’ their pain, patients could embody that ‘stronger’ back. This might result
from cognitive-behavioral therapeutic principles, including acceptance and commitment
therapy and mindfulness, underlying the VR game [39, 40] which is a promising tool for
any therapeutic VR to increase patient empowerment. This value particularly shows that
empirical research into values provides more positive results than speculation.
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Safety Participants commented that their experiences of chronic pain often negatively
affected their feelings of physical safety. Previously, Horsfield [37] illustrated that the
virtual world could enable people to experience greater safety by escaping from pain and
mortality as these are part of our embodiment. We found that VR indeed allows for pain
distraction and thereby temporarily increased feelings of safety in a virtual world. Horsfield
continued that temporary feelings of safety in the virtual world could lead to alienation
and disappointment in the real world. We have not found this to be true. Actually, virtual
feelings of safety were embodied by three participants, that consequently felt safer in the
real world. In contrast, virtual environments could also harm safety by causing adverse
effects like motion sickness [41]. In our study, only a few patients experienced minor
dizziness after using VR, as the VR application was designed to prevent this. We did find
another negative effect of VR on safety though. Especially the first time, some participants
felt insecure in the virtual environment due to its novelty and being disclosed from the real
world. These empirical findings generate other insights than speculative claims and should
be considered by any therapeutic VR team during design and implementation.
Hope Horsfield [37] speculated that the virtual world is a place of hope. It can provide hope
that daily life could be lived without pain. The author continued that this could lead to
disappointment and disillusion. Our research provided nuance to this claim. In the study,
the experience of VR itself did not directly mediate hope. It was the medical condition of
patients that initially created a boundless hope that pain one day will disappear. VR became
the object of hope. Bolstered by advertisements, media attention, and enthusiasm of the
medical staff, this hope might have generated false beliefs and affected the actual impact of
VR. Our findings are in line with a concern earlier on posed by Madary and Metzinger [33]
called ‘therapeutic misconception’. They argued that VR, as a novel technology, generates
high expectations when applied in healthcare. As these could result in desperation and
disappointment, a shared decision-making process between patient and caregiver in which
realistic expectations are discussed was recommended before prescribing therapeutic VR.
Autonomy In literature, speculative concerns have been raised on the dependence of patients
on VR [32]. We did not find a dependence on VR but only found that VR offers potential
for self-management and increased feelings of autonomy. Nevertheless, we recommended
that support is still necessary to allow any patient to make use of the technology. This
recommendation complies with previous recommendations on support needed in ehealth
use to foster autonomy [42].
Social Comfort Concerns in the literature addressing social relationships, including
escapism from the real world [43], were not encountered in our study. Yet, we found that
VR is not contributing to social relations either. We also identified an opportunity for VR
to become more social. Previously, it has been concluded that VR can contribute to social
relations [44]. Within healthcare, VR has been used in this way by improving empathy
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for people with dementia in caregivers [45] and by using the virtual environment as a
‘playground’ for hospitalized children [46]. These cases illustrate that social comfort is a
value that could be improved by VR and might become incorporated in any therapeutic
VR design.
Privacy Our findings contrast common literature regarding privacy as one of the most
pressing ethical concerns of VR. Madary and Metzinger [33], O’Brolcháin and Jacquemard
[47], and Spiegel [48], for example, speculated on the value of privacy. The authors feared
for people’s privacy when eye movement is traced, data is being stolen or misused, and
third parties obtain access to VR’s camera to record faces. Privacy was not seen as an
issue by patients. Even though our patients did not consider these concerns, designers
should make sure these items never become patient concerns. Therefore, we recommended
VR developers to consider, amongst others, general data protection regulation guidelines,
and the use of VR headsets designed for medical purposes. This way, privacy will not
constrain data sharing between patient and caregiver for better support. This value shows
that empirical research might not provide a full insight into all values of importance, as
users might not always know what is best for them.
Accessibility Access to VR is repeatedly speculated as an ethical concern [33, 37]. Our
results correspond with this concern. We made VR available to patients by offering them
VR headsets for free and providing education and technical support. Still, these aspects
remained a barrier for accessibility as some desired continuing use of VR and encountered
financial problems, and others pointed to technology as a barrier for future use. To achieve
distributive justice in virtual care technology, there is a need for insight into the costeffectiveness of VR therapy compared to traditional therapy so that medical insurance
agencies are willing to reimburse. Furthermore, we recommended education and support
services to make therapeutic VR accessible for all.
Comfort Technology development is oftentimes steered by the possibilities that technology
offers. Yet, these possibilities do not always meet the needs of users. Therefore, Kellmeyer
[32] argued that instead of opting for a technology-centered approach, VR development
should follow a user-centered approach. Our study demonstrated the importance of this
statement through the values of sensory and spatial comfort. We labeled these values design
values because they do not directly relate to moral considerations. We encouraged both
ethicists and designers to consider these values together with moral values to optimize the
mediation of VR.
Limitations

This study has a few limitations. First, as the VR experience was new to all but three
participants, this novelty might have influenced, for example, positive outcomes related to
health, negative experiences of safety, and high expectations and hope. Repetition of this
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study within some years, when VR is a well-known technology, will clarify whether the
novelty of this technology has affected the study outcomes or whether outcomes are intrinsic
to VR. Second, during the study, the Reducept application was updated three times with
minor changes. The updates went together with several technological failures. These have
affected values of sensory and spatial comfort. Ideally, studies into (VR) software should
be conducted via only testing one version. Third, we studied participants with non-specific
chronic low-back pain awaiting medical treatment. Our study results reflect their opinions
and might differ from people suffering from different types of chronic pain, from patients
not following a trajectory for another treatment, or from patients with a shorter history
of pain, especially regarding the values of health and hope. Only with a longitudinal study
in a larger patient population, we would be able to generalize our value results to chronic
pain and VR. Fourth, as we applied semi-structured value-oriented interviews, we had
identified through literature a set of values of which we believed pain and VR might affect.
Although we provided the interviewees the opportunity to come up with topics themselves
and to only continue with the topics they deemed most important, this technique of
interviewing might have influenced the outcomes of the value identification process. Also,
the normative process of translating empirical research into design and implementation
recommendations remains a subjective endeavor. Nonetheless, to empirically identify
values, and appreciate value experiences, no better methods exist at present. Fifth, we did
not study the relative importance of one value over another even though this is part of a
value framework [16, 19]. This relative importance is particularly important in the case
of value tensions. When these occur, insight into users’ value prioritization could aid in
solving the tensions [49] which is an interesting future research topic. Finally, this study
has been conducted during the COVID-19 pandemic. This pandemic required people to
remain at home and decreased their mobility. Several participants questioned whether
their experiences were also affected by changes in social contact and stress. This observation
stresses the importance of taking into account both micro and macro contextual factors
when studying the value experiences of people.

Conclusion
In this article, we studied the added benefit of an empirical approach to VSD to inform
value identification and anticipate value mediation. We investigated the effects of VR on
patient values by analysis of the patient-technology interaction in the context of chronic
pain. Insights were translated into normative recommendations for a values-based design
and implementation of VR treatment. We started this article by illustrating that VSD
remains vague about the role of empirical research in its approach. It relies on speculation
to identify values and assumes that value embodiment results in equal value expression
when the technology is applied in its context. The case study showed the advantages of
empirical research contrasting mere speculation on values. It enables a more ‘positive’ view
on values, provides detailed context-specific insights required to align design with users’
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values, can identify a list of values based on what users consider important, and enables
anticipating value mediation in the design process. Nonetheless, a speculative approach
to values might still be needed in specific situations. For example, when the technology
is not available for study, or when users cannot account for all values of importance. In
addition, empirical research is time-consuming, and results can only be generalized to
similar application domains. When possible, VSD should include empirical research for
value identification and anticipation of value mediation in its process to optimally and
responsibly inform technology design.

Implications for Practice
•
•
•
•

•

Empirical research enables to identify user values in practice.
Designers should anticipate value mediation of digital health as
technology mediates user values once implemented.
Experimental pilot studies in the authentic user context enable for
understanding value mediation of digital health.
Value Sensitive Design should apply empirical research as it enables a
more ‘positive’ view on values than mere speculation, provides detailed
context-specific insights required to align design with users’ values, can
identify a list of values based on what users consider important, and
enables anticipating value mediation in the design process.
Virtual Reality can contribute to the values of patients with chronic lowback pain when it is responsibly designed.
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Abstract
In many digital health technologies, design does not align with the needs and values of
users within a specific healthcare context. This results in a low uptake of these technologies.
In general, two mechanisms should ensure successful implementation of digital health: the
design process and the evaluation process. Yet, these are not aligned with each other. This
paper provides an empirical and qualitative approach combining design with evaluation
to increase digital health’s success rate. We adjust the ‘guidance ethics’ framework into
the ‘Digital Health Technology Guidance’ framework. We apply this novel framework in
a case study of developing and evaluating a virtual reality rehabilitation service for long
COVID patients. We end the article with evaluating this novel framework on its ability
to bridge gaps between design and evaluation through a wide focus on qualitative, ethical,
user outcomes.
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Introduction
In the majority of digital health technologies, design does not align with the needs and
values of users within a specific healthcare context (Van Velsen, Wentzel, and Van GemertPijnen 2013; Pagliari 2007; Birnbaum et al. 2015). This results in a low uptake of these
solutions (World Health Organization 2010). In general, two mechanisms should ensure
successful implementation of technology: the design process and the evaluation process.
Designing digital health has become an increasingly popular activity in the past years.
Numerous authors have pleaded for including participatory design principles in the design
of digital health (Clemensen et al. 2007; Eysenbach 2008). In that, users are involved in
the design process for design requirement creation. Namely, when digital health does not
meet user needs, uptake of solutions remains low (Lupton 2013). Despite the regular pleas,
design requirement creation is still often left to engineers alone (Van Velsen, Wentzel,
and Van Gemert-Pijnen 2013) and commonly focuses on meeting safety standards and
preparation for clinical effectiveness studies (Mathews et al. 2019). In addition, digital
health design does not always consider embedding design within current healthcare
services and protocols (Shaw et al. 2018). This all results in a misalignment between the
needs of patients, their caregivers and the design (Birnbaum et al. 2015).
After the design process, a second mechanism should ensure successful digital health
adoption: technology evaluation. Digital health evaluation can take place through Health
Technology Assessments (HTA). HTAs are developed to facilitate decision-making for
successful technology adoption. Traditionally, decisions are being made based on the best
available evidence on costs, quality, and safety of different healthcare technologies (Lehoux
and Blume 2000). In that, HTA has been criticized for its overemphasis on cost-effective
technology (Banta 2003, 2009) and a focus on quantitative health outcomes only (Leys
2003). Suggestions have been done to broaden the scope of HTA through qualitative
research into social, ethical, and legal aspects of digital health. For example, Van der Wilt,
Reuzel, and Grin (2015) propose an ‘interactive technology assessment’ focusing on the
need for stakeholder involvement in the process. Similarly, Baltussen et al. (2017) propose
an ‘evidence-informed deliberative process’ approach to HTA, also pleading for various
forms of stakeholder deliberation for the identification of social values. Lehoux and Blume
(2000), illustrate the importance of considering the sociopolitical context of technologies
by identifying actors, resources, flow of knowledge, and power relations. Likewise, Reuzel
et al. (2004) study the social context of technology from a ‘social shaping’ perspective
of technology to comprehend how technology affects the norms and values of users.
Nonetheless, a study of the qualitative impacts of digital health on user needs and values
has not become part of standard practice yet (Vis et al. 2020). Unfortunately, as insights
into such impacts are required for successful and responsible design.
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Today, the mechanisms of design and evaluation are linear. Evaluation generally only
begins after finalizing the design process. Evaluation then typically focuses on different
outcomes than those which were initially designed for (quantitative versus qualitative
outcomes) (Blandford et al. 2018). Ideally, design teams and technology evaluators should
collaborate early on in the process of creating digital health to better align design with
evaluation and ensure meeting the needs and values of users. Instead of considering the
question of ‘yes’ or ‘no’ with regards to technology adoption, this multidisciplinary approach
should question ‘how’ to adopt a technology. It should consider evaluating a wide variety of
empirical, qualitative outcomes; including user needs, barriers and facilitators for use, and
ethics through (moral) user values, and adjust the design according to insights obtained in
the evaluation process.
A promising approach aiming to merge technology design and evaluation has been
proposed before by Verbeek and Tijink (2020). The approach particularly focuses on ethics
of technology and is therefore called ‘guidance ethics’. In this article, we will illustrate
the guidance ethics framework. Consequently, we will adapt the framework to 1) extend
beyond ethics only to encompass a wide variety of qualitative design outcomes, and 2)
meet the needs of the healthcare context. Finally, we will apply and evaluate the framework
through a case study of developing a Virtual Reality (VR) rehabilitation service for long
COVID patients.
Guidance ethics

The guidance ethics approach is inspired by the ‘theory of technological mediation’.
This theory describes that technology is not neutral. During technology design and
implementation, numerous choices are being made that influence how technology will
affect user experience and behavior. Although some design approaches aim to consciously
steer experience and behavior through design (consider, for example, ‘design for behavior
change’ by Niedderer, Clune, and Ludden (2018)), multiple effects of design result from
unconscious decisions and create unforeseen and sometimes even undesirable consequences
(Tenner 1997).The technological mediation theory is typically described by two dimensions:
the ‘hermeneutic’ and ‘existential’ dimensions (Verbeek 2010). Hermeneutic technological
mediation describes how technologies influence human perception and experience of the
world. Existential mediation refers to the influence of technology on human action. More
recently, a novel dimension of mediation has been described: technological mediation of
morality. This dimension refers to the effects of technology on moral action and decisionmaking. Even more, it includes how technology mediates our value frameworks by shaping
how we consider and define moral values (Verbeek 2014). As technologies so much
shapes our experiences, actions, and moral values, each process of designing and assesing
technologies should ideally consider mediating effects of technology. This is the basis of
guidance ethics.
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The guidance ethics approach consists of three stages: 1) Case, 2) Dialogue, and 3) Options
for action. Within stage 1, the context of using the future technology is identified and
described. Stage 2 consists of a workshop in which relevant participants speculate on
technological mediation in the context of use. This stage is split into actors (who will be
affected by the technology), effects (how does technology mediate experiences and actions
of the actors), and values (how does technology affect the values of the actors). Within
stage 3, options are identified for embedding ethics in design, context, and users.
Guidance ethics offers a promising approach to merge digital health design and evaluation
by using the evaluation process as a basis for design requirement creation. In addition, its
foundation in technological mediation enables a good understanding of how technology
can meet the needs and values of users by studying ‘effects’ and ‘values’. Yet, to extend
beyond ethics only and better align the principles of guidance ethics with healthcare
design, we believe the approach should include a wide variety of qualitative outcomes and
be less speculative and more scientific. Healthcare is characterized by the principles of
‘evidence-based medicine’ (EBM) that prescribe healthcare institutions to base healthcare
decisions on the best available evidence (Sackett 1997). Such evidence is generally
generated through scientific empirical studies. We propose to enrich the guidance ethics
approach with empirical, scientific research. Instead of speculating on technological
mediation in workshop settings, we recommend executing early pilot studies as the basis
for understanding technological mediation in practice as a source of design inspiration.
A ‘digital health technology guidance’ approach

We propose three steps for collecting a variety of qualitative user outcomes that can serve
as an input for the design process whilst simultaneously enabling technology evaluation.
We termed this the ‘digital health technology guidance’ approach. Figure 1 visualizes the
approach (adjusted from Verbeek and Tijink 2020).
Case The first stage begins with clearly studying and describing the context in which
the (future) technology will be deployed. Also, all actors mediated by the technology are
identified. These actors can be both direct and indirect actors. A direct actor closely interacts
with a novel technology. An indirect actor is not in interaction with the technology but is
mediated by its presence. Where traditional guidance ethics ends with actor identification,
an empirical approach requires identifying what actors will be studied empirically, and what
actors will be left out of the study’s scope. The case description results in one qualitative
outcome: values.
Values. Values include everything actors consider important in life (Friedman, Kahn,
and Borning 2006). Within the field of Responsible Research and Innovation (RRI)
(in particular within the two main approaches: RRI by Von Schomberg (2011) and the
AIRR framework by Stilgoe, Owen, and Macnaghten (2013)) values are commonly
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Figure 1. Digital health technology guidance approach: an adaptation of the guidance ethics
approach (Verbeek and Tijink 2020) to the healthcare context. Digital health technology
guidance differs from guidance ethics in considering empirical research of users’ lived experiences
in stages 1 and 2, and providing recommendations for responsible design and implementation
that go beyond ethics only.
considered as ‘stable entities’ that can be directly embodied in the design of technology
(Boenink and Kudina 2020). Yet, as the authors continue, and as we also described before,
this instrumentalist view of technologies as neutral objects is outdated. Technologies coshape the values in our moral frameworks, of which we should be vigilant. Instead of
anticipating value changes by technology in workshop settings, the authors illustrate that
values have to be ‘lived’ in the sociomaterial context. For this, empirical research is needed.
This first phase, therefore, employs qualitative research methods (observation, interviews)
to establish a baseline value framework with values important for actors in the defined
context. As the health status of a patient might affect what a patient values (for more
information see Smits et al. 2021), health status should be considered whilst constructing
the value framework.
Dialogue In this stage, the team studies how a novel technology mediates actors within
the previously described context. Whereas this phase traditionally takes place through
a workshop, we propose to conduct empirical research via a pilot study to reduce the
speculative character of workshops and understand actors’ ‘lived’ experiences (for more
information, read: (Smits et al. 2021 (forthcoming)). The dialogue has two qualitative
outcomes: effects and values.
Effects. Effects include any hermeneutic and existential mediating effect of technology on
users. Effects could, for example, be grouped in themes related to experiences or needs,
positive and negative effects, or facilitators and barriers.
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Values. A novel value framework per actor is established by studying the lived experiences
of actors whilst using the technology in context.
Options for action Stage 2 provides empirical data on technological mediation of actors’
experiences and actions (‘effects’) and value frameworks (‘values’). A comparison of the
baseline value framework (established in stage 1) with the value framework in the context of
technology use (established in stage 2) enables understanding of how technology changes
values (‘value dynamism’). Technology could improve or threaten existing values from the
baseline value framework. Values from the baseline framework can also transform when
using a novel technology. Value transformation can take on different forms, including the
introduction of novel values or disappearance of old values, change in the importance
of values, change in the relative importance of one value over another, change in value
definition, or changes in how values are specified in norms (Van de Poel 2018).
Insights into technological mediation of effects and value frameworks can be translated
into options for action. Guidance ethics identifies three options to better embed ethics in
technology: ethics by design, ethics by context, and ethics by user. To enlarge the scope
from ethics to responsible design, we translate these actions into recommendations. We
particularly provide recommendations as these are guiding principles that practitioners can
use to better align design with its context of implementation. We provide recommendations
for design, recommendations for context, and recommendations for user.
Recommendations for design. Negative effects and value mediations, or opportunities for
better effects and value mediations can oftentimes be considered by changing the design of
the solution. Consider, for example, the design of an Artificial Intelligence (AI) platform
that provides nurses with information on the health status of an admitted patient. When
this platform results in the effect ‘difficult to understand graphical interface’, the design can
be improved by applying better universal user interface design principles. Or, a negative
effect of this solution on the value of ‘privacy’, can be countered by applying body masking
principles in the design of the AI solution. A method for translating identified value
mediations into design is provided by Van de Poel (2013), who recommends to translate
values into ‘norms’ and specify these into ‘design requirements’.
Recommendations for context. Successful adoption and implementation of technology might
require restructuring the context studied in stage 1. To return to our example, successful
implementation of AI to monitor health of patients requires not only that AI works as
it should (design), but also requires regulation on its use, support services for nurses,
infrastructural adaptations, and possibly changes in financial structures.
Recommendations for user. User behavior is an important component in each usertechnology interaction. The term multi-stability nicely represents this. Multi-stability
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refers to the widespread ways users might use a novel technology, including ways not
foreseen by designers (Ihde 1990). Optimal adoption of technology might require
behavior change. To return to our example, implementation of AI to monitor patient’s
health, requires provision of education sessions to nurses to ensure that they know how to
use the technology responsibly and efficiently.

Case study: Virtual Reality rehabilitation
long COVID
To evaluate the digital health technology guidance approach, it was applied to a case
study of VR rehabilitation for long COVID patients. This research was part of the
‘COVRehab study’ (NCT04505761) for which the medical ethics committee (CMO
Arnhem-Nijmegen) provided approval (study identification number: 2020-6770). The
study was conducted between July 2020 and March 2021. Empirical data were collected
through semi-structured value-oriented interviews (Friedman and Hendry 2019), diaries,
and phone calls. Interviews were recorded and transcribed verbatim. Data of diaries
and phone calls were saved in the data processing program CastorEDC (Amsterdam,
The Netherlands). Two independent researchers with a background in industrial design
and biomedicine first analyzed all results separately, after which results were compared
and consensus was reached on a final set of codes following the guidelines for thematic
content analysis (Braun and Clarke 2006). Results are reported following the Standards
for Reporting Qualitative Research (O’Brien et al. 2014). More information on the study’s
in- and exclusion criteria and interview guides can be found in Appendix 1 and 2.
We identified patients and physical therapists as main actors and studied the values of
patients, and the effects of VR use for patients and physical therapists. For practical
reasons, we left values of physical therapists out of this papers’ scope. Stage 1 describes
the baseline value framework of patients. Stage 2 describes effects of VR on patients and
physical therapists by means of a common set of themes. Stage 2 also describes mediation
of values of VR on patients. Based on the effects and technology-induced value dynamism,
we identify recommendations for optimal design, context, and user in stage 3. Table 1
illustrates the aims and methods of the empirical research in stages 1 and 2. Table 2
summarizes the results of stages 1, 2, and 3. We will elaborate on the results of each stage
in the following section.
Case

Long COVID refers to persistent symptoms of patients after Severe Acute Respiratory
Syndrome Coronavirus (SARS-CoV) (The Lancet 2020). Much is still unknown about
these symptoms and their treatment. Symptoms include, amongst others, mental and/or
cognitive dysfunction, functional impairment, and fatigue (van den Borst et al. 2020; Logue
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Case

Dialogue

Patient

Patient

Physical therapist

Empirical
research tools

Semi-structured valueoriented interviews

Semi-structured valueoriented interviews, diary for
reporting use and problems
related to VR, weekly phone
calls for support

Semi-structured interviews

Research goal

Establishing value
framework

Identifying effects of the use
of VR and establishing novel
value framework

Identifying effects of the use
of VR

Context

Patient receives physical
therapy for long COVID
treatment

Patient uses VR for long
COVID treatment

Physical therapist supports
patient in use of VR for long
COVID treatment

Population

- 20 adult patients
- Average age of 51
(youngest 20, oldest 69)
- 12 females, 8 males
- 7 admitted to hospital of
whom 5 to intensive care
unit. 13 diseased at home

Similar as patient population
in case

- 15 physical therapists (12
participated in study, 3 used
VR for own rehabilitation
purposes)
- Average age 36 (youngest
24, oldest 60)
- 13 females, 2 males
- Average support provided
to 4 patients

Average
length
interviews

18 minutes

25 minutes

28 minutes

Table 1. Characteristics empirical research in stages 1 and 2
et al. 2021). Numerous patients seek assistance of a physical therapist in their recovery
process (Barker-Davies et al. 2020). VR was identified as a tool for physical therapists to
provide patients with rehabilitation therapy on the physical, mental, and cognitive domains
(Smits, Staal, and van Goor 2020).
An initial VR-rehabilitation toolkit for long COVID was developed by our research team,
bringing together existing games that were expected to benefit long COVID patients. This
toolkit could be prescribed by physical therapists treating long COVID patients for use
at home. The VR toolkit consisted of a VR headset, the Oculus Quest (Facebook, Inc.;
Menlo Park, United States of America). The Oculus Quest was equipped with three game
packages. The first two packages, FitterVandaag and SyncVR Medical were developed by
the company SyncVR Medical (Utrecht, The Netherlands) and consisted of several games
for physical and mental rehabilitation. The third package, named Koji’s Quest contained
a range of games for cognitive rehabilitation developed by the company NeuroReality
B.V. (Amsterdam, The Netherlands). Figure 2 provides a visualization of several of the
presented games.
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Making VR part of
daily practice

Use of VR

Rehabilitation
effects

Attitude towards the
use of VR

2. Dialogue

- No knowledge
of VR or scientific
evidence available

- Flaws in game
design

- Difficult to make
VR part of daily
routine

- Not offering VR to
elderly patients

- Adverse effects of
VR

+ VR allows for
relaxation and
breathing exercises

+ VR allows
for cognitive
rehabilitation

+ VR allows for
physical rehabilitation

+ VR is motivating
to do rehabilitation
exercises

+ VR is fun

Improve game design for
optimal user experience

Design content focused on
the prevention of adverse
effects

Offer more content and
competition

Effects of patients and physical therapists

Design

3. Options for action

Physical therapists should
provide VR to any patient
with rehabilitation needs
regardless of age

Physical therapists should
assess whether patients are
eligible to use VR before
VR is offered

Context

Physical therapists should
obtain time to become
acquainted with VR

Physical therapists should
support patients in use
schedule

User

Chapter 9

Self-identity

Provide patients with
insight into own progress

+ Understanding
rehabilitation needs
of the body

+ Having a positive
body image

- Not understanding
rehabilitation needs
of the body

- Having a negative
body image

Use motivating and
encouraging game design
for a positive body image

Provide patients with
insight into their
rehabilitation path

+ Taking better care
of the body

Value framework
VR

+ Taking better care
of the body

+ Experiencing
increased positive
appreciation of life

Value framework
SARS-CoV

Provide physical therapists
with insight into patient
progress through a
dashboard

A VR support center
could aid in providing VR,
education on VR, cleaning,
and solving technical issues

- No resources to
provide logistical
support on VR use
Values of patients

A business model
is required for VR
rehabilitation

- No business model
available

VR should become part of
the standard education of
physical therapists
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- Feelings of fear
for society after
infection

- Feelings of fear
and unsafety during
infection

- Risking physical
overload

+ Reduction of fear
to mobilize

- Feelings of fear
and unsafety in the
virtual world

Physical therapists should
support patients in the use
of VR through a use plan
including the maximum use
time of VR
Physical therapists could
use a fitness tracker to
obtain insight into the vital
signs of patients whilst
they are practicing in the
physical therapist’s practice

Set time limit on games

Use a fitness tracker to
prevent physical overload

Show time clock in VR

Enlarge the VR toolkit with
games focused on treating
anxiety and post-traumatic
stress disorder

Physical therapists should
provide patients with
instructions on the safe
use of VR (sitting on a
chair, safeguarding personal
limits)

Physical therapists should
obtain experience in using
VR for rehabilitation
purposes

Chapter 9

Safety

Autonomy

Social Comfort

- Feeling alone and
not understood

Use same control buttons
per game

Begin each game with an
explanation of the game

Use hardware and software
allowing for easy navigation
menus

VR could be utilized to
empathize relatives with
the rehabilitation needs of
patients

Physical therapists and
patients should together
decide on how often live
support is needed

Table 2. Results digital health technology guidance of long COVID VR rehabilitation program

- Being dependent
on difficult
technology

- Being dependent
on the recovery
process

+ Being grateful for
others’ (medical)
assistance

+ Having control
over rehabilitation

- Being dependent
on the assistance of
others
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Figure 2. Several games offered as part of the long COVID VR toolkit. Image on the left:
physical rehabilitation by means of an interactive soccer game. Image in the middle: breathing
exercise in a relaxing environment. Image on the right: cognitive exercise focused on spatial
perception.
Values All interviewed patients were infected with SARS-CoV in early 2020. At the time of
the study, participants had postinfectious complaints such as physical impairment, fatigue,
difficulties in breathing, difficulties to process environmental stimuli, and inability to focus
and memorize. In addition, patients admitted to the intensive care unit also mentioned
loss of muscle strength, and post-traumatic stress disorder (PTSD). All participants
received physical therapy for these complaints. In addition, some also visited dieticians,
occupational therapists, speech therapists, or psychologists. Below, we address how the
SARS-CoV infection affected the value experiences of patients through the values of selfidentity, safety, autonomy, and social comfort.
Self-identity. The infection affected the self-identify of the interviewed patients. An increase
in appreciation of life was experienced by five out of twenty patients, especially as they
experienced death so closely. The experienced vulnerability during infection and the lasting
symptoms afterward made nine participants value their health more as described by patient
12 (male, 53 years old): ‘I am thankful for COVID, we should see it as a present. It helped me
to better take care of my body and mind.’ This expressed itself in better listening to the body,
healthier eating habits, and desire for increased physical activity. Simultaneously, numerous
participants disliked not knowing what to expect from the rehabilitation process. Nineteen
out of twenty participants experienced a negative body image. They were frustrated that
their bodies did not allow for faster recovery and expressed loss in self-confidence. Patient
21, for example, described (female, 48 years old): ‘I had to lower the bar. I needed help with
that. I was 47 years old at that time, but I had the body of someone aged 80. Everything you do
is so different. I really had to adjust.’
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Safety. An often mentioned value during the interviews was safety. During infection,
almost half of the participants expressed to have had severe fears. Five participants even
expressed to have feared for their lives, as patient 4 (female, 36 years old) described: ‘I never
experienced such a fear to die. Really, an existential fear to die. I hoped every evening to wake up
the next morning.’ During recovery, five participants feared becoming infected again and,
therefore, felt uncomfortable in public. Two feared a return to their jobs as a nurse. Five
remained to have fears from the infection, resulting in low quality sleep, and for two, in
PTSD.
Autonomy. All patients experienced a reduction of their autonomy during infection and
rehabilitation. During infection, half of the participants accepted their need for support
as they were too diseased to bother. Eight other participants disliked their dependence on
the assistance of others during infection. During recovery, seven participants experienced
dependence on their recovery process. They severely disliked their inability to execute
activities of preference, as patient 13 (male, 64 years old) described: ‘I was a do-er, I was
always busy. But now I can’t do anything anymore. Yes, it is so damn difficult.’
Social comfort. In general, participants are grateful for the aid they received from medical
professionals and family members. During infection, six of the participants felt alone as
they were unable to see others risking virus transmission. After infection, some participants
disliked that others did not understand their needs for recovery as patient 7 (female, 38
years old) illustrated: ‘I am the only one that had COVID-19 of my family and friends. They
don’t understand it. That is difficult.’
Dialogue

Patients were individually instructed regarding the use of VR at the start of the dialogue
period. In consultation with their physical therapist, decisions were made on the location,
frequency and duration of use, and type of games played. Participants generally used VR
for six consecutive weeks. Figure 3 shows a photo of a patient using VR in one of the
participating physical therapist practices. We report below on the experienced effects of VR
for patients and physical therapists and describe how VR mediated the values of patients.
Effects The effects of the use of VR on patients and physical therapists were grouped into
several themes in which facilitators and barriers for use were identified: attitude towards
the use of VR, rehabilitation effects, use of VR, and making VR part of daily practice.
Attitude towards the use of VR. All but one patient were positive about the use of VR. Patient
14 (female, 53 years old) described this by the words: ‘I can only say, it is an awesome device!
[…] Yes, it is a great invention!’ One patient did not see the added value of VR rehabilitation
and only finished the six weeks of VR use for study purposes. All physical therapists had
positive experiences regarding the use of VR. Major facilitators were patients’ enjoyment
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Figure 3. Patient using VR rehabilitation for long COVID in the physical therapist’s practice
and motivation to use VR. Physical therapist 1 (female, 55 years old) explained what most
patients and other physical therapists acknowledged: ‘It is so much more fun to practice VR
than doing traditional exercises on paper.’ After six weeks of use, most patients expressed a
desire for more content and more competition in the games.
Rehabilitation effects. The majority of patients believed VR to provide added benefits
compared to regular physical therapy. Of twenty patients, thirteen expressed to experience
improvements in physical rehabilitation due to VR, twelve indicated to successfully use
VR as a relaxation tool, eleven believed VR to have accelerated cognitive rehabilitation,
and seven successfully used VR as a means to do breathing exercises. Physical therapists
had similar experiences; all considered VR to provide added value, mostly with regards to
physical and cognitive training.
Use of VR. Physical therapists indicated that not all patients were eligible to participate
in the study. Frequent reasons to exclude patients were adverse effects related to VR
use. Inability to handle all stimuli of VR resulting in dizziness and nausea was regularly
reported. Other reasons for not offering VR included epilepsy, bacterial infection, visual
impairment, anxiety, claustrophobia, and Attention Deficit Hyperactivity Disorder
(ADHD). Patients acknowledged that adverse effects were a barrier for use. Half of them
experienced either fatigue, disbalance, or headache resulting from VR. For one-third of
physical therapists older age of patients was a reason for not offering VR. Contrary, none
of the (older) patients considered themselves to be too old for the technology. Conversely,
three physical therapists indicated that young people were not the ideal target group. This
is illustrated by physical therapist 10 (female, 26 years old): ‘My experience so far is that
patients aged 15-30 cannot be stimulated to use VR. They consider it boring. Especially young
men, gamers’. The physical therapists concluded that the patient population aged 30-65 is
the ideal age group for implementing VR.
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Making VR part of daily practice. Most patients used the VR headset four to five days
a week, 30 minutes a day. The majority used VR solely at home, five also practiced VR
at the physical therapist’s practice. What games were played mostly, depended on the
rehabilitation needs. Daily schedule and feelings greatly affected patient’s willingness and
ability to practice VR and make it daily routine. Ten of fifteen physical therapists expressed
a desire to continue using VR as part of their rehabilitation programs, of which five already
had purchased VR headsets. Physical therapist 3 (female, 35 years old) described that
frequent VR usage would change her job: ‘Patients will experience increased autonomy, so
instead of caring, I will be more coaching’. Several barriers were identified that currently
withhold physical therapists from upscaling VR usage. These included flaws in game
design, lack of knowledge and evidence on how to implement VR as part of rehabilitation,
no business model available, and lack of time to provide logistical support (for example,
distributing and disinfecting headsets).
Values Results of the interviews held with patients after using VR led to a novel set of
values that patients considered important in the context of VR use: self-identity, safety,
and autonomy.
Self-identity. Four of twenty participants indicated that VR taught them to take better
care of their health. These patients consciously took moments for relaxation (for example
through virtual meditation) and set boundaries to prevent physical overload. Doing the
VR rehabilitation exercises provided five participants better understanding of their own
rehabilitation needs. Experiencing progress in the games (being able to choose a higher
game level every week) felt motivating and affirmed that the participants were progressing
in their health. Patient 18 (female, 56 years old) described how this improved her body
image: ‘It provides me with some satisfaction. That you now notice that your brain is not so
damaged. It creates trust. I now foresee that I will be able to recover and return to my old normal.’
A desire was expressed to obtain better insight into game scores for even better health
tracking.
Safety. Being immersed created feelings of unsafety for some participants. Four disliked
the full immersion of VR. Half of the patients were scared to fall when experiencing
disbalance during mobility exercises. The immersion and motivational elements in
the games fully distracted two patients from their fear and tiredness to mobilize. They
expressed astonishment that they were able to exercise beyond what they considered
possible. Contrary, the same immersion resulted for some patients in training sessions that
lasted longer than what may be right to prevent physical overload. Patient 6 (male, 69 years
old) described this: ‘I just continued. I shouldn’t. It made me so, só tired! But when you’re doing
these games, you just don’t notice that you feel so excessively tired.’
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Autonomy. VR improved patients’ experience of autonomy in rehabilitation. Ability to
decide when and where to use VR was regularly praised. Also valued was the ability to
choose an appropriate level of rehabilitation, choose games of preference, being able to
successfully execute rehabilitation exercises guided by the visualization of VR, and the
ability to better take control over own health. Patient 18 (female, 56 years old) described:
‘Yes, I could control this. I lost control over my job, my house, everything. But this is something I
can do; I can play.’ Improvements in the value of autonomy through VR could be achieved
even more when VR would have been easier to use. Numerous technical problems were
mentioned, including malfunctioning controllers, failures to connect to wi-fi, updates,
forgotten passwords, and malfunctioning games.
Options for action

The twenty patients and fifteen physical therapists provided rich insights into the
optimal design and implementation of a VR rehabilitation solution. Recommendations
are generated for overcoming identified negative effects and related barriers. Also,
recommendations are derived from the comparison between the baseline value framework
of stage 1 with the value framework as mediated by VR in stage 2. Negative value mediation
by VR is translated into recommendations for better value mediation. Values that were not
mediated by VR, but which were experienced negatively by patients in their baseline value
framework, provided design inspiration. We discuss recommendations for design, context,
and user.
Recommendations for design This set of recommendations refers to changing the design
requirements of the VR toolkit.
Effects. The content and difficulty levels of the toolkit should be enlarged depending on
the length of the use period. The experienced disbalance mostly occurred in the same set
of games (in videos from a bird’s eye perspective). We recommend removing these games
and design games focused on reduction of adverse effects. Guidelines have previously been
proposed by Barrett (2004). For optimal user engagement and effectiveness, it is important
that the games are optimally designed. Flaws in design might reduce willingness of use,
which could negatively affect the efficacy results in future studies (Blandford et al. 2018).
Self-identity. VR positively mediated self-identity, which corresponds with previous studies
on VR usage for better self-identity (Pimentel and Kalyanaraman 2020; Irvine et al. 2020;
Matamala-Gomez et al. 2019). We identified opportunity for even better mediation. For
example, more than half of all patients expressed the desire to perceive how much progress
they had made during the six weeks of VR use. We recommend including insights into the
rehabilitation process in the game design (for example, through an overview of scores and
VR use over time) and use motivating and encouraging design techniques for achieving a
positive body image.
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Safety. As VR can be used at home, it reduced the need for patients to go out and thereby
the fear of reinfection. At the same time, it did not treat this fear. VR has been used in
the past for anxiety and PTSD (Oing and Prescott 2018; Kothgassner et al. 2019). Our
toolkit could be enlarged with games focusing on anxiety rehabilitation. With regards to
the games offered, we identified a clear risk for physical overload when practicing too long
in the virtual world. This so-called ‘time compression’ is a common effect of VR (Mullen
and Davidenko 2021) and could be prevented by showing the time in VR and setting
a time limit on the VR games. In addition, we recommend studying the use of fitness
trackers in combination with VR to alarm when, for example, patient’s heart or respiratory
rate exceeds an upper threshold.
Autonomy. Ease-of-use of VR can be improved by employing user-friendly hardware and
software that allows for simple navigation menus. A virtual explanation before the start of
each game, and the use of similar control buttons per game, would as well improve ease of
use and thereby autonomy for a large group of patients.
Recommendations for context In addition to changing the design requirements for the VR
toolkit, also changes in the context of implementation facilitate successful use of VR.
Effects. We recommend physical therapists to assess patients’ abilities before VR use to
reduce side effects. In addition, whereas physical therapists deliberately excluded older
patients from VR use, efficacy of VR might actually be even higher in elderly (Lier et
al. 2018). We, therefore, recommend not to exclude patients in advance due to older age.
At the end of the study, patients and physical therapist practices had to buy headsets
themselves when they desired to continue using VR. Costs were considered high. One
patient tried to get her headset reimbursed by her healthcare insurance company, but her
request was rejected as VR care was not part of insured care and not considered evidencebased practice. Ideally, VR rehabilitation would be covered by insurance companies to
enlarge accessibility for everyone in need of rehabilitation.
A final major barrier experienced by physical therapists referred to the lack of resources
to provide logistical support on VR use. In the current study, part of this support was
provided by researchers; VR headsets were cleaned and charged and provided for free to
physical therapists and patients. Educational sessions were also provided by the research
team. A 24/7 support line was available where researchers provided support to patients and
physical therapists that experienced technical problems. In upscaling VR rehabilitation
outside study context, physical therapists indicated not to be able to provide this support
themselves and desired a VR service and support center that would take over this
responsibility.
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Self-identity. All physical therapists desired insight into VR usage data of patients as it
supports them in follow-up and shared decision making on the rehabilitation program.
Most patients considered the ability of physical therapists to monitor VR usage beneficial
for their treatment. Two considered this as an intrusion of privacy.
Safety. Fatigue and inability to process stimuli are common symptoms of long COVID
(Smith 2021). Also VR was experienced oftentimes as too much to handle. To improve
safety in use, physical therapists should observe patients before they offer them VR, and
monitor and support patients the first times they use VR. Physical therapists should
provide careful instructions to patients on the ability to do the exercises sitting on a chair
to reduce disbalance, the importance of safeguarding physical limits (to prevent physical
overload), and create a strict treatment plan on maximum use of VR depending on the
physical needs and limits of the patient. Also, the use of a vital sign sensor in the physical
therapist’s practice during the first time that patients use VR would benefit the safety of
patients.
Autonomy. Although VR allows for autonomous rehabilitation, patients expressed the
desire to receive support in optimal use of VR as part of rehabilitation. They, for example,
wondered how often to use VR, which games to play, and which play level best suited
their needs. In the study, multiple patients considered the support obtained from physical
therapists too little. Physical therapists would, ideally, closely coach and educate patients
from a distance so that patients can autonomously and responsibly practice.
Recommendations for user Finally, the behavior of patients and physical therapists can be
addressed to responsibly and successfully implement VR.
Effects. Physical therapists mentioned the barrier of lacking awareness and scientific
evidence for implementing VR in the treatment. Yet, they acknowledged not to be aware of
what scientific evidence is available. For example, VR has been used in other rehabilitation
domains for physical training (Darekar et al. 2015), cognitive rehabilitation (Maggio,
Latella, et al. 2019; Maggio, Russo, et al. 2019), and relaxation (Riches et al. 2021). The
intern physical therapist 7 (female, 20 years old) expressed the desire to be educated on
the use of VR in physical therapy. At the same time, physical therapist 5 (female, 50 years
old) indicated that many of her colleagues did not consider education important: ‘We have
a team of 25/26 physical therapists, but only 2 or 3 showed up during a VR demonstration.’ To
counter the barrier of lacking awareness of VR, physical therapists should be nudged to
spend time on getting to know VR, for example, by providing them with paid time for
education.
Safety. For both patients and physical therapists, the use of VR was a process of trial
and error. For example, a physical therapist proposed a rollercoaster game to her patient
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(accessible in the VR headset but not part of our rehabilitation toolkit), who became
nauseous immediately. She quickly learned that some content should not be offered to
recovering patients. In line with this experience, several physical therapists discouraged
patients to play certain games we offered as part of our toolkit as they experienced these
would soon result in adverse effects. These insights show the importance of wisely using
VR for better safety and stress how important it is for physical therapists to have tried VR
themselves and be educated on the use of VR.
Social comfort. Social comfort was expressed as an important value during recovery after
SARS-CoV but was rarely mentioned in relation to VR. To address this value, the need
to visit the physical therapist is discussed with the patient to obtain the ideal frequency
of in-person contact to ensure that the patient feels supported. In addition, one physical
therapist mentioned VR to facilitate relatives’ understanding of patients’ needs. Increasing
empathy for patients through VR has been evaluated previously (Wijma et al. 2018). As
patients expressed a dislike at the start of the study of not being understood, VR might also
be deployed here to better empathize with the needs of patients.

Discussion
By means of the case study of VR rehabilitation for long COVID, we aimed to study
if a digital health technology guidance approach can provide valuable insights for the
successful and responsible design and implementation of digital health. We believe the
approach is successful in merging design with evaluation as the case study provided useful
recommendations. Compared to traditional guidance ethics, our method provided rich
insights into ‘lived experiences’ of users in context that would not have been identified
in a workshop. In addition, instead of solely considering in-depth ethical reflections, we
were able to merge ethics with practical design recommendations. We reflect here on the
successes and limitations of the approach by its ability to bridge gaps.
Bridging the gap between design and evaluation

Design and evaluation are commonly two separate disciplines. Although designers are used
to evaluating their technologies on usability, the discipline has trouble in comprehending
the needs of healthcare users (Van Velsen, Wentzel, and Van Gemert-Pijnen 2013). Digital
health evaluation commonly takes place within healthcare institutions. Yet, evaluation is
generally focused on quantitative outcomes that do not provide the necessary insight for
aligning technology design with user needs. Decision to not adopt a technology then
generally results from negative evaluation outcomes. Bringing together design and
evaluation would allow both disciplines to benefit from each other. Yet, this requires
a common methodology (Pagliari 2007). We have done an attempt to develop this
methodology.
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By considering empirical research as the common ground, we aimed to meet the needs of
healthcare institutions to base decisions on the best available evidence (Sackett 1997). This
research is qualitative by nature, as quantitative research (for example through randomized
controlled trials) is not able to provide the in-depth insights needed to align design to
individual needs (Vlaeyen et al. 2020). Unfortunately, qualitative research is still considered
low in evidence compared to quantitative research. There are already several initiatives to
improve the evidence levels of qualitative research, for example, by clarifying the appropriate
ways of doing qualitative research and describing the context of such research (Leys 2003).
Also, lists exist for establishing good qualitative research (Popay and Williams 1998). We
can only encourage these initiatives to ensure that qualitative research is appropriately
valued. As a next step, after adjusting VR design based on empirical qualitative outcomes,
we will consider setting up a novel study focused on adding quantitative outcomes to
the evaluation process. Such a quantitative study might then provide the desired efficacy
outcomes that are also required to increase willingness of healthcare institutions and
insurance companies to adopt a technology (Pagliari 2007).
Bridging the gap between ethics and design

Recently, a report was published on the ethical use of VR (Snijders et al. 2019). Although
the report provides valuable insights, its macro-focus makes it difficult to apply insights
to the domain of VR for long COVID rehabilitation, and even more, does not do justice
to this application domain. For example, the report raised multiple questions on unethical
behavior, violence, and murder in virtual worlds. This creates a feeling of unease and
fear for VR, whilst such questions are highly irrelevant in the context we studied. As a
consequence, it remains difficult to apply insights from the report to generate practical
design and implementation requirements for a VR long COVID program, or for any
particular medical application. This might be one of the reasons why ethics is rarely
considered as part of standard design practice (Fry 2009). Instead of studying technology
at a general level, ethics should become a tool to aid designers in the creation of responsible
technologies in a particular context. Our approach enabled us to set the first steps to
align qualitative design outcomes (‘effects’) with ethical outcomes (‘values’) by studying
technology in use.
A drawback of the empirical approach to ethics is the discrepancy between values
experienced by users and important values to consider that remain out of users’ sight. For
example, the value of privacy was never mentioned as an important value by patients and
physical therapists. Nonetheless, this value returned several times as an important item
of discussion in the research and design team and has often been described as a concern
related to VR (see Madary and Metzinger (2016), O’Brolcháin et al. (2016), and Adams et
al. (2018)). Concerns relate to in-depth data collection (for example through eye-tracking)
of personal virtual habits by the companies developing VR hardware. These concerns have
also been expressed in relation to the company developing the VR headset we made use
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of (Adams et al. 2018). Considering privacy in design is important to protect users from
privacy intrusion. Solely deriving ethics from empirical research would result in missing
such important insights. Therefore, we believe that (traditional) ethical reports still require
consideration in design and evaluation next to conducted empirical research.
Bridging the gap between ethics and evaluation

Only a few approaches exist that consider ethics as part of HTAs. The ethical technology
assessment (eTA) framework introduced by Palm and Hansson (2006) might be the most
well-known approach. eTA aims to assess technologies for the prevention of unintended
ethical consequences via an ethical checklist. Although the attempt to address ethics is
promising, only focusing on the prevention of undesired consequences and using a checklist
has been critiqued because it does not do justice to the value mediation of technology
(Kiran, Oudshoorn, and Verbeek 2015). When we would have applied the ethical checklist
of eTA to our case study, we might also have found safety risks of dizziness and physical
overload that should be prevented through recommendations for design and context. Yet,
we would not have found opportunities of VR to positively affect self-identity, nor would
we have identified the benefits and possibilities of VR for autonomy. We might, in fact,
have proposed here a ‘positive’ approach to ethics by being open to both positive and
negative value mediation. We think that a positive approach will stimulate designers and
researchers to seriously consider ethics in digital health, furthering a responsible design
approach in this domain.
A drawback of not following a checklist approach and identifying values from practice
is that results are affected by the researcher and the research methods. For example, we
identified ‘values’ from coding interviews that were oriented towards values we earlier on
identified as important by studying literature. To improve reliability, interviews were coded
twice, and codebooks were compared. Nonetheless, our way of posing questions in the
interviews, and the coding process itself may have introduced researchers’ bias (Aagaard
2017). We, therefore, believe that it is important to address in each report how the research
is conducted. Another limitation of our study is that we only studied values of patients as
these patients were our main focus of attention. Ideally, also values of physical therapists
should be considered to understand if the design of a VR service aligns or conflicts with
their value framework.
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Conclusion
In this paper, we constructed and tested the ‘digital health technology guidance approach’.
This approach might be a valuable alternative to traditional design and evaluation processes.
The approach is multidisciplinary by nature through bridging gaps that normally exist
between design, evaluation, and individual needs and (moral) values. Healthcare should not
question if digital health should become adopted, but how digital health can be responsibly
designed and implemented to increase its success rate.

Implications for Practice
•
•
•
•
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Aligning better the design process and the evaluation process of digital
health would increase its success rate.
Research into lived value experiences enables understanding how context
and digital health mediate individual values.
A digital health technology guidance approach allows collecting a
variety of qualitative user outcomes that can serve as an input for the
design process whilst simultaneously enabling evaluation.
Healthcare should not question if digital health should become adopted,
but how digital health can be responsibly designed and implemented to
increase its success rate.
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Abstract
A scientific paradigm consists of a set of shared rules, beliefs, values, methods, and
instruments for addressing scientific problems. Currently, healthcare embraces the
paradigm of evidence-based healthcare. This paradigm prompts healthcare institutions to
base decisions on the best available evidence, which is commonly generated in large-scale
randomised controlled trials. We illustrate the application of evidence-based healthcare
via the evaluation of drugs. We show how evidence-based healthcare is challenged when
it is applied to the evaluation of digital health, which refers to technology and data to
facilitate decision-making and improve healthcare. We conclude that amid the growing
application of digital health, the paradigm of evidence-based healthcare is challenged on
four domains: patient, intervention, control, and outcome. These domains are part of the
PICO question, which is typically formulated as part of an evidence-based healthcare
evaluation process. In the second part of this viewpoint, we argue for a paradigm shift in
healthcare so we can optimally evaluate and implement digital health, and we sketch out
the contours of this novel paradigm. We address the need for more engagement of a variety
of users in evaluation (‘citizen science’), considering design in healthcare and evaluation
processes; focusing on individual experiences rather than the average; studying user values
so that healthcare can move from a focus on health to well-being; and stressing the need
for continuous evaluation of the dynamic relations between users, context, and digital
health. We conclude that the transition from evidence-based healthcare towards experiencebased well-being would improve the successful implementation of digital technologies in
healthcare.
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Towards a paradigm shift in healthcare

Introduction
“In our department, we offer patients music to reduce their anxiety and pain”. This message
was posted on a social media platform by an academic university medical centre(1) and was
accompanied by a photo of a nurse and a patient wearing low-tech headphones. Research
into the healing effects of music has been conducted frequently in the past.(2,3) And based
on evidence that music can alleviate anxiety and pain, healthcare is beginning to implement
music as part of practice.
However, while research into the effects of music can generate valuable insights to advance
the field of healthcare, is it necessary to await this evidence before offering music to
hospitalised patients? After all, we can assume, to some extent, these beneficial effects given
that many patients are used to listening to music at home for relaxation and entertainment,
and some even spend money on high-tech sound systems and on-demand YouTube and
Spotify subscriptions. If a simple intervention as music already requires a tremendous
investment in research and time before it can be implemented in healthcare settings, then
future developments in digital health are likely to face enormous challenges.
Digital health refers to all “technology and data that inform medical practice and improve
health”.(4) In recent years, investments in digital health have soared. In 2019, the global
digital health market was already worth about 175 billion US dollars, and it is expected
to reach 660 billion US dollars in 2025.(5) Such investments are justified by the promises
of digital health to improve the quality and efficiency of healthcare, increase healthcare
accessibility via remote care delivery, and democratise healthcare for large populations.
(6)
Also, the World Health Organization believes digital health will help achieve the 17
Sustainable Development Goals.(7) But given the promising benefits of digital health, it is
remarkable that currently, only a minority of digital health technologies is implemented
successfully in healthcare. Indeed, some authors claim that as many as 98% of all digital
health start-ups fail.(8)
In this viewpoint, we explain why the current healthcare landscape (which we will call the
‘evidence-based healthcare paradigm’) does not allow for digital health to reach successful
implementation. Building on our experiences as multidisciplinary researchers, we call for
a paradigm shift in healthcare and sketch out a future paradigm that would enable more
successful implementation of digital health.
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The current paradigm in healthcare:
evidence-based healthcare
The theory on paradigms by Thomas Kuhn provides a framework for understanding the
context in which digital health is implemented today.(9) In the 1960s, Kuhn published
his book, The Structure of Scientific Revolutions, in which he argued that science is not
continuously progressing but consists of a set of alternating periods of ‘normal’ science
when scientists adhere to a shared set of rules and values. They share what problems are
worthy of investigation and what instruments and methods are appropriate for solving
problems. Kuhn termed this a ‘paradigm’.(10) At a certain point in time, periods of normal
science become challenged by anomalies: new phenomena, ideas, or novel methodologies
that are incompatible with the current paradigm. This can result in a crisis, which is only
solved when a novel paradigm is found that can accommodate such anomalies. A scientific
revolution occurs when this novel paradigm is adopted – a process called a ‘paradigm shift’.
(9,10)
We will build on Kuhn’s theory to illustrate why healthcare is in a digital health crisis
and emphasise the need for a paradigm shift to solve the crisis.
Implementation of digital health generally takes place in the broadly adopted paradigm of
‘evidence-based healthcare’ (EBH) or, as it is also termed, ‘evidence-based medicine’ (EBM)
and ‘evidence-based practice’ (EBP). EBH prescribes healthcare (research) institutions to
collect evidence on an intervention, analyse the evidence, and inform decisions on whether
to implement the intervention.(11) Evidence is collected via evaluation studies, which
are commonly standardised using the ‘PICO model’.(12) This model prescribes to define
per study the patient / population, intervention, control group, and outcome. All studies
follow a hierarchy of evidence levels, with the highest evidence created via the systematic
review of randomised controlled trials (RCTs). One level lower includes evidence created
by RCTs. In an RCT, two or more substantial patient groups are subjected to similar
conditions. Only one condition, the intervention, varies. Patients are randomly assigned to
one of the groups – ideally blind – to prevent placebo effects. The RCT results in insight
into the efficacy of the intervention within the defined patient population. Following the
RCT in the evidence tree is evidence from cohort studies, followed by case studies, and,
finally, expert opinions.(13)
EBH was developed to provide healthcare with an accurate and reliable system for
decision-making. Today, amid the growing application of digital health, the tendency also
exists to evaluate and implement digital health by following the principles of EBH.(14)
Several recommendations have been provided on how to apply this paradigm to digital
health. Guidelines, for example, exist on the type of research questions to address(15) and
the way of reporting RCTs of digital health.(16) Nonetheless, even with these guidelines, the
‘golden standards’ of EBH cannot provide the desired outcomes for achieving a successful
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implementation of digital health; that is for digital health to become implemented in
healthcare to meet the needs and values of all its users. Based on the traditional PICO
model, we explain below the differences between traditional drug research and digital
health research, and we continue to show why digital health requires a novel paradigm
(see table 1). For simplicity, we present our arguments as if traditional drug research and
research into digital health are poles. In reality, traditional health is also challenging the
strict application of EBH, but this is beyond the scope of this viewpoint.(13,17,18)
Patient

The first element of the PICO model traditionally refers to ‘patient’. For less traditional
studies, the word ‘population’ also applies. A specific group of patients is identified and
studied to evaluate the effectiveness of an intervention. In the evaluation of drugs, the
patient population is delimited by a specific medical condition and a specific age group.
In digital health, however, it is generally more difficult to identify one group of ‘patients’.
Digital health, for example, might be developed for one medical condition in many age
groups (e.g., serious gaming for rehabilitation), or for many medical conditions in only
one age group (e.g., a virtual reality playground for children). It could apply to the entire
population (e.g., a personal online electronic health record), and it extends beyond disease
only (e.g., wellness applications). In addition, not only do patients make use of digital
health but a whole actor network is constructed to ensure that digital health can be used
for healing. This way, digital health can be seen as a social intervention. Nurses, physicians,
relatives, and supporting personnel all typically interact with digital health. So, whereas
evaluation of drugs might be carried out solely among patients, digital health requires
insight into the effects of the intervention on all these users.
The traditional PICO model does not allow for considering the effects of an intervention
on a wide group of users. Even more challenging, while the PICO model enables the
involvement of multiple users, participation remains difficult. Evaluating digital health
typically involves a time- and effort-intense interaction with a technology that drug
research does not require. The health condition of patients sometimes prohibits them from
spending time and effort on this interaction.(19, 20) And care providers typically lack time,
motivation, and resources to interact sufficiently closely with digital health to inform its
design and evaluation.(21) To conclude, digital health challenges the ‘P’ in the PICO model.
Intervention

As an example, we consider the ‘intervention’ in traditional healthcare to refer to drug
development and its pre-clinical and clinical evaluation. Drug development starts in the
laboratory and follows the rules of EBH. Once a drug is developed, a phase of pre-clinical
evaluation starts, in which the safety effects of the drug are tested in vitro (research in
cells) and in vivo (research in animals). The process continues with a clinical evaluation,
in which the effects of the drug on the human body are evaluated. During the clinical
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evaluation, the intervention is typically at its final stage of development and can be
marketed after approval.(22) Digital health is a very different type of intervention. It is
developed by a team of designers and engineers that conform to different rules, methods,
and procedures than are known in the EBH paradigm. Design processes, for example,
are less structured, rely on qualitative input, and generally do not require evidence for
decision-making.(14,23) In addition, designers cannot conduct in vitro evaluation tests but
rather they must involve humans directly. Multiple phases of design evaluation with users
are necessary to design a product that meets user needs. This challenges the current way
of evaluating interventions in many aspects. First, the current EBH paradigm does not
allow for an iterative development and evaluation cycle. Also, a typical evaluation study
might take months or even years to conduct. Digital health evolves at such a fast pace that
an EBH evaluation process only delays progress, and evaluation outcomes might already
be outdated once the study ends. Third, instead of evaluation preceding implementation,
digital health requires implementation in an authentic context to precede final evaluation.
(24)
Hence, the effectiveness of digital health can only be reliably measured when the
technology is implemented and has become part of standard care. This is problematic as
implementation decisions in EBH are currently made based on evaluation outcomes. To
conclude, evaluation procedures of EBH do not align with digital health as an intervention.
Control

A control group is typically identified in drug research. Comparison of the average results
of a large control group with the average results of a large intervention group should
show an intervention’s relative effectiveness. Ideally, group allocation is blind to prevent
placebo effects. Digital health questions such an approach on three of its core features:
identification of a control group; the placebo effect; and the average mean.
First, the creation of a reliable control group in digital health is challenging.(25) Users of
digital health, can, for example, be compared with people not using the digital health
solution. These non-users could include people not receiving any care, although that is
generally considered unethical. Non-users could also refer to people receiving standard care,
people receiving the digital health intervention in a non-digital way, or people receiving
care via a lower-tech solution. The study outcomes depend on what type of control group
is considered, which could challenge the validity of the study.
Second, dealing with placebo effects differs in digital health. A placebo effect refers to
the positive effect of an intervention on a person’s health – not because the intervention
has an objective biological effect but because of the subjective psychological effect of a
patient believing in the intervention.(26) In drug research, the placebo effect is commonly
eliminated through blind group allocation to distinguish the objective from the subjective
outcomes.(27) Consequently, during implementation, clinicians add the placebo effect to
the objective biological effect for an optimal therapeutic outcome. In digital health, blind
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group allocation is clearly not possible. In addition, the distinction between objective
outcomes and subjective placebo experiences is difficult to make. Digital health typically
aims to create subjective outcomes, such as ‘self-management’, which challenges the ability
to make a distinction between the ‘real’ effect of digital health and its placebo effect.(28)
This ultimately challenges the prescription of digital health, and no consensus exists on
the ethical acceptability of prescribing interventions solely based on their placebo effect.
(29)
Digital health could therefore provide a novel perspective to this ethical debate by
challenging the traditional role of placebo in healthcare.
Finally, the comparison of the mean of two groups is critical in digital health. Whereas
such comparison provides insight into the efficacy of a certain drug, it will not generate the
detailed insights that digital health requires. In digital health, the outliers and experiences
matter. Consider two patients: patient one benefits from a digital health intervention
while patient two does not, as this patient needs more technical support for optimal use.
The average is a mediocre outcome. The conclusion? The digital health intervention is
not proven efficacious. It worked for patient one, and it might have worked for patient
two once this patient had received additional support. Many individual preferences affect
digital health use, e.g., the reasons for use; the ‘dosing of use’ (one person might benefit
from intense use while another desires sporadic use); and the necessary support in use.
This requires a move from general outcomes to individual experiences. To conclude, the
traditional way of using a control group to evaluate an intervention’s effectiveness does not
align with the practical reality of evaluating digital health.
Outcome

EBH mostly considers the so-called ‘hard impacts’ of a studied intervention as major
evidence. Hard impacts are quantitative outcome measures.(30) Examples of drug research
include, for example, the ability to cure disease, and pain relief. These outcomes are identified
at the design of the study. Improvement of these outcomes justifies implementation.
Although a focus on hard impacts was needed to improve the quality of healthcare
two decades ago,(31) solely considering hard impacts in digital health results in missing
important insights required to implement it successfully. EBH has been criticised for its
overemphasis on cost-effective decision-making.(32,33) So-called ‘soft impacts’,(30) such as
social, ethical, and psychological outcomes, are rarely considered. These are particularly
important in the context of digital health as they provide valuable information on the
alignment of a design with users’ needs and values.(14) Authors have already stressed the
importance of considering these soft impacts in the evaluation of digital health. Michie et
al.,(34) for example, addressed the need for considering the ethics of digital health. Maramba
et al.(35) called for the application of qualitative methods in digital health evaluation. The
World Health Organization(36) has recently addressed the need to study user behaviour,
knowledge, and attitude.(37) Also, concepts such as patient-reported outcome measures and
patient-reported experience measures have been introduced to healthcare.(38) Nonetheless,
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research practice and reimbursement of digital health continue to value hard outcomes
over soft ones.(39,40) The current paradigm does not provide motivation for studying soft
impacts, as these are considered to be low-quality sources of evidence.(13) In addition, these
soft impacts cannot always be identified before the study, which challenges the traditional
way of evaluation in EBH. Solely focusing on hard outcomes results in the unsuccessful
implementation and reimbursement of many valuable digital health interventions.
In addition to missing important insights required for successful implementation of
digital health, the narrow focus on hard outcomes in healthcare prevents the definition of
‘health’ from moving beyond the ‘absence of disease or infirmity’.(41, 42) This definition is also
referred to as ‘negative health’. Several initiatives have aimed to redefine health within the
domain of healthcare towards a ‘positive health’ that considers it as ‘well-being’ and aspires
to individual flourishing.(43-46) Adoption of positive health remains low(47) but it would do
more justice to the opportunities of digital health to encourage self-management and a
healthy lifestyle. A larger focus on soft outcomes in digital health would therefore not only
improve the implementation of digital technologies but it would also enable healthcare to
move its focus from ‘health’ to ‘well-being’.(48)
Context

Digital health is not a drug that can be administered with a prescription. It needs support
structures, logistics, and requires education and behaviour change of patients and care
professionals. The healthcare context, and the time of use should be closely addressed for
successful implementation. We therefore introduce ‘context’ as a novel element of the
PICO model (PICCO). Numerous authors have underlined the importance of considering
the context of digital health. Shaw et al.,(49) for example, addressed the importance of

Traditional health (drug research)

Digital health

Patient

One group of patients with a specific medical
condition.

Large network of multiple actors: patients,
healthcare providers, family, support teams,
etc.

Intervention

Development by scientists. Intervention is
finished once evaluation starts. Evaluation
precedes implementation.

Development by engineers and designers.
Evaluation outcomes generate design input.
Final evaluation follows implementation.

Control

Blind allocation to the intervention or
control group. Comparison of the average
outcomes of groups and prevention of
placebo.

Difficult to identify control group. Blind
allocation is not possible. The placebo
effect could contribute to the digital health
outcomes. Focus on individual outcomes.

Context

Context is not considered.

Location and time of use should be part of
the evaluation process.

Outcome

Quantitative ‘hard’ impact identified in
advance.

Qualitative ‘soft’ impact that we might not
know in advance.

Table 1. Comparison of traditional health and digital health based on the PICCO model
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studying the healthcare team and its current routines. Lehoux and Blume(50) illustrated the
importance of considering the socio-political context of digital health by identifying all the
different people involved, the power dynamics between people, the resources necessary to
implement digital health, and the knowledge necessary to use it. Likewise, Reuzel et al.(51)
called for a study of the social context of technology from a ‘social shaping’ perspective
for understanding how technology affects the norms and values of users. Despite these
frequent requests, spatial and temporal complexities of digital health are rarely addressed,
as the PICO model currently does not allow for consideration of this context.(21,23,52)

A novel paradigm for digital health:
experience-based well-being
Digital health is creating anomalies in the paradigm of EBH. The PICCO formulation
above clearly indicates what anomalies occur when applying EBH to digital health. We are
now on the verge of a scientific revolution for digital health, not knowing towards which
paradigm we will shift. Below, we attempt to outline five elements that a novel digital
health paradigm should adhere to for optimal implementation of these technologies in
healthcare. We explain that instead of a focus on evidence, this novel paradigm should
focus on experience, as the experiences of users affect how digital technologies can benefit
their health. In addition, we will explain that the full potential of digital health is only
reached when a transition is made from health towards well-being. We, therefore, name
the paradigm ‘experience-based well-being’. Rather than disregarding evidence entirely
in healthcare, this novel paradigm focuses instead on user experiences of well-being as
reliable sources of evidence for designing, evaluating, and implementing digital health.
Consider citizen science

The involvement of users in digital health evaluation often seems to be ‘tokenistic’. Typically,
only a few users are involved, generating the appearance of diversity and inclusiveness,
while many users are left out of the study’s scope or are out of reach.(53) The result? A
misalignment between design and the needs and values of all users.(21) User involvement
requires adjusting the research tool towards the abilities and time of the various users.(54)
We believe that the principles of ‘citizen science’ can benefit the evaluation of digital health.
Citizen science refers to the engagement of users in scientific research.(55) Engagement
can vary from the collection of data by citizens to citizens formulating research questions
and setting up research themselves.(56) An accessible way of citizen science is research
into the ‘lived experiences’ of a variety of users (including patients, caregivers, and family
members of patients). Lived experiences refer to the empirical understanding of action
and perception in context.(57,58) Such experiences provide insight into users’ preferences
for digital health (e.g., the ideal time and location of use, frequency of use, and support in
use), and enable users to define study outcomes and design requirements along the way.
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Engagement of users through citizen science would enable digital health to better meet
the needs and values of any user.
Consider design in evaluation

Digital health introduces a novel discipline into the domain of healthcare: design. The
framework of evidence-based design was established to bridge gaps between healthcare and
design by embedding scientific evaluation in design processes.(59) In this way, this method
forces design into the culture of EBH. Instead, we aim for alignment and collaboration
between healthcare and design to create a novel paradigm without forcing one culture
onto the other. This requires moving away from the linear processes of design preceding
evaluation.(60) Instead, an iterative process should be established, in which healthcare and
design collaborate and set up multiple design and evaluation phases. Today, healthcare
generally questions the ‘yes’ or ‘no’ regarding digital health implementation, but a more
effective collaboration would explore ‘how’ digital health can optimally benefit healthcare.
(61-63)

Consider individual experiences

Digital health requires a different evaluation approach than the randomised controlled
trials valued by EBH. There is a need for a move beyond the average result of a large group
towards an evaluation of individual experiences.(64) The World Health Organization has
recently also addressed this need.(36) Obtaining insight into individual experiences enables
the personalisation of digital health (e.g., its user interface / user experience design and
service implementation), which is a key factor in improving adherence and engagement.(65)
Not only should healthcare researchers value such individual experiences and personalised
technology but also healthcare insurance and investors should share the value of experience
to optimally support and implement digital health.
Consider values

Digital health provides many opportunities to positively affect the well-being of patients.
Technology can, for example, enable patients to control their health, improve their social
relations, and facilitate participation in daily life. Soft outcomes should receive more
appreciation to encourage healthcare to look beyond health and towards well-being. To
encourage the adoption of soft outcomes as a source of reliable evidence, evaluation could
focus on measuring ‘values’. These relate to everything that people consider important in
life and can include both moral and non-moral values.(66) But this focus on values should
not be confused with the increasingly popular healthcare delivery model of value-based
healthcare (VBH), which aims to measure health outcomes against the costs of healthcare
delivery.(67) Whereas VBH considers economic value, we call for an improvement in
individual values, such as autonomy, safety, and privacy. A values-based focus supports
the inclusion of a wide variety of soft, delimited outcomes without needing to identify
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these before the onset of the study. Multiple tools already exist to design and evaluate for
values in digital health, which facilitates the adoption of this viewpoint.(68,69) By adopting
a values-based focus, healthcare could shift from health towards well-being, and digital
health can reach its full potential.
Consider dynamism

Digital health is not just a combination of software and hardware. Digital technology
only becomes digital health once it is used by patients, considered by healthcare providers
to be part of treatment, funded by sponsors, and supported by logistical services. In other
words, digital health requires a supporting service to fulfil its potential. In addition, once
a technology is introduced into healthcare, it might restructure current practices and
relations. Digital health could, for example, affect how patients experience their health,
the workload of care providers, and the relation between care providers and patients.
(70,71)
Furthermore, what users considered to be important might change once digital
technologies are introduced (‘value mediation’).(72) Digital health forms a dynamic web
of temporal and spatial relations and interactions. The configuration of the web dictates
what function the technology fulfils. The same technology, for example, can be utilised for
prevention, monitoring, and recovery, depending on what support services are established.
(73)
This requires a different mindset for evaluation. It requires a study into the optimal
configuration of the web, and a structural re-evaluation and re-ordering once conditions
change, long after initial implementation.(74)

Stimulating a paradigm shift
We have argued that an experience-based rather than evidence-based paradigm, and a
focus on well-being instead of health, would benefit the implementation of digital health.
Yet, what can be done to stimulate a paradigm shift to this novel paradigm? An interesting
view on stimulating change is the approach of transition management.(75) The authors
of this approach illustrate how changes in complex systems, such as the current EBH
paradigm, can be accelerated. They stress the importance of niche creation, frontrunners,
and diversity. Based on their recommendations, we propose the following for stimulating
a transition in healthcare: (1) allocate resources and attention to the creation of niches
of digital health research and implementation; (2) give audience to and be inspired by
visionaries within digital health; (3) stimulate novel ideas and approaches in healthcare to
digital health; and (4) enable a multidisciplinary culture in healthcare.
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Conclusion
Instead of studying the clinical effectiveness of music on patients, we could have just asked
patients five decades ago whether they desired to listen to music in the patient room.
Nobody would have challenged the outcomes of that evaluation study. Healthcare should
learn from this example. Amid the growing application of digital health technologies, it is
time for change. In this viewpoint, we have shown that the current paradigm of evidencebased healthcare becomes challenged by the introduction of digital health on all elements
of the PICCO question. Following the principles of citizen science, combining design
with evaluation, considering individual experiences, focusing on values, and continuously
evaluating the dynamics between users, context, and technology would do better justice
to the role of digital health in healthcare, both now and in the future. In addition to being
valuable for digital health, these recommendations might even inspire a novel approach to
traditional health, i.e., drug research. The anomalies in our traditional scientific paradigm
are clear; it is time for a paradigm shift to experience-based well-being to optimally align
digital health with the needs and values of each user.

Implications for Practice
•
•
•
•
•
•
•
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The current paradigm in healthcare -evidence-based healthcare- does
not enable digital health to reach succesful implementation.
There is need for a paradigm shift in healthcare from evidence-based
healthcare to experience-based well-being.
Citizen science can inspire digital health design and evaluation.
Design and evaluation of digital health should be merged.
Digital health should be tailored to individual experiences.
A values-based approach to digital health would enable the move from
‘health’ to ‘well-being’.
Digital health requires a constant reevaluation of its optimal form of
implementation.
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Finally, not only working with other disciplines in academia is challenging. Also dealing
with the gap between business and academia requires flexibility.
Lesson #1: Acknowledge dependencies
Collaborations between academia and business will generally benefit digital health. But
startups might also see no other options but to collaborate. Want to apply for a grant?
You need to be supported by an academic center. Introducing your products into healthcare?
Get yourself immersed in all CE-marks and GDPR compliance rules. Likewise, academia
depends on the hardware and software, technical knowledge, and timelines of business to
conduct research. A technical failure? Get some external help. New inclusions? Ask nicely to
borrow some additional hardware. Be aware of the dependencies and talk about it.
Lesson #2: Set realistic timelines
Business is fast, disruptive, practical, and pragmatic. They believed it is realistic to set up
a focus group with fifteen nurses within a week. I wished it was. Within the hospital, you
first need to find nurses that actually want to join a focus group. Only then it is possible
to set a date. Then let’s start testing that makeshift solution tomorrow in the patient room?
Please, don’t tell this to the hygiene infection prevention service. Hmm, can we then ask ten
patients for their opinion? No problem, but we first need to write a research protocol for
the medical ethical committee. Likewise, business also needs time to design hardware and
software. Conducting an evaluation study without a finalized digital health technology is
not desired. Ensure that from both sides the deadlines are realistic and feasible.
Lesson #3: Understand each other’s interests
The study results are available, and it seems that the digital health solution resolves pain.
What do we do? Well, that depends on whom you ask. Ask a startup and they clearly want
to spread the knowledge. LinkedIn, blog posts, the news: our product works! Ask academia
and they write down the results in a paper, and then they wait. Months and months for a
journal to publish the novel results. Academia wants to publish. Business wants to sell. A
negative study outcome can be published. But it cannot be sold. Ideally, business desires
the stamp: “Scientifically validated”. Academia desires to nuance and challenge the study
outcomes by novel studies. Interests clearly differ. Try to understand each other’s interests
and talk about it.
Lesson #4: Share knowledge
The way of sharing research outcomes with business confuses me. I almost got myself a
heart attack when I read how large the Article Processing Charge would be of one of our
first articles (at least I was at the right ward). And then the paper is still not available to
everyone interested in the topic. Ideally, business should be able to easily access scientific
outcomes. Until that time, ensure that the whole team has access to the same knowledge.

LESSONS FOR A PHD:
work with business
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Samenvatting
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Conclusion
In this thesis, I hypothesized that bridging the gaps between medicine, design, and
philosophy of technology would increase the successful and responsible design, evaluation,
and implementation of digital health to create well-being for all users.
The systematic scoping review into digital health-enabled well-being (Chapter 2) provided
insight into the cultural differences that currently exist between the disciplines which
complicate the processes of design, evaluation, and implementation. Medicine and design
vary greatly in their definitions of well-being, the types of users studied, and the methods
used to design and assess well-being in digital health. These differences generate an
unnecessary burden of resources and create barriers for the uptake of digital health.
The review highlighted the need for better alignment between the processes of digital
health design and digital health evaluation (medicine) through a focus on values concerning
well-being. The remaining chapters of this thesis considered the processes of embedding
values of well-being in digital health, and on evaluating the effect of digital health on
users’ values. To this end, the “Values that Matter” (VtM) framework was introduced and
constructed in Chapter 3 based on the established design methodology of “Value Sensitive
Design” (VSD). In this framework, design theory was combined with philosophical
theories regarding technology assessment and anticipation, and with the overarching need
for evidence in medicine. The first phase of the framework, “Explore”, enabled me to study
users’ self-identified values related to their health and health provision. The second phase,
“Conceptualize”, provided heuristics on how to embed user values in technology. The third
phase, “Anticipate”, demonstrated that it is indeed possible to anticipate value mediation
by technology in the design process.
Having established the framework of VtM, each following chapter explored one particular
phase of the framework. An in-depth exploration of the “Explore” phase in Chapter 4
emphasized the importance of considering individual user values as a source of design
inspiration. A study utilizing healthy volunteers (Chapter 5) enabled me to accelerate
research and design by reducing the need for studies using sick patients.
The “Conceptualize” phase was tested in Chapter 6 via the case study of ambient
intelligence in patient rooms. With this case study, many challenges were identified that
still exist in embedding values in design. These challenges refer to designing for which
values, understanding different types of values, dealing with conflicting values, and the role
of empirical research on values.
The “Anticipate” phase was studied via two case studies into virtual reality. The pilot studies
focused on chronic pain (Chapter 8) and long COVID rehabilitation (Chapters 7 and
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9). Together, they allowed me to study technological –value– mediation in practice, and
to provide recommendations for more responsible digital health. These studies clearly
demonstrated the benefit of empirical research for understanding technological mediation.
Nonetheless, I also realized that empirical research in this context is challenging. For
example, empirical research is not always possible when the technology in question is
not available for study. Furthermore, users can have difficulties talking about their values
and identifying all values that are of importance to them. Empirical research is timeconsuming, and results can only be generalized to similar application domains. For these
reasons, a speculative approach to values might still be needed in specific situations.
The discussion (Chapter 10) explored the need for a paradigm shift in healthcare to better
incorporate design and philosophy of technology into the current culture of medicine to
increase the successful uptake of digital health.
This thesis has provided insights into the challenges imposed by current differences
between the disciplines of medicine, design, and philosophy of technology. By comparing
these disciplines, insights were obtained on how each separate discipline might benefit
from the others. I illustrate this below, delineated by discipline, using the smartwatch
example introduced at the start of this thesis.
Medicine

Design can teach medicine the importance of studying individual experiences and
understanding that an individual does not equal a general average.
Let us return to the smartwatch. Whereas one patient might benefit from insights into
her health, another patient might be scared of seeing his data. An individual approach
would improve the well-being of both patients.
Embracing the creative and explorative approach of design would also foster a culture of
innovation and openness in the healthcare domain. The hands-on practical work attitude
of many designers could speed up healthcare delivery by finding easy solutions for complex
problems.
Instead of awaiting scientific evidence supporting smartwatches to improve quality
of sleep, the positive experiences of patients regarding their feelings of autonomy
stimulate the hospital to provide smartwatches to every patient even though evidence is
still pending regarding whether the smartwatch improves quality of sleep.
Philosophy could likewise inspire medicine. Philosophical theories concerning technology
enable healthcare to reflect on the concept of “health” in today’s healthcare delivery.
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A smartwatch challenges the concept of “health”. The data objectify health and reduce
the importance of feelings. Based on this insight, the hospital staff decides to increase
the frequency of nurse visits and questions regarding patients’ feelings.
With an aging population and increasing healthcare costs, our current means of care
provision is not sustainable. Digital technologies will be increasingly applied to make
healthcare fit for the future. Philosophical theories provide an important perspective to
responsibly guide the development and use of technologies in a changing world.
Each ward in the hospital is aware of the benefits and disadvantages of a smartwatch.
They have responsibility to decide for their own ward whether an increase in patients’
value of safety by wearing smartwatches justifies the decrease in their value of privacy.
Design

The discipline of design can learn from medicine and philosophy. First, medicine’s
standardized processes and well-established guidelines inspire design to adopt a more
systematic and rigorous approach. The importance of evidence for decision-making could
stimulate designers to make more conscious and explicit design decisions.
Each requirement of a smartwatch is based on systematic studies and reasonable
evidence. In addition, to evaluate if a design is actually achieving its intended purpose,
design could consider medicine as a role model to systematically evaluate each product
after implementation. The smartwatch has been in use at the hospital for six months. The
design team has identified that the smartwatch is too heavy, and that the user interface
cannot be read by visually impaired patients. This is valuable input for a redesign into
the smartwatch 2.0.
Design can also learn from philosophy. Philosophy provides valuable theories which can
be used by designers to consider effects of a potential product on society, even before its
implementation. Philosophy could further challenge designers to reflect on the desirability
of their designs.
Before resources are spent on smartwatch production, the design team reflects on the
desirability of a smartwatch that is constantly showing insight into sleep quality. They
consider the risk of their product creating anxiety in patients as a byproduct of its design.
Philosophy can also be a source of design inspiration.
Based on the “alterity relation” in human-technology interactions, the design team
creates a smartwatch with a humorous personality.
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Philosophy of technology

Considering an empirical, design approach in philosophy may generate novel philosophical
insights. Moving beyond theory into practice, it is possible to observe how values emerge,
get meaning, and change when technologies are used. Through design actions, this process
of value creation and value mediation can be influenced.
Two versions of a smartwatch are intentionally introduced into healthcare to understand
the effect of the various design features on patients’ perceived value of autonomy.
A design perspective applied to philosophy might also stimulate philosophy to become
more concrete and more positive, potentially increase the applicability and usefulness of
philosophy in many other disciplines.
The general mantra concerning privacy and data (“They make huge profits by selling
your data”) is replaced by an in-depth exploration of the experiences of patients and
caregivers using a smartwatch regarding the value of privacy.
The evidence-based, analytical approach of medicine could inspire philosophers to report
on the processes by which they establish theories, and it may challenge philosophers to
reflect on empirical practice.
A philosopher poses the idea that a smartwatch becomes part of the “Artifactual Mind”.
This idea is substantiated through empirical data of patients describing their body,
mind, and the use of the smartwatch.
Implications for digital health

The use of digital health will be required to maintain high-quality care delivery in the future.
Optimal use can only be achieved via multidisciplinary collaborations. Multidisciplinary
teams should be established in which each of the disciplines of medicine, design, and
philosophy of technology are presented. While each team member will be an expert in his
or her field, team members should also understand the other disciplines and be amenable
to adjusting their ways of working to facilitate meaningful collaboration. For example,
medicine may need to let go of some components of evidence-based healthcare. Design
should embrace more structured processes, and philosophy should accept the need for
empirical research and pragmatic decision-making. By letting go of some components
of each discipline, a new synergy can be achieved that enables digital health to flourish
and that will make the current research and development processes more efficient and
less time consuming. Research is required into the optimal conditions for establishing
multidisciplinary collaborations.
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Once the optimal conditions are in place, a revolution in healthcare can occur. To facilitate
this, healthcare institutions, governmental health structures, healthcare insurance, and
healthcare investors will need to undergo structural changes. Research is required into
how such changes can be stimulated and managed. This change management should
also be supported by research into novel methods of evidence-gathering in healthcare
which places the individual at center stage, and into institutional and educational changes
necessary to move healthcare from health to well-being.
I have herein set the first steps toward a novel culture in healthcare by proposing a
methodology to design and evaluate digital health with a focus on values. This methodology,
“Values that Matter”, is just one way to reach the goal of successful and responsible digital
health. More research is required of this proposed methodology, as well as in possible
alternative methodologies. First, with regards to VtM, I have not yet been able to test
the entire methodology from the beginning of the initial design process through to a
technological product’s final implementation; three years of research in healthcare is an
insufficient timeframe to transit the entire research and development cycle. As a result,
only the separate phases of the methodology have been tested. To understand the usability
of the proposed methodology, the entire methodology should be tested by multiple
multidisciplinary development teams via the design of various digital health technologies.
Key questions for follow-on studies include, amongst others, the usability of following
VtM through the entire development cycle, the applicability of the methodology to new
and emerging health technologies without an available prototype, and the usefulness of
the methodology in teams that don’t include members with a design or philosophical
background- even though that is not recommended.
In addition to research into the proposed methodology, more research is required into
values-based design and evaluation processes. Values are a strong and compelling compass
by which to move health towards well-being via technology. Yet there also exist many
challenges in utilizing the concept of values for this purpose. For example, research is
required in what qualifies as a “value”, the balance between user input and designer
knowledge in identifying particular values of importance, dealing with conflicting values,
understanding the hierarchy between values and the dynamics in this hierarchy, the
relation between context and values, and the ability to generalize values over application
domains. Also, more research is necessary into the effects of technology on users’ value
frameworks. I illustrated that a value framework consists of five elements (i.e. 1. What
values are important for the actor? 2. What definition is given to each value? 3. What is
the relative importance of each value? 4. How is each value specified in norms? 5. How
is each value experienced?) In this thesis, I mostly encountered technological mediation
of users’ experiences of values and the definition given to values. Mediation of the other
elements of the value framework was less found. This might result from the way how
research was conducted. Interesting areas for future research relate to finding the methods
276

Conclusion

for, and understanding the ability to anticipate and assess changes in one particular area of
the value framework, for example, relative importance of values or the way how values are
translated into norms. In addition, more research is necessary concerning the relationship
between design strategies and value changes. Design strategies such as flexible and adaptive
design are necessary to deal with value changes that might occur over the course of various
phases of technology implementation, use, and recycling.
Finally, there might be other methods suitable for creating digital well-being without a
focus on values, and research is recommended to ascertain whether such methods exist. For
example, moving beyond the anthropocentric approach central to this thesis might be an
interesting and valuable angle to design for well-being. In a non-anthropocentric view, for
example, in addition to human health and well-being, one could consider planetary health
and well-being as central to the process of creating digital health. Indeed, each separate
discipline is already studying planetary health—medicine challenges the use of disposables
in the operating room; design increasingly focuses on sustainability; philosophy commonly
writes about the “Anthropocene” and the impact of humans on the planet. Again, bringing
together the various standpoints from the three disciplines would enable the development
of tools and methods for digital health creation that not only considers the well-being of
humans but also of non-human actors.
To conclude, we must move towards a novel way of understanding technology, and thereby
a novel way of understanding our health, our well-being, and ourselves. This thesis has been
an exploration of the intricate relationships between technology, health, and the human
being. It has provided a practical view to connect these elements through responsible
design, evaluation, and implementation. Much remains to be studied, and much remains
to be learned. By bringing together various disciplines, old structures can be renewed and
reshaped so that digital technologies can generate well-being.
So let us close off with where we started. The smartwatch. The next time you place it on
your wrist, you will be aware of the weight of that technology. No, it is not heavy. But
it is loaded with values, expectations, scripts, and instructions. It is deeply connected
to structures of care, designed with compassion, and evaluated by hundreds of users—
all before it was bought by you to measuring your sleep quality, culminating in that
seemingly simple “73”.

11
277

Chapter 11

Summary
Digital health technologies are increasingly commonplace as a means of improving
the quality and safety of healthcare. Digital health encompasses an array of varying
technologies which are used to improve the care, health, and well-being of individuals
and populations. The digital health sector has grown enormously in recent years, and it is
expected to expand even further in the near future.
Within the ecosystem of digital health, the discipline of medicine is not the only party
responsible for the provision of healthcare. Also included are the disciplines of design and
philosophy of technology, whose expertise ought to come to the forefront when healthcare
is provided via technology. Design processes are required to create technologies that meet
the needs of all users. A philosophical and ethical reflection on the implementation of
digital health is essential to critically consider the desirability of a technology and to ensure
that the technology positively reflects users’ values.
The need to involve novel disciplines when providing healthcare through technology
imposes a challenge to “Evidence-based healthcare” (EBH), the current dominant
underpinning of healthcare. In EBH, strict rules have been established to inform decisionmaking based on evidence generated from scientific study and clinical trials. In this
process, design and philosophy of technology have no say. This may be one of the reasons
why a great majority of novel digital health products do not achieve successful uptake and
implementation. In this thesis, we hypothesize that bridging the gaps between medicine,
design, and philosophy of technology would increase the successful design, evaluation, and
implementation of digital health technologies. We aim to create “responsible digital health”.
This refers to technologies that not only improve clinical outcomes but also anticipate and
embed user needs and values in their design to create well-being for all users. Responsible
digital health is the result of a multidisciplinary, iterative, and scientifically inspired design,
evaluation, and implementation process in which the disciplines of medicine, design, and
philosophy of technology are merged.
After an introduction to digital health in chapter 1, we continue the thesis in chapter 2 with
a systematic search into the differences that currently exist between design’s and medicine’s
considerations of digital health. To this end, we study the design process and the medicinespecific evaluation process of digital health. We focus in particular on technology that
improves the well-being of users, and thereby, study the underpinning of the concept of
“well-being”. We identify 117 papers in total: 46 design and 71 evaluation papers. We
compare these papers based on four philosophical problems commonly identified in
technology for well-being. These problems are: (1) the epistemological problem, (2) the
scope problem, (3) the specification problem, and (4) the aggregation problem.
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We find that (1) the concept of well-being consists of multiple values: Healthy Body,
Functional Me, Healthy Mind, Happy Me, Social Me, Self-managing Me, and External
Conditions. Design papers primarily consider well-being as pertaining to Healthy Body
and Self-Managing Me. Evaluation papers, by contrast, predominantly consider the facets
of Healthy Mind and Happy Me. Users are rarely involved in defining what they consider
to be integral to their well-being. We also find that (2) patients with chronic care needs are
commonly considered to be the primary users of digital health. Measurements of well-being
are performed during or directly after technology use. Other users, such as caregivers and
relatives, are regularly involved in design but not in evaluation processes. We subsequently
find that (3) most solutions focus on the provision of supportive care through a digital
platform. Numerous design methods are identified. Evaluation papers mostly make use
of two standardized methodologies: pre-post measurements and randomized controlled
trials. Finally, (4) value conflicts are rarely described. Based upon this review, we conclude
that major differences exist between design and evaluation (medicine). We believe that
design and medicine can and should be better aligned, beginning with consensus regarding
a shared definition of well-being and with focus on similar outcomes. Additionally, the
outcomes from an evaluation study in healthcare should form the basis of subsequent
input for the design process (and vice-versa). Finally, evaluation in healthcare would do
well to start valuing qualitative personal effects of digital health for a wide variety of users.
Considering the many differences that currently exist within medicine and design, we
propose in chapter 3 a novel framework that merges medicine, design, and philosophy to
create digital well-being: “Values that Matter” (VtM). This method considers designing for
values in digital health as a means of creating well-being through technology. “Values” are
lasting convictions that people experience as necessary to lead a good life, or even realize
a good society. VtM is inspired by the “Value Sensitive Design” (VSD) method, and by
the ethics and philosophy of technology. We explain that while values can be embodied in
design, once a technology is implemented in context, these technologies affect the value
frameworks around which the technology was originally designed. Such value mediations
and feedback should be anticipated because they eventually affect a design’s impact.
VtM consists of three phases: “Explore”, “Conceptualize”, and “Anticipate”. Within the
“Explore” phase, all actors involved with a given digital health technology are identified.
Via empirical research, the value framework of each actor is constructed. Value frameworks
consist of (1) a set of values important for the actors in context, (2) a clear definition of each
value, (3) the relative importance of each value, (4) the specification of each value in norms
(conditions needed to realize values in practice), and (5) the current experience of each value.
In the “Conceptualize” phase, the identified values and norms are translated into design
requirements for the digital health technology, and a prototype is built. In the “Anticipate”
phase, actors use the digital health technology in their daily context in a controlled pilot
study. Via empirical research, a novel value framework is constructed and compared to
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the initial value framework. This provides insight into any value mediation exerted by the
technology in question. Insights from the value mediation analysis are considered in a
novel version of the digital health technology, facilitating optimal responsible design. We
demonstrate this methodology via a case study of the redesign of continuous vital sign
monitoring technology (‘ViSi Mobile’) in hospitalized patients. We analyze 17 interviews
with patients wearing ViSi Mobile. The effects of continuous monitoring on patients’ values
of autonomy, safety/security, privacy, social comfort, sensory comfort, spatial comfort, and
health are assessed and translated into a design that optimally aligns with these values.
Each following chapter implements and evaluates one of the phases of VtM.
The following two chapters focus on the “Explore” phase of VtM. We apply several
qualitative research methods to examine patients’ and volunteers’ needs and values in the
context of a single-patient hospital room not equipped with digital health technologies. In
chapter 4 we study 21 patients recovering from elective major abdominal surgery. Patients
participate in context-mapping exercises and semi-structured interviews. Empirical data is
categorized into three themes deemed to be important for patients during their recovery
process. First, patients desire a sense of control over their treatment, ambient environment,
privacy, nutrition, and help requests. Second, patients describe the need for positive
distractions: personalizing the room, connecting with the external environment, and
the ability to undertake activities. Finally, patients express the importance of functional,
practical, and emotional support from professionals, peers, and relatives. We conclude that
the current hospital environment often does not meet the healing needs of hospitalized
patients. It is important to consider patients’ individual experiences through qualitative
research during hospitalization. Digital health provides the opportunity to meet individual
preferences of patients and changing needs during recovery.
Chapter 5 follows a similar study design as that in chapter 4, but instead considers the
experiences of healthy volunteers. Studies revolving around “real” patients are difficult to
conduct as they require substantial funding, time, and research capacity, and depend upon
input from recovering patients that are often not willing or able to participate. Thus, in
this chapter, we aim to delineate if and how healthy volunteers admitted to simulated care
can simulate the experience of (and aid in understanding of ) well-being for hospitalized
surgical patients. To accomplish this, we study 17 volunteers who undergo a 24-hr
simulated inpatient postsurgical care protocol. Data on value experiences, norms, and
design requirements for an optimal healing environment are collected via diaries and semistructured value-oriented interviews. We focus on the values of spatial comfort, privacy,
autonomy, sensory comfort, safety and security, and social comfort. Volunteers’ outcomes
are compared to prior literature and data from chapter 4 concerning similar patients’
outcomes. Based on this comparison, we observe that volunteer “simulated” patients seem
to experience their healing environment similarly to “real” patients insofar as their values of
spatial comfort, privacy, autonomy, sensory comfort, and social comfort are translated into
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norms and design requirements. Less valuable insights are obtained on the values of safety/
security and social comfort related to interaction with patients. In addition, the relative
importance attached to certain values varied between healthy volunteers and patients.
We conclude that simulated hospital admissions with volunteers may serve as a fruitful
alternative for studying real patient outcomes, so long as the effects of active disease on
values are considered. Chapters 4 and 5 provide insight into the “Explore” phase of VtM
and the ability to construct a value framework of patients as a source of design input.
Chapter 6 explores the “Conceptualize” phase of VtM to understand the process of
embedding values into the design of digital health. This phase is built upon the method
of VSD. Via conceptual, empirical, and technical investigation, VSD illustrates how to
embed values in design. However, the approach provides no clear framework for designers
on how to conduct the process and when to involve users. Conscious involvement of users
in digital health is particularly important, as the main users—patients and healthcare
providers— generally have only little energy or time to commit. We, therefore, propose a
stepwise approach to a values-based design process to optimally encompass the values of all
users involved, whilst reducing the study workload for users. We propose three subphases
to the “Conceptualize” phase of VtM: “Experiment”, “Demonstrate”, and “Validate”.
“Experiment” takes place in an office to create makeshift solutions. “Demonstrate” takes
place in a mock-up environment and aims to optimize design requirements through
feedback sessions with users. The “Validate” phase takes place in an authentic care context
and studies how the novel technology affects current workflows. We apply and evaluate
this approach via the design of a hospital-based ambient intelligence solution for remotely
and continuously monitoring the quality and safety of patient care. We focus in particular
on the embodiment of the values of safety, privacy, and inclusiveness in the design. Design
activities of the “Experiment” and “Demonstrate” phases are discussed. We conclude that
a stepwise approach enables the embedding of values in technology whilst considering
practical limitations of including users in the design process. We additionally identify
several challenges incumbent in designing for values, including decisions regarding the
values around which to design, understanding different types of values, dealing with
conflicting values, and the role of empirical research on values. We illustrate that valuesbased design requires transparent reporting to further the field of design for values.
Chapters 7,8, and 9 focus on a novel technology, Virtual Reality (VR), and the application
of the “Anticipate” phase of VtM. We introduce the topic of VR in chapter 7. In this
chapter, we identify the opportunity VR holds to provide rehabilitation services to patients
recovering from COVID-19. We explain the nature of VR, why it can benefit healthcare,
and the barriers which would need to be overcome to optimally implement VR. In chapter
8, we empirically study twenty patients with chronic low-back pain using VR. We first
identify how chronic pain affects the well-being of these patients in terms of values (the
initial value framework). We then introduce a novel VR serious game for chronic pain
281

11

Chapter 11

and ask patients to use VR for four consecutive weeks. After four weeks, we study how
VR affects these patients’ value frameworks and identify design requirements for better
considering values in VR design. We focus on the values of health, self-perception, safety,
hope, autonomy, social comfort, privacy, accessibility, sensory comfort, and spatial comfort.
Through this case study, we explain the importance of empirical research to identify values
and anticipate value changes, and demonstrate the possibility of translating value changes
into responsible design and implementation recommendations.
Chapter 9 continues the work introduced in chapter 8 to further elucidate the “Anticipate”
phase of VtM. While chapter 8 focuses specifically on values as an important outcome
to anticipate for technology, chapter 9 broadens the scope from values to additionally
include “effects”. Effects refer to all qualitative outcomes of technology on users’ actions
and perceptions. We construct the “Digital Health Technology Guidance” framework,
building on the work of “Guidance Ethics”, to provide additional heuristics for executing
the “Anticipate” phase of VtM for the responsible design and evaluation of digital health.
We apply this framework through a case study consisting of developing and evaluating
a VR rehabilitation service for long COVID patients, as introduced in chapter 7. We
study a wide range of VR effects on twenty patients and fifteen physical therapists, and
assess patients’ values of self-image, safety, autonomy, and social comfort. We conclude the
chapter with an evaluation of how the framework can bridge gaps between the disciplines of
medicine and design through a wide focus on qualitative and philosophical user outcomes.
The thesis concludes with chapter 10, in which we explain that the current healthcare
landscape and culture too often does not allow digital health to reach successful
implementation. This current landscape is underpinned by the principles of “Evidencebased healthcare”. We illustrate the application of EBH via the principles of drug research.
Amidst the growing application of digital health, the use of EBH is challenged on four
domains: “Patient”, “Intervention”, “Control”, “Outcome”. These domains form the classic
“PICO” question, which typically serves as the basis of an EBH evaluation process. In the
second part of this discussion chapter, we argue for the need for a novel culture/paradigm
to optimally design, evaluate, and implement digital health. We address the need for
greater engagement across a variety of users in evaluation (“citizen science”), consideration
of design in healthcare and evaluation processes, focusing on individual experiences rather
than average outcomes, studying user values for a shift from “health” to “well-being”,
and stress the need for continuous evaluation of the dynamic relations between users,
context, and digital health. We conclude that the move from “evidence-based healthcare”
towards “experience-based well-being” would spur successful implementation of digital
technologies in healthcare.
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Summary

This thesis demonstrates the value-add of digital health for healthcare to create wellbeing for any user. It provides insight into the need for empiric study of user experiences
and values as a source of design input, and it provides the tools by which to do so. It
also shows the need for a holistic and multidisciplinary process of evaluation, in which
healthcare no longer focuses solely on clinical effectiveness, but rather embraces the
additional knowledge provided by the disciplines of design and philosophy of technology.
By following such processes of design and evaluation, digital health can be successfully and
responsibly implemented.
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Samenvatting
Digitale technologie wordt almaar belangrijker in de gezondheidszorg. Deze technologie
wordt met name ingezet ter verbetering van de kwaliteit van de zorg en de veiligheid van
de patiënt. Ontwikkelingen in de digitale zorgtechnologie volgen elkaar in een razendsnel
tempo op en de zorgsector verwacht een substantiële groei in de komende jaren.
Digitale technologie in de zorg vereist een andere manier van zorgverlening dan de huidige.
Terwijl in het bestaande systeem slechts medici verantwoordelijk zijn voor de gezondheid
van patiënten, zullen bij inzet van digitale technologie niet alleen de medici een rol spelen,
maar ook ontwerpers en filosofen krijgen een belangrijke taak. De ontwerper is namelijk
verantwoordelijk voor het creëren van de technologie. De filosoof levert een belangrijke
bijdrage in de evaluatie van de gewenste en ongewenste individuele en maatschappelijke
effecten ervan. Het huidige zorglandschap moet zich gaan aanpassen om ruimte te bieden
aan deze diverse disciplines die onderdeel aan het worden zijn van gezondheidszorg.
Ondanks de vele ontwikkelingen, verdwijnt een groot deel van de technologie ook weer snel
van de markt. Dit komt met name omdat de technologie niet aansluit bij de behoeften van
de gebruikers. In dit proefschrift formuleren we de hypothese dat digitale zorgtechnologie
beter tot zijn recht zou komen als deze drie disciplines van zorg, ontwerp en filosofie beter
op elkaar worden afgestemd.
Na een introductie in de zorgtechnologie in hoofdstuk 1, proberen we in hoofdstuk 2 een
inzicht te geven in de verschillen tussen de culturen die heersen enerzijds in ontwerp en
anderzijds in de zorg. We vergelijken de ontwerpprocessen met de voor de zorgomgeving
typische evaluatieprocessen van digitale zorgtechnologie. Daarbij richten we ons specifiek
op digitale technologie die als doel heeft om het welzijn van de patiënt te verbeteren.
We onderzoeken daarom eveneens hoe de term “welzijn” wordt gedefinieerd in de
diverse artikelen. We lezen 117 artikelen, waarvan 46 gericht zijn op ontwerp en 71 op
evaluatie. Uit die artikelen abstraheren we zeven waarden die samen het concept “welzijn”
vormen: Gezond lichaam, Dagelijks functioneren, Gezonde geest, Gelukkig zijn, Sociaal
leven, Autonomie en Externe omstandigheden. Gezond lichaam en Autonomie worden
het meest bestudeerd in ontwerp artikelen. Evaluatie artikelen kijken met name naar
Gezonde geest en Gelukkig zijn. We concluderen uit deze artikelen dat gebruikers van
zorgtechnologie maar zelden wordt gevraagd naar hun perceptie van het woord “welzijn”.
Hoewel ontwerp artikelen regelmatig zorgverleners en familieleden van patiënten
betrekken in het ontwerpproces, gebeurt dit zelden in evaluatieprocessen. De meeste
artikelen bestuderen een digitaal zorgondersteuningsplatform als technologie. Verder
merken we op dat er vele ontwerpprocessen worden gebruikt voor de ontwikkeling van
technologie, terwijl er slechts enkele evaluatieprocessen bestaan. Dit zijn met name de
voor- en nameting en de gerandomiseerde gecontroleerde studie. Tenslotte zien we dat er
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weinig onderzoek wordt gedaan naar conflicterende waarden zoals privacy en veiligheid,
terwijl dit in de wetenschappelijke literatuur naar welzijn een veel besproken onderwerp
is. We eindigen dit hoofdstuk met een overzicht van de verschillen tussen ontwerp- en
evaluatieprocessen en aanbevelingen om deze twee processen nader tot elkaar te brengen.
Om digitale technologie succesvol en efficiënt te implementeren, is het namelijk van
belang dat het ontwerpproces en het evaluatieproces beter op elkaar worden afgestemd
in de toekomst. In plaats van twee lineaire los van elkaar staande processen, zouden ze
iteratief moeten plaatsvinden en elkaar inspiratie moeten bieden.
In hoofdstuk 3 stellen we een nieuwe methodiek voor om zorgtechnologie op een succesvolle
en verantwoordelijke manier te ontwikkelen. Deze methodiek voegt ontwerpprocessen
samen met filosofische inzichten en de medische behoefte aan evaluatie voor bewijsvorming.
We noemen deze methodiek: “Values that Matter” (VtM). De methode is geïnspireerd
door “Value Sensitive Design” (VSD), een veel gebruikte methodiek gericht op waarden in
het ontwerpproces. VSD bestaat uit de drie fasen van onderzoek: conceptueel, empirisch
en technisch. Gedurende die fasen worden waarden in een technologie ingebouwd.
Hoewel VSD een inspirerende kijk heeft op technologie, mist deze methodiek een stap.
Wat de methode namelijk niet in overweging neemt, is dat waarden kunnen veranderen.
Dit gebeurt zodra een gebruiker in interactie is met een nieuwe technologie. Die
technologie kan vervolgens de definitie van de waarde veranderen, de belangrijkheid
en de beleving ervan. Ontwerpers moeten inspelen op deze waardenveranderingen om
daadwerkelijk bij te kunnen dragen aan het welzijn van de gebruiker. De VtM-methodiek
die we voorstellen, bestaat uit drie fasen: “Ontdek”, “Bouw”, “Voorzie”. In de fase “Ontdek”
worden alle gebruikers van de digitale zorgtechnologie in kaart gebracht. Per gebruiker
wordt er onderzocht welke waarden deze gebruiker belangrijk vindt. Dit resulteert in
een waardenkader. Dit waardenkader bestaat uit (1) een reeks aan belangrijke waarden
voor de gebruiker, (2) een definitie van elke waarde, (3) het belang van elke waarde ten
opzichte van de andere waarden, (4) de vertaling van waarden in normen -de voorwaarden
om de waarde te realiseren- en (5) de ervaring van de gebruiker per waarde. In de fase
“Bouw” wordt het waardenkader vervolgens vertaald naar een eerste model van de digitale
zorgtechnologie. Dit model wordt getest in de fase “Voorzie”. Een representatieve groep
aan gebruikers probeert de technologie uit. Op basis daarvan kan het ontwerpteam
een nieuw waardenkader opstellen. De vergelijking van dit nieuwe waardenkader met
het oorspronkelijke waardenkader geeft inzicht in hoe de nieuwe technologie waarden
verandert. Deze inzichten bieden vervolgens richtlijnen voor het herontwerp van de
technologie. De ontwerpmethode wordt toegelicht met behulp van het herontwerp van
een polssensor die continu de gezondheid van in het ziekenhuis opgenomen patiënten
meet. We onderzoeken de waarden comfort in de fysieke omgeving, privacy, autonomie,
comfort voor alle zintuigen, veiligheid, sociale interactie en steun, en gezondheid.
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Elk volgend hoofdstuk richt zich op de uitvoer en evaluatie van een van de drie fasen van
de VtM-methodiek.
In hoofdstuk 4 passen we de “Ontdek” fase toe. We beschrijven hoe 21 patiënten,
opgenomen op de verpleegafdeling heelkunde, hun verblijf ervaren. De patiënten houden
gedurende hun opname een dagboekje bij, maken foto’s van hun omgeving en beschrijven
hun ervaringen gedetailleerd in een semigestructureerd interview. Over het algemeen lijkt
elke patiënt waarde te hechten aan (1) een gevoel van controle over de eigen behandeling,
de patiëntenkamer, privacy, voeding, en hulpvragen aan het verplegend personeel, (2) een
positieve afleiding in de patiëntenkamer door de kamer te versieren met persoonlijke items,
een uitzicht uit het raam op de natuur en de mogelijkheid om deel te nemen aan activiteiten
op de afdeling, (3) emotionele en praktische ondersteuning van het zorgpersoneel en
familieleden. De huidige patiëntenkamer voorziet niet volledig in deze behoeften van de
patiënten. Digitale technologie biedt een mogelijkheid om de patiëntenkamer beter in te
richten naar individuele behoeften en waarden.
In hoofdstuk 5 voeren we eenzelfde type studie uit als in hoofdstuk 4 in het kader van
de “Ontdek” fase, maar nu gericht op gezonde vrijwilligers. 17 gezonde vrijwilligers
worden gedurende een etmaal opgenomen in een patiëntenkamer en ontvangen zorg
zoals patiënten deze normaliter ook ontvangen. Ook de gezonde vrijwilligers houden
een dagboekje bij en nemen deel aan een semigestructureerd interview. Interviewvragen
richten zich op zes specifieke waarden waar patiënten belang aan hechten tijdens hun
opname: comfort in de fysieke omgeving, privacy, autonomie, comfort voor alle zintuigen,
veiligheid en sociale interactie en steun. We vergelijken de ervaringen van de gezonde
vrijwilligers met ervaringen van patiënten die eerder in wetenschappelijke literatuur
bestudeerd zijn. Op basis daarvan concluderen we dat vrijwilligers grotendeels dezelfde
ervaringen hebben als patiënten. Vrijwilligers lijken enkel minder behoefte te hebben aan
veiligheid en contact met patiënten. Ook het belang dat aan de diverse waarden wordt
gehecht verschilt. Zo hechten de gezonde vrijwilligers veel waarde aan privacy, terwijl deze
waarde voor patiënten van veel minder groot belang is. De vergelijking tussen ervaringen
van patiënten en vrijwilligers biedt ons inzicht in de mogelijkheid om vrijwilligers in te
zetten om patiëntervaringen op te halen. Het is namelijk vaak lastig om patiënten te
betrekken in wetenschappelijk en ontwerp onderzoek, omdat ze vaak niet voldoende tijd
of energie hebben om deel te nemen. In dit hoofdstuk concluderen we dat vrijwilligers
een waardevolle bijdrage kunnen leveren aan patiëntonderzoek, zolang er rekening wordt
gehouden met het effect van ziekte op waarden.
In hoofdstuk 6 onderzoeken we vervolgens hoe de “Bouw” fase van VtM optimaal kan
worden uitgevoerd. Daarbij kijken we specifiek naar hoe waarden in een technologie
kunnen worden “ingebouwd” door middel van onderzoek waarbij de gebruikers minimaal
worden belast. We delen de “Bouw” fase onder in drie sub fasen: “Experimenteer”,
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“Demonstreer” en “Valideer”. De fase “Experimenteer” wordt uitgevoerd op kantoor. Het
team ontwikkelt een eerste model van de zorgtechnologie en test dit zelf. De “Demonstreer”
fase wordt uitgevoerd in een mock-up ruimte. Deze ruimte simuleert de patiëntenkamer.
Gebruikers worden uitgenodigd om feedback te leveren op het ontwerp. In de “Valideer”
fase wordt vervolgens in een authentieke zorgcontext getest hoe de nieuwe technologie
de huidige zorgprocessen beïnvloedt. Deze drie fasen illustreren we met behulp van
het ontwerpproces van een kunstmatig intelligentie model dat continu de kwaliteit en
veiligheid van de patiëntenzorg in de patiëntenkamer monitort. We onderzoeken hoe deze
technologie de waarden veiligheid, privacy en inclusiviteit kan uitdragen. In dit hoofdstuk
concluderen we dat deze stapsgewijze benadering tot het ontwerpen voor waarden effectief
is en dat dit haalbaar is zonder dat we de eindgebruiker te veel hoeven te belasten met
onderzoeksvragen. Wel wijzen we op diverse uitdagingen die nog altijd bestaan binnen het
ontwerp voor waarden.
De hoofdstukken die volgen behandelen allen Virtual Reality (VR) als zorgtechnologie.
We introduceren deze technologie in hoofdstuk 7. Dit hoofdstuk beschrijft de toegevoegde
waarde van VR voor de revalidatie van patiënten die COVID-19 hebben gehad en het
belang van het verrichten van onderzoek naar VR. Hoofdstuk 8 sluit weer aan op de VtMmethodiek. We onderzoeken in dit hoofdstuk specifiek de fase “Voorzie” en leggen daarbij
uit hoe belangrijk het is om empirisch onderzoek te doen naar waarden van gebruikers
om te kunnen anticiperen op de effecten van technologie nog voordat de technologie
daadwerkelijk grootschalig wordt geïmplementeerd. Empirisch onderzoek geeft namelijk
inzicht in de waarden die gebruikers belangrijk vinden en in hoe waarden veranderen
zodra een technologie wordt gebruikt. Deze inzichten kunnen niet verkregen worden met
een theoretische exercitie. We illustreren dit aan de hand van een voorbeeld. We hebben
VR ingezet bij patiënten met chronische lage rugpijn. De VR-applicatie is ontworpen om
deze patiënten beter te leren omgaan met hun rugpijn. We onderzoeken achtereenvolgens
het waardenkader van twintig van deze patiënten vóór gebruik van VR en vier weken
na het gebruik van VR. We identificeren de volgende waarden: gezondheid, zelfbeeld,
veiligheid, hoop, autonomie, sociale interactie en steun, privacy, toegankelijkheid, comfort
voor alle zintuigen en design comfort. We laten zien hoe VR deze waarden verandert en
hoe die waardenverandering kan worden vertaald naar aanbevelingen voor het ontwerp en
de implementatie van VR voor chronische pijn.
In hoofdstuk 9 bouwen we verder op het werk dat we in hoofdstuk 8 hebben verricht voor
de fase “Voorzie” van VtM. We leggen hier uit dat naast onderzoek naar waarden, er ook
inzicht nodig is in het effect van technologie op de acties en percepties van gebruikers.
Dit noemen we “effecten”, afgeleid van de methodiek “Begeleidingsethiek”. Op basis van
deze methodiek stellen we het “Begeleidingskader Zorgtechnologie” voor. Dit kader biedt
richtlijnen om digitale zorgtechnologie zo goed mogelijk te laten aansluiten op individuele
behoeften en waarden. We onderzoeken de methodiek met behulp van VR voor revalidatie
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na COVID-19 zoals we in hoofdstuk 7 al beschreven. Daarbij kijken we naar een reeks
effecten van VR op twintig patiënten en vijftien fysiotherapeuten en de invloed van VR
op de waarden zelfbeeld, veiligheid, autonomie en sociale interactie en steun. We eindigen
dit hoofdstuk met een uiteenzetting van de mogelijkheden die deze methodiek biedt om
ontwerp en zorg dichter bijeen te brengen en technologie daarbinnen verantwoord in te
zetten.
Hoofdstuk 10 sluit dit proefschrift af. In dit hoofdstuk beargumenteren we waarom er een
cultuuromslag nodig is in de zorg om de slagingskansen van digitale zorgtechnologie te
vergroten. We leggen uit wat de huidige zorgcultuur is met behulp van het “bewijs gedreven
zorg”-principe. Dit principe gaat ervan uit dat bewijs nodig is voordat een interventie in
de zorg wordt geïmplementeerd. Bewijs wordt enkel gevormd in studies waarbij een grote
patiëntenpopulatie vergeleken wordt met een controlepopulatie. Dit principe werkt over
het algemeen goed voor de evaluatie van nieuwe medicatie. Het principe werkt minder goed
voor de evaluatie van digitale zorgtechnologie. Deze technologie is namelijk anders dan
medicatie op vier gebieden: patiënt, interventie, controle, en uitkomsten. Nadat we hebben
uitgelegd waarom de huidige zorgcultuur niet werkt voor digitale technologie, doen we een
voorstel voor een nieuwe cultuur. Deze cultuur hecht waarde aan de mening van een diverse
groep gebruikers, beargumenteert het belang van ontwerp in gezondheidszorg, beschouwt
individuele ervaringen in plaats van gemiddelden van een grote groep, onderzoekt waarden
van gebruikers en bestudeert continu de dynamische relaties tussen mens, technologie en
waarden. Deze nieuwe cultuur draait geheel om “ervaring gedreven welzijn”.
Aan het eind van dit proefschrift heeft de lezer inzicht gekregen in het begrip
zorgtechnologie en de vele voordelen die dit biedt voor het welzijn van de patiënt en
zorgverlener. Daarnaast beseft de lezer dat deze voordelen enkel tot uiting kunnen komen
dankzij empirisch onderzoek naar gebruikerservaringen en -waarden. De resultaten ervan
worden vervolgens systematisch meegenomen in een holistisch proces waarin ontwerp,
zorg en filosofie dusdanig met elkaar verweven zijn dat het geheel zorgt voor een succesvol
ontwerp, evaluatie en implementatieproces.
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Data management statement
All research in this thesis was funded by the “Europees Fonds voor Regionale Ontwikkeling”
(EFRO) for the project R4heal [PROJ-00840, 2018]. Research conducted for this thesis at
the Department of Surgery at the Radboud university medical center repeatedly involved
patients and healthy volunteers. All human studies were conducted in accordance with the
principles of the Declaration of Helsinki.
Before the onset of the studies, a protocol of all studies has been reviewed and approved
by the medical and ethical review board Committee on Research Involving Human
Subjects Region Arnhem Nijmegen, Nijmegen. An identification number was appointed
to each study. The PijnVRij and COVRehab study were also registered at Clinicaltrials.
gov. Interview data on continuous monitoring (chapter 3) were collected initially for other
research which is not reported in this thesis. After approval, data of these interviews were
coded and analyzed again for this thesis. All other data were collected specifically for this
thesis.
Study identification numbers:
• Continuous monitoring (chapter 3): 2015-1717
• Room with a View - patients (chapter 4): 2016-2693
• Room with a View - healthy volunteers (chapter 5): 2016-2899
• Ambient intelligence (chapter 6): 2020-6908
• PijnVRij (chapter 8): 2019-5441 and Clinicaltrials.gov identifier: NCT04042090
• COVRehab (chapter 9): 2020-6770 and Clinicaltrials.gov identifier: NCT04505761
All participating patients and healthy volunteers in this research provided consent before
start. Study data have been captured, stored, and processed in CastorEDC, Microsoft
Excel, Microsoft Word, and Atlas.ti. Diaries and paper questionnaires are stored in a closed
cabinet at the Department of Surgery of the Radboud university medical center. Digital
files are stored on a local server of the same department ((H:)HEELdata$ (UMCfs042)\
R4Heal\R4Heal). Data storage is in accordance with the General Data Protection
Regulation (GPDR) and the Findability, Accessibility, Interoperability, and Reusability of
data (FAIR) principles1. The privacy of the participants in this study is warranted by the
use of encrypted and unique individual subject codes. This code corresponds with the code
on the paper diaries and questionnaires. Only investigators had access to this code. The
subject identification code list is located at a separate location from the dataset on the local
server. The data will be saved for 15 years after the termination of the studies. Research
data are available upon reasonable request after approval of all parties involved.
1.
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Introduction day Radboudumc

2018

0.25

BROK Course

2019

1.5

Pubmed Workshop

2019

0.1

Qualitative Research Practice (Open University)

2019

5.0

Workshop on pain experiences, Reducept

2019

0.2

Graduate School specific Introductory Course

2020

0.75

4TU Ethics course: Philosophy of Responsible Innovation

2020

5.0

Scientific writing for PhD Candidates

2020

3.0

Statistics with JASP

2020

1.5

Writing a Review Article

2020

1.5

Scientific Integrity

2021

1.0

EDAC: Evidence-Based Design Accreditation and Certification

2021

5.0

Loopbaanmanagement voor PhD

2021

1.5

The Art of Finishing Up

2021

1.0

What is the Next Step in my Career?

2021

1.0

Weekly/monthly research meeting surgical department Radboudumc

2018-2021

0.5

Bi-weekly research meeting ethics- IQ healthcare Radboudumc

2020-2021

0.5

Monthly research meeting IxD&HCD (design) Utwente

2020-2021

2.0

Jeugdzorg Designlab Utwente, Enschede – provision workshop

2018

0.25

Chirurgendagen, Ede - visiting, organizing stand

2018

0.25

Mensgericht ontwerpmiddag Reshape center, Nijmegen – provision workshop (2x)

2019

0.5

Health valley, Lent - visiting, organizing stand, presentation

2019/2021

0.75

Design for well-being conference, Delft – visiting

2019

0.25

Jeugdzorg Samen toekomst maken, Utrecht – visiting, provision workshop

2019

0.5

Toekomst van de Zorg, Terneuzen – oral presentation

2019

0.25

a) Courses & Workshops

b) Seminars & Lectures

c) Symposia & Congresses
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Design innovation management, Londen (UK) - visiting, oral presentation

2019

1.0

International nursing conference for excellence in healthcare design, Greenville
(USA) - visiting, oral presentation, poster presentations (2)

2019/2021

2.5

Rotary, Schaijk – oral presentation

2019

0.25

Internet of Things world congress, Barcelona (Spain) - visiting, oral presentation

2019

1.0

Conference European Healthcare Design, online – visiting, oral presentation

2020/2021

1.5

Scientific research day Klimmendaal, online – oral presentation

2020/2021

1.0

Philosophy of human technology relations, online – visiting, oral presentation

2020

0.5

Conference BBB, online – oral presentation

2020

0.25

VR4Rehab, online – oral presentation, hackaton

2021

0.5

Zorg& Wonen Masterclass, Rotterdam - oral presentation

2021

0.25

Review of 5 scientific papers

2019-2021

0.5

Co-application grant ‘PPP allowance’

2021

0.25

Lecture Saxion (Interior & Styling)

2019

0.15

Lecture University of Twente (Industrial Design)

2019

0.15

Lecture Avans Hogeschool (Social Work)

2019

0.15

Supervision research projects Radboudumc (Medicine), 2x

2019/2020

3.5

Lecture University of Barcelona (Engineering)

2020

0.15

Lecture Radboudumc (HBO-V & Medical Imaging), 4x

2021

0.60

Supervision graduation project (BSc Product Design): Renske Alblas

2019

1.75

Supervision internship (BSc Product Design): Bas van den Heuvel

2019-2020

1.75

Supervision graduation project (MSc Industrial Design Engineering): Pleun Meurs

2020-2021

2.5

Supervision graduation project (MSc Industrial Design Engineering): Ruben Peters

2020

2.0

Supervision internship (BSc Biology): Anna Hoekstra

2020

1.0

Co-supervision internship (BSc Medicine): Daniël van Dartel

2020

1.0

Supervision student assistant (MSc Biomedical Sciences): Berend de Bruijn

2021

0.75

Supervision graduation project (MSc Physiotherapy): Roos Vlaskamp

2021

0.75

Supervision graduation project (MSc Interaction Technology): Irma Harms

2021

2.0

Supervision internship (BSc Communication & Multimedia Design): Janelle
Groenendijk

2021

1.75

d) Other

e) Lecturing

f ) Supervision of students

Total

63.5

299

12

Chapter 12

Curriculum vitae
Merlijn Lamberta Maria Smits was born in Tiel, The
Netherlands on the 14th of July 1994. After completing
her primary and secondary education in 2012, she moved
to Antwerp, Belgium to start the bachelor of Product
Design at the University of Antwerp. Six months of her
bachelor period were spent in Guimarães, Portugal.
After obtaining her bachelor’s degree in 2015, Merlijn
returned to The Netherlands and started a master in
Industrial Design Engineering at the University of
Twente, Enschede. Soon after following several courses
of another master program - Philosophy of Science,
Technology, and Society- Merlijn officially started with
this second master. She finished both two-year masters in three years. Her graduation
theses were executed at Philips Lighting, Eindhoven (today ‘Signify’), and at Reshape
center Radboudumc, Nijmegen (today ‘Health Innovation Labs’).
During her studies, Merlijn started her own company in graphic design. As a hobby, she
also began designing lamps. One of those lamps brought her to the Dutch Design Week,
several LED expositions, and BNR news radio. Merlijn worked as a student assistant
for various design for healthy behavior projects. Her interest in health made her decide
to start her first full-time job in October 2018 at the Radboudumc in Nijmegen within
the innovation project R4heal. In this project, she managed the design process of digital
health. Merlijn coordinated multiple innovation studies, including ambient intelligence in
the patient room, Virtual Reality (VR) treatments for chronic pain, VR rehabilitation after
COVID-19, and an integrated personalised healing system for hospital patient rooms.
After 1,5 years, Merlijn was able to start her PhD within this innovation project. With
her backgrounds in design and philosophy, Merlijn considered healthcare from a different
perspective. She noticed how the worlds of design and health so greatly diverge, how the
“soft” mediating effects of digital health were often ignored in healthcare, and that, despite
the interesting theories, philosophy was rarely applied into practice. Merlijn’s PhD covers
the integration of these three worlds for better alignment between user needs and values
and digital health. Merlijn was supervised by Prof. H. van Goor (healthcare), Prof. G.D.S.
Ludden (design), and Prof. P.P. Verbeek (philosophy). She supervised multiple students
and presented her work at several (inter)national conferences.
After her PhD, Merlijn started working at PBLQ in The Hague. There, she is advising
public organisations on how to design, evaluate, and implement digital innovations.
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Dankwoord
Aan alle studiedeelnemers,

Waar was dit proefschrift geweest zonder jullie hulp? Dat jullie open stonden om een
nieuwe technologie uit te proberen in een moeilijke fase van het leven, een nacht als
gezond persoon in een ziekenhuis durfden te komen slapen en vol enthousiasme hebben
meegedacht in hoe digitale technologie nu het best geoptimaliseerd kan worden, is van
onschatbare waarde geweest. Jullie hebben des te meer laten zien wat het belang is van het
betrekken van de gebruiker in het design- en evaluatieproces.
Professor van Goor, Harry,

Je hebt mij als ontwerper enkele jaren terug aangenomen op de afdeling heelkunde. Alleen
dat al getuigt van lef. Toen ik hoorde dat je ook nog een passie hebt voor Frank Lloyd
Wright, was de klik gemaakt. Jouw enthousiasme, doorzettingsvermogen en visie op de
zorg van de toekomst zijn aanstekelijk. Ik heb genoten van alle gesprekken, brainstorms en
ideeën om de zorg met technologie net iets aantrekkelijker te maken. Ik ben ontzettend
dankbaar voor de kans die je me hebt gegeven om te promoveren, de vrijheid om mijn eigen
interesses hierin te brengen, en jouw gestructureerde ‘medische’ input die elk onderzoek en
elk artikel enorm heeft verbeterd. Wie weet brengt het ons nog ooit naar ons eigen digital
health consulting bedrijf. Dankjewel.
Professor Ludden, Geke,

We kennen elkaar al van mijn eerste afstudeerthesis bij de master Industrial Design
Engineering. Als studentenassistent heb ik je daarna met veel plezier op enkele projecten
gericht op design voor gezondheid mogen assisteren. Mijn interesse in design en gezondheid
is zeker door jouw enthousiasme en visie aangewakkerd. Ik waardeer het enorm dat je
enkele jaren later ook nog eens open stond om mede-promotor van dit project te worden.
Dankjewel voor je altijd praktische en nuttige tips, begrip, interesse en snelheid waarmee
elk artikel weer terug kwam. Ik hoop dat we elkaar nog vaak tegen zullen komen in het
vervolg.
Professor Verbeek, Peter-Paul,

Ook met jou gaat de geschiedenis al terug naar mijn afstudeerproject, ditmaal de master
Philosophy of Science, Technology, and Society. Al vanaf het eerste college was ik
geïnspireerd door je enthousiasme en interessante ideeën. Door jou zag ik in dat filosofie
ook praktisch kan zijn en vele raakvlakken heeft met design. Hoewel je zoveel op je bord
hebt liggen, stond je toch open om mij te begeleiden in mijn PhD. Elk gesprek met jou
was vol interesse, ideeën en vriendelijkheid. Heel erg bedankt voor alle begeleiding, en ook
nu geldt dat ik hoop dat onze paden opnieuw zullen kruisen.
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Astrid, Getty, Jan-Maarten, Linda, Marcel, Marjan, Marlies,

Met jullie is het R4heal project een echt team geworden. Marlies, bedankt voor de eerste
jaren R4heal waarin we samen de lijnen hebben kunnen uitzetten. De week in Greenville
zal ik niet snel vergeten. Astrid, zonder jou krijgen we niets voor elkaar. Wat bewonder
ik de volhardendheid en connecties die jij weet te leggen om iets in deze organisatie
voor elkaar te krijgen. Met jou is R4heal gaan rollen. Linda, als er iemand is die ik graag
bedank, dan ben jij het. Zonder jouw intensieve hulp in de Virtual Reality studies had
dit proefschrift er niet gelegen. Ontzettend bedankt voor het vele werk en de gezellige
gesprekken tussendoor. Marjan, door jou ben ik wegwijs geworden in het ziekenhuis. Met
jouw vrolijke houding was het altijd gezellig om om advies te vragen. Marcel, Getty, met
jullie recent erbij in het team, weet ik zeker dat we de juiste verbinding kunnen maken
tussen de werkvloer en de technologie. Ontzettend bedankt voor jullie proactieve houding
binnen het Ouva project. Jan-Maarten, dankjewel voor jouw mooie kijk op de wereld. Ik
ben altijd gefascineerd door jouw verhalen en creativiteit. Ik hoor graag nog eens hoe het
Andi op de maan vergaat.
Janienke, Tjitske,

Dank jullie wel voor de fijne, gezellige samenwerking in de Virtual Reality studies en de
versterking van het R4heal team vanuit de onderzoekers.
Onderzoekers heelkunde, onderzoekers IxD/HCD,

Hoewel we als onderzoekers allemaal met ons eigen onderwerp bezig zijn, is het altijd fijn
om elkaar even te spreken. Dank jullie wel voor de vele uitjes, stukken taart, en interessante
online sessies.
Machteld,

Nadat we met enige regelmaat door elkaar werden gehaald op de afdeling, bleek dat we
niet alleen qua uiterlijk maar ook qua karakter goed overeen komen. Een wandelingetje
buiten met jou gaf altijd nieuwe energie. Ook kon ik altijd bij jou terecht als de treinen
naar Deventer niet meer reden. Het skiweekend met de afdeling, het kampeerweekend
samen met jou en Tom, pubquizzen en vele dinertjes; ik hoop dat we deze volop blijven
doorzetten!
Dr. Bredie, Bas,

Zonder jouw interesse in techniekfilosofie en jouw geloof in de meerwaarde van het
continue monitoring was ik nooit in het Radboudumc terecht gekomen. Dankjewel voor
deze mogelijkheid en je betrokkenheid gedurende mijn hele PhD.
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Team Reshape (Health Innovation Labs),

Bij jullie is mijn werk in het Radboudumc begonnen. Een organisatie als Reshape/Health
Innovation Labs is erg waardevol in een ziekenhuis dat staat voor innovatie en persoonlijke
zorg. Ik heb me altijd thuis gevoeld bij jullie; dank daarvoor! Jules, dankjewel voor de fijne
gesprekken en ontzettend leuke week in Barcelona. Tom, bedankt voor jouw betrokkenheid
en gedeelde kijk op kwalitatief onderzoek in een medische wereld.
Team R4heal,

Centre4Moods, Yellow Riders, Big4Data, Relitech, ArbolAI; Arvid, Stephan, Cindy,
Wim, Ivar, Carl, Jeroen, Robert; hartelijk dank de samenwerking en de mogelijkheid om
met jullie aan een super vooruitstrevend innovatieproject te mogen werken. Elk ziekenhuis
een gepersonaliseerde R4heal patiëntenkamer zou de zorg zo veel mooier maken!
Aan alle inspirerende start-ups,

SyncVR, Reducept, NeuroReality, Relaxmaker, Ouva, ForaHealthyMe, Healthy Chronos;
wat zijn er de afgelopen jaren een hoop interessante, ambitieuze en vooruitstrevende
bedrijven op ons pad gekomen. Robbert, hartelijk dank voor alle goede hulp binnen de
COVRehab studie. Hoewel we elkaar tijdens de studie niet een keer live hebben ontmoet,
verliep de samenwerking altijd vlekkeloos. Louis, dank voor jullie support in de PijnVRij
studie. Jullie mogen trots zijn op de mooie applicatie die jullie hebben ontwikkeld. Metin,
Dogan, thanks for the nice weeks in The Netherlands, your at-distance support from San
Francisco and Turkey, and the nice monthly meetings.
Papa, Mama,

Enorm bedankt voor al jullie steun. Het is fijn om bij jullie thuis te komen en mijn
verhalen kwijt te kunnen. Papa, jouw kennis, je zoektocht naar de balans tussen praktijk en
wetenschap, je reislust en geweldige handigheid bewonder ik enorm. Mama, jouw liefde,
zorgzaamheid, ambities en daadkracht zijn ongelooflijk bewonderingswaardig. Ik hoop
dat ik van jullie beiden dit een beetje heb meegekregen. Bedankt voor de geweldige jeugd
die jullie ons hebben meegegeven en de mogelijkheden om ons te ontwikkelen tot wie we
nu zijn.
Jasper, Jens, Aline, Vanessa, Eline,

Wat ben ik blij met jullie. Jasper, jij bent de echte wetenschapper onder ons vier. Met
jouw passie en inzet weet ik zeker dat er in het Alzheimer onderzoek grote stappen gezet
gaan worden. Jens, wat heb ik me vaak afgevraagd wat jij aan het doen was terwijl ik naar
mijn computerschermpje aan het staren was. Het is zo ongelooflijk knap wat je fysiek en
mentaal hebt bereikt de afgelopen tijd. Met jou erbij hoeven we ons in Nederland nooit
meer onveilig te voelen. En Aline, jouw creativiteit maakt de wereld mooier. Over enkele
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jaren zien we jouw ideeën worden verwezenlijkt in het landschap. Dankjewel voor jouw
gezelligheid. En vooral dankjewel dat je nu naast me wil staan als paranimf. Samen met
Vanessa en Eline, vormen we een super team: dank jullie wel voor de fijne momenten.
David, Ruben,

Eerst samen in Enschede, erna in Deventer en nu in Arnhem. Met jullie om de hoek is een
avond gauw gevuld. Dank jullie wel voor jullie interesse en vriendschap. Hoewel we straks
misschien wat verder weg wonen (en niet verwachten dat jullie weer mee verhuizen) hoop
ik ter harte dat de avondjes, festivals en skivakanties volop door blijven gaan!
Aan alle anderen,

Barbara, Erwin, Nick; bij jullie komen we thuis. Dat maakt een ritje richting Bathmen
altijd de moeite waard. Gerd, hartelijk dank voor jouw interesse, inzet en betrokkenheid.
Het is altijd fijn als je erbij bent. Bas, Iris, Wessel, Mariëlle, Lisette, Frank, Yorinde; heel
veel dank voor de gezelligheid uit het Oosten die ieder van jullie weet te brengen. Sarah,
Sarah, Iris, Moniek, Debbie; een vriendinnendagje met jullie is altijd tof. Ik hoop dat we
deze volop kunnen blijven doorzetten. Fay, Licia, Anouk; hoewel we vele uren vliegen uit
elkaar wonen, is jullie vriendschap ontzettend waardevol. Ook via skype kan vriendschap
perfect blijven bestaan. Rik, Mariell; met jullie is een weekend een feestje. Jullie nemen
gezelligheid en vakantiegevoel mee. Marieke, Aniek; zelfs na 24 jaar verveelt geen moment
met jullie. Dank jullie allemaal voor de gezelligheid in mijn leven.
Lieve lieve Mark,

Jou bedanken kan ik niet genoeg. Wat is het fijn om bij jou te zijn. Door jouw vriendschap,
liefde en warmte zijn de afgelopen zes jaar met jou voorbij gevlogen. Of we nu in Enschede
in een studentenhuis wonen, een oud appartementje in Deventer, een modern appartement
in Arnhem of Den Haag, of op vakantie (“reis”) zijn ver van huis: met jou voelt het altijd
thuis. Ik bewonder je levenslust, intelligentie, doorzettingsvermogen, vriendelijkheid,
passies en ambities enorm. Jouw kritische blik en analytische inzicht heeft daarnaast
ook nog eens menig van de discussies in dit proefschrift verbeterd. Naast beste vriend
en vriendje heb je in de corona periode ook nog eens de rol van toffe collega met verve
vervuld. Met jou wordt het leven makkelijker, leuker, een groot avontuur en zoveel meer de
moeite waard. Op naar nog vele, vele jaren samen. Dankjewel lieve schat.
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