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Summary

In recent years, perceptions of performance and quality of healthcare organizations have 
begun to move beyond providing excellent clinical care and to consider and embrace 
patient experience as an important indicator of quality of care (Wolf, Niederhauser, 
Marshburn, & Lavela, 2014). Making use of user experience is not new, in professions like 
architecture and computer, building, product, graphic and service design it is a common 
practice. As many products and services have become more similar in technology, 
functionality, price and quality, companies are using user experience to distinguish their 
offerings from the competition and to build up a customer relationship (Schifferstein, 
Kleinsmann, & Jepma, 2012). Nowadays users expect aspects like pleasure (Jordan, 2000), 
enjoyment (Blythe, Overbeek, Monk, & Wright, 2004), emotions (P. Desmet, 2002) and 
experience (Hassenzahl, 2010; P. Wright & McCarthy, 2010) to be part of a design. Experience  
in healthcare encompasses much more than creating ‘happy’ patients. It is also about 
ensuring the best in quality, safety and service outcomes. In contradiction with consumer 
products or services, healthcare is a crucial and fundamental resource of modern life. 
Healthcare is a need service. Patients are obliged to use healthcare services whenever 
they are ill and are not “care consumers” or “care users”. In addition in healthcare there  
are multiple individuals and perspectives from whom and from which to define the 
experience. The patient, his family, the clinical practisioner and the healtcare institution 
are all stakeholders in the patient experience. User experience is about how a certain 
solution or technology can enable a user to have a certain experience. In healthcare it is 
not only about the solution or about a technology that can enable a patient to have a 
certain experience. An entire eco system is influencing the experience of the patient. 
Clinical processes, the interactions with stakeholders and the empowerment of the 
patient are important influencers of the patient experience. 

The hospital building in which patients receive healthcare services is inherently part of 
their experience (Arneill & Devlin, 2002). Well-designed facilities may increase positive 
emotions and support the patient experience, which in turn could positively affect 
patients’ health and well-being (Malkin, 2008). The patient room can be seen as the 
epicentre of patient experience creation, because hospitalized patients spend most of 
their time in the patient room. Although the term healing environment exists for a long 
time and many guidelines are written over the past years, even today, hospital patient 
rooms remain highly institutionalized environments that confine patients to an artificial 
and unfamiliar environment. Patient rooms are often still painted white, lack decoration,  
are minimally furnished and have windows facing other buildings blocking natural light 
and a good view outside. Every moment of the day feels the same so patients lose track 
of time and place and often patients do not have anything familiar in their environment 
that comforts them. These environments are not helpful in supporting the healing process  
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of the patient and the patient experience. Ideally, a hospital patient room needs to  
provide a space for patients that improves health outcomes and support the patient 
experience. 

The aim of the research presented in this thesis is to design a patient room for hospitalized 
stroke patients which could enhance the healing process and support the patient 
experience. To create a patient room that improves health outcomes, it is important to 
understand the systematic implications of design decisions on the healing process of the 
patient. Improving health outcomes by design is studied extensively in Evidence-Based 
Design (EBD) (Carr, Sangiorgi, Büscher, Junginger, & Cooper, 2011; Rashid, 2013). EBD lacks 
taking into account the user experience in context of use. Experience driven design (EDD) 
offers an approach, by trying to understand the user experience in context and by directly 
involving the users in the design and development of a product or service (P. M. A. Desmet 
& Schifferstein, 2011; Hassenzahl, 2013; P. Wright & McCarthy, 2010). This research proposes 
to link Evidence-Based Design (EBD) with Experience Driven Design (EDD) (Chapter 2). 

First an overview of the effects of a variety of environmental stimuli on patients’ health 
and well-being was made (Chapter 3). This literature overview has identified a number of 
design strategies and interventions that can influence patient outcomes. The effects of 
daylight and nature views on patients are strong, especially on length of stay, sleep, 
depression or mood, and likely on pain. The same is true for coloured lighting where the 
effects are robust on improved sleep and depression. Sound has a reducing effect on pain 
and stress. Understanding these effects allows to design an environment that positively 
affect the health and well-being of patients. Next contextual research was performed to 
understand the user (patient) and the context (Chapter 4). Several experience goals were 
found such as the need for dosing environmental stimuli and the need for structuring the 
day. Next the combination of both experience goals and prioritized EBD strategies formed 
the basis for a first set of concept ideas (Chapter 5). The concepts are prototyped on paper 
and confronted with end-users and stakeholders in the business (BU) with the goal to 
streamline the experience goals of the BU stakeholders with the clinical stakeholders and 
vice versa. Based on the feedback from the clinical stakeholders, as described in Chapter 
5, it was decided to continue with designing and prototyping of an Adaptive Healing 
Room consisting of the following four main concepts: Artificial Skylight (AS), Patient Wall 
(PW), Adaptive Daily Rhythm Atmosphere (ADRA) and Adaptable Stimulus Dosage (ASD) 
(presented in chapter 6). Next three studies were conducted: validation of the Adaptive 
healing Room (AHR) with clinical stakeholders and with former patients and their spouses in  
the lab and validation of the patient user interface with former stroke patients (Chapter 7). 
The results of the lab study show that hospital staff expects a positive effect on the healing 
process of the patient. In addition the AHR would not intervene with their workflow which 
is also crucial for the success of the room in an actual hospital setting. Patients and their 
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spouses believe that most of the phases of the ADRA concept would have helped them 
while being in the hospital. The qualitative feedback was used to enhance the prototype 
before implementing them in an actual setting. 

In the final phase of the research, two field studies were set up to analyse the impact of 
the AHR on actual stroke patients: a qualitative and a quantitative study. The goal of the 
first study was to understand how the concept is enhancing the experience of stroke 
patients. The goal of the second study to investigate the effect of the Dynamic Adaptive 
Healing Light System on sleep, emotional parameters, activity and patient satisfaction 
within hospitalized stroke patients. From the first study we can conclude that adaptive 
healing over the day enabled by the ADRA for hospitalized stroke patient enhances 
patient experiences. We can conclude that the envisioned experience goals that were 
contributing the most to the experience of stroke patients were dosing stimuli over the 
day, providing structure and wake-up gently, enabled by the ADRA concept. We believe 
that also the EBD strategies implemented in the room supported the overall experience 
such as the nature views and daylight. From the second study, we can conclude that a 
Dynamic Adaptive Healing Light System (DAHLS) enhances the activity of hospitalized 
stroke patients. The results from the validation at field show that the present DAHLS 
achieves more active patients during the time period patient’s activity is not imposed by 
the hospital protocol. The American Heart Association and the European Stroke Organization 
recommend that physical activity and exercise prescription should be incorporated into 
the management of stroke survivors, because studies show a proven effect on outcome. 
Therefore we believe that the effect found, is a promising result and the DAHLS could 
assist stroke patients in their recovery after a stroke during hospitalization.

Combining EDD and EBD methodologies offers an integrated approach to design healthcare 
solutions. The applied framework provides the ideal methodology to design and efficiently 
implement a solution in a healthcare setting. Experience goals in combination with EBD 
design strategies form the basis for an innovative design process in a healthcare setting. 
We believe that by combining both experience goals and EBD strategies, the concepts  
are a stronger proposition because they are more appealing by offering an integrated 
solution: focusing healing factors (EBD strategies) in context (Experience Goals). We believe  
that combining both is essential to bring real innovation to healthcare problems.
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1
1 Introduction 

1.1  Relevance
Thousands of years ago, Greek temples were designed to surround patients with nature, 
music, and art to restore harmony and promote healing. These temples were built in 
locations of great beauty so patients could enjoy the views, could drink pure water and 
patients would be placed in raised positions so that they could enjoy cooling breezes of 
fresh air. In these days healthcare intervention was not existing and patients could only eat 
good food, rest, sleep and gain spirtual strenght from the gods to get better (Biley, 1996). 
Because healthcare services evolved, linked to actions directly related to injury care, such 
as changing bandages and delivering drugs, from the mid-19th century onwards, hospital 
building design began to move away from being temples of healing possessing aesthetic 
qualities towards being primarily concerned with function and function alone (Biley, 
1996). The English nurse, Florence Nightingale was aware that much of disability and 
deleterious effects of severe illness came not from the primary disease process, or initial 
injury, but from the effects of being bedridden, and from being confined in unsanitary 
conditions. She was the first to promote a holistic approach for a faster and better healing 
of patients by means of fresh air, cleanliness, attractive environment and communication. 
These pioneering ideas have heavily improved the circumstances in which patients were 
treated. The safety aspects of clean air and water were not inconsequential to Nightingale’s 
patients or to her nurses; the effects of her improvements on patients outcomes were 
reflected in the mortality figures for 1855, which fell from 42.7 deaths per 100 to 2 per 1000 
within months of Nightingale’s changes (Dossey, 2000). Since Nightingale, an immense 
progress in medical science has been made. More and more illnesses can be successfully 
treated, and, in the meanwhile, hospitals expanded to large commercial and specialized 
institutes focusing mainly on infection control, advanced medical treatments and the use 
of new technologies. Cost-benefit decisions are often based on efficiencies and service 
delivery requirements. Innovation is frequently introduced in the form of equipment, 
devices, care delivery and new medical techniques. This resulted in the creation of facilities 
that are functionally very effective but that are not suited to the psychological and 
emotional needs of patients and their families (Jones, 2013; R. S. Ulrich, 1991). 

In recent years, perceptions of performance and quality of healthcare organizations have 
begun to move beyond providing excellent clinical care and to consider and embrace 
patient experience as an important indicator of quality of care (Wolf et al., 2014). Healthcare 
systems did not see patient experience as a competitive function because a patient had 
little or no power of choice over hospitals or services in a referral-based care system. Lately 
in the US and in Europe freedom of choice of healthcare systems is more common and 
healthcare systems are aware that they need to focus also on patient experience. 
Experience can be used as a strategic tool enabling hospitals to distinguish themselves in 
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the healthcare domain. Equipment, devices used and medical techniques executed in 
hospitals are similar in terms of quality and performance, therefore hospitals use 
experience and emotions as drivers for market differentiation (Bate & Robert, 2007; P. 
Desmet, 2002). In the future improving the patient experience is only going to gain 
importance as patients become more educated and empowered. Social media not only 
allow users to rate health outcomes but also provide a platform to share experiences - 
both good and bad.

1.2 Designing for an user experience 
Making use of user experience (UX) is not new, in professions like architecture and 
computer, building, product, graphic and service design it is a common practice. As many 
products and services have become more similar in technology, functionality, price and 
quality, companies are using user experience to distinguish their offerings from the 
competition and to build up a customer relationship (Schifferstein et al., 2012). Someone’s 
overall experience with a product or service could make the difference of whether a 
customer buys the product or not. Nowadays users expect aspects like pleasure (Jordan, 
2000), enjoyment (Blythe et al., 2004), emotions (P. Desmet, 2002) and experience 
(Hassenzahl, 2010; P. Wright & McCarthy, 2010) to be part of a design. Experiences make 
people happier than things. Hassenzahl (2013) even claims that in the future the product 
in itself will becomes less important for users, it will be the experience a product creates 
or shapes that will matter. 

Despite the growing use and impact of UX, it is still a fuzzy buzzword encompassing 
many definitions (Alves, Valente, & Nunes, 2014; E. Law, Roto, Vermeeren, Kort, & Hassenzahl, 
2008). The Nielsen Norman group defines it as all aspects of the end-users’ interaction 
with the company, its services and products (D. Norman & Nielsen, 2016). Mäkelä and 
Fultun Suri define user experience as the result of motivated actions in a certain context 
(Mäkelä & Suri Fulton, 2001). The ISO definition for User Experience is “a person’s perceptions 

and responses that result from the use or anticipated use of a product, system or service” (ISO 
9241-210:2010(E)). The definitions imply that a product or service is not creating an 
experience but supporting the user in creating an experience. Experience itself is personal 
and cannot be designed (Hassenzahl, 2004). People’s experiences are complex. Experience 
in general covers everything people encounter, undergo, or live through. UX differs from 
‘experiences in a general sense’ (E. L.-C. Law, Roto, Hassenzahl, Vermeeren, & Kort, 2009; 
Roto, Law, Vermeeren, & Hoonhout, 2010). UX is: 
· About experiences generated by using a certain system
· Includes active and passive encounters with systems
· Unique to every user
· Influenced by prior experiences and therefore dynamic, for example, prior experience 

with a product may change the new experience
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1
· Rooted in a social and cultural context. Other people and the social context may 

influence the experience before, during and after interacting with a product both 
negatively as positively. 

Experience can be influenced by design for example by the behavioural quality, feedback, 
rhythm, sequence and logic of products, environments or services (Fulton Suri, 2003). 
Designing for user experience means the creation of products beyond functionality and 
user friendliness, but focus on making products that really fulfil important, often latent  
needs in people’s lives (Stappers, Stappers, Visser, & Visser, 2007). Experience design methods 
explore ways to create and shape experiences through products. This implies that the 
experience can never be guaranteed, but it is more likely to happen when applying certain 
knowledge already available about designing interactive products (Hassenzahl, 2010). 

There are two important challenges in experience design (P. M. A. Desmet & Schifferstein, 
2011): 
· To determine the intended experience to design for focused on people’s needs 
· To design something that is expected to induce that experience 

The starting point of experience design is the intended experience. Only after defining 
the intended experience the product can be defined (Hassenzahl, 2010). Envisioning what 
experience to design for and understanding how design can evoke that desired experience 
requires a thorough understanding of the intended user and the context in which the 
user operates (De Bont, Den Ouden, Schifferstein, Smulders, & Van Der Voort, 2013; 
Hassenzahl, 2010). New product development efforts should start with a solid 
understanding of users’ needs and values to translate these into what could be meaningful 
to people (Fulton Suri, 2003; Hoonhout, 2007; D. A. Norman & Verganti, 2014). Although a 
person’s experiences are personal and subjective and cannot be observed directly, we 
can obtain information on experiences from people’s actions, behaviour, facial and bodily 
responses and their verbal accounts. As Suri mentions: “Designers need to be more broadly 

aware of people’s goals, aspirations, rituals and values; personal, social cultural and ecological 

contexts; the processes and interrelationships between different features, elements and objects 

within these contexts.” The challenge for designers is to find the appropriate techniques to 
gain this understanding. In addition, appropriate techniques to generate and test concepts 
are also crucial. When investigating new ideas and concepts that relate to experience of 
people one needs to think about other techniques then drawings, renderings or foam 
models that designers typically have used in the past. These traditional techniques might 
not be helpful to find out if the intended design is influencing the experience of its user. 
Experience prototyping can provide inspiration, confirmation or rejection of ideas based 
upon the quality of experience the prototype provokes. It can help to answer questions 
and give feedback about the proposed solution (Buchenau, Francisco, & Suri, 2000). 
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Although companies see the value of UX and make use of it, it is subjected to criticism 
because there are still several gaps in research and practice. The discipline of UX design is 
still in its infancy and although the ISO norm exists (ISO 9241-210:2010(E)), UX has no 
universally recognized definition. UX has different interpretations by different fields. In 
computer science, UX is closely linked to human-computer interaction. In psychology, it is 
about human performance, for anthropologists UX is related to user research, for graphic 
design UX is interaction design, in ergonomics it is about human factors (Alves et al., 2014; 
Bate & Robert, 2007). In this thesis the ISO definition will be used when referring to UX. 
Besides the many different definitions, methods for designing for specific experience are 
still scarce and the methodology itself has many variants. Design driven research (D. A. 
Norman & Verganti, 2014), experience-driven design (De Bont et al., 2013; P. M. A. Desmet 
& Schifferstein, 2011) , user-centered design (Pratt & Nunes, 2012), human centered design, 
people-centered design, co-operative design, participatory action design (Bate & Robert, 
2007) are all claiming they are the method to use to design UX. In addition UX design 
methodologies are often about determining the overall targets (experience), and not how 
to reach them (Olsson, Väänänen-Vainio-Mattila, Saari, Lucero, & Arrasvuori, 2013). Although 
no clear method is defined, all have one common denominator: they involve users in all 
stages of the design process, including the early stages. Overall ingredients of UX design 
entails understanding the user, envisioning and defining the target experience and finally 
creating and testing new concepts with users (De Bont et al., 2013; P. M. A. Desmet & 
Schifferstein, 2011). In this thesis, these overall ingredients will be used to design for UX. 
Experience design is not about designing products, it is about designing to enable an 
experience. The designer needs to design something that is expected to evoke that 
experience, and an experience cannot be guaranteed by design. A user experience cannot 
be designed, therefore questioning the validity (Hassenzahl, 2013; Olsson et al., 2013). In 
addition, an experience is not only influenced by the product but also by the context and 
the motivations, needs and emotional states of its users. Therefore a user experience 
cannot be fully measured because it is influenced by so many related factors. For usability 
the proven return on investment is often clearly measurable (less errors, less steps to take, 
etc.). For experience, proving return on investment is often harder to measure because 
there are no objective measurable goals. Besides that, the impact of design on user 
experience is not often thoroughly tested and therefore not proven (Olsson et al., 2013). In 
literature there is no comprehensive overview of UX evaluation practice, most studies 
refer to a specific method to conduct an evaluation in a specific context (Alves et al., 2014). 
In this thesis, we need to identify the right methods to measure the effect of the design 
on the user experience in the context. 

1.3 Designing for patient experience 
Similar to many other areas, technology itself is no longer a differentiator in healthcare: it 
matters how it is used, what information it can provide and the way it impacts the ability 
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1
to provide care and more positive experiences. When looking at the ISO norm of user 
experience, one might easily translate user experience to patient experience: “a patient’s 

perceptions and responses that result from the use or anticipated use of a healthcare service”. 
Also in a healthcare setting there is no uniform definition for patient experience (Wolf et 
al., 2014). The Beryl Institute defines patient experience as “The sum of all interactions, 

shaped by an organizations culture, that influence patient perceptions across the continuum of 

care.” which is very similar to the ISO norm. Deloitte defines patient experience as “the 

quality and value of all of the interactions – direct and indirect, clinical and non-clinical – 

spanning the entire duration of the patient/provider relationship”(Wolf et al., 2014). When 
taking a closer look at patient experience there are some crucial differences with user 
experience. 

Patients are not the paying customer for the design. This can be a dillemma for 
experience design: the “end user” has little decision-making power but an elevated need; 
the healthare institution has significant power but little understanding of the need. Until 
now healthcare institution’s main goal is to manage risks of clinical services and managing 
costs. The value of patient experience can be difficult for managers to quantify and 
visualize. Designing for patient experience is seen as less tangible and harder to measure 
then for example workflow improvement. Architectural projects and physical environments  
are measurable and accountable as assets. Evidence-based architectural studies have 
demonstrated that design of buildings, rooms and patient areas can provide a positive 
impact on experience (Cama, 2009; Hamilton & Watkins, 2009; Jones, 2013; R. Ulrich, Quan, 
Systems, Architecture, & Texas, 2004a). 

Healthcare in the clinical setting has many stakeholders. In healthcare there are 
multiple individuals and perspectives from whom and from which to define the 
experience. The patient, his family, the clinical practisioner and the healtcare institution 
are all stakeholders in the patient experience. A healthcare institution is important to 
provide a culture to enable people to drive patient experience. Clinical stakeholders such 
as doctors, nurses, therapists are influencing the patient experience by providing good 
care. In addition patient experience is shaped by the interactions with the hospital 
personnel through their actions, attitudes and behaviors. Therefore, a possible solution 
should enable them to give good care and improve the interaction with patients. It is 
crucial to take into account their input and feedback in the design process. 

A patient is not a care user. In contradiction with consumer products or services, 
healthcare is a crucial and fundamental resource of modern life. Healthcare is a need 
service. Patients are obliged to use healthcare services whenever they are ill and are not 
“care consumers” or “care users”. “Users” do not want to see themselves as patients. Being 
a patient is not a role or identity that people want or are choosing. In general, they cannot 
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self-inform sufficiently to make informed decisions among alternatives and often they do 
not like to make use of this service. When a person is suffering from an acute event like a 
stroke, heart attack or severe injury, an ambulance will pick up the patient and brings him 
to the closest hospital as fast as possible. In this situation, patients are unlikely to seek 
another physician or hospital. Therefore, the patient has little autonomy. The patient could 
seek other treatment, end the current treatment, or not follow doctor’s advice, but the 
risks to his health limit these choices. In addition, encounters with healthcare situations are 
generally characterized by fear, anxiety and uncertainty (K. Dijkstra, 2009). Patients often 
do not know what is happening to them, are in pain and experience a certain amount of 
discomfort. Patients and their family have the feeling that they lose control over the 
situation because they need to hand over the care of themselves or a relative to doctors 
and nurses they have never met. So when designing for users in a healthcare setting it will 
not be about creating happiness as designs in the consumer market may imply, but about 
creating the best possible experience in that particular moment. For example, the most 
perfectly designed treatment pathway can still be a disaster from a medical experience 
point of view because the medical outcome for the patient is bad. In addition designing a 
solution for ill patients entails limits: ill patients are more difficult to approach than healthy 
users, so it might be more difficult to capture their needs and values in context. 

Patient experience is more than fun. Experience in healthcare encompasses much 
more than creating happy patients. It is also about ensuring the best in quality, safety and 
service outcomes. In a healthare context one might not solely design for purely experience, 
the risks to health and the effects on practices should always be taken into account. 
Although most patients have no knowledge of clinical care and improvements might not 
be recognized, it is an important factor to take into account. Patients are making use of 
healtchare services with the primary goal to get better. A design solution should not 
interfere with their medical treatment and possibly even enhance their healing process. It 
is therefore also important to understand the systematic implications of design decisions 
on the healing process of the patient, beside the influence on experience. 

User experience is about how a certain solution or technology can enable a user to have 
a certain experience. In healthcare it is not only about the solution or about a technology 
that can enable a patient to have a certain experience. An entire eco system is influencing 
the experience of the patient. In the context of this thesis the following definition is used:

Patient experience of the hospitalized patient is the experience formed  

by clinical outcomes, interaction with staff, and their perceptions of care. 

The patient room can be seen as is the stage upon which the experience 

happens.
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The focus of this thesis is not to look at the entire eco-system to enhance patient 
experience, but to focus on how an environment can support the patient experience in a 
certain context such as a quiet environment, supporting interaction with staff, clinical 
processes and stress reduction. The eco-system is a given and is taken into account when 
designing by involving all stakeholders in the design process to get a clear understanding 
of the clinical processes and interactions among stakeholders and patient with the goal to 
not interfere or even enhance these clinical processes and interactions. 

1.4 Influencing health outcomes by design
The hospital building in which patients receive healthcare services is inherently part of 
their experience (Arneill & Devlin, 2002). Well-designed facilities may increase positive 
emotions and support the patient experience, which in turn could positively affect 
patients’ health and well-being (Malkin, 2008). In addition, physical surroundings can be 
designed in a way that they are psychologically supportive (Ruga, 1989). Patients and 
family find the increased amounts of medical equipment and advanced routines 
intimidating and disturbing. Confrontation with co-patients in bad conditions makes 
patients and family increasingly anxious. These feelings are expected to increase stress, 
which in addition may hinder the patient’s healing process by negatively affecting sleep, 
pain perception, and depression (G. Becker & Kaufman, 1995; R. Ulrich et al., 2004a; R. S. 
Ulrich & Zimring, 2008). This causes the recovery to slow down and may lead not only to a 
longer hospital stay for the patient, but it may also decrease patient experience. 

The use of this knowledge on psychologically supportive healthcare environments is 
defined as evidence-based design (EBD) (Hamilton, 2012). The goal of EBD is to create a 
hospital environment not only to cure patients but also to give them the opportunity to 
heal. Meaning not only focusing on functional efficiency, costs and providing effective 
medical treatments, but also on the psychological and social needs patients have. The 
definition of a healing environment was born:

A physical setting and supportive culture that nurtures the physical, 
intellectual, social and spiritual wellbeing of patients, families, and staff 
and helps them to cope with the stress of illness and hospitalization 
(Hamilton, 2012). 

For example, there is clear evidence for a positive effect of nature on healing. Access to 
(rendered) nature views and the presence of indoor plants, helps to increase the tolerance 
for pain and reduce the use of pain medication (Grinde & Patil, 2009; R. Ulrich et al., 2004a; 
R. S. Ulrich, 1984). Contact with nature has, to a certain extent, a positive effect on 
short-term recovery from stress and mental fatigue (R. Ulrich et al., 2004a; R. S. Ulrich, 
1984). It also accelerates the physical recovery from illness (Velarde, Fry, & Tveit, 2007a). Not 
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only nature views, but also exposure to daylight is found to be an important factor in the 
recovery process. Patients exposed to sufficient daylight are less stressed and seem to 
need less pain medication (Walch et al., 2005a). Bright (artificial) daylight exposure during 
day-time and avoidance of too much light exposure during night-time helps to sleep 
better at night (Wakamura & Tokura, 2001) and to feel more energized during the day 
(Bringslimark, Hartig, & Patil, 2009). Especially a deep restorative and undisturbed sleep is 
of high importance for a fast recovery process in patients. An often-occurring in-patient 
issue, probably irrelevant of hospital size, is the fact that hospitalized patients often suffer 
from poor sleep and diminished circadian rhythms (Dogan, Ertekin, & Dogan, 2005; 
Kuivalainen, Isola, & Meriläinen, 1998; Shafiq et al., 2006; Southwell & Wistow, 1995; J.E. 
Tranmer, Minard, Fox, & Rebelo, 2003). Sleep influences the process of healing. Especially ill 
patients need sufficient sleep to allow their body to recover (BaHammam, 2006; Wakamura 
& Tokura, 2001). Consequently, also hospitalized patients have an increased need for sleep 
(R. S. Ulrich et al., 2008), but while being hospitalized, they often suffer from diminished 
circadian rhythms and poor sleep instead (Southwell & Wistow, 1995). Insufficient or 
disturbed sleep may lead to increased stress (Novaes, Aronovich, Ferraz, & Knobel, 1997; 
Topf, Margaret; Dillon, 1988), impaired immune function, disrupted thermo-regulation, 
and delirium (Wallace-Guy et al., 2002). Because poor sleep increases stress (Novaes et al., 
1997; Topf, Margaret; Dillon, 1988), and stress has adverse effects on recovery, sleeping 
problems are considered to be a major issue in both small and large hospitals nowadays. 
Another major issue hindering a fast recovery process is the fact that hospitalization 
induces stress in patients. Stress experienced by patients is an important negative 
outcome, which directly and adversely affects many other healthcare outcomes such as 
sleep (Sadeh, Keinan, & Daon, 2004), pain (Volicer, 1978), hostility toward staff (Henderson 
et al., 2013; L. B. Wright, Gregoski, Tingen, Barnes, & Treiber, 2011), slower wound healing 
(Ebrecht et al., 2004) , and appetite (Epel, Lapidus, McEwen, & Brownell, 2001). 

1.5 Focus on stroke
Designing for experience requires a thorough understanding of the intended user and 
the context in which the user operates. In a healthcare context, there are ranges of patients 
with different and maybe common needs. The focus of this research is on the impact of 
the environment on the hospitalized stroke patient. Stroke is a term used to describe a 
sudden neurological deficit within the brain. A stroke, in medical terms referred to as a 
cerebrovascular accident (CVA) is a rapid loss of brain function due to a disturbance in the 
blood supply of the brain. This can be caused by a lack of blood flow to the brain caused 
by a blockage or a haemorrhage (bleeding) (Sacco et al., 2013). When that happens, part 
of the brain cannot get the blood and oxygen it needs, so brain cells die (American Heart 
Association, 2015). Below the different factors are described why the decision was made 
to focus on stroke: 
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· Leading factor of morbidity and mortality. Acute stroke is the one of the leading 

factors of morbidity and mortality worldwide. After cardiovascular disease and cancer, 
stroke ranks as third most common cause of death in industrialized countries. In 2010, 
worldwide prevalence of stroke was 33 million, with 16.9 million people having a first 
stroke (Go et al., 2014; Mozaffarian et al., 2015). 

· Economic burden. The consequences of a stroke such as being the most important 
cause of morbidity and long-term disability in Europe, imposes an enormous economic 
burden (Jauch et al., 2013). 

· Long recovery process. Stroke has an acute phase followed by slow recovery therefor 
stroke patients typically stay long in hospitals and rehab centers. (Russo & Andrews, 
2008; Truelsen et al., 2006). 

· Stressful experience. A stroke patient experiences stress on a variety of levels. Stroke 
patients often see the event as an intensely personal experience and feel detached 
from their body. Healthy people having a stroke can suddenly become very ill patients. 
During the initial evaluation of the stroke, participants describe extreme shock and fear 
when they feel their body is abandoning them. The stroke turned “everything upside 
down” said one of the patients in Lobeck’s study (Burton, 2000; Doolittle, 1988, 1991; 
Hafsteinsdóttir & Grypdonck, 1997; Lobeck, Margarita; Thompson, Andrew R; Shankland, 
2005). 

· Diversity of patients. Stroke patients suffer from brain trauma after having experienced 
a stroke, typically limits their abilities significantly. Having a stroke has a large impact on 
patients physically, cognitively and also psychologically during hospitalization. The 
extent and precise location of the damage is unique for each individual patient. 
Consequently, all functioning that remains intact and all observed behavior are 
individual and specific to each stroke survivor. 

· Complex medical system. In addition to the event which leaves the patient 
experiencing loss of abilities, he is also submitted to complex nursing and medical 
interventions. Patients are confronted with a number of health care providers, most of 
whom they do not know. 

1.6 Research motivations and objectives
The patient room can be seen as the epicentre of patient experience creation, because 
hospitalized patients spend most of their time in the patient room. Although the term 
healing environment exists for a long time and many guidelines are written over the past years, 
even today, most hospital patient rooms remain highly institutionalized environments that 
confine patients to an artificial and unfamiliar environment. To date, the typical patient 
room is often still painted white, lacks decoration, is minimally furnished and has windows 
facing other buildings blocking natural light and a good view outside. Every moment of 
the day feels the same so patients lose track of time and place and often patients do not 
have anything familiar in their environment that comforts them. Ideally, a hospital patient 
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room needs to provide a space for patients that improves health outcomes and generates 
an optimal patient experience. 

The aim of the research presented in this thesis is to design a patient room 

for hospitalized stroke patients which could enhance the healing process 

and support the patient experience.

The key research questions addressed through this research are: 

· How can we design for optimal patient experience and improved outcomes? To 
create a patient room that improves health outcomes, it is important to understand the 
systematic implications of design decisions on the healing process of the patient. 
Improving health outcomes by design is studied extensively in EBD. To create a patient 
room that also supports patients in having an optimal experience, it is crucial to have a 
holistic understanding of users including their context and actions, motivations, 
aspirations, goals, needs, values and dreams (Duarte & Guerra, 2012; E. Law et al., 2008; 
Stappers et al., 2007). Experience Driven Design (EDD) offers a bottom-up approach, by 
trying to understand the user experience in context and by directly involving the users 
in the design and development of a product or service (P. M. A. Desmet & Schifferstein, 
2011; Hassenzahl, 2013; P. Wright & McCarthy, 2010). To challenge is to combine both EBD 
and EDD methodologies in one integrated framework. 

· What is the current state of evidence based design knowledge? Understanding 
the effects of physical environmental stimuli in healthcare facilities found in EBD 
literature will allow to create environments that will positively affect the health and 
well-being of patients. 

· What are the needs and values of all stakeholders involved the hospitalization  
of a stroke patient? It is crucial to understand the patient, other stakeholders and the 
context in which the patient operates. Stroke patients’ descriptions of their experiences 
during hospitalization can help in adjusting the healing environment to their specific 
needs. Furthermore the findings may assist in altering the environment to improve 
stroke patient’s recovery and in helping them to adapt to their deficit.

· Does the combination of focusing on enhancing the patient experience and 
enhancing the healing process lead to stronger design propositions? In a healthare 
context one might not solely design purely for enabling an optimal experience but 
combine it with focusing on health outcomes because patients are making use of 
healtchare services with the primary goal to get better. 

· How can we improve our design propositions intended for severely ill patients in 
a hospital setting in an iterative design cycle? A hospital is a clinical setting, in which 
interventions are only permissible when they are fully functional. Stroke patients are 
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typically severely ill who you do not want to confront with a prototype that is not yet 
fully functional. New innovations cannot interfere with the workflow of medical staff 
and established clinical procedures and protocols, which is difficult to access based on 
paper prototypes. In addition validations at field are very time consuming and labour 
intensive which makes it important to test a prototype without any flaws which is 
compact and robust. 

· Does the patient room design, enable the patient in having an optimal experience 
and improve health outcomes? The ultimate aim of this research is to determine if the 
design of a patient room can enhance the healing process and enable the patient in 
having an optimal experience. 
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2 Methodology

2.1 Introduction
A hospital patient room needs to provide a space that improves health outcomes and 
supports for optimal patient experience. To create a patient room that improves health 
outcomes, it is important to understand the systematic implications of design decisions 
on the healing process of the patient. Improving health outcomes by design is studied 
extensively in Evidence-Based Design (EBD) (Carr et al., 2011; Rashid, 2013). EBD lacks taking 
into account the user experience in context of use and translating the provided healing 
environment guidelines into that context. This can be perceived as a top-down approach 
without involving all stakeholders in the interpretation and translation of guidelines for a 
certain context. Experience Driven Design (EDD) offers a bottom-up approach, by trying 
to understand the user experience in context and by directly involving the users in the 
design and development of a product or service (P. M. A. Desmet & Schifferstein, 2011; 
Hassenzahl, 2013; P. Wright & McCarthy, 2010). Experience design methods explore ways to 
create and shape experiences through products. Quantitative methods such as EBD tend 
to be the most removed from the actual design context. They provide scientific evidence, 
but may not give insight into the context of use for a specific solution. Qualitative research 
can provide deeper knowledge about the context of use. When combining both EBD and 
EDD approaches, this offers an integrated approach that may provide the ideal environment  
to come up with innovations and effectively implement these innovations in healthcare 
settings. The combination EBD and EDD offers a unique way to include the experiences of 
people that can be grounded in EBD principles, thus linking the subjective user experience  
with objective knowledge of healing environments literature (F. Becker & Parsons, 2007; 
Carmel-Gilfilen & Portillo, 2015; Carr et al., 2011). The EDD approach could enrich the EBD 
approach by specifying standard guidelines through an in depth knowledge of the user 
experience in the context of use (Carr et al., 2011). Therefore, this research proposes linking 
Evidence-Based Design (EBD) with Experience Driven Design (EDD). Although it may be 
perceived that the two approaches, EBD and EDD, could relate to the age-old divide of 
quantitative and qualitative, the borders of these two approaches are not so clear.

2.1.1  Evidence based design
EBD originates from the medical world. In the early 70’s, Archie Cochrane, an epidemiologist 
started promoting the use of existing evidence, practicing medicine based on reliable 
studies and making use of the results coming from randomized clinical trials (Shah & 
Chung, 2009). What was important to Cochrane and his colleagues was making decisions 
using the best available knowledge and this for individual patients (Hamilton & Watkins, 
2009). Kirk Hamilton, a healthcare architect, used this description to form a definition for 
EBD:
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Evidence-based design is a process for the conscientious, explicit and 

judicious use of current best evidence from research and practice in making 

critical decisions together with an informed client, about the design of each 

individual and unique project (Hamilton & Watkins, 2009). 

The principles and methods of EBD have been drawn from environment and behaviour 
studies as well as from environmental psychology. Although the term EBD is rather new, 
the concept has been studied since the 1960’s, where the relation between the built and 
natural environment on one side and individual and social behaviour on the other side is 
studied in detail. Evidence-based implies the use of ‘scientific’ evidence, often obtained 
through academic research. In short, EBD is a methodology for the design of healthcare 
environments, in which decisions about the built environment are based on credible 
research to achieve quality improvement such as lowering stress or risks of a service, 
product or a process and improvements to an organization’s outcomes, economic 
performance, productivity and customer satisfaction. (F. Becker & Parsons, 2007; Hamilton 
& Watkins, 2009). The effectiveness of EBD lies in providing guidelines for ensuring the 
effectiveness of design interventions. 

EBD is mainly used as a methodology for the design of a new building or renovation 
project in a healthcare environment for an individual and unique project for one specific 
client (Cama, 2009). EBD starts from reviewing the existing body of research literature to 
determine relevant findings and recommendations. The rigorous research and evaluation 
of EBD is considered the standard of care by which process changes are measured and 
claimed to be valid. For clinical decision making, typically accepted evidence ranges from 
randomized clinical trials (gold standard) to expert studies (weak) (Jones, 2013). The EBD 
process is a kind of relay-race model of design (F. Becker & Parsons, 2007; Brown & Ecoff, 
2011; Rashid, 2013). After the first phase, the researcher hands over the knowledge to the 
architect, who then works on the design and implements the design in the healthcare 
setting. This process can be compared with to linear and sequential design processes, like 
the classic waterfall model for software design and engineering. In these models each 
phase has to be completed before the next one can begin. Generally, EBD includes the 
following activities (Brown & Ecoff, 2011; Lorie Shoemaker, Abby Swanson, 2010; C. S. 
Martin, 2009): 

1. Reviewing current and retrospective research to identify precedents, mature findings, 
and prescriptive guidance from relevant studies, 

2. Prioritizing and balancing the literature basis with primary data collected from actual 
patient data, subject matter experts, and professional observations, 

3. Advancing theories and hypothesis to support observations, and structuring 
evaluations to test outcomes of design decisions, and
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4. Measuring outcomes after implementation and assessing theory validity and any gap 
between observations and hypotheses 

2.1.2  Experience driven design (EDD)
The goal of experience design is not to design an experience but to design for experiences. 
Interactive products can influence the experience of its users by shaping what we feel, 
think and do (Hassenzahl, 2010). This approach explores ways to create and shape 
experiences through products. As already mentioned in the introduction, methods for 
designing for specific experience are still scarce and the methodology itself has many 
variants. Human-computer interaction (HCI) has moved towards experience-centered 
design (D. A. Norman & Verganti, 2014; Obrist & Law, 2011). HCI states that designers and 
users are co-creators of experience and user values are the focus of the design (P. Wright 
& McCarthy, 2010). HCI lacks taking experience as design targets, although experience is in 
the core of the HCI design approach. Hassenzahl presents an approach, experience design, 
where user needs identified through a study define the starting point for the design 
process (Hassenzahl, 2010). The experiences, which are related to the specific needs, form 
the target experiences. He states that the functionality of products need to be designed 
in such a way that they support the experience of the user. Desmet and Schifferstein (P. M. 
A. Desmet & Schifferstein, 2011) use the term experience driven design and take the user 
experience as the focal point of the design process. They state that specific target 
experiences can be used as design targets. Experience-driven design (EDD) will be the 
term used in this thesis when referring to experience design.

In EDD, users are involved in all stages of the design process, including the early stages. In 
every step of the process, the end-users need to play an active role in the design process. 
In principle, experience design is not different from user centred design, the roots are the 
same: user being the central point in the design process, identifying what is important for 
the target user group to implement and going through an iterative cycle where users are 
involved continuously (Roto et al., 2010). Overall ingredients of the EDD process entail (De 
Bont et al., 2013; P. M. A. Desmet & Schifferstein, 2011; Fulton Suri, 2003): 

1. Understanding the user and what matters to them
2. Envisioning and defining the target experiences
3. Finally creating and testing new concepts with users 

2.2 Framework
Both methodologies have similar goals – apply appropriate design principles to create 
effective and usable results, but the execution is different. Putting it very black and white, 
in EDD, the design process is steered by user insights and feedback, whereas in EBD data 
driven insights are steering. The challenge going forward is to combine both methodologies  
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in order to ensure the design of a patient room that improves health outcomes and 
supports the user experience. When looking at different design methodologies, designers 
across disciplines such as interaction design, experience design or architecture have 
similar approaches to the creative process. Literature and practice refer to various other 
frameworks made up of typically three to seven and sometimes even more steps, but 
fundamentally, they all share the same mind-set. The British Design Council identified this 
and grouped 25 design methods into four steps – the Double Diamond. This method is a 
simple visual map of the design process. To link EBD with EDD the research approach is 
rationalized and presented in a framework that combines the crucial parts of both 
methodologies (Figure 2.1). 

Definition and execution. The double diamond is divided in a definition phase and an 
execution phase. In the first diamond, it is important to figure out what needs are to be 
designed. It starts with a vision and ends with a design brief. A vision can be a problem 
statement, a first identified need or an initial insight. The design brief contains the defined 
plan on how to proceed. The goal in the second diamond is how to design it well – 
focusing on executing the design brief. The execution phase starts with the design brief 
and ends in a working validated prototype. Every diamond has a diverging and a 
converging phase. Divergent thinking leads to novel creative ideas and convergent 
thinking leads to usefulness. During the diverging phase the designer should open up to 
new possibilities with the goal being quantity in order to collect and a wide range of 

Figure 2.1  Research approach combining EBD and EDD
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ideas. Next designers move into the converging phase to narrow down the options to 
identify the most reasonable solution with the goal of producing quality and selecting 
consensus ideas (Stickdorn & Schneider, 2011). 

Discover, define, develop and deliver. The iterative four steps are:
· Discover - Exploration phase - The first quarter covers the start of the research. 

Designers try to look at the world in a fresh way, notice new things and gather insights. 
In addition, designers will explore existing available knowledge

· Define - Creation phase - The second quarter of the model is used to make sense of 
all that was discovered in the first phase. The goal is to develop a clear creative brief that 
frames the fundamental design challenge together with the end-users. 

· Develop - Reflection phase - This quarter marks a period of development where 
concepts are created, prototyped, tested and iterated. This is a process of trial and error 
with the goal to refine ideas.

· Deliver - Implementation phase - The final quarter, is the delivery stage, testing the 
experience in field studies and exploring the longer-term effects of the prototypes. 

These steps are used as the basis for the framework (Stickdorn & Schneider, 2011). The first 
two steps are part of the definition diamond. The two later steps develop and deliver, are 
part of the execution diamond. In all creative processes, a number of possible ideas are 
created before refining and narrowing down to the best idea. This means that ideas are 
developed, tested and refined a number of times, with weak ideas dropped in the process. 

User @ context, @ lab and @ field. The EDD process prescribed that requirements need 
to be co-constructed with users through an iterative design process (Hassenzahl, 2010). 
Aarts et al. developed methods and techniques that allow the validated feedback of users 
in the process of generating experiences (Aarts & De Ruyter, 2009). To account for this, 
Aarts and De Ruyter distinguish between the following three elements in relation to 
experience research: Experience @ Context, @ lab and @ field. In the early stages, it is 
important to understand what matters to people. An extensive analysis of user behaviour 
and underlying motivations is important. Often experiences are not general or one-di-
mensional, but need to be tailored to a specific context (De Bont et al., 2013). Gaining 
insights into the contextualized experience of people will lead to the creation of products 
that will support certain desired experiences. People are often not aware of aspects that 
influence their experience. Observing the user in context is therefore required (Goodman, 
Kuniavsky, & Moed, 2012). As next valuable steps prototypes need to be confronted with 
users (Fulton Suri, 2003; B. Martin & Hanington, 2012). The meaning of the word prototypes 
in the context of this section ranges from rough sketches to running systems. In the early 
design stages, it is already valuable to visualize ideas with sketching and other simple 
techniques. Visualizing ideas, together with interviews, helps to evaluate these first design 
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ideas on usability, functionality and intended experience. In the later design stages, 
experience prototypes are valuable to provide a proof of concept. With high-fidelity 
prototypes, it is possible to go beyond usability and functionality and explore how the 
prototype will actually influence the experience. Using experience prototypes is useful for 
obtaining feedback from stakeholders at the earliest stage of innovation, where direct 
observation of the participants is also already desired, or where the prototype solutions 
are not yet compact or robust enough to implement in the field (De Ruyter, Van Loenen, 
& Teeven, 2007; Van Loenen, Van De Sluis, De Ruyter, & Aarts, 2010). 

Data @ context, @ lab and @ field. For EBD the implementation of evidence based 
guidelines and validation of them is crucial (Hamilton & Watkins, 2009). Aarts et al. only 
looked at exploring methods and techniques that allow the validated feedback of users  
in the process of generating experiences, but the implementation of evidence based 
guidelines and validation of them is missing. This research proposes a similar approach. 
First, a literature review is necessary to identify gaps in knowledge, determine what 
relevant research has already been performed and define the basis for the research.  
Next, the relevant evidence is translated in design guidelines and hypotheses is formulated. 

In the last stage, the research study is implemented in the field. Data collection is seen as 
the most time consuming and costly effort in the EBD process, therefor it is important to 
have a good experimental design to avoid re-running parts of the experiment. The results 
of the analysis must come to a clear conclusion on whether to accept or reject the 
hypotheses and based on scientific methods. Post launch outcome measurements are a 
fundamental activity in EBD with the goal to share the outcomes with fellow practitioners. 
To determine if the evidence is credible and can be applied it is important to understand 
the relevance, rigor, validity and generalization of the information. Between medical 
practice and design decisions, “evidence” differs significantly – not only the types of 
evidence, but also its definition, collection, quality evaluation, controls, presentation and 
publication (Jones, 2013; Stichler, 2010). Stichler defines different levels of evidence for 
healthcare design going from systematic reviews up to recommendations from manufactures 
or consultants. She divided the evidence in six levels (see Table 2-1). The aim for our research  
is to base the design decisions (evidence from EBD literature) on level 1 and 2 studies, the 
contextual research on level 3 studies and validate the prototype at the different levels 
varying from level 1 up to 5 depending on the phase of the design cycle. 

2.3 Applied framework – set-up of the thesis
This thesis started with a general introduction with a problem definition (Chapter 1) and 
an introduction to the applied methodology (Chapter 2). The main body of the thesis 
consists of two parts based on the proposed framework, each containing three chapters 
(see Error! Reference source not found.). The first part is the definition phase and aims to 
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define the experience goals and the hypotheses for the patient room. The second part is 
the execution phase, where the design is proposed, developed, finalized and validated in a 
lab and field setting. 

Table 2.1  Levels of Evidence for Healthcare design (adapted from Stichler, 2010)

Level 1

Systematic reviews of multiple randomized controlled trials (RCTs) or non-
randomized studies; meta-analysis of multiple experimental or quasi-experimental 
studies; meta-synthesis of multiple qualitative studies leading to an integrative 
interpretation

Level 2
Well-designed experimental (randomized) and quasi-experimental 
(nonrandomized) studies with consistent results compared to other, similar studies

Level 3
Descriptive correlational studies, qualitative studies, integrative or systematic 
reviews of correlational or qualitative studies, or RCT or quasi-experimental studies 
with inconsistent results compared to other, similar studies

Level 4
Peer-reviewed professional standards or guidelines with studies to support 
recommendations

Level 5 Opinions of recognized experts, multiple case studies

Level 6
Recommendations from manufacturers or consultants who may have a financial 
interest or bias

Figure 2.2  Applied framework
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2.3.1 Definition phase
Literature review - EBD strategies. Chapter 3 gives an overview of the current knowledge 
in evidence-based design concerning the environmental impact on patients. Numerous 
guidelines have been written on how to create a healing environment in hospitals, but the 
recommendations are sometimes contradictory and often not evidence-based. The 
proponents of EBD state that relevant or best evidence can be found in systematic reviews 
and/or meta-analysis of already reported research findings (Rashid, 2013). Understanding 
the effects of the physical environment will allow to design an environment that positively 
affects the health and well-being of patients. 

Contextual Research – Experience goals @ context. EDD starts designing from extensive 
analysis of user behaviour and underlying motivations. Contextual inquiry is an immersive, 
contextual method of observing and interviewing that reveals underlying and often 
invisible latent needs (B. Martin & Hanington, 2012; Stappers et al., 2007). Performing 
fieldwork in healthcare settings is significantly different to other domains and it presents 
challenges: ethical considerations, gaining access to the setting, being an outsider present 
in a private environment that can be very emotional for the patient and dealing with 
critically ill patients (Furniss, O’Kane, & Randell, 2013). In addition, the setting is complex 
with many stakeholders and work-related pressures. The goal in Chapter 4 is investigating 
the current setting of stoke care in a hospital setting and which role the environment 
plays during the process of being treated for and recovering from a stroke. The aim is to 
understand the neurology patients, family and caregivers concerns, investigate the 
aspects of the healing process that can be supported by the environment, assess current 
experiences and conceive the future context. To understand the needs and experiences 
of stroke patients, contextual research is conducted at two hospital sites. A set of research 
techniques has been used to capture the experience, transitioning the role of researcher 
as an observer to a participatory approach with integration of the caregivers as creators of 
the research data. These techniques included: shadowing, observation and interviewing, 
allowing nurses to describe their experiences and to obtain a voice in decision-making 
(Goodman et al., 2012). In this research, the focus is on the department of the hospital in 
which stroke patients are hospitalized. 

Combine EBD and EDD guidelines and goals. In the last phase of the definition 
diamond, knowledge gained from the state of the art studies and explorative studies 
needs to form the basis for the design. The literature basis needs to be prioritized and 
balanced, based on contextual information from the actual stakeholders such as patients, 
families, nurses and physicians. Experience goals are combined with the findings from 
literature. The combination of both experience goals and prioritized EBD guidelines forms 
the input for a first set of concept ideas. In the early stages of developing for a user 
experience multiple design directions need to be efficiently prototyped and compared 
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(Buchenau et al., 2000). The concepts are prototyped on paper and confronted with end-  
users and stakeholders in the Philips business with the goal to streamline the experience 
goals of the BU stakeholders with the clinical stakeholders and vice versa (level 5). 

2.3.2  Design
Next the highest ranked concept ideas are translated into high resolution prototypes and 
implemented in the Experience Lab in Eindhoven. The Adaptable Healing Room consists 
of three main components: 
· Artificial Skylight (AS) 
· Patient wall (PW)
· Adaptive Daily Rhythm Atmosphere (ADRA) 
· Adaptable Stimulus Dosage (ASD)

The Adaptive Healing Room (AHR) is built as a full-scale demonstrator. This enables assessing  
the different concepts in a more realistic setting. With this kind of prototyping it is possible to  
go beyond functionality and usability in order to let stakeholders explore the potential 
impact on the experience and the healing process by trying out the concepts themselves 
(Hennipman, Oppelaar, van der Veer, & Bongers, 2008). These demonstrators allow evaluating 
and refining concepts for improving patient, staff, and family experiences. Chapter 6 gives 
an overview of the experience prototypes implemented in the Experience Lab.

2.3.3  Execution phase
Validate & Refine @ lab. Chapter 7 explores and evaluates whether and how the adaptive 
healing room design could improve the patient experience and healing in a hospital 
setting. This is done by qualitatively and quantitatively evaluating the system with clinical 
stakeholders and former stroke patients in a lab setting. Clinical stakeholders including 
neurologists, nurses, department heads, therapists and former patients are invited to 
experience and evaluate these high-fidelity prototypes. This helps to give a better 
understanding of an idea’s healing potential, impact on staff workflows and patient 
experience, and helps to optimize the concept and to minimize the risks before starting 
costly clinical trials and confronting severely ill patients with a prototype that is not 
functional. 

Three types of studies are conducted:
· Validation AHR with clinical stakeholders (level 3). The goal of this evaluation is to 

obtain qualitative and quantitative feedback to determine if the different phases of the 
ADRA, the AS and the ASD are useful, usable and desirable for the healing process of the 
patient and workflow of the hospital staff. 

· Validation AHR with former patients and spouses (level 3). With the patient 
evaluations the aim is to gauge expectations against the different phases of the ADRA 
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concept both qualitatively and quantitatively to determine if the different phases are 
desirable for patients. 

· Validation UI patient with former patients (level 3). A user interface was tested in 
order to obtain qualitative feedback from the participants for further improvement of 
the UI. 

Implement & Validate @ field. In chapter 8 and 9, the field studies are discussed. In the 
last phase of this research the prototype is deployed in an actual hospital setting with the 
aim to first of all measure the effect of the room on the patient well-being and secondly 
investigate if the room enables the patient in having a better experience with their hospital  
visit. Two types of studies were conducted: qualitative study (level 3) and randomized 
control trial (level 1) (Stichler, 2010). The goal of these studies was to understand how the 
concept is supporting the experience of patients hospital stay and to measure how the 
AHR is supporting the healing process. 

Two types of studies are conducted:
· Qualitative study (level 2). A last step in the EDD process is to investigate whether the 

AHR is supporting stroke patients experience during their hospital visit. The impact of 
design on user experience is not often thoroughly tested (Olsson et al., 2013). In literature 
there is no comprehensive overview of UX evaluation practice, most studies refer to a 
specific method to conduct an evaluation in a specific context (Alves et al., 2014). When 
looking at qualitative methodologies in psychology there are a number of techniques 
that could be applied: Grounded Theory, Phenomenology, Discourse analysis and many 
others. For this study Interpretative phenomenological analysis (IPA) was chosen. IPA is 
a qualitative methodology which aims to capture the meanings underlying the content 
explored (Smith, Jarman, & Osborn, 1999). The primary goal of this methodology is to 
investigate how people make sense of their experiences. IPA was developed to assist in 
the understanding of subjective health experiences (Smith, 1996). Therefore, 
interpretative phenomenological analysis was identified as the most appropriate 
method for the present study. The study is described in Chapter 8.

· Randomized control trial (level 1). Post launch outcome measurements are a 
fundamental activity in EBD with the goal to share with fellow practitioners the 
outcomes (Hamilton & Watkins, 2009). To determine if the evidence is credible and can 
be used it is important to understand the relevance rigor, validity and generalization of 
the information. Therefor a randomized control trial was conducted with two parallel 
groups (control and intervention group). The study involves an experiment in which 
psychological, emotional and clinical parameters of patients in a hospital room with a 
standard light situation is compared with those of patients in a room with an adaptive 
dynamic daylight and atmosphere experience. The study is described in Chapter 9. 
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Finally, Chapter 10 reflects on the research presented in this thesis. Important results are 
summarized, main contributions are highlighted and further research directions are 
indicated.





EBD literature overview

This chapter is based on the following publication:
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3  EBD literature overview

3.1 Introduction
This chapter will give an overview of the effects of a variety of environmental stimuli on 
patients’ health and well-being. The literature review was done by a random search through 
different libraries by looking at the different ambient (nature views, daylight, coloured 
lighting, scents, sound), architectural (single bed rooms, family zone and windows) and 
interior design features (indoor plants, furniture, flooring materials and colour) and their 
impact on different healing factors such as stress, sleep, pain, length of stay and satisfaction. 

Well-designed facilities may increase positive emotions, which in turn could positively 
affect patients’ health and well-being (Malkin, 2008a). Understanding the effects of 
physical environmental stimuli in healthcare facilities found in EBD literature will allow to 
create environments that will positively affect the health and well-being of patients. 

Environmental needs in a hospital room. Ulrich’s theory of supportive design explains 
how the hospital room environment can effect patient’s stress. He states that the 
environment should be designed in such a way that the room promotes well-being by 
providing a sense of control over the environment, access to social support and access  
to positive distractions. Environmental control means having control over the various 
components of the physical environment – such as having sufficient privacy to have 
personal conversations or controlling the temperature in the room. Currently a hospital 
room is not providing sufficient privacy or personal control and these factors increase 
stress and affect the well-being of patients (Arneill & Devlin, 2002; R. S. Ulrich, 1991). Social 
support has been described as emotional, informational and tangible support and is 
normally received from people in a social network and the family (R. S. Ulrich et al., 2008). 
People who go to a hospital often turn to those who care for them, seeking information, 
consolidation and assurance. Social support can help to lower stress. While being in a 
hospital social contacts are limited. This is unfortunate, because the need for social 
support increases when an individual is hospitalized. There is evidence showing the 
benefits of social support for both patients and their families. Positive distraction can help 
patients in diverting their attention from aspects of the hospital environment that are 
stress inducing or painful (A. S. Devlin, Andrade, & Carvalho, 2016). 

Physical environmental stimuli. The healthcare environment consists of physical 
environmental stimuli. They can be classified as ambient, architectural or interior design 
features (K. Dijkstra, 2009; P. B. Harris, McBride, Ross, & Curtis, 2002). Ambient features can 
be lighting, noise levels, odours and temperature. Ambient features can be described as 
the background conditions of the environment. These features are often not noticed by 
people, but they might still have strong effects on people (Bitner, 1992). The architectural 
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features are the permanent aspects such the size and shape of the room, the lay-out of 
the department and the placement of the windows. Interior design features are the less 
permanent features in the room such as furnishing, colours, interior plants and art. 

The number of environmental stimuli also seems to play an important role. Alzheimer’s 
patients appear to benefit from the reduced stimulation environment offered by private 
rooms without loud noises, inconsistent light levels and confusing visual stimuli. Patients 
in a retirement home were less tense and less agitated when moved to a reduced 
stimulation unit (Cleary, Clamon, Price, & Shullaw, 1988; Hyde & House, 1989). Children with 
autism have sensory overload and also often benefit from spaces that are calming with 
less stimuli. Brand et al recommend designing environments that are consistent and low 
arousal in which stimulation can be regulated by residents (Brand, Gheerawo, & Valfort, 2010; 
Catherine, Cherry, Ap, & Underwood, n.d.). Sensory overload is also present in intensive 
care units and there are studies indicating that ICU’s could be harmful because of the 
stress they create (Ann S. Devlin & Arneill, 2003). It is therefor important to take into account 
the number of stimulae provided in the room and the stimulus sensitivity of the patients 
occupying the room. Apathetic patients need more stimulation, aggressive or vivacious 
patients need less stimulation. The number of stimulae is determined by the number of 
objects in a room, color use and the congruence between different interior design features 
(B. M. Dijkstra, Gamel, van der Bijl, Bots, & Kesecioglu, 2010; K. Dijkstra, 2009). 

Using environmental stimuli to influence health and well-being can happen in two ways: 
by reducing the stimuli in the environment that have a negative effect or by adding 
positive stimuli to the environment. A stimulus that can have a negative effect on patients 
in a hospital environment is for example noise. Noise can be reduced by adding sound 
absorbing tiles to the ceiling (K. Dijkstra, 2009). The focus of this literature overview will be 
on adding positive stimuli to the environment.

In addition, physical environmental objects can act as purely stimulus objects or as 

interactional objects. Van de Glind formulates it as follows: plants – as an interior design 
feature – can act as stimulus objects or as interactional objects (van de Glind, de Roode, & 
Goossensen, 2007). If plants are just located in a patient room and patients do not interact 
with them, they are stimulus objects. When patients start taking care of the plants, the 
plants become interactional objects and they feel as if they have taken control over the 
situation, which can help them in their healing process. Although there is much evidence 
that interactional activities, such as gardening and caring for pets, have a therapeutic 
effect on patients, it is not clear whether the benificial effect is caused by the interaction 
or just by looking at the stimulus (Rice, Talbott, & Stern, 1980). The focus of this literature 
overview will be on objects that act as stimulus objects. This overview will not discuss 
environmental stimuli that are actively used such as in music therapy.



 EBD literature overview | 49

3

Impact of environmental stimuli. The impact of the environmental stimuli can be on 
pain perception, sleep, stress, depression, length of stay, patient privacy and confidential-
ity, improved social support, improved communication and increased patient satisfaction. 
All these variables are considered to be relevant outcome measures assessing the effects 
of the environment, but most research focuses on stress. Hospitalization induces stress, 
even in healthy persons. As Ulrich et al., 2008 already mentioned, stress experienced by a 
patient is a negative outcome in itself, but it also adversely affects other outcomes, such 
as sleep, pain, hostility toward staff, negative and anxious thoughts, and less appetite. 
Stress may have adverse effects on sleep, and may hinder the recovery process by 
suppressing immune function (Burns, Drayson, Ring, & Carroll, 2002; Maes et al., 1999). 
Sleep influences the process of healing. Especially ill patients need sufficient sleep to allow 
their body to recover (BaHammam, 2006; Wakamura & Tokura, 2001). Consequently, also 
hospitalized patients have an increased need for sleep (R. S. Ulrich et al., 2008), but while 
being hospitalized, they often suffer from diminished circadian rhythms and poor sleep 
instead (Dogan et al., 2005; Novaes et al., 1997; Shafiq et al., 2006; Southwell & Wistow, 1995; 
Joan E Tranmer, Minard, Fox, & Rebelo, 2003). In return, poor sleep may increase stress in 
patients (Novaes et al., 1997). 

The following chapter will give an overview of ambient, architectural or interior design 
features, the different environmental stimuli selected. The focus will be on adding positive 
stimuli to the environment that act as purely stimulus objects.

3.2  Ambient features
Ambient features discussed in this section are nature views, daylight, coloured light, scent 
and sound. The following subsections focus on the effect of ambient features on health 
outcomes. 

3.2.1  Nature views
There is an evolutionary theory for landscape preference, namely the prospect and refuge 
theory (Appleton, 1975). This theory claims that the present landscape preferences of 
individuals descend from our hereditary hunter-gatherer roles in the African savannah. 
This theory has been used to define the type of nature images that can influence the 
patient and need to contain the following categories: prospect and refuge. 
· Prospect - an environmental condition, situation, object or arrangement that presents 

real or symbolic access to a view. 
· Refuge - an environmental condition, situation, object or arrangement that presents 

real or symbolic situations for hiding or sheltering.

Kaplan (1995) hypothesized the following examples of nature views have a strong impact:
· Being away – views with a sense of remoteness, for example beach or lake view
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· Extent – views of extensive or small and abstract environments, for example mountain 
wilderness, Japanese gardens and views from a window,

· Fascination – for example sunsets, flowing water and wild-life
· Compatibility – views of functional opportunities, for example shorelines and field trails. 

Considerable research has examined the psychological effects of viewing real and 
simulated nature and these will be discussed in the following paragraph. 

Stress. Several studies demonstrated that artificial nature images have restorative 
properties compared to images without nature (Chang, Hammitt, Chen, Machnik, & Su, 
2008; Felsten, 2009; Herzog, Black, Fountaine, & Knotts, 1997). Restorative effects on heart 
rate are larger when the artificial nature images are presented on larger screens (de Kort, 
Meijnders, Sponselee, & IJsselsteijn, 2006). A nature window view captured and displayed 
on a HD-TV, however, is less restorative than the same view seen through a real window 
since the latter triggers a better heart rate recovery (Kahn et al., 2008). Nevertheless, 
photographic images depicting natural outdoor settings enhance subjective vitality, 
which is thought to be inversely related to stress (Ryan et al., 2010). Photos of a patient 
room with a plant were experienced to be more stress relieving than photos of a patient 
room with a painting of an urban environment on the wall (K. Dijkstra, Pieterse, & Pruyn, 
2008). Even though some studies investigating the healing effect of indoor plants found a 
positive effect, others did not (Bringslimark et al., 2009). Moreover, the majority of the 
studies on the effects of nature view involve healthy volunteers. Velarde and colleagues 
(Velarde, Fry, & Tveit, 2007b) mentioned in their review that only three out of the 31 
publications analysed refer to hospital users. Although the conclusions of these three 
studies point into the same direction, it is too early to conclude that nature views are 
stress-reducing in a hospital setting

Pain. Patients hospitalized in rooms with a nature view took less moderate to strong pain 
medication on day 2 to 5, and complained less according to the nurses’ notes as compared 
to patients in rooms with a brick building wall view (R. S. Ulrich, 1984). In addition, Shepley 
and colleagues (Shepley, Gerbi, Watson, Imgrund, & Sagha-Zadeh, 2012) found that, 
although not significant, window view in the ICU tended to reduce perceived pain levels. 
Artificial nature views and sounds have been reported to reduce perceived pain during 
flexible bronchoscopy (Diette, Lechtzin, Haponik, Devrotes, & Rubin, 2003). More research 
is needed to understand the influence of nature views on pain and its interaction with 
anxiety. So far, two hypotheses have been postulated on the mechanisms behind the 
pain attenuating effect of nature views. First, the biophilia theory claims that humans have 
a genetic tendency to respond positively to nature (Grinde & Patil, 2009; E. O. Wilson, 1984). 
Secondly, the distraction theory states that pain requires conscious attention and that any 
stimulus that distracts leaves less attention for the pain, thereby reducing it (Diette et al., 
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2003; Wismeijer & Vingerhoets, 2005). Which theory is most likely is still debatable. More 
research is needed to understand the influence of nature views on pain.

Sleep. No direct relation between sleep and exposure to nature views has been reported 
so far. Nevertheless, it is possible that nature views exert a positive effect on sleep quality, 
at least in stressful situations. Higher levels of daily stress have been associated with 
worsened sleep quality (Winzeler et al., 2014), so stress reduction will likely improve sleep 
quality. Potential stress-reducing properties of nature views (Chang et al., 2008; Felsten, 
2009; Herzog et al., 1997) may improve sleep quality by reducing stress, but this possibility 
has not been examined yet.

Depression. The beneficial effect of nature on mental wellbeing has already been 
identified in the earlier part of the nineteenth-century, when the prison-like lunatic 
asylums were abolished and mentally ill patients were instead treated in psychiatric 
institutions that promoted restoration in natural settings offering sunlight, fresh air, and 
access to the garden. When in the twentieth-century psychopharmaceutic drugs were 
introduced, the necessity of institutionalization decreased as the majority of the patients 
became able to undergo treatment while living in the society, for example at home 
(Bishop, 2013). 

Length of stay. Ulrich, Velvarde et al. and Malenbaum et al. studied the effects of nature 
on length of stay. Ulrich (R. S. Ulrich, 1984) studied the effect of nature views compared to 
a brick building wall view on the length of stay, pain medication, and nurses’ comments 
for 23 surgical patients. He concluded that patients in the rooms with a nature view, spent 
significantly less time in the hospital, and fewer negatively toned notes appeared in the 
nurses’ notes. For days 2 to 5, the patients in the nature view rooms took less pain 
medication. Velarde et al. (Velarde et al., 2007a) found that viewing landscapes leads to a 
faster physical recovery from illness. Malenbaum et al. (Malenbaum, Keefe, Williams, Ulrich, 
& Somers, 2008) claim that viewing nature scenes leads to shorter stays. Because nature 
views seem to have a positive effect on stress, pain and depression, it can be expected 
that the length of stay in the hospital will also be reduced. 

3.2.2  Daylight
Daylight has been recognized as an important factor influencing the health and wellbeing 
of people. Adequate exposure to daylight can positively affect mood, circadian rhythm 
and sleep, concentration and alertness, and can even influence the time it takes to heal 
while in a hospital. 

Stress. There is a single indication that exposure to daylight reduces stress in patients. 
Patients who stayed in bright hospital rooms after undergoing elective cervical and 
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lumbar spinal surgery reported to be less stressed at discharge as compared to patients 
who stayed in a dim room (Walch et al., 2005a). A possible explanation for this effect can 
be that increased daylight during daytime improves pain tolerance in patients (see the 
paragraph dealing with pain) and sleep quality in patients (see the following paragraph 
dealing with sleep) such that they can better cope with stress. 

Sleep. To improve sleep quality not only bright light, but also large variations in light levels 
should be avoided during the night. Hospitalized elderly patients who stayed in a 
north-facing room with limited natural light reported to have a better deep sleep at night 
when exposed to additional artificial daylight at daytime (Wakamura & Tokura, 2001). 
Besides inadequate light exposure during the day, also too much light exposure at night 
causes nocturnal awakenings that prevent patients from progressing into deeper 
restorative sleep stages (BaHammam, 2006). Although the solution seems very simple, the 
implementation is not. An intervention study showed wider variations in light levels after 
reducing nightly light intensities; for light-demanding tasks light had to be turned on, 
which could actually disturb patients’ sleep patterns (Bernhard Walder, Francioli, Meyer, 
Lançon, & Romand, 2000). Thus, to improve sleep quality, not only bright light, but also 
large variations in light levels should be avoided during the night.

Pain. Walch and colleagues (Walch et al., 2005b) reported that spinal surgery patients 
staying in a dim room experienced more pain and needed more pain medication per 
hour over the entire length of stay than similar patients staying in a bright room. Shepley 
and colleagues (Shepley et al., 2012), on the other hand, did not find a significant relation 
between daylight levels and perceived pain levels in ICU patients. Many of their patients 
responded with a pain level of zero, probably due to very high doses of pain medication, 
causing the pain scale used to be imprecise and the result should be ignored. Thus, 
evidence remains limited to one study showing that additional daylight during hospital 
stays reduces perceived pain, which will not only be beneficial for the patient, but also for 
health systems due to lower medication costs. How daylight exerts its beneficial effect on 
pain perception is not clear yet. Malenbaum and colleagues (Malenbaum et al., 2008) 
suggested increased serotonin levels in the body to play a role in the light-mediated pain 
relief. Since daylight exposure increases serotonin levels (Lambert, Reid, Kaye, Jennings, & 
Esler, 2002) and serotonin has been linked to analgesia by many researchers in the 80s and 
90s (Bardin, 2011), this suggestion seems to be a reasonable guess. However, Bardin (2011) 
revealed in his review that the interaction between serotonin and pain is far more complex 
than previously thought. Instead of always exerting an analgesic action, serotonin appears 
to decrease or increase pain, depending on the acute or chronic state of the pain. The role 
of sunlight in this complex interaction is unknown. 
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Depression. Light treatment for both seasonal and non-seasonal disorders appears to be 
efficacious with effect sizes equivalent to those in most antidepressant pharmacotherapy 
trials. About 15-20 years ago, it was discovered that patients hospitalized for depression 
had shorter stays when they were assigned to sunny rooms rather than to rooms with less 
sunlight (Beauchemin & Hays, 1996; Benedetti, Colombo, Barbini, Campori, & Smeraldi, 
2001). In the same period, psychiatrists started to employ light therapy as a treatment for 
winter-based seasonal depressions. Light therapy was found to be equally effective as the 
antidepressant drug fluoxetine (Prozac) in patients with a winter-based seasonal affective 
disorder (Lam et al., 2006). Moreover, the antidepressant effect of light therapy appeared 
not to be limited to seasonal depressions as light therapy proved to be effectively 
antidepressant similar to psychopharmacologic treatments in non-seasonal depression 
too (Kripke, 1998). In a meta-analysis study, Golden and colleagues (2005) analysed the 
results of another twenty studies and confirmed the idea that, despite the fact that many 
of these studies did not use a rigorous study design, light treatment for both seasonal and 
non-seasonal disorders appears to be efficacious with effect sizes equivalent to those in 
most antidepressant pharmacotherapy trials. Interestingly, bright light therapy appears to 
be more effective in reducing both seasonal and non-seasonal depression when 
undergone in the morning as compared to light therapy received in the evening 
(Beauchemin & Hays, 1996; Wallace-Guy et al., 2002) (Benedetti et al., 2001; Terman, Terman, 
Lo, & Cooper, 2001). These findings suggest that depression, irrespective whether it is 
seasonal or not, might be related to circadian rhythms (Foster et al., 2013; Pritchett et al., 
2012; Wulff, Dijk, Middleton, Foster, & Joyce, 2012). Evidence for the existence of such 
relation comes from the fact that depression severity is found to correlate with circadian 
misalignment in non-seasonal depressions (Emens, Lewy, Kinzie, Arntz, & Rough, 2009); 
the more delayed the circadian rhythm, reflected by a delayed melatonin onset at dusk, 
the more severe the symptoms of depression. Finally, many people believe that a shortage 
of daylight exposure not only causes winter depression but also a peak in suicide rates 
since suicide rates are observed to be higher in northern European countries and the 
north of Japan compared to southern European countries and the south of Japan (Hawton 
& van Heeringen, 2009). Surprisingly, however, the prevalence of suicide in Norway and 
Finland is highest in spring (Partonen et al., 2004; Stordal et al., 2008). 

Length of stay. Because daylight is able to improve sleep, reduce pain and reduce 
depression, it can speed up recovery and thus shorten the length of stay. As already 
discussed in the section dealing with depression, adult patients hospitalized for depression 
had shorter stays when they were assigned to sunny rooms rather than to rooms with less 
sunlight (Beauchemin & Hays, 1996; Benedetti et al., 2001). Similarly, female myocardial 
infarction patients in an ICU had shorter stays when nursed in sunny rooms, and both 
males and females showed lower morbidity (Beauchemin & Hays, 1998), indicating that 
the positive effect of sunlight on hospitalization duration is not limited to psychiatric 
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disorders. Further evidence for a general effect comes from an extensive study with 8000 
patients in two Korean hospitals in which patients nursed in the bright southern oriented 
wards were observed to stay considerably shorter in the hospital than patients nursed in 
the dim northern oriented wards (J. Lee & Song, 2002). Shepley and colleagues (Shepley et 
al., 2012) reported in their quasi-experimental study a data trend in their old ICU unit 
suggesting that the higher the light levels, the shorter the length of stay. Because daylight 
is able to improve sleep, attenuate pain and reduce depression, it can speed up recovery 
and thus shorten the length of stay.

3.2.3  Colored lighting
Colour is the specification of a colour stimulus in terms of operationally defined values 
(International commission on Illumination, 2014). Possible healing effects of coloured light 
can be direct or indirect. Direct effect refers to physiological responses elicited by 
absorption of photons, while indirect healing effects refer to cognitive effects evoked by 
coloured light. A pleasant room colour might make the patient feel comfortable and more 
at ease, and invites visitors to come more often. Such indirect effects are thought to 
contribute positively to the healing process of the patient.

Stress. The findings strongly indicate that there exists no universal emotional response to 
coloured light making us feel relaxed or active. Since the 70’s, several studies on the effect 
of coloured light on physiology were performed. Some studies reported a calming effect 
for blue and an activating effect for red (Ali, 1972), while others reported the opposite 
(Nourse & Welch, 1971; Yoto, Katsuura, Iwanaga, & Shimomura, 2007) or did not find any 
effect at all (Rajae-Joordens, 2011; Robinson & Hall, 2004). These findings strongly indicate 
that there exists no innate universal emotional response to coloured light making us feel 
relaxed or active. Significant light effects found are likely due to unforeseen unpleasant 
associations and high anxiety scores (Robinson & Hall, 2004). Therefore, one should keep 
in mind that light settings triggering negative associations may cause an increase in stress 
levels in patients. 

Sleep. As already mentioned in the introduction, daylight contains both visible and 
invisible wavelengths covering the full electromagnetic spectrum from near-ultraviolet 
through infrared (300-3000 nm). Recently, it became clear that in particular the blue 
wavelengths in this spectrum play a crucial role in the regulation of our circadian rhythm 
as blue light suppresses the production of the sleep hormone melatonin in the pineal 
gland out of its precursor serotonin and thereby inhibits sleep and drowsiness (Berson, 
2002; Thapan, Arendt, & Skene, 2001). Because blue light is abundantly present in the light 
spectrum at daytime, scattered out in the atmosphere near sunrise and sunset leaving 
primarily red light, and completely absent in the night, blue light appears to be an optimal 
environmental cue to correctly entrain our circadian rhythm to the day-night cycle. 



 EBD literature overview | 55

3

Exposure to a dynamic light source mimicking the daylight spectrum over the day may 
help to improve sleep at night. The variation in blue wavelengths over the day regulating 
the synthesis of the sleep hormone melatonin reflects, from an evolutionary point of view, 
a sublime adaptation to the natural environment. This new insight is crucial in the search 
for insomnia treatments. Instead of only morning exposure of bright light (Gooley, 2008), 
controlling the entire daily light-dark exposure pattern of blue and orange-filtered light is 
found to be more effective in achieving circadian phase changes (Appleman, Figueiro, & 
Rea, 2013). Since only blue, but not green or red wavelengths suppress the production of 
melatonin, the alerting effect of bright light exposure during the night (Cajochen, 2007; 
Kubota et al., 2002) is very likely mainly evoked by its blue component. Indeed, healthy 
volunteers felt less sleepy and showed an increased melatonin suppression after exposure 
to monochromatic blue light (460-nm) during the biological night as compared to 
exposure to monochromatic green light (555-nm) with an equal photon density (Lockley 
et al., 2006). Exposure to a cool-white fluorescent light source or a self-luminous tablet, 
both emitting a spike of light in the blue wavelength range, in the night exerted similar 
suppressing effects on melatonin levels (Aoki, Yamada, Ozeki, Yamane, & Kato, 1998; Wood, 
Rea, Plitnick, & Figueiro, 2013). Another study of 5-6 year olds found that both active TV 
viewing and passive TV exposure was related to lower urinary melatonin levels, shorter 
sleep duration, sleeping disorders, and overall sleep disturbances (Salti et al., 2006). Based 
on these findings, it could be concluded that blue and blue-enriched light emitted by a 
light source or a display should be avoided in the evening to promote a good sleep. The 
mechanism behind the blue-light mediated melatonin suppression, however, is more 
complex than initially assumed (Lucas et al., 2014). High intensity red light, for example, 
was found to suppress melatonin in both hamsters and humans, although the effect in 
humans was not significantly different from the response to darkness (Hanifin et al., 2006), 
suggesting that at high light intensities the photosensitive retinal ganglion cells in the eye 
also receive input from the visual photoreceptors. Further, although only blue light 
reduces nocturnal melatonin, both blue and red light increases cortisol levels associated 
with awakening (Figueiro & Rea, 2010), suggesting that other mechanisms are also 
involved. Irrespective of its complexity, however, it is evident that for a good sleep, not 
only blue, green-blue or blue-enriched light, but bright light in general should be avoided 
during the night due to its alerting property.

Depression. Monochromatic blue light of a much lower intensity than white light, but 
with the same amount of blue light, has a similar effect in treatment of seasonal depression. 
Since the blue component appears to be the effective component to regulate serotonin 
and melatonin levels regulating the sleep-wake rhythm, blue light might be expected to 
be the effective component in light therapy for depression too. Surprisingly, however, 
Gordijn and colleagues (2012) did not find any difference between high intensity 
blue-enriched light (9,000 lx, 17,000 K) and full spectrum bright light (9,000 lx, 5,000 K). The 
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researchers attributed this lack of difference to a saturation effect due to the high light 
intensities used and suggested to lower the intensity of the blue-enriched white light in a 
next study. Meesters and colleagues (2011) followed this recommendation and investigated 
the effect of low-intensity blue-enriched white light (750 lx, 17,000 K) and standard bright 
full-spectrum light (10,000 lx, 5,000 K). Despite the huge difference in light intensity, both 
treatment conditions were equally effective in treating seasonal depression, implying that 
the therapeutic effects of light therapy are very likely being mediated by blue light. 
Anderson and colleagues (2009) examined the effects of relatively low intensities of blue 
light (98 lx at 464 nm) and blue-enriched white light (700 lx at 400-700 nm). Monochromatic 
blue light of a much lower intensity than white light, but with the same amount of blue 
light, has a similar effect in the treatment of seasonal depression. Similarly, blue light 
therapy (176 lx at 470 nm) proved superior to red light therapy (201 lx at 650 nm) in treating 
seasonal depression (Strong et al., 2009). Based on these findings, it can be concluded that 
the antidepressant effect of light therapy in depression is very likely mediated by the blue 
light, implying a role for the sleep hormone melatonin in depression. Since melatonin 
itself lacks antidepressant activity (Lanfumey, Mongeau, & Hamon, 2013; Wirz-Justice, 
2006), direct involvement of melatonin in depression must be doubted. More research is 
needed to investigate the mechanism behind the antidepressant effects of blue light.

3.2.4  Scents
When humans inhale odours, both physiological reactions as well as psychological effects 
can be measured. The physiological changes are immediately noticeable in parameters 
such as blood pressure, muscle tension, pupil size, blink magnitude, skin temperature, skin 
blood flow, electro dermal activity, heart rate, brain wave patterns, and sleep time (Buck, 
2004). The psychological mechanism works via the subjective effects of odour perception 
and has a result on the emotional state (Kuroda et al., 2005). The sense of smell is related 
to daily functions such as alertness, relaxation, attention, performance, and healing, and 
these may be mediated purposefully with different aromas (Field et al., 2005). Partially, the 
studies were mainly performed in a laboratory setting, using small test groups of healthy 
participants only. The overview of results and conclusions from various papers shows that 
scents can have both physiological effects and can induce changes in the mood state. 
However, the amount of research results and the number of different odours tested is still 
limited especially when bearing in mind that human beings are able to differentiate up to 
10,000 odours (Buck, 2004). This is also why (Butje, Repede, & Shattell, 2008) state that 
more research is needed on this topic. Some studies also found some influence of scents 
on the perception of pain, but these effects are both negative as well as positive.

Pain. Reduction of pain can be achieved by sedation of the patient. The results of two 
studies that were found show that some scents could provide a sedative effect. In the 
paper of Kuroda et al. (2005) the statement is made that the principal odour component 
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of jasmine tea, as the test results suggest, has a pharmacological sedative effect. Moss et 
al. (2003) found out that lavender has been associated with parasympathetic stimulation 
of the autonomic nervous system, leading to increased beta power and decreased 
contingent negative variation on electroencephalogram, which in turn is associated 
amongst others with increased sedation. In contrast to the above-mentioned results, 
however, for both of them no pain was really administered. The study of Martin (2006), 
states that exposure to odours judged to be pleasant and unpleasant is not associated 
with pain relief. It was even found that the presence of odour could intensify pain 
perception. Participants in the pleasant (lemon) and unpleasant (machine oil) odour 
conditions reported greater pain than did those in the control condition. The result is 
intriguing because all distracters, pleasant and unpleasant, were associated with increases 
in self-reported pain in the early stages of pain perception. One explanation for this 
finding might be that, although the pleasant odour was regarded positively, it may have 
been overly altering. 

Stress. In the paper of Field et al. (2005), the results of a small scale experiment with 
eleven healthy participants is discussed in which the participants inhaled the fragrance  
of a shower gel with a lavender ingredient. The pre- to post-fragrance sniffing session 
revealed the following significant changes of transient nature: 
· Decrease of anxiety levels
· Decrease of depressed mood levels
· Increased relaxation 

In addition, some physiological effects were measured with the most important one the 
decrease of the heart rate during the fragrance inhalation period. The study of Lehrner et 
al. (2005) shows a positive effect on the mood of dental patients when waiting for 
treatment and a lower level of state anxiety, due to the exposure to orange odour or 
lavender odour in the waiting room. In the study, 200 patients were assigned to one of 
four groups: a control group with no odour or music, an orange odour group, a lavender 
odour group, or a music group. In another study, the effects of jasmine tea odour and 
lavender odour were measured on healthy volunteers (Kuroda et al., 2005). The study 
showed that for both odours the heart rate significantly decreased for 40 minutes after 
the inhalation. At the same time the parasympathetic nerve activity, responsible for the 
stimulation of activities that occur when the body is at rest (like digestion, lacrimation) 
increased, but no effect on sympathetic nerve activity, responsible for stimulating 
activities associated with the fight-or-flight response was seen. Furthermore, a Profile of 
Mood States (POMS test) was used to measure changes in the emotional state before and 
after the inhalation. It showed that for the odour of jasmine tea, the combined negative 
mood scores for tension-and-anxiety and anger-and-hostility decreased significantly and 
the negative mood score depression-and-dejection decreased as well but not significantly. 
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Similarly, lavender odour tended to decrease these negative mood scores as well but not 
significantly. In contrast, the odours of both jasmine tea and lavender increased the 
positive mood score, although the effect was not statistically significant. 

Anxiety. During this literature study not much work in this areas has been found, only one 
study of Fenko. They studied the effect of scent on anxiety in a plastic surgeons waiting 
room (Fenko & Loock, 2014). This study found that a relaxing scent can be used in a waiting 
room to reduce patients’ level of anxiety. 

3.2.5  Sound
First associations with sounds in hospital environments may be people talking, alarms 
going off and other noisy equipment – all of these have shown a negative effect on the 
healing process of the patient by enhancing stress levels. Besides these disturbing and 
annoying effects, sounds such as music and nature sounds can also have a positive effect. 
There is a growing amount of solid scientific evidence that sound, in particular music, can 
have a healing effect. Music increases relaxation (subjectively and objectively) and reduces 
anxiety, pain, and the administration of morphine and sedatives. Besides generic influences  
of sound, there are also important personal differences, due to different preferences 
among listeners, which should be taken into account when designing a music intervention 
system (Nilsson, 2008). 

Pain. Cepeda et al. (2013) reviewed studies evaluating the effect of music on any type of 
pain in children or adults, and pain medication use. Fifty-one studies met their inclusion 
criteria: randomized controlled trials evaluating the effect of music without other 
concurrent non-pharmacological therapies. In this group, eight studies measured the use 
of analgesics such as morphine after surgery. Patients exposed to music required about 15 
to 18% less morphine compared to unexposed subjects. During painful procedures, 
results were inconclusive: the five studies that evaluated this only showed a trend towards 
less morphine administration in the music group. A much bigger group of 31 studies 
evaluated subjective pain levels. This group showed high variation in the effect of music. 
For the subset of studies about acute postoperative pain, the variation was less; on 
average, pain was 0.5 units lower on a zero-to-ten scale in the music condition. Four 
studies reported the number of patients that had at least 50% pain relief. From these 
studies, the authors conclude that one out of five patients will have 50% or more pain 
relief due to music exposure, which is equivalent to the effect of a single dose of 325 mg 
of paracetamol. Music having a positive effect on postoperative pain is also the conclusion 
of a review by Engwall & Duppils, (2009). Fifteen out of 18 studies they included in the 
review, which only took into account postoperative pain, show a significant positive effect. 
Nilsson (2009a) investigated the effect of music intervention on pain levels after cardiac 
surgery. No differences in subjective pain levels were observed between the groups. 
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Nilsson et al. (2009b) also investigated the effect of soothing music on pain and anxiety 
during bed rest after open-heart surgery in school-aged children (7 – 16 years) who had 
undergone day surgery. Music reduced the requirement for morphine. In conclusion, 
scientific studies predominantly show that music intervention reduces pain and the need 
for pain medication after procedures. 

Sleep. Sound can be used to improve sleep quality. Sound can be used to mask noises 
that disturb sleep. One study found that sound masking has the most significant effect in 
promoting ICU patients’ sleep producing an improvement of 42,7% (Xie, Kang, & Mills, 
2009). Secondly; music can be used to assist relaxation in case of pre-sleep arousal (B. 
Walder, Haase, & Rundshagen, 2007). On music-assisted relaxation in adults and elderly, de 
Niet et al. (2009) published a literature review. They investigated five (randomized, 
controlled) studies in detail. From a meta-analysis performed on these studies, it was 
concluded that music-assisted relaxation improves sleep quality and has the additional 
benefit to be free of unwanted side effects. Tan (2004) investigated the effect on children, 
listening to 45 minutes of music at naptime every day for three consecutive weeks. The 
music group slept significantly better than the control group. Ziv et al. (2008) compared 
music relaxation and progressive muscle relaxation in a within-subjects study design with 
older adults. Music relaxation appeared to improve sleep efficiency and to lower anxiety 
levels more than progressive muscle relaxation. 

Stress. Nilsson et al. (2009c) investigated the effect of music intervention on stress 
response to cardiac surgery. Results showed a lower level of stress hormones (cortisol), a 
physiological measure for stress and anxiety, between the music and control groups after 
30 minutes. This difference was however gone after 60 minutes, and there was no 
difference in vital signs, nor in subjective pain and anxiety levels between the groups. In 
another study with cardiac patients, Nilsson et al. (2009d) measured oxytocin levels in 
patients listening to music during bed rest and patients with bed rest only. Music 
intervention increased oxytocin levels. Oxytocin is known to evoke feelings of calmness 
and to reduce anxiety. 

Anxiety. Evans (2002) reviewed the effect of music on adult hospital patients. The review 
paper looking at 19 randomized and controlled studies, concluded that music reduces 
anxiety of hospitalized patients during normal care delivery and leads to a reduction in 
the State Anxiety Index (state-STAI). In addition, music also appears to improve the mood 
and tolerance of patients, although the evidence for that is limited. With respect to anxiety, 
the paper concludes that music has no impact. In 2005, Cooke et al. (2005a) reviewed the 
effects of music on anxiety in short waiting periods before surgical operations or other 
procedures. In all studies, except one, music was effective. The review by Cook et al. 
supports Evan‘s conclusion that music has an anxiety-reducing effect. Cooke et al. (2005b) 
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published a study on pre-operative anxiety relief by means of music. Results again 
confirmed that music reduces the state-STAI of the music (intervention) group. Since the 
review of Evans (2002), more studies have been done investigating the effect of music 
during medical interventions. Lee et al. (2004) found that relaxing music decreased the 
dose of patient-controlled sedation during colonoscopy. This research group also 
investigated whether audio and video have additional benefits when used in combination 
(D. Lee et al., 2004). They did not find an effect of video alone, but when audio was added 
both the dose of sedation and the pain score decreased significantly. The study by Nilsson 
et al. (2009c) did not find an anxiety reducing effect of music during coronary angiographic 
procedures. Although both patients and staff liked the music, no differences in anxiety 
levels were found between the music and control groups. Chang and Chen (2005) investigated 
the effects of music during caesarean delivery. The music group had significantly lower 
anxiety and higher satisfaction with respect to the caesarean delivery than the control 
group. Physiological measures did not differ between the two groups. Combining the 
outcome of the studies reviewed by Evans with these new studies, it is still not clear how 
strong the effect of music during unpleasant procedures is. Chlan (2009) wrote a review 
on the use of music for mechanically ventilated patients and concluded that there is 
preliminary evidence that music reduces anxiety in these patients. Another study 
investigated the effect of music on the blood pressure of mechanically ventilated ICU 
patients. A significant reduction in blood pressure was found with music (Almerud & 
Petersson, 2003). Conrad et al. (2007) measured a wide range of parameters during a 1 hr 
music intervention session in the ICU: circulatory variables, brain electrical activity, serum 
levels of stress hormones and cytokines, requirements for sedative drugs, and level of 
sedation before and at the end of the music session. Compared with the control group, 
they found that listening to music significantly reduced the amount of sedative drugs and 
reduced stress hormone levels, blood pressure and heart rate, indicating an anxiety 
reducing (anxiolytic) effect of music. Dijkstra et al. (2010) investigated the effect of music 
on ICU patients with mechanical ventilation that were sedated. Even in a sedative state 
patients experience stress according to the authors ‘experience. The effect of music was a 
deeper sedation level; no effects with respect to blood pressure and heart and respiratory 
rates were observed. 

Cognitive recovery. This literature review didn’t reveal many studies concerning the 
effect of sound on cognitive recovery. Särkämö et al. (2008) studied the effect of music 
listening on patients recovering from stroke. Cognitive recovery (verbal memory and 
focused attention) was significantly better in the group listening to music than in the 
control group and the group listening to speech. In addition, music listening improved 
mood (less depression and confusion). 
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3.3  Effect of architectural features

3.3.1  Single-bed rooms
Lately, a great number of hospitals have chosen to provide more single-bedded rooms to 
patients because there is a common believe that these rooms have a positive effect on 
patients by reducing hospital acquired infections, facilitating better patient care and 
enhancing therapeutic benefits for patients (Chaudhury, 2005). Private patient rooms 
have become the industry standard in the United States based on this assumption 
(Chaudhury, Mahmood, & Valente, 2006). Also in Europe, there is a tendency to provide 
only single-bed rooms to patients. Nevertheless, research shows that the influence of 
introducing single-bed rooms in a hospital setting on the outcomes of patients is not 
clear. Note that the effects of single-bed rooms mostly became apparent by research 
done on healing environments, while the concept was seldom studied as a separate 
research subject. Following evidence indicates that single-bed rooms might influence:

Hospital acquired infections. Conflicting results have been found on hospital infection 
rates. Some studies did not show significant differences, while others concluded that 
single-bed rooms decrease the risk of hospital infections. According to van de Glind et al. 
(2007), there is a lack of evidence to link hospital design with prevention of infection. They 
argue that other factors such as hand washing have greater impact (van de Glind et al., 
2007). Cooper et al. (Cooper, Stone, & Kibbler, 2005) executed a systematic review of 46 
studies in which they looked at infection control in single-bed rooms versus double or 
multi bedded rooms. They concluded that there is little evidence that isolation methods 
such as single-bed rooms or isolation wards help to control infections within a ward. They 
mentioned that better methodological studies are needed to examine the effectiveness 
of isolation measures. In contrast, Ulrich indicates that the use of single-bed rooms does 
reduce airborne, contact, and waterborne transmission of hospital-acquired infections by 
increasing isolation capacity, facilitating the thorough cleaning of rooms and the 
maintenance of air quality (Ulrich, Quan, Systems, Architecture, & Texas, 2004b). 

Sleep. Patients in single-bed rooms benefit from increased privacy and the reduction in 
noise from roommates, visitors and healthcare staff. These factors improve sleep and 
facilitate the healing process (Ulrich et al., 2008). However, van de Glind et al. (2007) 
referred to a study that compared noise and quality of sleep, not specifically comparing 
single-bed rooms with multi bed rooms. In this study, the Pittsburgh Sleep Quality Index 
was filled in by 150 patients on 26 wards with different ward layout (single, double and 
multi bedded rooms). They concluded that factors that affect sleep quality were: patients 
staying in a different environment than normal, noise, footsteps, pain and being woken by 
nurses during the night for medical check-ups, and interestingly, not the fact that patients 
were nursed in a single, double or multi bedded room.
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Patient privacy. Private conversations with healthcare professionals can more easily take 
place in single-bed rooms (Malkin, 2008a). Because of auditory privacy, single-bed rooms 
can improve communication among patients, families and care providers. Patients in 
single-bed rooms report greater satisfaction with communication with nurses and 
physicians compared with patients in multi bed rooms (Ulrich et al., 2008). Another study 
points out that the increased patients’ privacy in single-bed rooms provide patients with 
control over personal information, an opportunity to rest, and an opportunity to discuss 
their needs with family members and friends (Chaudhury et al., 2006). 

Social interaction. Van de Glind et al. (2008) investigated the difference between 
 physician-patient communications in single-bed rooms versus four bedded rooms. In was 
found that encounters in ward rounds in single-bed rooms took up significantly more 
time than encounters in four-bedded rooms. The patients asked more questions and 
made more remarks in single-bed rooms compared to four bedded rooms. Empathic 
reactions of the physician were scored significantly more often in single-bed rooms.  
No differences were found in the extent to which intimate subjects were brought up. 
Another study (Rowlands & Noble, 2008) reviewed the impact of double versus single-  
bed rooms on the quality of life of advanced cancer patients. In this study, patients 
spontaneously identified the need to have a choice of multi-bedded rooms and single-bed 
rooms. They reported that in case they or other patients were very ill they would want a 
single-bed room, but when they were able to interact they preferred to be in the company 
of others. McGurk et al. (2007) studied the outcome of a project that aimed to enhance 
staff, user and public involvement in two acute children’s wards and a neonatal intensive 
care unit. They found that effective communication is essential not only for patient 
involvement, but more importantly, it serves to empower the child and family to 
participate in their care (McGurk et al., 2007).

In another study dementia patients were moved from an older high-density ward to a 
new low-density ward with private rooms. Family members indicated that they were 
satisfied with the private rooms because they were able to personalize the rooms and 
patients had greater privacy (Morgan & Stewart, 1999). 

Patient satisfaction. Research has shown that patients in single-bed patient rooms were 
significantly more satisfied with their hospital stay than patients in multi-bed rooms 
(Chaudhury, 2005; Gotlieb, 2000). According to a comparison study of satisfaction rates, 
hospitals with more single-bed rooms had higher patient satisfaction rates (van de Glind 
et al., 2007). In another study patients were moved from conventional wards to new wards 
with mainly single-bed rooms and also here patients rated their experience and treatment 
higher in the new ward with single-bed rooms and were also more satisfied with the 
appearance, layout and overall design of the unit (Lawson & Phiri, 2000). Typically patients 
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who have roommates are less satisfied because roommates create a noisier environment 
and can be a source of stress for patients when these patients have many visitors, are 
seriously ill or are unfriendly to them (Chaudhury, 2005). Florey et al. also studied patient 
preferences for single-bed or shared rooms. Patients in this study indicated that in 
single-bed rooms they felt lonelier and indicated that they would prefer a shared room for 
their next hospital stay. Most patients who indicated this, had a median age of 68 years 
and had been in the hospital for a longer time (Florey, Flynn, & Isles, 2009). 

3.3.2  Family zone in patient room
There is growing evidence that family plays an important role in supporting patient care 
and the physical environment affects family involvement (Choi & Bosch, 2013). Studies 
have demonstrated that the presence and interaction of family members improves 
patients’ clinical and psychological outcomes. While single-bed rooms have the potential 
to affect the largest number of positive outcomes in hospital settings, some of the benefits 
may be facilitated by the availability of appropriate family zones within the room. Evidence 
indicates that single-bed rooms encourage family presence by providing more space and 
privacy compared with multi bed rooms on condition that single-bed rooms include 
appropriate family zones and comfortable furniture (Ulrich et al., 2008). 

Social interaction. Including family zones in the patient room can promote family 
presence, support and involvement in patient care (Phiri, 2003). Phiri (2003) also indicates 
that providing a family zone in a patient room with for example a chair-bed for nighttime 
visitation, refrigerator, and computer hook-up will enhance the contribution of family 
members to the care for the patient and the interaction between patient and family. 
According to Phiri (2003), it is important to allow family members to support the patients’ 
need for company by offering comfortable accommodation and become part of the 
treatment. Astedt-Kurki et al. (2001) identified several factors that facilitated or complicated 
interactions among adult patient’s family members and nursing staff. One of the factors 
complicating interactions was the absence of a peaceful place for discussion and in 
addition the rush of staff members to complete tasks, shift-work, and family member’s 
shyness in approaching the staff were found to be limiting the interaction (Astedt-Kurki et 
al., 2001). Choi also concluded that a designated family zone in inpatient rooms will likely 
increase family member presence and support of patients. A designated family zone with 
comfortable accommodations such as a sleeper, sofa or recliner for family members 
should be included in ICU rooms. Their research indicated that it is plausible that the 
affordances of including a family zone would also have benefits in other inpatient 
environments. 
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3.3.3  Windows
In the past years much research has focused on the effect of the presence of windows in 
a hospital room. Most research claims that the presence of windows has been proven to 
affect patient’s experiences in the hospital (Devlin & Arneill, 2003; Keep, 1977; Ulrich, 1984; 
Verderber et al., 1987; Verderber, 1986). Recently Kohn and colleagues (Kohn et al., 2013) 
investigated retrospectively the effect of windows in a 24-bed surgical ICU for more than 
12 000 patients. They compared patients in rooms with and without views and with either 
natural or industrial views. They found that rooms with windows or natural views did not 
improve outcomes for critically ill patients admitted to the ICU with subarachnoid 
haemorrhage. It was suggested to further investigate if critically ill patients might derive 
benefits from the presence of windows. Maybe these patients were too sick to benefit 
from the windows and natural light. Critically ill ICU patients are often so drugged or 
injured that they are not aware of the environment. As Hamilton states it is possible that 
windows might have benefits for some patients if they do not have a severe cognitive 
impairment which makes them incapable of noticing the environment, so not being in a 
comatose state or other medical impairment which makes it impossible to view and have 
their beds oriented towards the windows (Hamilton, 2016). The reason why windows can 
be of value to patients is the presence of natural light or the presence of a nature view as 
discussed earlier in this chapter. But it remains unknown whether the benefit of the 
presence of windows comes from the access to a pleasing view or natural light or both 
(Pati et al., 2009). Schreuder (2016) investigated the impact of design characteristics of a 
patient room on self-reported patient well-being by assessing patient rooms in four 
different hospitals. The results show that the height of the parapet and the window 
surface are more important in determining the appreciation of the view than, for instance, 
length or width of the window. Already in 1977, Keep indicated that the size of the window 
should at least occupy 20-30% of the window wall to achieve satisfaction. Verderber 
(Verderber, 1986) found that in most hospital settings these conditions are not achieved. 

Patient satisfaction. The absence or presence of a window in combination with the view 
affects patient satisfaction (Ulrich, 1984; Verderber et al., 1987). Devlin and colleagues 
(2016) investigated which design features were valued by patients. They found that 
windows were recognized by patients as a positive distraction as the second most cited 
category (next to the presence of TV in the room). The reason for this is the nice view and 
view of the movement in the street. The patients in the study also indicated that the 
presence of a window could also have negative aspects when the view outside the 
window was on a brick wall or when the view was awful. 

Healing process. Ulrich investigated the efffects of views out of windows on patients 
recovering from gallblader surgery. Patients were recovering in rooms with a view of 
nature or a view of a brick wall. Patients recovering in the room with the nature view had 
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shorter postoperative stays, evaluated the nurse care as being better, took fewer analgesic 
doses and had less postsurgical complications. In a similar study Wilson (Wilson, 1972) 
looked at the incidence of delirium and depression in major surgery patients with and 
without windows in their rooms ,by comparing 100 patients in two ICU’s. Patients in 
rooms without windows had significantly higher incidences of delirium. This indicates 
that windows may have a positive effect on patients and in additon may lower stress. In a 
similar study two windowless intensive therapy units were investigated. It was found that 
patients had less accurate memories of their length of stay, were less oriented in time and 
were twice as likely to have hallucinations or delusions compared to a unit with windows 
(Keep, James, & Inman, 1980). In a study on the value of windows, Verderber and Reuman 
(1987) concluded that involvement with windows and views helps the patient develop  
a “perceptual and cognitive link with the external environment” and positively affects  
the therapeutic process. Raanas and colleagues (Raanaas, Patil, & Hartig, 2012) studied  
the effect of view of nature through a window. They found that an unobstructed bedroom 
view to natural surroundings appears to have better supported improvement in self- 
reported physical and mental health during a residential rehabilitation programme, although 
the degree of change varied with gender and diagnostic group. For women, a blocked 
view appeared to negatively influence change in physical health, whereas for men, a 
blocked view appeared to negatively influence change in mental health. Pulmonary 
patients with a panoramic view showed greater improvement in mental health than coronary 
patients with such a view. Those with a panoramic view to nature more often chose to 
stay in their bedroom when they wanted to be alone than those with a blocked view.

3.4  Effects of interior design features
The effect of specific interior design features on the healing process is still a relatively 
unknown area. Dijkstra (2009) points out that changing the interior design of a room most 
of the time results in a positive evaluation of the hospital by patients, but whether these 
new interior design features have an effect on the healing process is unknown (Mens & 
Wagenaar, 2009). What we do know is that the interior design of healthcare facilities is 
critical to both patients’ and healthcare providers’ abilities to establish a sense of 
attachment, belonging and personal control. Maslow’s hierarchy of needs provides a 
useful perspective: when lower level needs of physiological and safety are met, higher 
needs of belongingness and self-esteem can be addressed (Kopec, 2006). Interior 
components with a home like feeling will create a sense of familiarity and security. 
Materials, finishes, lighting and decorative objects can also be used to create a more 
residential atmosphere. 

3.4.1  Indoor plants
Stress. Dijkstra et al. (2008) studied the effects of indoor plants on stress. They asked 77 
students to imagine being hospitalized for legionella infection and having a headache, 
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muscle pain and a fever. They were then shown an image of a hospital room with a plant 
inside, or one with a picture on the wall of an urban setting. Subsequently, they had to 
complete 2 questionnaires, one on perceived attractiveness and one on perceived stress. 
The results show that the perceived stress is lower for the room with the plant, which is 
caused by the increased perceived attractiveness of the room. Considering the results of 
the previous section, urban images can increase stress. Therefore, it is unclear if the 
presence of the plant reduces stress, or if the presence of the urban image increases it. 
Bringslimark et al. (2009) give a critical review of the literature on psychological effects of 
indoor plants. They focus on the health benefits of passive interactions, so studies 
involving caring for the plants are excluded. Presence of plants was found to increase pain 
tolerance and reduce stress, however heterogeneity in methods and results leads them to 
have reservations about general claims on health effects of plants. Some reviewed studies 
claim that flowering plants compared to foliage plants have more effect on stress 
reduction, pain tolerance, and perceived attractiveness of the room. However, no 
differences were found for psycho physiological measures. Furthermore, some studies 
indicate a moderating effect of gender, but not all. Also, they state the effects may be 
greater in restorative settings, such as a hospital. The effects of prolonged exposure have 
not been investigated yet though. Grinde and Patil (2009) reviewed the literature to 
determine if visual contact with nature has a positive impact on health and well-being. 
They evaluated approximately 50 empirical studies with three questions in mind related 
to the visual impact of nature. The first question is whether the biophilia hypothesis has 
merit. The second question is what sort of influence the presence of plants has on the 
human mind. The third question is to what extent adding elements of nature can 
compensate for outdoor visits, and can serve as a preventive measure to improve health 
and well-being. They conclude the biophilia hypothesis has merit indeed, and that contact 
with nature has psychological benefits by reducing stress, improving attention, having a 
positive effect of mental restoration, and by coping with attention deficits. 

Pain. Grinde and Patil (2009) reviewed the literature to determine if visual contact with 
nature has a positive impact on health and well-being. They state that subjects had an 
increased tolerance for pain when plants were present. Plants have a greater attention 
holding power and higher pain relief compared to for example a designer lamp or an 
abstract picture. Finally, they found that there seems to be a tendency for woman to 
respond stronger to plants than men.

3.4.2  Furniture
Social interaction. Social interaction in health facilities can be influenced by furniture 
and floor/room layout. Heavy or immovable furniture inhibits social interactions, whereas 
comfortable, moveable furniture positioned in small flexible arrangements has the 
opposite effect (Berry et al., 2004). Much research focusing on waiting areas, day rooms, 
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and lounges has demonstrated that the widespread practice of arranging seating 
side-by-side along the walls of a room markedly bans social interaction among patients or 
other users. These studies also indicate that levels of social interaction can be increased by 
providing comfortable movable furniture arranged in small flexible groupings in day 
rooms and other spaces. 

Appetite. Other research on psychiatric wards and nursing homes strongly suggests that 
appropriate arrangement of movable seating in dining areas not only enhances social 
interaction, but can have important positive effects on eating behaviors, such as increasing 
food consumption in geriatric patients (R. S. Ulrich, 2001). 

3.4.3  Flooring materials
In the US most people’s homes are floored with carpet, and there is a trend to use carpet 
also in some hospital areas (Healey, 1994). There are increasing indications that carpet is 
superior from the standpoint of certain patient-centered considerations. Healey points 
out that providing carpet in wards for elderly people may improve the appearance of the 
area, but the costs for maintenance and replacement will rise as well. Carpet is harder to 
keep clean and makes it harder to push wheeled equipment, including wheelchairs 
(Malkin, 2008b).

Reduction of patient falls. Elderly patients walk more efficiently (longer steps, greater 
speed) and feel more secure on carpeted compared to vinyl surfaces (Willmott, 1986). In 
addtion Healey found reduction in fall-related injuries (Healey, 1994). 

Social interaction. Other research found that family and friends made longer visits to 
rehabilitation patients when patient rooms were carpeted rather than covered with vinyl 
flooring. These findings justify the speculation that carpet in patient rooms, and possibly 
waiting areas, might promote improved patient outcomes via an effect of raising social 
support from visitors (R. S. Ulrich et al., 2008). In addition, Harris (2000) identified that the 
use of carpeted flooring instead of vinyl flooring in telemetry unit patient rooms was 
associated with an increase in family presence. Findings of this study demonstrated that 
family members and friends in patient rooms with carpeted flooring stayed substantially 
longer during visits than those in patient rooms with vinyl flooring (D. D. Harris, Shepley, 
White, Kolberg, & Harrell, 2006). 

3.4.4  Color
Besides simple recommendations based on visual contrast theories, such as green colour 
in operation theatres, evidence-based recommendations for colour use on surfaces in 
healthcare settings do not exist (Tofle, Schwartz, Yoon, & Max-Royale, 2004). Nevertheless, 
numerous design guidelines (Tofle et al., 2004) have been written based on assumed 
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truths, loosely tested research, case studies that cannot be generalized, intellectual 
folklore, intuition, and anecdotal experience. Dalke et al., (2006) came up with the same 
conclusion in their literature review on more than 200 studies. Below a citation (Toffle et 
al. 2004) to illustrate the way how myths become established: After spending hours in 

surgery visually focused on red blood, surgical staff would experience green flashes on the walls 

of the operating room, caused by the afterimage phenomenon. Hospitals replaced the white of 

operating room walls with light green to minimize these afterimages. It was then incorrectly 

inferred that a color used in hospitals as a visual aid must also be beneficial in other environments. 

Based on the false assumption that green is restful, it was selected for use in redecorating the 

main cell block and solitary confinement area at Alcatraz Prison. From there it went on to coat  

the walls of libraries, classrooms, and public spaces. The indiscriminate use of green as a calming  

agent proliferated until the myth became established as a fact.

Patient satisfacition. Coloured surfaces, however, might affect humans indirectly by 
cognitive processes such as association and attention. Haris and colleagues (2002) 
investigated environmental satisfaction by means of telephone interviews with 380 
discharged patients. Respondents who were satisfied with the environment could be 
characterized as liking the colour of the walls and other aspects. Patients were satisfied 
when the painting on the wall made the room look warm. Patients were not satisfied 
when the colour of the room made the room look dull. Color on surfaces can be used to 
positively affect the mental state of the patient and his family. 

3.4.5  Art
Overall, the literature on positive distractions for reducing pain perception establishes the 
role of art but adds little to the knowledge base of appropriate image content for art. Past 
research has focused on the positive effects of one specific type of art— nature art (R. S. 
Ulrich et al., 2008). For example, a preference study of hospital patients and design 
students concluded that nature art is appropriate for hospital set tings because patients 
consistently preferred nature and realistic content over abstract or stylized content for 
their rooms (Nanda, Eisen, & Baladandayuthapani, 2008). Most of the studies are discussed 
in section 3.2.1 – nature views. Some studies measured patient preferences of artwork 
while others were clinical, and measured the impact of certain genres of artwork on 
patient health out comes (Ulrich et al., 2008). The studies discussed in that section mainly 
talk about presenting photographs, virtual reality or slides of nature, but if they have a 
positive effect it is not a big stretch to also propose that nature artwork might have an 
effect. Verderber found that rooms with nature surrogates such as art and plants, were 
preferred to rooms without windows and to rooms with windows but no views (Verderber, 
1986). The evidence substantiating this case is however limited. There are very few rigorous 
scientific studies on the subject and only a handful that focus on the actual image content 
of the artwork. But despite the lack of evidence many designers and health care 
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professionals believe that an aesthetically pleasing room can enhance patient experience 
and this could possibly be done by providing art in the patient room. 

Stress, anxiety and pain. In a study done by Ulrich, Lundén, and Eltinge (1993), patients 
were random ly assigned to rooms that provided exposure to either an image of nature, an 
abstract image, or no image. Patients exposed to the nature image experienced less 
postoperative anxiety and were more likely to switch from strong analge sics to weaker 
painkillers during their recovery than either of the other groups. Patients exposed to an 
abstract image experienced more anxiety than those with no image (R. S. Ulrich et al., 
1993). The abstract images used in the study were computer-generated, created for the 
study to represent “abstract art.” Some researchers question whether the results would be 
different if the abstract images had been developed by an artist’s hand instead (Nanda et 
al., 2008). In a study done by Schneider and colleagues, the effect of virtual reality 
underwater and art museum scenes on stress was tested with 16 breast cancer patients. 
They reported reduced anxiety, fatigue, and distress during chemotherapy when exposed 
to virtual reality intervention (Schneider, Mathew, Coombs, Shonkwiler, & Folsom, 2013). 
Miller researched the effect of murals while bandages where changed on burn patients. 
This study resulted in a significant decrease in reported pain intensity, pain quality, and 
anxiety (Miller, Hickman, & Lemasters, 1992). 

Satisfaction. Cusack et al. studied which aspects of a waiting area patients considered as 
important to their experience. They concluded that the paintings they chose to display in 
the clinic waiting room contributed positively to their outpatient experience. All these 
paintings were landscapes and nature scenes of local countryside and by local artists 
(Cusack, Lankston, & Isles, 2010). 

Social interaction - Sense of control. Suter and Baylin evaluated a program that enables 
long-term care patients to decorate their hospital room with an art print of their choice. 
Thirty-seven participants were interviewed to evaluate the program. The data suggest 
that art adds a personal touch to the sterile hospital environment, facilitates interaction 
between staff and patients, and provides positive distractions. Choosing a work of art also 
helps patients to regain a sense of control (Suter & Baylin, 2007)

3.5  Conclusion
This literature overview has identified a number of design strategies and interventions 
that can influence patient outcomes. Table 3.1 provides an overview of the relationship 
between the design of the physical environment and the improved outcomes. 
Environmental stimuli have an influence on the health of human beings, but the status of 
our knowledge about the relationship between particular aspects of the physical 
healthcare environment and patient outcomes is still in its infancy. Therefore it should be 
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noted that some relationships indicated in this table have not yet been tested in empirical 
studies.

As shown in Table 3-1 the strongest evidence was found with the ambient features on the 
healing process: nature views, daylight, coloured lighting and sound. The effects of 
daylight and nature views on patients are strong, especially on length of stay, sleep, 
depression or mood, and likely on pain. The same is true for coloured lighting where the 
effects are robust on improved sleep and depression. Sound has a reducing effect on pain 
and stress. Research on the effect of scent in healthcare environment is very limited.

Table 3.1   Overview of the effect of the physical environment on healing based  
on the review
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Ambient

Nature views ** ** * * *

Daylight ** ** * ** ** *

Colored lighting * ** **

Sound ** * **

Scents * *

Architectural

Single-bed rooms * ** ** ** **

Family zone * ** **

Windows * * * *

Interior design

Indoor plants * *

Furniture * *

Flooring *

Colors *

Art * * * *

*indicates that a relationship between a design factor and outcome was indicated 
**indicates that there is evidence indicated by multiple rigorous studies
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The effect of architectural features such as single-bed rooms and a family zone in the 
room is mostly related to social interaction and privacy. It has to be stated be stated that 
evidence about the effect of single versus multi bedded room use is still not clear, 
conflicting results are found. However, it became clear that single-bed rooms enhance 
privacy, social interaction with family members and patient satisfaction. A family zone also 
improves social interaction and patient satisfaction. The presence of windows is valued by 
patients because of the natural light they provide or the presence of a nature view. To 
achieve this the window size needs to be large enough which is not achieved in most 
hospital settings. In addition, it was found that if windows are not present a nature 
surrogate such as nature art and plants, are preferred to rooms without windows and to 
rooms with windows but no views. 

What is known about interior design features is that they create a sense of attachment, 
belonging and personal control with the surrounding, but if interior design features create 
a healing effect on patients is not known yet. The evidence found is limited and often not 
based on empirical studies. Research has been done on the effects of nature art on 
patients. These studies mainly talk about presenting photographs, virtual reality or slides 
of nature. If they have a positive effect it is not a big stretch to also propose that nature 
artwork might have an effect. However there are currently no scientific evidence 
supporting this. All these design strategies are to be considered when designing a patient 
room that will affect the health and well-being of patients. 

When designing a patient room it is also important to keep in mind Ulrich’s theory of 
supportive design. This theory states that the environment should be designed in such a 
way that the room promotes well-being by providing a sense of control over the 
environment, access to social support and access to positive distractions. Many of the 
environmental stimuli discussed in this overview can be used as positive distractions such 
as nature views, art and coloured light. One should also be aware when designing a 
patient room that the room gives a sense of control to the patient – so patients can 
change certain parameters of the room. Environmental stimuli that provide social support 
were single-bed rooms and family zones in the room. To avoid any negative effects from 
multiple patient rooms it would be wise designing for a single-bed room. Also because it 
is already a norm in the US and there is a trend in Europe to provide more single-bed 
rooms. 

The focus of this overview was on adding positive stimuli to the environment. A premise 
of healing environments is that the space must have (at least) a neutral status before 
experiential aspects can be introduced to improve the healing qualities of the environment 
(see Figure 3.1) (Mens & Wagenaar, 2009).



72 | Chapter 3

This means that clinical detractors or negative aspects must be removed before adding 
new products and processes. Otherwise the added experiential measures will not be 
successful in taking the environment past the neutral tipping point. This would indicate 
the priority of the issues for a given hospital, and thereby also the urgency and relevance 
of solution directions within the context of creating a healing environment. In addition 
one might say that the environment is perceived as a whole and that most research in this 
overview is focused on one variable, so is not saying much about the full impact of these 
healing environments on patients. Nevertheless this information is valuable when starting 
to design a patient room – it helps to know the underlying effect of certain environmental 
stimuli. In addition it was found that the number of environmental stimuli also seems to 
play an important role. It seems at least important to take into account the number of 
stimulae provided in the room and the stimulus sensitivity of the patients occupying the 
room. Apathetic patients need more stimulation, aggressive or vivacious patients need 
less stimulation. So just blindly putting all design strategies into one room might not be 
beneficial for patients, one has to take into account the capabilities, the pschyologic state 
and kind of ailment of patients. And last but not least, it is necessary to emphasize that 
adding these stimuli to the environment will cause small and subtile effects on the health 
and well-being of patients. One needs to be aware that a good medical treatment and 
good care provided by the nurses will have a much bigger impact on patients (Mens & 
Wagenaar, 2009). First and foremost, a patient room has to be designed to be able to 
provide high quality care and not influencing the patient in a negative way. This overview 
has collected evidence that the environment could also have a positive impact on the 
patient. 

Figure 3.1  Adding positive stimuli to the environment (Mens & Wagenaar, 2009)

Neutral experienceCurrent (standard) Healing environment

0- - + + 
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4  Insights from the field

4.1  Introduction
The previous chapter gave an overview of the effects of a variety of environmental stimuli 
on patients’ health and well-being researched in Evidence Based Design (EBD). According 
to EBD, understanding the effects of physical environmental stimuli in healthcare facilities 
will allow to create environments that will affect the health and well-being of patients. As 
mentioned in the introduction, quantitative methods such as EBD tend to be removed 
from the actual design context. They provide scientific evidence, but may not give insight 
in the context of use for a solution. Qualitative research can provide deeper knowledge 
about the context of use. 

The Experience Driven Design (EDD) process prescribes that experience goals need to be 
co-constructed with users through an iterative design process (Hassenzahl, 2010). As a first 
step it is crucial to understand the user and the context in which the user operates. In a 
healthcare context, there are ranges of patients with different and maybe common needs. 
So far little attention has been paid to research on the experience of hospitalized stroke 
patients from their point of view. Stroke patients’ descriptions of their experiences during 
hospitalization can help in adjusting the healing environment to their specific needs. 
Furthermore the findings may assist in altering the environment to improve stroke 
patient’s recovery and in helping them to adapt to their deficit. 

4.1.1  Stroke
The focus of this research is on the hospitalized stroke patient. Stroke is a term used to 
describe a sudden neurological deficit within the brain. A stroke, sometimes referred to as 
a cerebrovascular accident (CVA) is a rapid loss of brain function due to a disturbance in 
the blood supply of the brain. This can be caused by a lack of blood flow to the brain 
caused by a blockage or a haemorrhage (bleeding) (Sacco et al., 2013). When that happens, 
a part of the brain cannot get the blood and oxygen it needs, so brain cells die (American 
Heart Association, 2015). 

Why stroke? Acute stroke is one of the leading causes of morbidity and mortality 
worldwide. After cardiovascular disease and cancer, stroke ranks as third most common 
cause of death in industrialized countries. In 2010, worldwide prevalence of stroke was 33 
million, with 16.9 million people having a first stroke. Stroke as the most important cause 
of morbidity and long-term disability in Europe imposes an enormous economic burden 
(Jauch et al., 2013). Stroke has an acute phase followed by slow recovery. Therefore stroke 
patients typically stay long in hospitals and rehab centres. (Russo & Andrews, 2008; 
Truelsen et al., 2006). In addition to the event which leaves the patient experiencing loss of 
abilities, he is also submitted to complex nursing and medical interventions. A patient is 
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confronted with a number of health care providers, most of whom he does not know.  
A stroke patient experiences stress on a variety of levels. Stroke patients often see the 
event as an intensely personal experience and feel detached from their body. Healthy 
people having a stroke can suddenly become very ill patients. During the initial evaluation 
of the stroke, participants describe extreme shock and fear when they feel their body is 
abandoning them. The stroke turned “everything upside down” said one of the patients 
in Lobeck’s study (Burton, 2000; Doolittle, 1988, 1991; Hafsteinsdóttir & Grypdonck, 1997; 
Lobeck, Margarita; Thompson, Andrew R; Shankland, 2005). 

4.1.2  Diversity of patients
Stroke patients suffer from brain trauma after having experienced a stroke, which typically 
limits their abilities significantly. Having a stroke has a large impact on patients physically, 
cognitively and also emotionally during hospitalization. The extent and precise location of 
the damage is unique for each individual patient. Consequently, all functioning that 
remains intact and all observed behaviour are individual and specific to each stroke 
survivor. Stroke patients experience significant shifts in abilities within a day and between 
days (Cole E. , 2011). 

Physical problems. Common physical effects of a stroke are weakness, numbness and 
stiffness. Physical conditions that might appear after a stroke are: dysphagia (difficulty to 
swallow), fatigue, foot drop, hemiparesis (muscle weakness at one side of the body), 
incontinence, pain, paralysis (one of the most common disabilities), seizures and epilepsy, 
sleeping problems, spasticity and vision problems. The most frequently reported losses 
perceived by stroke patients are loss of physical activity and loss of mobility (Hafsteinsdót-
tir & Grypdonck, 1997).

Emotional problems. Many effects of a stroke are physical and easy to see, but there can 
also be hidden effects like emotional changes. Having a stroke has an emotional impact 
on the patient which can lead to experiencing fear, anxiety, frustration, anger, sadness and 
a sense of loss for the changes they have experienced. A very common post-stroke 
condition is depression in varying degrees. In addition, pseudobulbar affect makes it more 
difficult to control their emotions - an outburst of uncontrollable crying or laughing is a 
common post-stroke condition. 

Cognitive problems. Damage to the brain after a stroke can also cause many cognitive 
changes. Cognitive problems caused by a stroke can be grouped into the following 
categories: motor impairment (apraxia), sensory deficits (tactile agnosia and tactile 
neglect), language impairment (aphasia), visual impairment (agnosia and visual neglect), 
memory impairment, and deficits in executive functions. Agnosia is the inability to 
interpret sensations and hence to recognize things. Apraxia is characterized by loss of the 
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ability to execute or carry out learned purposeful movements. A neglect syndrome is a 
condition in which, after damage to one hemisphere of the brain is sustained, a deficit in 
attention to and awareness of one side of space is observed. It is defined as the inability of 
a person to process and perceive stimuli on one side of the body or environment that is 
not due to a lack of sensation. Aphasia is the loss of the ability to transfer thoughts into 
words and sentences due to brain damage. Depending on the area and extent of the 
damage, someone suffering from aphasia may be able to speak but not write, or vice 
versa, understand more complex sentences than he or she can produce, or display any of 
a wide variety of other impairments in reading, writing, and comprehension. Executive 
functions are a set of cognitive processes including attention control and working 
memory. These functions are required for other cognitive functions and behaviours such 
as reasoning, problem solving and planning. 

4.1.3  Elderly population
A stroke can happen at any age, but only about a quarter of strokes happen in people 
aged under 65 years (Go et al., 2014; Truelsen et al., 2006). The risk of having a stroke more 
than doubles each decade after the age of 55. Most strokes happen within the elderly 
population, because of that their changing capabilities should be taken into account. As 
people grow older, their abilities change. This process of change includes declining of 
several factors such as perception, cognition and movement control. 

Vision. Vision loss affects many people, but in general the occurrence of vision loss 
accelerates after age 65. Elderly develop deficits in basic visual functions such as light 
sensitivity, near vision, depth perception and dynamic vision. They all have common 
difficulties such as seeing in dim light, reading small print, distinguishing similar colours, 
recognizing details from a cluttered background, and coping with glare. Low contrast 
images are hard to distinguish for aging adults and they may have difficulties with a dark 
background. Alan Welford describes these age-related changes as an information channel 
which is noisier than a channel from a young healthy user (Fisk, Rogers, Charness, Czaja, & 
Sharit, 2004). 

Hearing. The ability to hear may affect the way people interact with systems and how 
they function in certain environments. In the US, about 2 percent of adults aged 45 to 54 
have disabling hearing loss. The rate increases to 8.5 percent for adults aged 55 to 64. 
Nearly 25 percent of those aged 65 to 74 and 50 percent of those who are 75 and older 
have disabling hearing loss (Communication Disorders National institute on Deafness and 
Other, 2016). In the Europe, roughly 30% of men and 20% of women were found to have a 
hearing loss of 30 dB HL or more by age 70 years, and 55% of men and 45% of women by 
age 80 years (Roth, Hanebuth, & Probst, 2011).
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Tactility. Tactile discrimination of adults does not change significantly when people get 
older. In contrast to visual and auditory senses, performance only starts to decline after 
the age of 70. But tactile discrimination continues to function quite effectively, even in the 
oldest age group (Steenbekkers & Van Beijsterveldt, 1998). 

Cognition. Cognition is the process where the brain receives information from sensory 
organs such as eyes and ears and transforms, stores, recovers and uses that information. 
Our brain consists of a short-term memory, also called working memory, and a long-term 
memory. The short- time memory keeps information from the world active for a short 
period of time until we need to use it. It is well known that the working memory declines 
with age. Older adults tend to rely more on environmental support for memory processes. 
This means that they need some kind of cue to start an action to achieve a goal. The 
long-term memory will keep more long term knowledge, such as information, we learn 
over a long period. One type of long-term memory is the semantic memory. This memory 
stores all the information we learn over a lifetime. This memory appears not to decline 
over time. But one should be aware that older adult mental models of how things should 
work differ from younger individuals, not because they are older but because they had a 
different experience (Fisk et al., 2004). Another type of long-term memory is prospective 
memory. This memory will make you remember to perform an action in the future. 
Everybody has a time-based prospective memory and an event-based prospective 
memory. An example for time-based memory is to remember to take medication at 8 
o’clock. An example for event-based memory is to remember to take medication after 
having dinner. Age-related declines are bigger for time-based than in event-based 
prospective memory. Therefore, when designing a patient room, it is important to keep in 
mind to make a design that triggers the event-base prospective memory. Although 
evidence suggests that older people have the capacity and the desire to learn to use 
technology, learning becomes slower with age. This factor can be addressed by sufficient 
training (G. Demiris, Finkelstein, & Speedie, 2001; George Demiris et al., 2008). 

Movement control. Movement control is the way people carry out an action on the basis 
of perception or cognition. These kinds of actions require the coordination of muscles of 
some type. Older adults are more likely to suffer from a decline in movement control 
because of arthritis and tremor. Movements made by older adults tend to be less precise 
and vary more than those made by young adults (Fisk et al., 2004). Older adults also 
respond more slowly than younger adults do. 



 Insights from the field | 81

4

4.1.4  Stroke care flow
The stroke care flow consists of three phases: 
· Hyper-acute
· Acute 
· Post-acute

Phase 1 of the stroke care flow, the emergency or hyper-acute phase, encompasses the 
first 3 to 24 hours after onset of stroke. This phase generally incorporates the prehospital 
Emergency Medical Services (EMS) and Emergency Department (ED) care protocols.  
The focus lies on identifying stroke symptoms and infarct location and determining 
treatment options. Phase 2 includes acute care, which covers the period from 24 hours  
up to days after onset of stroke. The main goal is clarifying the cause of stroke, preventing 
medical complications, preparing the patient and family for discharge, and instituting 
long-term secondary prevention modalities (Summers et al., 2009). Phase 3 of stroke care, 
the rehabilitation phase, addresses the provision of rehabilitation services after a hospital-
ization for an acute stroke (Higashida et al., 2013). 

The focus of this research is specifically on stroke patients with the emphasis on inpatient 
environments patients find themselves in during the post event recovery process. 
Therefore, the acute phase will be discussed in more detail in the following section. 
Currently the American Heart Association (AHA) recommends the use of comprehensive 
specialized stroke care (stroke units) that incorporate rehabilitation. A stroke unit (SU) is 
often part of a neurology department. At a stroke unit specialized staff works with a multi-
disciplinary expert approach to treatment and care. The core disciplines present should be: 
· Medical
· Nursing
· Physiotherapy
· Occupational therapy
· Speech and language therapy 
· Social work

A stroke unit should consist of two parts operated by the same team: acute stroke 
monitored beds and non-monitored beds. The acute stroke monitoring beds and the 
non- monitored beds should be in the same stroke unit and managed by the same multi- 
professional SU team. In the first period after admission, the patient receives acute 
monitoring. The monitored beds allow for 24-hour monitoring of vital signs. Most patients 
should be admitted to the monitored SU beds until stabilization. This means a minimum 
of 24 hours of monitoring. The average stay of the patient in the first part is 72 hours 
(Ringelstein, Busse, & Ritter, 2011). After the monitoring period the patients are shifted to 
the post-acute step-down stroke unit beds within the same ward for further management, 
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diagnostic work-up, secondary prevention and early mobilization and rehabilitation.  
The care focuses on continued stabilization of the stroke patient through frequent 
evaluation of the neurological status by the stroke nurses, blood pressure management 
and prevention of complications. Medical management focuses on establishing the cause 
of the stroke, prevention of treatment related complications and evaluation of secondary 
prevention strategies. In addition, an early assessment of therapy needs, takes place. 

4.1.5  Goal contextual research
The primary goal of the first study is to understand stroke patients, family and caregivers 
experiences of in-patient care environments. The secondary goal of the research is to 
identify the role the environment plays during the process of being treated for and 
recovering from a stroke and to investigate the aspects of the healing process that can be 
supported by the environment. 

Identifying the experience was approached from three angles: 
· From the activities of the patient and other stakeholders over time
· From the relationships and interactions between the patient and stakeholders
· From the environment and the way it is interacted with, and perceived by the patient 

and other stakeholders

By looking at the experience from these three angles, it is possible to highlight and 
understand the links between different aspects of the experience, and achieve a well 
balanced view of the stroke care process and its most important issues, opportunities and 
experience goals. 

Figure 4.1  Focus contextual research
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For the research the primary focus is on the acute phase when the patient is hospitalized 
after the acute stroke event. Understanding the patients’ experiences also during the 
hyper-acute and post-acute phases are investigated on a high level because the 
experiences of patients are influenced by past events and the expectation of future 
events. Therefore, the transition between environments and phases will also be 
investigated. Figure 4.1 indicates the main stakeholders and environments for the primary 
and secondary research focus. 

4.2  Methodology
Within the literature of the experience design community, numerous micro-methods are 
documented by various practitioners under the collective banner of “field studies” or 
“contextual research” (Spool, 2007). The two methods that are most prevalent and most 
representative of these field studies are Contextual Inquiry and Participant Observation 
(Beyer, 1998). Participant observation serves almost as a blanket method covering all 
aspects of contextual research such as interviewing, observing or context mapping (B. 
Martin & Hanington, 2012). Contextual inquiry is a field research method used in 
user-centered design. A contextual inquiry interview is usually structured as an 
approximately two-hour, one-on-one interaction during which the researcher watches 
the user perform their normal activities and discusses their observations with the user. For 
this study a set of research techniques has been applied in order to capture the experience, 
transitioning the role of researcher as an observer to a participatory approach with 
integration of the caregivers as creators of the research data (Goodman et al., 2012; B. 
Martin & Hanington, 2012). These techniques include: 
· Shadowing
· Observation 
· Interviewing

They allow all stakeholders to describe their experiences and to obtain a voice in decision- 
making. 

4.2.1  Set-up of the study
During the exploratory visits a combination of techniques was used. We always started 
with a guided tour, followed by the main field research: shadowing stakeholders, doing 
observations, environmental analysis, and interviewing stakeholders. During all these 
activities, we simultaneously analysed all the data. We always ended our field study with a 
multi-stakeholder session where we confronted the stakeholders with our draft experience 
flow. These techniques are discussed more in detail in the following paragraphs.

Guided tour. Every field study started with a guided tour. This is not just an introduction 
to the different spaces, but also an introduction of the workflow and the experiences of 
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stakeholders in the environments. The guided tour is given by a ward manager or similar, 
with a broad overview of the department. The tour is preceded by a briefing and a short 
explanation of the intended objectives to the clinical staff in charge. 

Shadowing. The goal of shadowing (see Figure 4.3Figure 4.2) is to understand the care 
experience from the perspective of a particular person in a particular role by observing 
the stakeholders’ activities, movements, interactions with others, interactions with 
different equipment, and interaction with the environment. A pre-determined stakeholder is 
followed while documenting the experience. The researcher tries to stay in the background 
aiming to understand the actions and interactions of the participating stakeholder. 
Sometimes a researcher may ask the stakeholder to speak out loud as he or she goes 
through the experience, in order to explain what is happening. In this way, a better feeling 
of the stakeholder’s mind-set and of the process is gained. 

Figure 4.2  Guided tour

Figure 4.3  Shadowing day and night
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Observations. In addition, observations in different care environments were carried out 
as well as rapid consultations with different stakeholders that were present in these 
environments (Figure 4.4). These informal encounters enrich and verify the findings from 
the shadowing activity. The objective was to understand the activities in the spaces as 
they happen, including interactions with individuals and equipment. Through this we got 
an understanding of the main spatial issues and the interaction between the involved 
stakeholders in the space.

Interviews. Semi-structured one-on-one (or paired) interviews with patients and family 
separately, and with staff, specialists and other stakeholders were conducted (see Figure 
4.5). The goal of the interviews was to get a better understanding of the experience of  
the key stakeholders within the selected spaces, and to get insight into the person’s 
mind-set, motivations, needs, and emotions. Through this we also got an insight into 

Figure 4.4  Observations in different care environments

Figure 4.5  Conducting interviews
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relevant activities and experiences that cannot be observed on site, such as family life at 
home, and looking for information.

Multi-stakeholder session. During the visit all the findings were documented and 
continuously analysed. At the end of each visit a draft experience flow was created to use 
in the next step: the multi-stakeholder session (see Figure 4.6. This is an interactive session 
facilitated by the research team, with the staff and other stakeholders. The objective of  
the multi-stakeholder session is to validate and improve the draft patient experience flow. 

4.2.2  Participants
Contextual research was carried out in the neurology departments of two hospitals: one 
located in the Netherlands and one located in Belgium. Both hospitals were recruited via 
personal contacts in the hospital. One hospital was a general hospital with 405 beds 
serving a diverse population. The hospital is located in the center of the town and is easily 
accessible. The neurology department is situated in the new part of the hospital and 
opened its doors in 2008. The department has a capacity of 30 beds, one Transient 
Ischemic Attack (TIA) room for day-care and a community room. The hospital is dedicated 
to people centric patient care, as defined in the Planetree model. The Planetree model of 
care is a holistic approach to healthcare, promoting mental, emotional, spiritual, social, 
and physical healing (“Planetree,” n.d.). 

The second hospital is an academic hospital. The hospital has more than 1000 beds for 
acute care and extensive services for ambulatory diagnosis, treatment and care. Patients 
come to the hospital for all kinds of treatments ranging from basic to highly specialized. 
Patient care, teaching, scientific research and providing services to the population are the 

Figure 4.6  Multi-stakeholder session
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main tasks of the hospital. The neurology department was built in the late seventies. It has  
a stroke unit with 4 beds and the ward has a capacity of 26 beds. 

4.3  Experience from the activities over time
To understand experiences of neurology patients, family and caregivers in in-patient care 
environments we had to understand the entire care flow of a stroke patient and the 
activities that happen over time. In addition it is also important to understand the activities 
that happen over the day in the neurology department. Both are discussed in the following 
paragraphs. 

4.3.1  Stroke patient’s experience of the care pathway
A stroke patient goes through a number of ‘phases’ in his experience (see Figure 4.7 and 
Figure 4.8), usually marked by an event or a stay in a particular environment. For the 
hospitals studied, patients enter through the Emergency Department (ED) and then go to 
the Stroke Unit (SU) where they are monitored up to 72 hours. After that, they are moved 
to the neurology ward and finally they are transferred to a rehabilitation centre, elderly 
home or home. 

Stroke onset. People can have a stroke at home, at work or at any public space. It is crucial 
for bystanders to immediately call the emergency medical services (EMS). Often patients 
are brought to the Emergency Department (ED) by taxi or own transport. Only in 50% of 
the cases patients are brought to the ED by an ambulance. Ideally the ambulance staff 
prompts triage, transports the patient directly to a centre with stroke facilities and notifies 
the hospital prior to arrival. 

For patients and family the moment of the stroke is terrifying. Patients often do not know 
what is happening to them. One patient described it like this: “I felt like my body was 

abandoning me the moment I had the stroke”. But also for family members it is a shocking 
experience: “I was shocked that my husband did not recognize me when the ambulance 

personnel tested his condition”. When patients have a stroke they experience a lot of fear 
and they feel like their world is falling apart. One occupational therapist expressed it like 
this: “Stroke is a very emotional experience. You were a perfectly capable person and you 

suddenly lose it.” One of the patients, who is a software engineer explained having a stroke 
like this: “When there is something wrong with the operating system of your body, it’s serious. 

When you have a stroke, suddenly your entire view on life changes. I have a mortgage and a 

young daughter”.

Diagnosis and treatment @ the emergency department. The focus in the ED is on fast 
throughput and stabilization of the patient. If a patient has an ischemic stroke it is 
important to administer a drug (thrombolysis) to dissolve the clot as fast as possible.  
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Figure 4.7  Experience of care pathway – part 1
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Figure 4.8  Experience of care pathway – part 2
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The time critical decision on whether or not to administer a thrombolysis creates a high 
time pressure on the stroke workflow. The aim in the ED is to administer thrombolysis, for 
patients who are eligible, within one hour, also referred to as the golden hour. Making the 
diagnosis is therefore a race against the clock, a puzzle to solve. Within the first ten minutes 
of arrival ED staff needs to determine a state of consciousness, evaluate the respiratory 
functions and oxygen levels, perform an ECG, investigate neurological deficits and paralysis 
(facial asymmetry, speech difficulties and motor deficit) and they should determine a time 
of stroke onset. The latter is crucial to determine if a patient is still eligible for thrombolysis. 
The most crucial examination that needs to be done is a CT or MR scan, to determine if the 
stroke is ischemic or due to a hemorrhage. The aim is to keep the door-to-scan time below 
25 minutes. In the ED the main stakeholders involved are: the ED nurse, the ED physician, 
and the Neurologist. The only focus of the staff is to examine the patient as fast as possible 
and diagnose. The ED nurses take care of the family and try to reassure them. The patients 
focus is really on themselves, not on the environment or what is happening around them. 
Often patients do not consciously experience the ED as one of the patients interviewed 
explained: “I can’t remember anything from the ED and my first day here. It’s a scary idea to be 

missing part of my memory.”

Transfer to the stroke unit. After a stroke, almost all patients are admitted to the hospital. 
The transfer to the neurology department takes some time. The neurology department  
is often not located close to the ED, so patients need to be transported through many 
hallways. If experienced consciously by the patient, the transfer can be a bit bewildering, 
as a patient indicated: “I felt like I have been everywhere in the hospital while being transported  

to the neurology department” The nurses are very calm and have an attitude of “wait and 
see” as one nurse explained it:”You never need to worry about the future. We don’t know yet 

what the condition of the patient is.” Patients experience a lot of fear, because they do not 
know what is coming. As one patient indicated:”When I came out of the elevator into the 

hallway, I was shocked to see all the rehab aids – I realized the situation was serious”.

Medical care @ Stroke unit patient room. After the hyper-acute phase, where stabilization is 
the main goal; the patient is transferred to the neurology department. At the neurology 
department the main goal is to further diagnose and treat patients. The first days a stroke 
patient stays in a specialized stroke care unit. The stroke unit (SU) is a medium care unit 
often located in the neurology department. It typically contains multiple beds (4-6) in one 
room and a nurse station located within that room. Features of a SU include continuous 
monitoring of physiological functions, high staff-to-patient ratio (typically 2:1 or 3:1 patient- 
nurse ratio), rapid access to diagnostic tests and treatment interventions. Nurses working 
in the SU have a specialization in stroke care. Rehabilitation is immediately started. While 
admitted on the SU, the patient is monitored closely to ensure that values such as blood 
pressure, oxygen saturation, blood glucose and body temperature remain within fixed 
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limits. The changes in neurological status are followed up regularly (every 6 hours) using 
stroke scales. In addition changes in level of consciousness are assessed by the nurses. The 
monitoring is ensured for the first 24 hours and can be prolonged up to several days.

Most patients are not very active. Patients submit themselves to the caregivers – “now 
take care of me.” For patients the constant monitoring and the constant presence of a 
nurse are often reassuring. As one patient indicated: “I found it reassuring that there were 

always people watching over me in the stroke unit.” The patients experience relief of being in 
a safe place, but on the other hand experience fear and insecurity, powerlessness because 
they feel their body has let them down and fear for reoccurrence of the stroke. As one of 
the neurologists indicated:”It’s often busy on the stroke unit at the central nurse station, 

however direct and immediate contact is important with these patients.” In the stroke unit, a 
patients’ focus is still on oneself and not on the environment. Often patients are exhausted 
and experience sensory overload as one patient mentioned: “The stroke unit was very busy. 

There were a lot of people. I felt restless”. 

Medical care @ neurology Patient room. As soon as the state of health of the patient 
allows it, the patient will be transferred to a patient room in the neurology ward. 
Depending on a patient’s behaviour, needs and severity of illness, the decision is made 
where to put the patient: a single or multiple patient room. Patients will no longer be 
monitored and for some patients this is alarming. In the neurology ward the therapy 
continues. The length of a rehab session depends on government and professional 
guidelines for different illnesses diagnosed for the patient. While still in the stroke unit, the 
environment is not of high importance to the patients initially, but slowly they get more 
conscious about their environment. On the ward, patient and family do identify the 
advantages and disadvantages of the new room (e.g. view, space, location). Family 
members often decorate the room to make it more personal.

When being transferred out of a multi-bed stroke unit to a normal room patients often 
feel relieved because it is less busy and noisy, as one of the nurses mentioned: “When 

patients come from the stroke unit to the normal ward, the patients always say it’s so peaceful 

and quiet.” On the other hand the constant monitoring stops and for some patients this 
causes them to worry again. As one patient indicated: “The first night the door was open. I 

didn’t mind. It made me feel safe. I was very worried that first night.” Patients also become 
more and more aware of their condition, what they can and can’t do anymore. Some 
patients feel ashamed because of an increased dependency - they are no longer able to 
wash themselves or go to the bathroom themselves. Others loose a sense of decorum 
and are not self-conscious at all. Less severe CVA patients tend to feel bored. 
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Transfer to the rehab centre, elderly home or home. The patient is normally told a day 
in advance that he will be discharged. A fraction of the stroke patients recovers quickly 
and can go home, with, if necessary, additional therapy and home care. Some patients 
need more time to recover. Depending on the severity patients will be transferred from 
the neurology department to a nursing home with special attention to the rehabilitation 
of stroke patients or a specialized rehabilitation centre. 

Most patients are happy to be going home, as a patient indicated: ”A hospital is not a hotel. 

I want to leave as early as possible.” Some may experience some apprehension at having to 
manage on their own at home, especially if they have been in hospital for a long time 
where they were cared for. 

4.3.2  Experience of a day in the life of a hospitalized stroke patient
Often days look the same in both the stroke unit and the neurology department. Only the 
number of check-ups by the nurses differ. In the following section a day in the life of a 
patient will be described by means of five blocks: morning, mid-day, afternoon, evening 
and night (see Figure 4.10). 

A lot of stroke patients miss a consciousness of time - miss structure during their stay in 
hospital. A clear structure to the day is important for stroke patients to decrease the risk of 
disorientation and confusion. Giving orientation to neurology patients is currently done 
by hanging a clock and calendar in the room (see Figure 4.9) or by providing diaries. For 
the nursing staff, it is difficult to stick to a strict day structure, due to the unpredictable 
nature of care. For very structured patients this can be especially disconcerting.

Figure 4.9  Orientation aids
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Early Morning. In the morning around 6h00 the trolleys makes a lot of noise, as well as 
doors closing and arrival of the day shift nursing staff. This sometimes wakes up patients. 
In practice, patients are woken around 6h00 for their medication. The nurse will turn on 
the light if there is not enough light and then start the measurement. Waking patients up 
early in the morning is unpleasant for the patient, but for the staff “work just goes on”. 

Morning. In the morning it is very crowded in the ward because of several activities 
going on. The nurses open the curtains around eight so that all the care processes can 
take place: patients will get breakfast and are being washed. Nurses will help patients to 
brush teeth, wash, get dressed, and get out of bed. They try to encourage patients to do 
this themselves, even though patients have problems doing so. In addition, the auxiliary 
staff cleans the patient room daily and changes the linen. In the morning the doctor’s visit 
and therapy sessions are also planned. Patients are often waiting for the doctor coming 
by. A visit from the doctor is welcomed by most patients. However, the patient does not 
always understand what he explains. In addition in the morning therapy is given. Patients 
are anxious for the therapy session planned because they are confronted with their 
disabilities. During therapy attention is paid to activating patients. If they can be out of 
bed, that is preferable as they are more likely to be able to sleep well at night. Therapy 
plays an integral role in activating patients and giving them a normal day rhythm. 
Afterwards they often feel frustrated or angry because of the slow progress. 

Mid-day. The morning is found by many patients to be straining due to the amount of 
activity and people present in the rooms at once. Often patients are exhausted and after 
lunch patients are advised to rest for some time. 

Afternoon. In the afternoon visiting hours take place. Family visits are an important time 
for patients. They look forward to seeing family members and friends, to share their 
 accomplishments or fears and to feel supported and loved. Stroke patients indicate that 
visits of close loved ones are very important to them, but at the same time visits are also 
exhausting for them. Social contact with family and nurses is very busy so it is important 
to be able to judge the patient’s limits. This poses a dilemma: patients do not want to ask 
visitors to leave, although they are feeling exhausted. Visitors often do not realize this and 
patients find it difficult to express to the visitors that “it is enough”. Patients will sometimes 
signal a nurse that they are too tired and the nurse will ask visitors to leave, but often 
patients don’t dare to say this because they are afraid of the reaction of family members. 
Currently, it depends on attentive nurses to step in when they think that visitor presence 
interferes with the patients’ recovery. After loved ones leave, the patient often feels sad, 
isolated and separated. When the visitors leave, the patients have to pass the time 
themselves again. They watch TV, read a book, rest or sleep, or do exercises such as 
walking up and down the hallway. The calmer periods of the day are often characterized 
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by boredom, specifically for people who are cognitively able and are used to being very 
active during the day.

Evening. In the evening patients have some more time to rest. Often patients watch TV 
in the evening. Nurses prepare patients for the night. Patients tend to have trouble falling 
asleep and staying asleep through the night because they are worrying. 

Night. Night-time in the neurology ward is a time of frustration and fear. Many patients 
are not able to sleep, because they are worrying about the future. A nurse may try to 
reassure the patient, give them something to eat or drink. Sometimes a patient sleeps on 
their pillow or pillowcase from home to have the familiar comforting scent. In general, 
patients accept the fact that they cannot sleep well in a hospital as normal. 

4.4  Experience from the interactions
During the visit eight main stakeholders were identified (see 4.7). The interactions between  
the stakeholders will be discussed in the next paragraph in order to provide information 
about how the relationships between stakeholders influence the patient’s experience 
during the recovery process after a stroke in the acute phase in the neurology patient 
room. This is closely comparable to the interactions when staying in the stroke unit  
patient room. First the interactions between the patient and other stakeholders will be 
discussed. Secondly the interactions that take place around the patient between other 
stakeholders will be discussed (see Figure 4.11). Not all the possible combinations will  
be described but only those that are characteristic, important for the patient experience 
or causing issues. 
 
4.4.1  Interaction between patient and other stakeholders
Patient-family. Participation of the family is very important. They have to know how the 
patient is doing so they can support him. Patients usually look forward to visits of their 
family, to stay in touch with their life outside the hospital. However due to busier lifestyles, 
family members sometimes have less time available to visit patients. As one of the 
volunteers indicated: “Family is very important, but we live in a selfish society nowadays. 

Children often don’t have time to visit their parents.” Alternative media are used to stay in 
contact such as texting or calling.

Patient-therapist. Patients are disappointed when a therapy session is missed. The 
sessions help against boredom and allow for longer (social) contact with a person, as 
compared to the short but frequent contact with the nurse. Patients are generally 
motivated to do therapy as it makes them feel closer to going home. However, recovering 
from a stroke can be frustrating as progression is slow, so motivating is a big part of the 
therapist’s job. Patients need to see evolution of their abilities. Therapists try to explain 



96 | Chapter 4

why they are doing specific exercises, set expectations, understand the patients’ point of 
view and goals, and align with these. 

Patient-other patient. There are advantages and disadvantages to sharing a patient 
room. Whereas some patients value the company and support of another patient, there 
are privacy issues due to the small shared space and patients are worried about disturbing 
their neighbour. Conflicts can also occur because of sharing facilities such as the television  
and light sources in the room. 

Patient-volunteer. The volunteer tries to motivate patients to step back into real life and 
give them a happy feeling. She explains the medical side of their situation in an 
understandable way. But above all, she just talks with patients so they can relieve their 
feelings and express their worries and problems. 

Figure 4.11   Interaction mapping with other stakeholders and interaction mapping 
other stakeholders
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Patient-neurologist. One of the most common questions of patients is, “When is the 

doctor coming?” In principle every patient should see a doctor every day. It can be 
confusing for patients to have multiple doctors (resident, supervisor or specialist). Patients 
have relatively formal interaction with the doctor as compared to with the nurses. The 
doctor is the true ‘authority’ on the medical condition and treatment in the eyes of the 
patient. 

Patient-outside world. Patients value the contact with the world outside the hospital. 
They use their phone to contact friends and read/watch the news. Some patients have a 
laptop to use the internet to check email and look up information. 

Patient-nurse. Patients have most contact with the nursing staff. Besides general care 
and medication, nurses are there to reassure patients. Contact tends to be brief and 
fleeting though. Nurses mention that patients have become more assertive and critical of 
comfort issues than in the past, which can be frustrating for nurses. 

Patient-social worker. The social worker meets the patient in the stroke unit – often to 
the surprise and shock of the patient. Patients are often not aware of the severity of the 
situations and the need for help. The often are not open for this conversation. The social 
worker therefore arranges most of the practical issues with the family. 

4.4.2  Interaction between stroke team and family
Social worker-family. The social worker is responsible for solving social problems and 
questions of patients and family members on the ward. The social worker collaborates 
with the family to tackle practical issues with respect to returning home, ordering aids, 
ensuring a social support structure or finding alternative solutions for the patient (e.g., a 
nursing home).

Family-therapist. Family is more involved in the rehabilitation process than in the past. 
Therapists encourage the family to be present during therapy and be involved in daily 
activities such as supporting patients when walking and medical activities. This helps 
them to prepare for the discharge of the patient, to prepare the home situation and it 
allows them to see improvements. Therapists therefore also have a social role towards the 
family, they help them see the severity of the disease and prepare them for what could be 
coming. Because they build up a close relation often family members tend to more easily 
express their feelings towards the therapist. 

Family-nurse. Family interacts with the nursing team often as they are easily accessible 
during visiting hours. Where the doctors provide the clinical information, nurses try to 
involve the family by giving practical tips and tricks how to interact with the patient in the 
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hospital. Nurses also stimulate the family to bring items from home such as photos and 
objects to help patients feel more at home and a clock or calendar for patients when they 
are disoriented. 

Family-doctor. Family members can be seen as demanding by doctors, as they are 
always eager to get more information. Due to low availability of the doctors and lack of 
dedicated time to talk with family, this can lead to dissatisfaction amongst family and 
stress for doctors. Doctors express how important it is to involve the family in an early 
phase in supporting the rehabilitation and controlling risks factors. 

Doctor-volunteer. When the psychologist for the neurology ward left, the stroke unit 
doctor asked a former nurse whether she would be willing to chat with patients voluntarily 
to give emotional support to patient. The unit doctor is very pleased with the effects on 
the patient’s well-being. 

Doctor-doctor. Neurologist, rehab physician, physician assistant or ward physician are 
the main doctors working at the ward and in contact with the stroke patient. Doctors of 
different seniority have a teaching relationship. Doctors with different specialties ask each 
other for advice to reach new insights into the pathology of patients. 

Doctor-nurse. Doctors and nurses have an increasingly clear task division in the ward. 
Usually two teams support each other in the general care of the patient, but sometimes 
there are conflicts. For example family would like to talk to the doctors on a regular basis, 
but there is no time reserved for this in the doctor’s schedule. Nurses try to facilitate 
meetings between doctors and family but this is very difficult. 

Nurse-nurse. For nurses, the personal bond with the team is very important. They try to 
support each other wherever possible, in tasks and emotionally. They enjoy the human 
side of care: getting to know the patient. 

Nurse-therapist. Nurses often act as a kind of ‘buffer’ between patients and other clinical 
staff, such as therapists. They know best what the state of the patient is, so often therapists 
discuss with them to see what is possible before starting the therapy. 

4.5  Experience from the environment
Stroke patients have sustained permanent or non-permanent brain damage, which 
affects the way they behave and respond to their environment. Often the environment is 
not reassuring and makes patients and family even more fearful. One patient mentioned 
it like this: “When I came out of the elevator into the hallway, I was shocked to see all the rehab 

aids in the neurology department. I realized the situation was serious“. During the observations 
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we observed several aspects of the environment that could be important to take into 
account when designing for a stroke patient. 

Awareness of the environment. As described the patients go through a number of 
phases. In the first phase in the ED the focus is really on themselves not on the environment 
or what is happening around them. Patients cannot remember what has happened to 
them in particular moments during their hospital stay. While in the first phase the 
environment is not of high importance to the patients, slowly they become more 
conscious of their environment. When transferred to the normal neurology ward, patients  
and family sometimes start decorating their own room with cards, presents and items 
they brought from home (see Figure 4.12). 

Sensitivity to environmental stimuli. According to specialists, stroke patients have a 
low threshold for stimuli, certainly in the beginning of their hospitalization. They cannot 
shut out e.g., noises and light and may respond aggressively. Stimuli in the neurology 
department, such as light, noise, nurses running around and family visiting, are irregularly 
dosed. Too many stimuli can trigger aggression and restlessness. As indicated, patients 
start in a 4 bedroom high-stimulus stroke unit and later on move to a single or double 
room in the neurology ward. Neurologists and doctors we interviewed are aware of the 
effects of stimuli on sleep quality and impairment, but other than using this information 
to diagnose or judge the progression of the patient’s healing process, they are not 
personally involved in controlling or changing them. Often family members are not aware 
of the necessity of dosing stimuli load. They decorate the room with cards and drawings, 
while patients cannot handle this, as a nurse indicated: “It is nice that patients get lots of 

cards from family, but sometimes it’s too much stimulus for them. So I take some away.” 

Figure 4.12  Personalization of the environment
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Single versus multi-patient rooms. Both of the hospitals visited have a mix of single and 
multi-patient rooms. A lot of patients, especially those with cognitive handicap are not 
consciousness of time, miss structure during their stay in hospital. A multi-patient room 
may be beneficial for these patients as a nurse indicated: “Confused patients benefit from 

seeing the rhythm of activities of surrounding patients.” The allocation may also depend on 
the visiting family (e.g., loud, visiting many times). There are benefits to both single patient 
rooms (quiet, privacy) and multi-patient rooms (social contact, structure, safety). Sharing a 
space is difficult for some patients. The young patients typically appreciated a single 
patient room, because they find it more peaceful and private. Elderly patients often found 
a single patient room unpleasant because they miss the social contact with other patients 
and often feel isolated as a nurse indicated: ”A lot of older patients enjoy the social contact in 

a multiple patient room.” They may also associate the move with punishment for poor 
behaviour or as an indication that their condition is worsening or they are being moved to 
a room in which they will die. 

Supporting staff and patients’ needs. Task lighting is required during the day in the 
patient room for all clinical stakeholders and for the patient: for nurses charting next to the 
patient, nurses reading documents during transfer, nurses collecting blood samples for 
lab and giving medication, nurses working with supplies at sink, nurses washing the 
patient while in bed, doctors doing examinations, therapist administering therapy, 
patients reading books and patients trying to walk out of the bed at night. 

Nurses. At night, care activities of the nurses continue as normal. However, the lighting in 
patient rooms has not been optimized to allow for the nurse to do her job without 
disturbing the patient or surrounding patients from their sleep (see Figure 4.14). The light 

Figure 4.13   On the left the view of a stroke patient at the stroke unit and on the right a 
view of a patient in the neurology ward
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levels are too high during the night or early in the morning as one of the nurses indicated: 
“In the patient room I need to perform different tasks, I don’t need the bright light all the time.” 

Nurses are only given one option to turn on the light, which is too bright: “I just need to feel 

the vain when I take blood, I don’t need a lot of light. Just enough to see my instruments.” At 
night, the ambient lighting in corridors is kept low, yet feels too bright in comparison with 
the darkness outside. This might affect the sleep that patients are trying to get. 

Therapists. Environmental stimulus is a tool that can be used in therapy, e.g. distracting 
elements can be used to train concentrating on one activity or objects in the space can 
be used as obstacles while training walking skills. However, it is important that the 
therapist can anticipate or judge how many stimuli the patient can handle, and when to 
stop the therapy. If patients are in a multi-patient room, therapists do not go to another 
room to give therapy in a more peaceful surrounding even though they know patients 
can’t pay attention that well in a crowded and stimulus rich room. One of the interviewed 
speech therapists expressed it like this: “When patients are in a multiple patient room it is very 

chaotic and they can’t focus sometimes, but for us it is too time consuming to take them to 

another room. “

4.6  Experience goals
The goal of experience-driven design is to define what experience to design for. User 
experience goals concretize the intended experience to design for. In this study the 
experience of stroke patients was observed from three angles, from activities over time, 
from interactions with stakeholders and from the environment with the goal to find 
experience goals that could be supported with a possible environmental solution. They 
may assist in altering the environment to improve the stroke patient’s recovery and in 

Figure 4.14   Lighting conditions during the night - on the left when the door is left 
open on the right when a neighboring patient is treated
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helping them to adapt to their deficits. From all the learnings from the contextual research 
the following experience goals can be defined: dosing stimulus load over the stay and 
over the day, providing structure of the day and hereby also supporting waking up gently 
and undisturbed sleeping, addressing the need for information, providing social support 
and balancing between a clinical and personal environment. The experience goals will be 
discussed below. 

4.6.1  Dosing stimulus load
It was found important to take into account the number of stimuli provided in the room 
and the stimulus sensitivity of the patients occupying the room. Apathetic patients need 
more stimulation, aggressive or vivacious patients need less stimulation. The stimulus 
load should be dosed over the hospital stay and as well over the day. 

Dosing stimuli over the hospital stay. The amount and intensity of stimuli that a patient 
can handle in this environment depends a lot on the condition and phase of rehabilitation 
of the patient. Patients in the beginning of their rehabilitation process can often handle 
fewer stimuli, as one patient indicated: “I felt restless in the stroke unit.” Nurses know that the 
amount of stimuli is often too high as a nurse indicated: “Patients say it is all ok, but it is not 

ok that it is so busy in the stroke unit. This is just not good for patients.” Typically patients who 
just had a stroke are in need of a low stimulus environment, but as observed are not 
provided with such environment (see Figure 4.13). Often the need for low stimulus (low 
glare from daylight, ambient and task lights) is in conflict with the clinical schedule which 
requires certain lighting conditions such as for nurses charting the readings on paper 
(next to the patient), nurses reading documents during transfer and nurses collecting 
blood samples or giving medication. On the other hand, a high stimulus environment  
can help patients recover by providing stimulation of the brain. Therefor personalizing  
the sensory load for individual patients in the neurology department could be very 
beneficial to patients. Currently there is an irregular dosage of stimuli regardless of patient 
condition, which is tiring and distracting during therapy. For some patients, challenging 
them with stimuli is a good training, but it is again important to judge the individual 
patient’s limits. 

Stimulation to overcome boredom. Boredom is a problem in the neurology ward, 
certainly for patients who are getting better and have been in the hospital for a long time. 
Boredom can affect the patient’s perception of pain. There are very few measures taken 
on the ward to prevent or relieve patient boredom. Younger patients would like to be able 
to use a computer or internet and there is a need for social interaction with visitors, nurses 
and other patients. Visitors tend to keep patients quite occupied. CVA patients, as well as 
other patients in the neurology ward often suffer from pain. Being bored can worsen the 
perception of this pain, because the patients concentrate on the pain more. Nurses name 
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breathing exercises and distraction (e.g., watching TV, having social contact with someone) 
as ways to tackle the perception of pain, aside from medication.

Dosing stimuli over the day. Stimulus levels are also irregularly dosed over the day. 
There is a difference between morning and afternoon activities. During the morning 
there is a very high stimulus load due to the clustering of various clinical and auxiliary 
activities such as daily personal care, therapy, doctor’s visit, or cleaning. The morning is 
found by many patients to be straining due to the amount of activity and people present 
in the rooms at once, as one of the patients expressed: “It’s too busy in the morning. There 

are three people in my room at once!” This is in contrast with the afternoon where boredom 
is often an issue certainly for patients who are getting better and have been in the hospital 
for a long time. This boredom can affect the patient’s perception of pain.

4.6.2  Providing structure of the day
A lot of patients, especially those with cognitive handicap miss a consciousness of time. It 
is difficult to stick to a strict day structure for the nursing staff, due to the unpredictable 
nature of care. A clear structure to the day is important for stroke patients to decrease risk 
of disorientation and confusion as one therapist stated: “Patients with a cognitive handicap 

often miss a consciousness of time – we try to give them a clear structure.” Structure is also very 
important for patients in order to achieve a healthy sleeping pattern, to better handle 
rehabilitation therapy, and to consolidate their memories. A structured day schedule may 
help to create a good day/night rhythm. This contributes to their sleep quality. 

Waking up gently. Early in the morning the level of flexibility and improvisation nurses 
can work with is especially visible. Staff must wake patients for medication and care yet 
tries to be flexible with regards to the order of waking patients so they can sleep as long 
as possible. The wake-up experience for the patient is variable: he or she may wake up 
naturally by the daylight, later the patient may be woken for breakfast – being given a 
choice (positive experience), he or she may be woken for a check-up – a reminder of his or 
her role as a patient (negative experience), or he or she may wake up by a noise or sudden 
light – shocked or startled. In practice often, patients are woken around 6h00 for their 
medication. The nurse says “good morning”, will turn on the light if there isn’t enough light 
and then start the measurement. Waking patients up early in the morning is unpleasant 
for the patient, while for the staff “work just goes on”. 

Undisturbed sleeping. The emotional impact of a stroke influences wellbeing and 
ability to sleep, as a nurse indicated: ”When patients can relieve their worries by talking with 

me, they can sleep better at night.” Patients often feel ashamed to talk about their worries: “I 

didn’t tell the nurse I was worried and that I couldn’t sleep. They don’t need to know that.” 

According to specialists, therapists and nurses interviewed, it is very important for patients 
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to sleep well in order to avoid confusion and disorientation, to better handle rehabilitation 
therapies, and to consolidate their memories. Efforts are made to activate patients during 
the day to stimulate a healthy sleeping pattern. Not only psychological problems influence 
the quality of sleep but also physical problems (e.g., pain), and environmental issues (e.g., 
noise) as one patient indicated: “You are in the room with a stranger, so it’s always different 

then sleeping at home.” 

4.6.3  Having sufficient information
Patients expressed the need for information, as one patient indicated: “In the hospital you 

don’t know anything. For me information can be reassuring.” Getting no or insufficient 
information can cause an insecure and unsettling feeling, while too much information can 
be frightening as a neurologist indicated: “Too much information about treatments can 

scare people. We tested this by giving more or less detailed information. Patients who got more 

detailed information were more scared.” Also information should be given in such a way that 
patients understand and will remember it. Providing the patient information in a 
personalized way could therefore be very beneficial to the patient. Issues do arise in the 
case of patients with cognitive problems. Some have trouble understanding and 
remembering information given to them by the doctor. Also in the case of the discharge 
conversation patients can experience information overload. Although nurses try to talk 
slowly and calmly and pause to give patients the opportunity to ask questions, patients 
cannot handle the amount of information provided to them. Having family present can 
support the patient. Sometimes nurses can support by repeating information to the 
patient. It is also important to prepare patient and family for the period after leaving the 
hospital. It is very taxing for family members or the partner when a patient returns home 
and needs to be cared for. This is facilitated by involving the family where possible in 
therapy and care and by setting expectations. In addition patients and family are exposed 
to a number of stakeholders. For them it is often difficult to remember who is who. Often 
they feel embarrassed because they can’t remember the name of a doctor, specialist or 
nurse. They also feel insecure because they don’t know who is entering their patient room 
and feel embarrassed to ask. Medical stakeholders often forget to introduce themselves 
over and over again. 

4.6.4  Having social support
Social support has been described as emotional, informational and tangible support and 
is normally received from people in a social network and the family. While being in a 
hospital social contacts are limited. This is unfortunate, because the need for social 
support increases when an individual is hospitalized. Social contact with family and  
nurses is valued by patients, to prevent boredom and to give a feeling of contact with the 
outside world. They look forward to seeing family members and friends, to share their 
accomplishments or fears and to feel supported and loved. For patients it is therefore 
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important that visitors make time for the patient, but visitors often experience a hospital 
setting as a sterile environment and therefore don’t like to stay long in the hospital or even 
do not visit the patient, as one of the neurologists expressed: “The focus of the rooms is on 

medium care and not on going home. For example, there is not a lot of space for family in the 

patient rooms.”

4.6.5  Balance between clinical and personal environment
The right balance between a clinical environment and a personal environment needs to 
be achieved for all stakeholders in the neurology department. Currently family members 
decorate the room to make it more personal. On the other hand the patient rooms need 
to facilitate an optimal working environment for the hospital staff. Important items to take 
into account here is how to minimize the stimulus when clinical tasks are essential. 
Currently decisions to turn on ambient lighting, closing the curtains, switching the sink 
light on seem based on a general understanding of the environment to perform certain 
tasks but not consciously tailored to the sensitivities of individual patients at a given time.

4.7  Conclusion
From the contextual research six main conclusions on the role of the environment during 
the recovery for stroke patients have been derived. First, during their stay, stroke patients 
go through different phases (e.g. ED, stroke unit, neurology ward). Stroke patients 
experience these phases differently, ranging from unconscious (e.g ED and beginning 
stroke unit) up to conscious (neurology department). Focusing on both, the stroke unit 
and neurology department, as intended from the beginning of the research was confirmed  
to be the right approach. 

Secondly, stroke patients have sustained permanent or non-permanent brain damage, 
which affects the way they behave and respond to their environment. The amount and 
intensity of stimuli that a patient can handle in this environment is very dependent on his 
or her condition. Too many stimuli could lead to aggression and restlessness. This is 
especially a problem in the morning, when there is a very high stimulus load due to the 
clustering of various clinical and auxiliary activities such as daily care, therapy, doctor’s 
visit, or cleaning. Too few stimuli could lead to boredom. This is a huge problem in the 
neurology ward, certainly for patients who are getting better. Currently, the environment 
of the patient does not change during his or her stay, meaning that the environment that 
offered too much stimuli in the beginning of the stay could offer too little stimuli at the 
end of the stay. Over- and under stimulation can e.g. affect the patient’s perception of 
pain. A patient room that adapts the environment of the patient to his or her condition is 
therefore expected to be very beneficial to the patients. 
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Thirdly, the right balance between a clinical environment and a personal environment 
needs to be achieved for all stakeholders in the neurology department. Patients and 
family need personal spaces for privacy, to escape, re-energize, and relax, but it should 
also give them a clinical feeling whenever a medical action is performed. On the other 
hand the patient rooms need to facilitate an optimal working environment for the hospital 
staff. A patient room that adapts the environment to the activities of the present 
stakeholders is therefore expected to be very beneficial to patients, family, and staff. 

Fourthly, a clear structure of the day is important for stroke patients to decrease the risk  
of disorientation and confusion. Structure is also very important for patients in order to 
achieve a healthy sleeping pattern, to avoid delirium, to better handle rehabilitation 
therapy, and to consolidate their memories. However, it is difficult to stick to a strict day 
structure for the nursing staff, due to the unpredictable nature of care. Offering a structured 
daily rhythm in the environment of the patient could therefore be very beneficial to 
patients. 

Fifthly, patients express a need for information. Getting no or insufficient information can 
cause an insecure and unsettling feeling, while too much information can be frightening. 
Also information is to be given in such a way that patients understand and will remember it. 
Providing the patient information in a personalized way could therefore be beneficial to  
the patient. 

And lastly, stroke patients have physical , cognitive and also emotional problems caused 
by the stroke during hospitalization. These disabilities, such as visual neglect and aphasia, 
should be taken into account when designing for stroke patients so that a patient can 
experience the environment. The extent and precise location of the damage is unique for 
each individual patient, making it challenging to design for this diverse group. In addition 
it should be mentioned that the patient room will be focused on stroke patients of 65 and 
older which make up for almost 75% of all stroke patients. The changed capabilities of 
stroke patients and the specifics of an elderly population should be taken into account. 
Also the change in technology and their experiences with new technology. However, one 
has to be careful when designing for elderly stroke patients, not to only consider them as 
people whose eyesight, cognition, dexterity and hearing are so impaired that they are 
incapable of having any new experience and design a product that looks purely functional 
and boring. One must not only focus on the declining capabilities, without thinking about 
the appearance of the patient room. Too often designs for elderly or patients result in 
something like orthopaedic shoes – ugly and purely functional.
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4.7.1  Limitation of the study
Results might not be generalizable. Study was performed at only two hospital sides. 
The results are not generalizable, but helped us to give significant input about the 
experience of stroke patients in the acute phase. The learnings were used as inspirational 
material for the design phase.

Number of participants and locations observed. Contextual research is very flexible 
and unpredictable. The sessions with participants might flow in whatever direction 
participants take the researcher. It is therefore often difficult to indicate the precise number  
of participants or locations observed upfront, but also afterwards.  limitation of this 
research is the availability of that data of the exact numbers of stakeholders interviewed  
and the exact number locations observed.  
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5  The creation of an AHR

5.1  Introduction
This chapter discusses the last phase of the definition diamond. In this final phase the 
knowledge gained from the EBD literature and contextual research is combined and  
forms the basis for the concept ideas. In the early stages of developing for a user experience 
multiple design directions need to be efficiently prototyped and compared (Buchenau  
et al., 2000). The combination of experience goals and prioritized EBD strategies forms  
the input for a first set of concept ideas. The EBD strategies and experience goals are 
summarized again below: 

EBD strategies. As mentioned in chapter 3, the strongest evidence was found for the 
impact of the ambient features on the healing process: nature views, daylight, coloured 
lighting and sound. Research on the effect of scent in healthcare environments is very 
limited and was therefore not considered as a possible feature of the concept exploration 
process. Architectural features such as room layout, family zone or presence of a window  
are static features of a hospital room and can only be influenced when the hospital is 
newly designed or a major redesign is done. It was decided to focus the design on single 
patient rooms and make the design in such a way that it could be implemented in a single 
patient room without making drastic changes. What is known about interior design 
features is that they can create a sense of attachment, belonging and personal control 
with the surrounding, but whether interior design features create a healing effect on 
patients is not known yet. The evidence found there is limited and often not based on 
empirical studies. It was decided to focus on ambient features that could be deployed in 
a single patient room. 

Experience goals. The contextual research revealed several experience goals: dosing 
stimuli over the day, providing structure, wake-up gently, undisturbed sleeping, stimulation  
to overcome boredom, need for information, having social support, balance between 
clinical and personal environment and dosing stimuli over the hospital stay. It is obvious 
that some of these experience goals are related to each other such as dosing stimuli over 
the day and waking up gently. 

According to Suri (2003) a next step, confronting users and clients with prototypes for 
development and testing of ideas is a valuable step. Many items can be called a prototype 
varying from rough sketches to working systems. In the early stages, it is already valuable 
to visualize ideas with sketching and other simple techniques. Making ideas visible and 
conducting interviews helps to evaluate these first design ideas. The concepts are first 
paper prototyped and confronted with clinical stakeholders. Based on the input from the 
different stakeholders a decision is made on which concept ideas to focus further and 
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develop into a working prototype. This chapter first discusses the different concept ideas 
followed by the validation of the paper prototypes with clinical stakeholders and Philips 
business. It then concludes with the description of the design of the working prototype.

5.2  concept exploration
Based on the experience goals and EBD strategies several concept ideas were created and 
prototyped on paper. An overview is given in Table 5-1: 
· Sensory load (A)
· Daily rhythm (B)
· Sunny day (C)
· Skylight (D)
· Patient agenda (E)
· Night light (F) 
· Patient wall (G) 
· Nature view (H)

Table 5.1   Overview of how EBD strategies and Experience goals are combined in  
a concept idea
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Not all concept ideas take into account the EBD strategies and not all are based on 
experience goals identified in the field. There is also a difference in number of design 
strategies and experience goals taken into account per concept idea. In Table 5-1 all the 
EBD strategies and experience goals are shown, the blue rectangles each point to one 
concept. The bigger the rectangle the more EBD strategies and/or experience goals are 
targeted by the concept.

5.2.1  Description concept ideas
A. Sensory load. This concept creates an ambience in the patient room, which adjusts 
the sensory load to the status of the patient, such as the patient’s condition, recovery stage,  
pain level, fitness, body posture or activity. The concept comprises two steps: acquiring 
info of patient status (perceived level of pain or fitness, stage of recovery, amount of time 
after stroke onset) and creating an ambience with appropriate sensory load accordingly. 
The ambience will be created by adjusting the dimming level of the light, sound, visuals 
and the dynamics of an artificial nature view. 

B. Daily rhythm. This concept creates a dynamic atmosphere in the patient room that 
gradually changes according to the normal ‘rhythm of the day’ in the hospital. A basic 
dynamic atmosphere is created which supports the daily rhythm of the patient, for 
instance: gradual wake-up light, bright light and fresh morning atmosphere, a relaxation 
atmosphere after lunch, gradually changing to a resting atmosphere and a social 
atmosphere during visiting hours. The settings in the patient room can also be adjusted 
to detected interrupts and visits in the room (e.g., cleaning or doctor visit). 

C. Sunny day. As found in the literature study the presence of windows is valued by 
patients because of the natural light they provide or the presence of a nature view. To 
achieve this the window surface should be big enough and in most hospital settings 
these conditions are not often achieved. This concept enhances the colors in the view and 
the amount of daylight offered by the window in the patient room so that it always looks 
like a bright, sunny day. On cloudy days or in north-oriented patient rooms this solution 
would be helpful to provide extra daylight. The solution should adapt the colors in the 
view to make it look bright and sunny.

D. Artificial skylight. This concept is a virtual skylight, which shows the view on a blue 
sky, and is able to project artificial sunlight into the room. The skylight provides a dynamic 
lighting effect throughout the day mimicking an actual skylight. It can be applied in 
patient rooms, bathrooms, nurse stations and corridors to realize the benefits of sunny 
daylight for patients and staff.
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E. Patient Agenda. The patient agenda is an application on a tablet which provides a 
clear orientation of time and place, and visual overview of the day to the patient, showing 
planned doctor visits and interventions, and suggesting activities which optimally support 
healing. 

F. Anticipatory night light. The goal of this concept is to create soft light at night in 
anticipation of a nurse arriving at a patient bed (e.g., to check parameters) or a patient 
getting out of bed (e.g., to go to the bathroom). For nurses a soft light is created to support 
monitoring while being minimally disruptive for the patient, provide a gradual light 
transition from the corridor to the room and offer the ability to switch to task light or 
emergency light. For the patient the light will function as a visual orientation and a sense 
of time when the patient wakes up (e.g., a guide to the bathroom) and provide a warning 
to patients who are not supposed to leave their bed. 

G. Patient wall. The patient wall is a multi-functional display wall, which enables a patient  
to feel connected to home, family and friends. The wall will provide a collage of personal 
photos and images that can be uploaded by family and friends and in addition enables video 
communication with family and friends to involve them remotely during a doctor visit. 

H. Artificial nature view. Provide an artificial nature experience in the room by offering 
an artificial window with nature view, light, sound and scent. Sound and scent are added 
to turn the nature view into a nature experience.

5.3  Concept confrontation
The goal of this confrontation was to select concept ideas based on qualitative and 
quantitative feedback from clinical stakeholders and their strategic fit with Philips. The latter  
was taken into account to assure that development of successful ideas into products 
would not a priori be impossible. The concept ideas were presented to clinical stakeholders 
of the same hospitals where the contextual research was conducted. The participants of 
the first session were three neurologists and one stroke nurse. In the second session were 
four stroke nurses and one neurologist. The concept ideas were also presented to four 
Philips business stakeholders who were asked to judge the strategic fit. 

The presentation was set up as a focus group session. All participants were given a written 
description of the concept ideas with a visual representation of what the idea could look 
like (Figure 5.1). First, the concept idea was explained. After that, participants had to rate 
the concept individually on expected healing effect on the patient and expected effect 
on workflow. The scores were rated on a one-directional Likert scale (no impact to high 
impact). Every rating was followed by a discussion during which all stakeholders could 
express their opinion and give remarks about the different concept ideas. 
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5.3.1  Quantitative findings clinical stakeholders
All participants of the two sessions rated the concept ideas on their expected effect on 
healing and expected effect on workflow on a numeric scale ranging from 1 (having no 
impact) to 5 (having a great impact). Stakeholders were asked to rate the concept without 
consulting each other. Overall, all concepts were rated positively with the Patient wall, 
Daily rhythm and Patient agenda scoring the highest on expected healing effect and 
Patient agenda, Patient wall and Night light scoring the highest on expected (positive) 
effect on workflow. 

Figure 5.1  Examples of written description of concept idea

Table 5.2   Qualitative findings

Expected effect on healing Expected effect on workflow 

Hospital 1 Hospital 2 Average Hospital 1 Hospital 2 Average

A Sensory load 4.0 4.6 4.3 3.5 3.2 3.6

B Daily rhythm 4.3 4.6 4.4 3.3 3.4 3,.3

C Sunny day 3.0 3.3 3.1 2.8 3.0 2.9

D Artificial skylight 2.5 4.6 3.,5 3.8 3.8 3.8

E Patient agenda 4.5 4.3 4.4 4.5 3.6 4.0

F Night light 4.3 4.3 4.3 4.5 3.5 4.0

G Patient wall 4.5 4.9 4.7 4.3 3.5 3.9

H Nature view 2.5 4.3 3.4 3.0 3.5 3.3
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5.3.2  Qualitative findings clinical stakeholders
During the discussion stakeholders expressed their concerns and recommendations 
about the concept ideas. A general concern that stakeholders expressed for all concept 
ideas was the fact that the ideas were designed for a single patient room (as was the 
intention from the beginning). Many of them indicated that most of the rooms in their 
ward were still multi-patient rooms. They asked if it is possible to have two different 
atmospheres in a double patient room or to provide patients in a double patient room 
with different rhythms. A summary of the qualitative findings per concept is provided in 
the paragraphs below: 

A. Sensory load. Most stakeholders found this idea very useful but had concerns about 
the involvement of staff. They had the idea that initial implementation would require 
more involvement of the staff and would influence the workflow because they expect the 
need for explaining the use of the patient room to the patient. Stakeholders also believed 
this would lead to a higher satisfaction with the patient room, and there for the staff 
would be less disturbed. When asked if the system should run completely autonomously 
they preferred manual adjustments. In addition, they mentioned that the decision of 
which stimulus load to use should be based on a joined decision between nurses and 
doctors. 

B. Daily rhythm. All stakeholders saw this as a big advantage for patients. This idea would 
help patients to find structure. The different types of lighting conditions could have an 
influence on the mood of the patient. The room could be more pleasant for the patient 
and might cause better sleeping during the night because patients are kept awake during 
the day. This could be negatively influenced by disturbances during the day. A concern 
was that workflow is very unpredictable for staff, so the atmospheres should be able to 
change when needed for example for a doctor’s visit or during an acute event when more 
light is needed. Stakeholders indicated that this system should save time for the staff and 
not add extra work for the nurses. It was also mentioned that the atmosphere could also 
have a positive effect on the staff by influencing their behavior for example by being more 
aware of the resting time and taking that into account when performing certain tasks. 

C. Sunny day. Stakeholders were convinced that the sun has a big influence on the mood 
of patients. They saw this solution as easy to implement in their current hospital setting. 
But also concerns were expressed: the idea is very dependent on the current materials 
used in the patient room, the idea could cause confusion with the real weather condition 
seen from the patient room, it could also be seen as a deception and it could also give a 
fake impression for example when you have a cloudy day. 
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D. Skylight. Stakeholders were convinced that this would give a pleasant feeling to the 
patient. They suggested that this could also be applied in environments without windows 
such as examination rooms, staff rooms, bathrooms, toilets and waiting rooms. It would 
make the room feel more spacious. Main recommendations were that the Skylight should 
be dimmable and switchable according to patients conditions. In addition some 
stakeholders mentioned that the shadow should also be adjustable to make it more 
realistic. 

E. Patient agenda. Stakeholders indicated that patients often have the feeling that they 
are in the hands of someone else, that things change all the time and different staff 
members do not communicate. Therefore, this idea was seen as being very useful for 
patients. Several items were seen as useful: a clear agenda so the patient knows what is 
happening during the day, pictures of medical staff so patients could recognize who is 
treating them, the possibility of teleconferencing so family could be present during the 
doctor’s round. On the other hand, it is possible that family will not visit the patient 
anymore in the hospital because of this possibility. Other concerns that were expressed by 
the staff were: some clinical staff such as therapists do not work with a fixed schedule, the 
privacy of the patient should be secured, it may be problematic for patients with declining 
vision and comprehension, entering all the information will be time consuming for staff 
and will have a big influence on the workflow because patients will hold the staff 
accountable for certain actions, the Patient agenda needs to be synchronized with other 
systems such as EMR and would not be suitable for older patients and also not for aphasic 
patients. 

F. Night light. This idea was considered beneficial for the patient by reducing falling risks 
and would not intervene with the patient’s sleep when nurses were entering during the 
night. To reduce falling risks it was recommended to provide a lighting on the floor and to 
detect when patients were getting out of bed. If the concept would be able to send a 
warning signal to the nurse even before the patient fell this would be beneficial. 
Stakeholders believed this would fit together with concept B – so patients would not be 
disturbed when nurses were rounding. 

G. Patient wall. Social support is a very important part for the healing process of patients, 
therefore this ideas was seen as very important. Additional suggestions: The system 
should be integrated with the entertainment system, maybe also show rehab exercises on 
this wall, a possibility to have contact with family members or pets via video conferencing, 
show information programs or commercials on possible services patients can apply for 
such as home care aids and integrate this with the Patient agenda. 
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H. Nature view. Only displaying a nature view was not seen as very useful for the patient 
room but more useful for waiting rooms or examination rooms. Stakeholders expressed 
concerns that it might confuse patients when projecting this view through an artificial 
window and the confrontation with certain nature views they might never experience 
themselves anymore might be depressing. Maybe if shown on a normal screen that does 
not look like a real window this would be better. In addition, some indicated that the 
content you would provide should be suitable for a wide range of patients.

5.3.3  Strategic fit
Overall, all concepts were highly appreciated and considered in line with the Philips 
Strategy, with Night light, Sensory load, Daily rhythm, Sunny day and Artificial skylight 
scoring the highest (see Table 5-3). The business stakeholders also mentioned that the 
Patient agenda should be part of the Patient wall. In conclusion, none of the ideas had to 
be rejected a priori for lack of strategic fit.

5.4  Conclusion
Overall, all concepts were rated positively by the clinical stakeholders. 
With regards to healing effect, the highest scores were given to:
· Patient wall (average scoring of 4.7)
· Daily rhythm (average scoring of 4.4)
· Patient agenda (average scoring of 4.4)

Table 5.3   Strategic fit scores of the different business stakeholders (BUst)

BUst 1 BUst 2 BUst 3 BUst 4 Sum Average

A Sensory load 5 5 4 4 18 4,5

B Daily rhythm 5 5 4 4 18 4,5

C Sunny day 4 5 4 5 18 4,5

D Artificial skylight 4 5 4 5 18 4,5

E Patient agenda 4 5 5 3 17 4,2

F Night light 5 5 5 5 20 5,0

G Patient wall 4 5 5 4 18 4,5

H Nature view 3 5 3 5 16 4
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With regards to expected effect on workflow, the highest scoring concepts were:
· Patient agenda (average scoring of 4.0)
· Patient wall (average scoring of 3.9)
· Night light (average scoring of 4.0)

Interestingly, concerning workflow, none of the concept ideas were expected to negatively 
influence the workflow according to the clinical stakeholders. In addition, all concepts 
would also fit in Philips strategy.
It was decided not yet to focus on the Patient agenda, because of its expected dependency 
on the widely varying range of hospital EMR and scheduling systems. Based on the input 
from clinical stakeholders combined with the strategic fit, it was decided to continue with 
four main concepts: 
Sensory load renamed as Adaptable stimulus dosage
· Sensory load renamed as Adaptable stimulus dosage
· Daily Rhythm (with night light) renamed as Adaptive daily rhythm atmosphere
· Artificial skylight
· Patient Wall ( with nature views, sound and cove lightin)

5.4.1  Study limitations
Recruitment and selection of stakeholders. The concept ideas were presented to 
clinical stakeholders of the same hospitals where the contextual research was conducted. 
These participants might been already biased by the results of the contextual research 
which were presented to them in an earlier stage of the research and the concept ideas 
might be only applicable to their specific situation. Therefor more research is needed with 
different hospitals.
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6  The design of an Adaptive Healing Room 

6.1  Introduction
In the early stages, it is already valuable to visualize ideas by sketching and other simple 
techniques as we described in chapter 5. In the later stages, experience prototypes can be 
valuable to provide proof of concept. With high-fidelity prototypes, it is possible to go 
beyond usability and functionality and explore how the prototype can influence the 
experience. Using experience prototypes is useful for obtaining feedback from 
stakeholders at the earliest stage of innovation, where direct observation of the 
participants is desired, or where the prototype solutions are not yet compact or robust 
enough to implement in the field (De Ruyter et al., 2007; Van Loenen et al., 2010). Therefore 
it was decided to build the Adaptive Healing Room in a lab setting. 

Based on the feedback from the clinical stakeholders, as described in Chapter 5, it was 
decided to continue with designing and prototyping of an Adaptive Healing Room 
consisting of the following four main concepts (Figure 6.1 provides an illustration of the 
set-up):
· Artificial Skylight (AS) 
· Patient Wall (PW)
· Adaptive Daily Rhythm Atmosphere (ADRA)
· Adaptable Stimulus Dosage (ASD)

Figure 6.1  Illustration set-up of the Adaptive Healing Room
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After the first evaluation of the room itself, with clinical stakeholders and patients in the 
lab, (described in chapter 7) a patient user interface (UI) was designed and added to allow 
patients to change some of the settings of the room. Designing an interface for stroke 
patients is very challenging in view of the many physical and cognitive limitations that 
have to be taken into account. The design of the room solution as well as the Patient UI 
will be described in this chapter. 

6.2  Artificial skylight
Since in typical hospital environments it is impossible to give all patients sufficient daylight, 
particularly those in north or west facing rooms, or those in beds further away from a 
window, an Artificial Skylight (AS) was created that provides supplementary sunny white 
light and blue-sky views. Lighting standards for hospital prescribe a horizontal illuminance 
of at least 300 lux measured at bed level, which is relatively modest as compared to the 
natural, much higher illuminance outdoors (2000-10000 lux) (Giménez et al., 2011). 

The Artificial Skylight concept is a lighting solution that aims to create a realistic blue-sky 
view, and at the same time provide high quality white light in environments with no or 
limited access to daylight. The Artificial Skylight gives the impression of daylight entering 
the patient room through a skylight in the ceiling.  It is slightly recessed to enhance the 
impression of a real skylight. Through angle-dependent spectral filtering of the light the 
skylight appears blue when patients look at it from their beds, while beneath the luminaire 
white light is emitted providing the impression of direct sunlight. 

The Artificial Skylight must meet a number of design requirements. Firstly, it should be 
capable of generating > 2000 lx of white light at bed height for circadian effects to be 
expected (see Ch. 3). Secondly, perception tests showed that it should be large enough  
(at least 1.20m x 1.20m) to generate the experience of a real skylight. From the viewpoint 
of the patient in bed, the view should be similar to that of a blue sky, whereas below the 
skylight the light should be similar to that of sunlight at different times of the day, that is 
tuneable from warm white to cool white.  And finally, the entire lighting solution should 
preferably not exceed a height of 200 mm in order to fit in typical dropped ceilings, 
including the recess needed to enhance the impression of a real skylight. 

Several designs were made and tested. The final design is fully LED based and modular.  
It is 1.20m x 1.20m and built up from four 600 x 600 x 180 mm modules, which fit in 
standard T-bar dropped ceilings. For viewing angles larger than ~ 500 from the normal the 
view (and light) is blue, whereas for angles steeper than ~ 400 the light (and view) is white. 
The Artificial Skylight should therefore be positioned with its centre over the foot end of 
the bed for an optimal viewing experience.
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The Artificial Skylight can offer a light boost, typically between 10:30 and 12:30 hr. The 
light boost at high stimulus will produce600 lux blue light on the eyes of the patients 
(when the patient is sitting in an upright position of 45 degrees) and 2300 lux white light 
on the feet of the patient. The maximum level of the light boost depends on the mode 
setting (Low stimulus – Medium Stimulus – High Stimulus) chosen by the medical staff. 
The skylight follows the rhythm the ADRA system imposes (s).

During the light boost, the illuminance level at bed height, directly below the Artificial 
Skylight, is 2520 lx, with a CCT of 5560K. When the Artificial Skylight is correctly positioned 
above the foot end of the bed, the light that then falls on the eye of the patient when the 
head end of the bed is tilted up by 45 deg. is strongly blue-enriched (CCT = 9800K), at an 
illuminance level of 706 lx. 

6.3  Patient Wall
The Patient Wall (PW) is designed to house all electronics for the patient room. The PW 
contains two RGB light coves (above and below), two sound boxes integrated in the panel 
and three multi-media screens. The design of the PW takes into account several aspects: 

· Positioning. The PW is positioned on the wall so that wheelchairs or hospital beds 
cannot bump against the PW whenever moving in an out of the patient room (bottom 
edge > 1.00m from the floor) and so that the top part of the PW is easy to clean without 
needing the help of extra tools (top edge < 1.95m from the floor). 

· Symmetric position of screens. The symmetric position of the left and right screen 

Figure 6.2  Overview of how the skylight supports ADRA and ASD
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enables position switching of the OS and CS whenever a patient has visual neglect.  
By enabling the staff to choose where they position the clock they can train the patient 
by means of visual scanning training, which is a well-established training for patients 
with visual neglect. In visual scanning training therapists encourage patients to explore 
the neglected visual field by performing tasks on the neglected field side. For the 
central (nature view) screen a 46” display was chosen, 

· Clutter-free for low stimulus. The PW is designed in such a way that it covers the full 
width of the patient room to create a low stimulus environment. In addition the PW has 
a white colour which creates a quiet atmosphere in the room.  The screens are equipped 
with switchable glass and white display backgrounds for minimal contrast.  

· Easy mounting. The PW is designed such that it can be easily mounted in an existing 
patient room. The PW uses one power plug and one network connection.   

6.3.1  Multi-media Screens
The three multi-media screens are the nature view screen (NVS) in the middle, and left or 
right the orientation screen (OS) and connectivity screen (CS).

· Orientation screen (OS) is displaying a digital or analog clock depending on the 
patient capability to read digital or analog. In addition the date, name of hospital, and a 
welcoming word towards patients, e.g., “Good morning Mrs. Smith” are displayed on 
the screen. The intention of this screen is to give the patient sense of time during his 
hospitalization and increase hospitality by personalizing the room by adding the 
patient’s name. The clock should always be visible, so must be designed for minimal 
luminance during the night. 

· Connectivity screen (CS) is displaying pictures and drawings that family members and 
friends have uploaded. Patient can choose which picture they prefer to have on the wall 
by using the patient UI (see paragraph 6.6 – Patient UI).  

· Nature view screen is displaying nature views during the day. The content of the 
videos and images are aligned with the stimulus-adaptive environment with the goal to 
restore the relationship with outside and natural world for in-patients. The adaptive 
stimulus videos include landscapes that are universal in appeal and with the intention  
to reinforce the feeling of relaxation. The video’s and images created are window views 
with a static camera position. The videos and images are based on the prospect and 
refuge theory and Kaplan’s nature view requirements discussed in chapter 3. For an 
immersive experience, the nature view screen is preferably the maximum size fitting 
inside the PW (46” - 46”), with matching (27”) portrait mode monitors for the side screens.  
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The NVS and CS are switched off completely during the night to avoid disturbance  
from background light.

 
6.4  Adaptive daily Rhythm atmosphere
The Adaptive Daily Rhythm Atmosphere (ADRA) supports the daily rhythm of the patient 
during the different phases throughout the day by generating dedicated multisensory 
atmospheres through manipulating light, audio, and video parameters. Where needed, 
the atmosphere can adapt to specific interrupts and visits, for example, when a doctor is 
visiting or a cleaner starts working. It is assumed that by using ADRA, the potential negative 
effects of the rigid environmental conditions in the healing room will be alleviated, 
because the system provides a daily rhythm atmosphere that is synchronized with and 
optimized for the patient’s needs and the care agenda, and that intelligently adapts to 
deviations thereof. To implement this ADRA concept, a context-aware system has been 
designed and prototyped, based on sensor input concerning person location, patient 
activities, and time of day. The context aware system gives a notification to the patient on 
the middle screen of the PW whenever a staff member enters the room. The name, 
pictogram of the role, and picture will be displayed (Figure 6.5).

6.4.1  Different phases of the adaptive daily rhythm atmosphere
The goal of the Adaptive Daily Rhythm Atmosphere (ADRA) is supporting the daily rhythm 
of the patient. Therefore, ADRA will generate dedicated multisensory atmospheres (e.g., 
light, audio, and video) for different phases throughout the day. The following 8 phases 
are identified in the system: 
1. Waking up
2. Breakfast
3. Clinical care
4. Lunch 
5. Rest
6. Visitors
7. Going to Bed
8. Sleep 

Each phase has a defined period during which it is active. Note that the used times in the 
phase descriptions below are determined based on the actual timing used by one of the 
hospitals visited. Hospitals can of course adjust the scheduling to their needs. For a video 
showing the different phases, please consult (PhilipsResearch, 2011). The following pages 
contain scenario descriptions for the different phases. These phases are based on the 
existing phases a patient goes through during the day in the hospital.
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WAKING-UP (07:30 - 08:00)
At the start of the waking-up phase the 
room is still dark and all lights, video, and 
audio are turned off. The room prepares 
the patient for a gentle wake-up by 
slowly increasing the light level in the 
room, such that it mimics a sunrise. 
Once the light has been dimmed up to 
its final level, a nature view slide show 
appears on the screen in front of the 
patient and an audio file with singing 
birds is played. Just a few minutes before 
the scheduled wake-time, the window 
curtain furthest from the patient’s head 
will automatically open to allow natural 
outside daylight entering the room to 
light up the room without shining 
directly in the face of the patient. One 
minute later, the other window curtain 
follows. By the end of the waking up 
phase, the patient should be awake and 
be ready for breakfast and personal care. 

Figure 6.3  Waking-up phase
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BREAKFAST (08:00 – 10:00)
Because stroke patients sometimes 
have trouble with swallowing, a still 
picture of a nature view replaces the 
video content to avoid distraction. For 
the same reason the audio is muted. 
Because light is such an important 
factor in the recovery of patients and to 
gently prepare the patient for the 
clinical care phase to come, we slowly 
increase artificial light levels during 
breakfast. The light is also designed to 
be suited for personal care activities like 
washing and getting dressed. The Social 
Connectivity screen is also switched on 
and displays a slideshow with pictures 
and drawings from family and friends. 

Figure 6.4  Breakfast phase
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CLINICAL CARE (10:00-12:00)
During clinical care the artificial light 
reaches its maximum level. This light in 
the room allows the doctors to examine 
the patient and the therapists to provide 
therapy (see Figure 6.5). The light is also 
beneficial to the patient as it increases 
their concentration and gives an 
activating feeling which should enable 
them to better remember the doctor’s 
instructions and complete their therapy. 
Furthermore, sufficient light exposure 
during the day can reinforce a healthy 
sleep rhythm. During this phase, 
nothing will be shown on the screens 
and the privacy glass on the patient wall 
is switched on. SC is switched off.

Figure 6.5  Clinical care phase

LUNCH (12:00 – 13:00)
Just like during breakfast, a still picture 
of a nature view is shown and the audio 
is muted, to allow the stroke patient to 
fully concentrate on eating. The light is 
slowly dimmed from its maximum level 
to a level similar to that during breakfast. 
The SC is also switched on again and 
displays a slideshow with pictures and 
drawings from family and friends.

Figure 6.6  Lunch phase
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REST (13:00 – 15:00)
During rest one curtain closes to darken 
the room. The other curtain remains 
open to make a clear distinction 
between the afternoon rest and 
sleeping at night. During rest, the 
patient wall displays a video of a river 
with a mountain view with additional 
river sounds. The sound helps to mask 
noises in the corridor; the relaxing 
nature video should make the patient 
feel relaxed and reduce pain perception.

Figure 6.7  Rest phase

VISITORS (15:00 – 20:00)
In contrast to the clinical care setting, 
the visitor setting is cosy. We achieve 
this by creating coloured light from the 
light coves and generating a nature 
picture on the screen. In general, 
patients benefit from social contacts, 
and visitors tend to stay longer in 
patient rooms with a pleasant and cosy 
atmosphere.

Figure 6.8  Visitors phase



132 | Chapter 6

GOING TO BED (20:00 – 22:00)
The room prepares the patient for 
sleeping by slowly reducing the light 
level and removing most blue light from 
the room, as blue light especially has  
an activating effect. A movie of a sunset 
is shown and again restful sounds are 
played to mask the sounds of the 
hallway. 

Figure 6.9  Going to bed phase
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SLEEP (22:00 – 07:30) 
All the lights and the screens are turned 
off, except for the screen showing the 
clock. The clock has a black background 
to minimize luminance levels.  Sufficient 
darkness during the night reinforces  
a healthy sleep pattern. When a nurse 
enters the room the system automatically 
detects her and creates a dimmed lighting 
scene that allows the nurse to visually 
inspect the patient and check medical 
parameters if necessary. The lights 
automatically turn off after the nurse 
has left the room. For a doctor, a higher 
lighting level is used because the 
presence of a doctor in a patient room 
at night implies that the patient has a 
severe medical problem.

Figure 6.10  Sleep phase
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6.5  Adaptable stimulus dosage
This concept focusses on the fact that the number of stimuli should be dosed depending 
on the patient needs, which change throughout the recovering process of a stroke patient.  
The patient room is adapted such that the resulting luminance distributions and subsequent 
contrasts can be made minimal. The room can electronically only increase contrasts (and 
stimulus levels), so to reach a low stimulus mode, the basic room design and layout has to 
be low-stimulus. In order to help the patient orient in time and to minimize the risk of 
delirium, the patient is exposed to a gentle but clearly structured day/night rhythm with 
the ADRA system. In later recovery stages, it is important to stimulate a patient. Therefore, 
the patient room electronically adjusts the sensory load to the recovery state of the patient.  
We created a low, medium and high stimulus mode (see Table 6-1). The medical staff needs 
to indicate in which state the patient is, then the room will adapt accordingly. The Adaptable 
Stimulus Dosage settings are designed to optimally support healing, and include adjustable 
daylight, adjustable colours and artificial nature views for the patient wall, noise damping 
by using carpet tiles instead of traditional flooring, adjustable luminance and colour 
temperature (CCT) of the light sources in the Skylight, and adjustable sounds. The Low 
stimulus mode is designed for patients who cannot handle stimuli (yet); the atmosphere 
provided has low light level settings. The Medium stimulus mode is designed for patients 
who can handle some stimuli and High stimulus is designed for patients who can handle 
many stimuli, typically in the last period of their stay in the hospital.

6.6  Patient UI
The ADRA atmospheres have been designed based on the evidence found in healing 
environments literature discussed in chapter 3. They are automatically generated, depending 
on the time of day and phase of the workflow of the staff in the neurology ward. In that 
way, patients, often suffering from serious limitations in physical or cognitive abilities, do 
not have to worry about controlling the system. However, from literature we have learned 
that a feeling of control may itself have a positive effect on the healing process of the 
patient. Therefore, a user interface (UI) was created that allows those patients capable of 
doing so, to configure the different services of the patient wall: the theme of the nature 
views, the colour of the wall during visiting hours and the pictures of loved ones to be 
displayed on the Patient Wall.

A user interface for stroke patients must meet a number of stringent requirements due to a 
decrease of the patient’s cognitive and physical capabilities and the typically high age of 
these patients. The UI needs to be usable and have an appealing design for stroke patients 
of all ages so we need to take into account their declined and changed capabilities. Patients’ 
medical conditions vary greatly from one patient to another, and from day to day. Some 
patients find everything easy and understandable, whereas others have no clue what to 
do. It is therefore important to take into account these limitations when designing an UI. 
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The Patient UI consists of 4 views, a home page and the following three sub-views 
· Settings view
· Theme view 
· Social Connectivity view

These three views correspondingly refer to the lighting and sound settings, the artificial 
view content and the Social Connectivity content on the PW.

Table 6.1   Adaptable Stimulus Dosage overview

Low Stimulus Medium Stimulus High Stimulus 

General and 
cove lighting

Low light level  
and contrast

Medium light level  
and contrast

High light level  
and contrast

Patient Wall Orientation screen only Orientation screen, 
Relaxation theme and 
Family photos

Orientation screen, 
Relaxation Theme, 
Family Photos (with 
richer content)

Daylight 
window

No Yes Yes

View from 
window

No Diffused Yes

Skylight Max. 50%* Max. 75%* Max. 100%*

* Of 600 lux on the eyes of the patient (on selected times during the day)
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The Patient UI is designed to be rendered on an iPad, or similar size touch screen tablet.

6.6.1  Home 
When you switch on the device, you will see a home screen. The top part of the home 
screen shows a graphical representation of the Patient Wall, including the cove lighting 
colour and light level as well as the content on the displays. This part provides direct visual 
feedback to the user on any changes made to the settings, and remains visible in all views. 
At the bottom, arrows are available to browse through the views such as settings, theme 
and connectivity and select them. In between the two arrows there is also an ON/OFF 
button to switch the UI off as shown in Figure 6.11.

6.6.2  Settings
Patients can select the dimming level and the colour of the wall-washing cove lighting at 
the top and bottom of the Patient Wall, and can also change the volume of the sound 
system. When a setting is selected the circle around the button will be visually selected 
(coloured green). When a button is deselected the circle around the button will be visually 
deselected (coloured grey). The buttons are large enough so that patients with a paralysis, 
restricted hand movement or less control over hand coordination can still use the UI.  
After making a selection, the dimming level or colour of the lighting or the sound volume 
will change immediately on the PW in the patient room, but also on the graphical 
representation of the PW in the UI (see Figure 6.11).

6.6.3  Theme view 
This component allows the patients to choose the theme they want to see on the middle 
screen of the PW. Patients need to press the arrow to the left to go from the settings 
component to the artificial view component. When the theme is selected the frame 

Figure 6.11   Patient UI with from left to right the home page, settings view, theme view 
and connectivity views
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around the picture will be visually selected (coloured green), when the theme is deselected  
the frame will be visually deselected (coloured grey). Patients can select the theme by 
tapping on the grey button next to the theme. After selecting the theme, the theme will 
immediately appear on the PW in the patient room but also on the artificial view area 
(centre screen) in the representation of the PW in the UI. There will also be a green line 
around the selected theme. The colour green has a good contrast with a black background,  
this is important to discriminate the parts that are selected. 

6.6.4  Social Connectivity view
Pictures and drawings to be shown on the PW can be selected by the patient in the social 
connectivity view. Patients can select the connectivity component by pressing on the left 
arrow on the bottom of the UI. They can browse through the selection of pictures and 
drawings by pressing the arrows on the pictures. When patients tap on the grey button 
on top of the picture, the picture is selected. The button will then also turn green. The 
picture can be deselected again by tapping the button again. Patients can select as many 
pictures as they like. They will be shown in a slide show on the Social Connectivity screen. 

A hospital room was created in our research laboratory in which we could implement the 
Artificial Skylight (AS), Adaptive Daily Rhythm Atmosphere (ADRA) and Adaptable Stimulus 
Dosage (ASD) and the patient UI forming the Adaptive Healing Room (AHR). The ADRA 
system in the lab is developed in such a way that every phase can be shown much faster 
than in reality and will be used for user studies in the next phases.
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7  Evaluation @ lab

7.1  Introduction
A hospital is a clinical setting, in which interventions are only permissible when they are 
fully functional. Stroke patients are typically severely ill who you do not want to confront 
with a prototype that is not yet fully functional. New innovations cannot interfere with the 
workflow of medical staff and established clinical procedures and protocols, which is 
difficult to access based on paper prototypes. In addition validations at field are very time 
consuming and labour intensive which makes it important to test a prototype without any 
flaws which is compact and robust. Therefore, we believed it was important and extremely 
valuable to pre-test all the concepts in the laboratory to optimize the design. A hospital 
room was created in our research laboratory in which we could implement the Artificial 
Skylight (AS), Adaptive Daily Rhythm Atmosphere (ADRA) and Adaptable Stimulus Dosage 
(ASD) and the patient UI forming the Adaptive Healing Room (AHR). The ADRA system in 
the lab is developed in such a way that every phase can be shown much faster than in 
reality. As stated in Chapter 2, experience prototypes can be valuable to provide proof of 
concept. With high-fidelity prototypes, it is possible to go beyond usability and 
functionality and explore how the prototype can influence the patient experience and 
impact on workflow. Hospital staff, care professionals and former patients were invited to 
participate in assessment and evaluation sessions. 

Stakeholder evaluation. It is crucial to take into account the feedback of medical 
stakeholders. As indicated in the introduction of this thesis and observed in the contextual 
research, many stakeholders are involved in the stroke care process. Clinical stakeholders 
such as doctors, nurses, therapists are influencing the patient experience by providing 
care. Patient experience is impacted by the interactions with the hospital personnel 
through their actions, attitudes and behaviors. The Adaptive Healing Room should enable 
them to provide good care, improve the interaction with patients and not interfere with 
their workflow. In addition medical stakeholders can give an indication of what the impact 
could be on patients healing process. 

Former patient evaluations. The room was set up in a laboratory environment where 
we could not invite critically ill patients this solution is aimed for. Therefor, former patients 
and spouses were invited to participate in the evaluation of the AHR and the UI. Because 
we tested the patient room and UI in the hospital laboratory setting and not in a real 
hospital setting, it was paramount to find a group of participants that could represent the 
hospitalized stroke patients. In cooperation with a nearby rehabilitation centre and the 
Dutch CVA association “Samen Verder”, a group of former stroke patients was recruited to 
participate in the evaluation of the patient room. 
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7.2  Evaluation with clinical stakeholders
The goal for the evaluation of the different phases of the Adaptive Daily Rhythm 
Atmosphere (ADRA), the Artificial Skylight (AS) and the Adaptable Stimulus Dosage (ASD) 
with the hospital staff was to obtain qualitative and quantitative feedback to determine if 
the different phases of the ADRA, the AS and the ASD are useful, usable and desirable for 
the healing process of the patient and workflow of the hospital staff. 

7.2.1  Participants
We invited medical staff from various departments from different hospitals, specifically 
the neurology, rehabilitation and geriatric departments, to our laboratory environment. 
They came in groups of 2-4 persons per session. Each group consisted of participants of 
the same hospital department. Holding focus group sessions was selected to stimulate 
and learn from the discussion and interaction between the different staff members that are 
responsible for different functions in the same care process (e.g., nurses, doctors, managers).  
The participants came from four neurology departments (9 nurses, 5 neurologists and  
3 department managers), three rehabilitation departments (4 nurses, 2 rehab specialists,  
1 department manager and 2 therapists), and one geriatric department (2 nurses, 1 geriatric 
specialist, 1 department manager). We had 30 participants in total who had on average  
13 years of experience. 

7.2.2  Set-up of the laboratory hospital room
Figure 7.1 shows the set-up of the laboratory hospital room that was used for the 
evaluation. A moderator led the session. Two note-takers participated to write down all 
the verbal feedback provided by the participants. Participants were seated next to the 
patient bed, so they had a similar view as the patient. The moderator was standing on the 
left side and the note-takers sat by the table on the right in order not to block the view of 
the participants. The entire evaluation session took approximately 3 hours on average.

7.2.3  Methodology
After signing the informed consent form, the group of participants was taken to the 
laboratory environment where they were introduced to and could experience the AHR. 
When the evaluation session started, the participants, note-takers and moderator went to 
their allocated positions (see Figure 7.1). The participants received booklets with a set of 
questions. The questions addressed two main aspects:

- Expected influence on the healing process (i.e., the possible effect the concept/
phase has on the healing process of the patient, meaning faster recovery, better sleep 
and enhanced well-being)

- Expected influence on the workflow (i.e., the possible effect of such a concept/
phase on the working activities of the staff in the ward)
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During the session, we presented every concept (AS and ASD) and all the phases of ADRA. 
After every presentation of a concept or ADRA phase the participants rated the concept 
or phase anonymously on a 7 point Likert scale with bi-directional end-points (negative 
impact to positive impact). This was different then the scales we used to rate the different 
concepts (in chapter 5) which were one-directional. In addition to rating the phase in their 
booklets, they were asked to provide additional information on their ratings in writing. 
Upon completion of this task, their observations and evaluations were discussed in a 
plenary session. The two note-takers recorded this discussion. Afterwards the quantitative 
results were analysed with the non-parametric Kruskal-Wallis test. Significant effects were 
further analysed in a post-hoc Mann-Whitney test. This test was chosen because the 
Kruskal-Wallis test does not assume normal distribution which is unlikely for such small N 
values. 

7.2.4  Quantitative findings
In a first step, we analysed the ratings by department. Table 7-1 and Table 7-2 show  
the mean scores of the Impact on Healing and the Impact on Workflow per department 
as well as the overall means scores. The overall means range between 5.07 and 6.00 
indicating that the three different departments (neurology, rehabilitation and geriatrics) 

Figure 7.1  Set-up of the evaluation session
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rated all the implemented ADRA phases, the Artificial Skylight and the Adaptable Stimulus 
Dosage as having a positive impact on Healing and Workflow. No difference in scoring 
behaviour was found between the three departments, except for the Impact on Healing in 
the phase Visitors (Χ2=7.169; p<.05). Post-hoc Mann-Whitney tests revealed that the 
significant effect was caused by the fact that the neurology departments rated this phase 
significantly higher than the rehab centres (Z=-2.571; p=.010).

Next we looked at the data per function. Table 7-3 and Table 7-4 show the mean scores of 
the Impact on Healing and the Impact on Workflow separated by the different work 
functions, i.e., department manager, geriatrician, neurologist, nurse, rehabilitation 
specialist, and therapist. The scoring behaviour was found to be similar between the six 
different functions, except for the Impact on Workflow in the phase Lunch (Χ2(5) =16.264; 
p<.01). Post-hoc Mann Whitney tests revealed that this significant effect was due to the 
fact that nurses rated this phase significantly higher than department managers (Z=-2.344; 
p=.019) and rehab specialist (Z=-2.533; p=.011). Finally, although it was tested not to be 
significant, the negative impact scores of the therapists on Healing (mean score 2.50) and 
Workflow (mean score 3.00) in the phase Clinical Care need some additional elaboration. 
The therapists indicated that they preferred a warmer atmosphere to build up a relation 
with their patients. At the same time, it is to be noted that only 2 therapists took part in the 
study making it difficult to draw generalizing conclusions from this subset of data. 

7.2.5  Qualitative findings
The qualitative feedback of the participants was further elaborated on during the focus 
group sessions.

Hospital staff members indicated that they expected that the Artificial Skylight would 
stimulate the day and night rhythm for patients. Extra daylight would help lowering 
depression certainly at the rooms located at the North side of the hospital. One of the 
neurologists described it like this: “There is a feeling of contact with the outside world. This will 

have an effect on the patient.” According to them, this would have a positive effect on the 
psyche of the patient. When patients feel better, they would in general react more 
peaceful and therefore the nurse would have a better interaction with the patient. The 
patient would cooperate with the nurse faster, and be more cooperative in general 
because he could deal with more stimuli. According to the participants the AS would also 
create a better work environment, because the effect of the AS would be the same for the 
nurse as for the patient, as one of the nurses described it: “It gives a nice feeling to work in 

this environment…”.
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According to the hospital staff members the ADRA phases were a good example of a 
 patient-centric approach. For example, one of the participants expressed it as follows: “It is 

tailored around the patient. In the past we tailored everything to the doctor, but it is very 

important to tailor it to the patient“. To illustrate this, consider the waking-up phase. From 
the context studies we learned that nowadays when nurses enter the room in the 
morning, patients are often still asleep and nurses need to wake them up. Patients are 
thus woken up very abruptly, and feel their privacy is invaded and therefore can be 
grumpy and even aggressive. According to participants the ADRA waking-up phase will 
prevent this, and patients will not be woken up abruptly anymore when nurses enter their 
room. Therefore, the participants and especially the group of nurses believed that the 
waking-up process with ADRA would cause the patient to be less aggressive, angry and 
grumpy. Furthermore, it would also be beneficial for the workflow because nurses do not 
need to wake up patients anymore and patients are expected to be more cooperative.  
As one of the department managers formulated it: “With this phase you are patient friendly 

without doing anything. It is like saying “good morning” without saying it.” The participants 
indicated that the 30 minutes might be too long to wake-up, but that this needs to be 
tested with patients in a clinical setting. In addition the participants were also rather 
critical about the automatic curtains: these could confuse patients, who are not used to it. 
The participating hospital staff members believed that the tight schedule imposed by 
ADRA would have a positive effect by giving more structure in the day for the patients. 
They expected that it allows the patient to identify the rhythm of the day and therefore 
they would anticipate what is coming, for example, breakfast or lunch. As one of the 
nurses mentioned: “I believe it is nice that the patient gets the time to prepare – now he doesn’t 

get that time…” According to the staff the use of an imposed rhythm would reduce the 
likelihood that patients reverse their day and night rhythm. As one of the neurologists 
said: “The patient is stimulated to stay awake in the morning, this is good for his day and night 

rhythm”. 

The detection of the presence of the nurse during the night was also liked. Such a ‘night 
light’ would not wake up the patient and is enough to assist the nurse. Staff thought the 
light was quick, effective and workable. One of the department managers said: “The nurses 

are assisted by the automatic light – no fumbling with the buttons and accidently turning on 

the wrong light therefore the patient is not disturbed and will not be woken.” Staff saw many 
more opportunities for the sensing of the presence of staff and patients: an option to track 
patient’s whereabouts in the ward combined with a nurse alert system or detecting when 
patients leave the bed to go to the toilet – in which case they suggested automatically 
turning on the light.

Hospital staff also indicated that the room was giving the right number of stimuli over the 
day. For example, eating requires concentration, so staff believed that the breakfast and 
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lunch phase were ideal for patients because there was no audio or video distraction and 
therefore patients can better perform their eating task. Also in the clinical care phase we 
provided a distraction-free environment with a light boost of the artificial skylight. Staff 
believed that the light would work as an activating agent and that this is beneficial for the 
therapy. As one of the department managers mentioned: “Clinical examination and nurse 

activities are enhanced by a patient that is more awake”. On the other hand staff indicated 
that the clinical phase takes too long and therefore becomes boring, and that the 
atmosphere is too cold. Staff members suggested activating the phase only when the 
doctor and/or therapist are present in the room, and show a nature image and photos 
only when staff is not present. The two therapists indicated that they would like to have a 
cosier atmosphere to enable building a trust relationship with the patient. 

Hospital staff also believed that the ADRA concept would result in a behaviour change on 
their part and that the system would help them to keep track of the time of day. As one of 
the nurses indicated: “As a staff member you are being made aware by the atmosphere that 

this is for example resting time, so you will also adapt your behavior to this”. They also indicated 
that at some moments such as in an acute situation, they should have the possibility to 
overrule the system and brighten the light. 

According to the participants the room would not only be beneficial for the patients but 
also for the family members. One of the nurses indicated: “A lot of family members think a 

hospital is scary – this will reassure them and make them stay longer. This would be beneficial 

for the patient”. The visitors phase would also evoke visitors to become calmer. By 
presenting this serene atmosphere this will also be beneficial for the wellbeing of the 
patient, for example, as one quotes: “It is like a home atmosphere in the room – cozy and 

enjoyable light”. The participants also suggested that the time of visiting hours could be 
adapted to the severity of the condition of the patient. If the staff could shorten the 
visiting hours in this way, then visitors stay less long when a patient is very ill. They also 
indicated that it would be nice if the room could know when there are no visitors present 
and could show a nature view on the screen or even provide an opportunity to give 
therapy via the screens.

The hospital staff, however, was missing options for personalization and the possibility for 
patients to control certain settings of the room. According to them, patients had to be 
able to choose the images, sound and light settings, albeit to a limited extent, in order to 
give them control over the patient room. This could, for instance, be achieved by choosing 
the theme of the nature views, choosing the colour of the lighting during certain timeslots 
and choosing which pictures could be shown on the connectivity screen. The amount of 
control should be tuned to the patient capabilities, because, depending on the severity of 
the stroke and their recovery progress, patients may or may not be able to handle certain 
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control options. They also believed it was important to give patients the possibility to 
watch TV on the screen in front of the patient. Currently there is no user interface that 
gives this control to patients. According to hospital staff it is crucial to develop a possibility 
for patients to personalize their system and override the nature scenes on the Patient Wall 
(PW). Furthermore, the staff also indicated that the system should be designed around the 
hospital program and not the other way around. For example ‘Waking up’ should be staff 
driven and not patient driven as one of the neurologists said: “My hospital is not a hotel”.  
So a good balance between personalization and generalization is necessary. 

The Adaptable Stimulus Dosage was also appreciated by the clinical stakeholders. They 
saw the added value of being able to provide few stimuli to the patient. They indicated 
that for agitated, confused and acute patients the low stimulus mode is perfect, because 
they need as few stimuli as possible. The hospital staff however, commented that in 
addition we also had to take into account noise from the hallway, because this could also 
be very disturbing for the patient. In addition they indicated that it was still a good idea to 
provide a good day and night rhythm for the low stimulus modus. Hence, opening the 
curtains would be necessary to follow the rhythm of the day. They also indicated that one 
picture of family members could work calming and give security to the patient. In addition 
they indicated that this ADS concept would also have a very positive effect on the way of 
working. This again would enhance the well-being of the patient, so it would also enhance 
the workflow. Nurses were indicating that this would create time to do other activities. In 
addition staff claimed that the room has many more opportunities. For future upgrades, 
it would be beneficial to show rehab training or to make contact with the home situation 
via Skype or other communication tools.

7.3  Evaluation former stroke patients and spouses
The goal of the patient evaluation was to gauge expectations against the different phases 
of the ADRA concept both qualitatively and quantitatively to determine if the different 
phases are desirable for the patients and useful and usable for the hospital staff. Because 
of the declined capabilities of patients, the interviews could not last too long. It was 
therefore decided to only focus on accessing the phases of the ADRA concept. 

7.3.1  Participants
Six former stroke patients were invited to come to the hospital laboratory. Four of the 
former patients brought their spouses. The average age of the patients was 67.5 years and 
the average age of the spouses was 69 years. Two patients were female and four were 
male. The patients had a stroke 4 to 20 years ago (on average 13.5 years). They all still 
suffered from minor or severe disabilities that were caused by the stroke, like paralysis, 
cognition problems, and they all had some form of aphasia. Patients were recruited 
through the Dutch CVA association “Samen Verder”. After discussing the intention of the 
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study and presenting the inclusion criteria (Cognitively capable to answer questions, 
recently had a stroke no severe aphasia and not suffering from dementia), the secretary of 
the association selected candidates that were willing and suitable to participate. 

7.3.2  Set-up of the laboratory hospital room
We invited participants to the hospital lab for a session of one hour. Figure 7.2 shows the 
set-up of the laboratory hospital room that was used for the evaluation. The moderator 
led the session. One note-taker participated to write down all the verbal feedback the 
participants gave. Participants, both former stroke patients and their spouses, were seated 
next to the patient bed, so they had a similar view as the patient. The moderator stood on 
the left side and the note-taker sat down by the table on the right in order not to block the 
view of the participants.

7.3.3  Methodology
After signing the informed consent form, the couple or patient was taken to the laboratory 
environment where they were introduced to the functionality of the ADRA and where 
they could also experience how the room adapted to different contextual changes. The 

Figure 7.2  Set-up of the evaluation session
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participants received a questionnaire in which they could rate every concept of the ADRA 
system, i.e., 1 ) Waking up, 2) Breakfast, 3) Clinical care, 4) Lunch, 5) Rest, 6) Visitors, 7) Going 
to Bed, and 8) Sleep. The question asked to rate was: “How well the phase would have 
supported them during their stay in the hospital”. Next all phases of the ADRA system 
were shown and after every phase rated by the participants. After completing the 
questionnaire, the participants were interviewed with open questions in which feedback 
was elicited from the patients about their reasoning behind the scoring. During the interview 
the note-taker wrote down all the comments. Afterwards the quantitative results were 
analysed by using the average scoring and standard deviation, because of the low number 
of participants. However, we have to account for noise in the results as former patients 
who have gone through a traumatic experience are likely to respond positive due to the 
attention and special feedback of being invited to a research laboratory. 

To score the different phases, a Smiley Face Likert (SFL) scale (Figure 7.3) was used. SFL scales 
have a long history of use in paediatrics as a subjective measure of children’s medical 
conditions (Hall, Hume, & Tazzyman, 2016; Tatla, 2014). They have been also used to 
evaluate children’s opinions about virtual reality experiences (Kano, Horton, & Read, 2010; 
Nijs & Leman, 2014). Lately they are also used in patient questionnaires to assess the 
experience of patients undergoing dentary treatment or in areas where many patients are 
illiterate (Chapman & Kirby-Turner, 2002; Rao, Peters, & Bandeen-Roche, 2006). We use this 
SFL scale with the aim to reduce discomfort and enabling disabled patients to provide 
feedback. A rating of 1 meant “Very poorly” and a rating of 10 meant “Very well”. 

7.3.4  Findings
In general, participants appreciated the patient room. The mean scores are shown in 
Figure 7.4. They all indicated that they expected that the AHR as presented during the 
interview, would have helped them during their stay. As one patient mentioned it, “When 

I was in the hospital – I didn’t see anything positive – the only focus was on me, to get me better 

again. This room is positive and will help me to be positive”. Some patients mentioned that 
the room would help them towards the end of their hospitalization, but for the initial days 

Figure 7.3  Likert scale adapted to stroke patients
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in the hospital this would not be helpful and creating too many stimuli. “A patient is really 

away the first days – light can be very disturbing in the beginning – you want peace of mind the 

first days.” Another remark was that when you are in the hospital you do not have much 
control over the environment. It would be nice to get more control over the environment. 
For instance, the room could be personalized to their needs: patients would like to change 
the time that they have to go to bed and the theme of the nature views. “The room should 

be adaptable to my needs: if I want to go to bed later, I should be able to change the time.” 

The waking up phase was appreciated the most with a mean score of 8 and a standard 
deviation of 1.09. Patients indicated that it would be nice to be woken up like this. “I like 

nature- so nice idea to show nature views in the morning – When you are a little bit better – 

when you like nature this is really fantastic – It gives the feeling that life is still worth fighting for.” 

They indicated that it is a gentle way of waking up and not as abrupt as it happens now. 
Many participants indicated that half an hour to wake up is long enough and that the 
wake-up time should be adaptable as well. Some participants indicated that if they are 
woken up they need to go to the toilet, so half an hour should be shorter. In addition, 
participants indicated that the nature views should be adaptable towards the preferences 
of the patients. 

The breakfast phase was appreciated the least with a mean score of 6 and a relatively 
high standard deviation of 2.09. Two patients scored 8, but also two patients scored very 
low giving a score of 3 and 4 to this phase. Patients were indicating that we had to pay 

Figure 7.4  Quantitative results of the evaluation with former stroke patients
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attention to not making it too busy because during breakfast it was important to focus 
solely on eating and not on the environment. 

Clinical care phase scored a little better than breakfast with a mean score of 6.5 and a 
standard deviation of 0.8. All participants more or less gave the same score and gave the 
same feedback. Participants indicated that the light is too bright during clinical care and 
they would prefer having images on the screens instead of nothing when there was no 
therapist or doctor in the room. One participant mentioned: “The atmosphere is very sterile 

– It feels like you are on a different planet” and another one said: “Grey is grey, maybe you can 

show one picture.” In addition they mentioned that therapy was often given in another 
room, so the need for a boost in the patient room was not that prevalent, but instead 
required in the therapy room. 

Lunch phase scored good with a mean score of 7 and a standard deviation of 1.67. Four 
patients scored 8, but two patients scored low giving a score of 4 and 6 to this phase. 
Again patients mentioned that they were easily distracted and during lunch they had to 
focus on eating their lunch, so not that many items on the patient wall and less bright light 
were appreciated. Other patients indicated that they would prefer to see more items on 
the screen especially towards the end of their stay. So again the personalization was an 
important aspect. 

The rest phase had a mean score of 6.5 and a standard deviation of 1.87. Four patients 
scored very positive and only one scored negative, giving a 4. Most participants found the 
sound relaxing and this atmosphere would be good to fall asleep. In addition they 
mentioned that closing one curtain is a nice feature, they could still have a feeling of the 
outside and in the meantime create a relaxing atmosphere inside the room. Participants 
also indicated that the room should have more personalization options during the rest 
phase like turning off the sound or the movie and turning up the sound. The participants 
who scored negatively indicated that they did not need pictures or a movie during rest 
hours. 

The visitor phase scored the lowest with a mean score of 5.3 and a relatively high 
standard deviation of 2.65. Two patients scored 8, but also two patients scored very low 
giving a score of 1 and 4 to this phase. The reasoning for that is that the participants who 
scored low did not have good family contact, so for them a visitor phase would not be 
beneficial and would even have a negative effect as it would indicate to them that family 
is not visiting them. In addition these participants mentioned that visitors would look 
more at the screen than pay attention to them. They indicated that the patient wall should 
work in the background. In addition they said that visitors cannot stay too long, as one 
patient was indicating: “When I was in the hospital I found too many visitors often too busy. 
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You need to keep track that there are not too many visitors and that they leave in time. This room 

might have the effect that visitors stay too long.” Patients who scored high had a good family 
contact and therefore would appreciate this atmosphere. 

The doctor visiting scored second best with a mean score of 7.5 and a standard deviation 
of 0.42. Four patients scored 8 or higher, but two patients gave a lower scoring of 4 and 5 
to this phase. “When I was in the hospital I could not remember the names of all these doctors 

and nurses, this system would have helped me.“ Patients also indicated that this would give 
them more trust in the hospital, because you know who is standing in front of you. They 
also said it is handy to indicate people’s role by an icon because often patients were 
incapable of reading during the first days of their stay. Patients also mentioned that it 
would be nice if the information of who entered the room could stay on the patient wall 
because patients would really like to know what happened during the day. For their 
spouse who can only visit them during visiting hours this would also be interesting. 

The going to bed phase also scored well with a mean score of 6.8 and a standard 
deviation of 1.94. Again four patients scored very positive with scores of 8 and higher and 
two gave a lower scoring of 4 and 5 to this phase. Patients indicated that personalization 
in this phase was also a must. “I would like decide myself when I should go to bed – after visitors 

went home or after my favorite TV show, etc.“ and “First I would like to see my own movie and  

then I should be able to start the system “. In addition patients expressed a need for an extra 
light that they could use when going to the bathroom during the night. “The night atmosphere 

is very dark - maybe a night light should be provided” Some patients also expressed that  
they did not like the automatic curtains. They prefer a nurse to close the curtains, because  
when they close the curtains they often have a little chat with the patients. This personal 
contact with nurses is very much appreciated. In addition, participants mentioned that if 
they cannot fall asleep the movie should not be turned off. Also during the night when 
they are awake they would like to be able to play the movie again. 

7.4  Evaluation patient UI with former patients
After the test with medical stakeholders and former patients it became clear that the 
room should have the option to personalize, triggering the design of a patient UI, as 
described in Chapter 6. Subsequently, the user interface was tested in order to obtain 
qualitative feedback from the participants for further improvement of the UI. 

With the patient UI, participants can control: 
· Colour and intensity of the patient wall’s lights 

Patient wall’s audio volume
· Select an theme for the artificial views (e.g. sea, forest, Holland) on the patient wall 
· Select pictures to view in the slideshow of the connectivity screen on the patient wall
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7.4.1  Participants
Because we tested the UI in the hospital laboratory setting and not in a real hospital 
setting, it was paramount to find a group of participants that could represent the 
hospitalized stroke patients. In cooperation with nearby rehabilitation centre a group of 
aphasia patients was recruited to participate in the evaluation of the UI. According to the 
therapists of this aphasia rehabilitation centre, these patients could represent the 
hospitalized stroke patients in a satisfactory way. We selected 8 participants to test the UI 
with. All patients had a stroke recently and were still recovering. All participants were part 
of the same aphasia group which came together every other week to practise speech. 
They were all familiar with each other and some were even friends. Their average age was 
63, they were all male and on average they had a stroke 3 years ago. All of them still 
suffered from minor or severe disabilities caused by the stroke like paralysis, cognition 
problems and they all had some form of aphasia. 

7.4.2  Set-up
For the same reason as with the previous two user group studies, the two participants sat 
next to the patient bed. The moderator sat next to them on the left and the note taker sat 
at the table next to the window. Figure 7.2 gives an illustration of the set-up.

7.4.3  Methodology
Although all participants had decreased communication abilities caused by the stroke, 
they were, according to the speech therapists of the rehabilitation centre, able to 
communicate and express their opinion. But, it would give them a feeling of insecurity 
when testing the UI alone with one or two researchers because they would feel ashamed 
and reserved to communicate with others outside their aphasia group. The therapists 
believed they would interpret this as “observing them making mistakes”. The therapists 
also told us that we had to keep the mental effort of the study as low as possible. This 
meant that the test could not take too long and that the amount of tasks had to be 
reduced to a minimum. We made a list of tasks that we believed was doable within 15 
minutes.

Therefore we decided to use a co-discovery technique, also known as constructive 
interaction. Co-discovery is a usability evaluation technique where two participants are 
paired in a usability test and work collaboratively on tasks (Nielsen, 1993). This technique 
provides natural thinking-aloud as test subjects collaborate to solve tasks. Participants are 
asked to think aloud while working together. Co-discovery techniques have pros and 
cons, these are summarized in Table 7-5. The advantage over single-person testing is that 
users can help each other through difficulties instead of getting indefinitely bogged 
down; in addition they talk to each other while completing the tasks (Trulock, 2008). After 
suggesting this to the speech therapists, they also confirmed that this would be a suitable 
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methodology because participants could give feedback by communicating with a trusted 
person from the aphasia group and could collaborate and help each other. 

After signing the informed consent form, the participants were taken to the laboratory 
environment in which they were introduced to the different phases of the ADRA system 
and to the context in which the UI was going to be used. Each pair of participants received 
a tablet (iPad) with the UI in full screen mode. The moderator asked them to perform 
certain tasks while working together and thinking aloud, e.g. turn on the UI, change the 
colour of the lighting or change the artificial view. After every task we asked them to give 
feedback on the usability of the patient UI. During this feedback session the note taker 
wrote down all the comments. Qualitative measures were used for evaluation. Our main 
purpose was to evaluate the acceptance of the UI and the usability of the different features 
in the prototype. In addition to this, the physical use of the prototype, ease of use and 
graphical design were tested. 

7.4.4  Results
General. In general participants could use the UI well and were satisfied. They thought 
that the system was easy to learn and liked the four features we selected to control. They 
believed that it was nice to be able to change the colour of the lighting, the nature theme 
and to have the possibility to choose and add pictures on the connectivity screen. They 
also indicated that they did not feel the need to control more features. An important side 
note here is, that although the UI was easy to use almost all patients expressed having 
issues with the way they had to handle the tablet. During the test participants were using 
one tablet with the two of them. Often one patient was holding the tablet and the other 
patient was controlling the room by using the UI. Patients had remarks about this, because 
they were aware that in a hospital setting they would need to use the tablet by themselves. 

Table 7.5  Summary of pros and cons of co-discovery

Pros of co-discovery Cons of co-discovery

· Good for early design phase 
· Promotes a natural interaction style 
· Produces more comments than think-aloud 

sessions 
· Faster testing 
· Easier for the experimenter 
· Good method for applications where 

people work together 
· More fun for both

· Different learning, verbal, cultural or 
hierarchical styles affect feedback 

· Careful candidate screening needed 
· Apprehension affects feedback 
· Discomfort if co-participation goals or rules 

unclear 
· Logistics harder 
· More participants needed 
· Data analysis harder
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Questions like: ”Will the tablet be attached somewhere?“ and “How will I be able to use the 

tablet with one hand?” were often stated.

User interface. Patients appreciated the presence of the graphical representation of the 
Patient Wall (PW) on the UI. This visual feedback feature helped them to see which 
component was selected. Patients focussed on the graphical PW on the UI and not on the 
arrows on the bottom (which had to be used to switch between features). Often 
participants tried to select a new feature by pressing the graphical PW on the UI. In 
addition patients mentioned that the on and off button at the bottom had no meaning 
to them and patients thought it was redundant. They would not turn off the UI. Below the 
remarks per component are discussed: 

· Home screen. For Participants it was not clear how to navigate to the section where 
they could interact with the patient room. For many participants this screen was 
redundant, because this was an extra step they had to take before they could interact 
with the PW. 

· Setting Component. For patients it was difficult to see which colour was selected. In 
addition the colours provided were not appreciated by the participants and they 
expressed they needed softer colours (less saturated and lower brightness). They also 
indicated that it would be nice to choose more than four colours. According to 
participants the icons are big and they could be made smaller but this is not necessary.

· Selecting artificial nature views. It was clear to the participants how to select nature 
views. Participants were also looking at the UI to view the change they made. 

· Connectivity component. Patients did not understand the meaning of the arrows. 
They did not understand that they had to tap the arrows to move to the next picture. 
For patients it was not clear which pictures or drawings were selected, because the 
green line was not visible. Patients indicated that they were missing an overview of 
which pictures were selected (they could only tap through the pictures one by one to 
see which ones were selected).

7.4.5  Discussion
Evaluating with former stroke patients. It proved to be helpful to first discuss the 
possibilities with the speech therapists of the rehab centre. This provided sufficient insight 
so that we could choose the co-discovery technique where participants could test the UI 
together and communicate with each other. Participants indicated that they felt 
comfortable and did not feel under pressure during the evaluation session. Although we 
were a bit hesitant to use the co-discovery methodology with aphasia patients for the 
obvious reason that it is a methodology where participants need to communicate. This is 
often not that trivial for aphasia patients but we saw that this technique worked for former 
stroke patients with some form of aphasia condition. Participants collaborated and 
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communicated well together. We believe this was caused by the fact that they know each 
other, had similar speech disabilities and went to therapy groups together. 

7.5  Conclusions and recommendations
The evaluation in the laboratory setting gave us an indication of the likely impact of the 
AHR. Furthermore, this laboratory evaluation of the concepts was an important step that 
enabled improvements to the design in order to overcome the shortcomings of the 
current concept before starting the validation in the field.

7.5.1  Patient room
During the evaluation with clinical stakeholders, hospital staff indicated that they would 
expect a positive effect on the patient’s healing process for the Artificial Skylight, the 
Adaptable Stimulus Dosage concept and the different ADRA phases that provide a clear 
daily rhythm structure during the day. In fact the staff members from different healthcare 
institutions and with different professional roles agreed on most aspects. In addition, the 
staff also expected a positive effect on the efficiency of the clinical workflow for almost all 
phases. This is an encouraging result as the phases were designed primarily with the 
healing effect for the patient in mind. This evaluation also generated feedback from 
different departments from different institutions, which clearly suggests that they all see 
similar added values of the patient room. 

The results of the evaluation with patients show that overall participants are positive with 
regards to the different ADRA phases that provide a clear daily rhythm structure during 
the day. There were also suggestions for some changes to be made. The main finding 
from this evaluation is that patients expressed the need for a personalization option. 
Although it was not the purpose to get feedback on the Adaptable Stimulus Dosage, we 
could sense during the evaluation that there is a need for dosing stimuli. For example 
patients were mentioning that they would prefer to turn off the sound or turn off the 
screens during breakfast and lunch because these stimuli would disturb them. As 
mentioned in the introduction, the goal of the evaluation was to evaluate the Adaptable 
Healing Environment Patient Room with former patients. We have to state that this was 
only a pilot study because of the low number of participants but this pilot study gave us 
already a lot of valuable feedback. 

By combining the feedback from both staff and patients we have come to the following 
recommendations for the final version of the AHR: 

· Personalization. Both, the clinical stakeholders as well as the former patients, expressed 
the need for personalization and getting control over the environment. Therefore it is 

recommended to include a patient UI so patients are given control over certain environmental 
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settings during certain timeslots. For example it is recommended to give patients control 

during visitors phase, but not during the clinical phase to assure that the system settings are 

optimal to support for optimal sleep. 

· TV watching. Both stakeholder groups expressed the need for TV watching. It is 

recommended to include an option to watch TV whenever patients want to. 

· Designed around the hospital program. Some clinical stakeholders mentioned that 
the room should be designed around the hospital program and that the patient should 
not get the option to choose for example the wake-up time. Others argued that 
flexibility in wake-up time is important, in order to be able to adjust to early procedures 
or compensate for a bad night’s sleep. It is recommended to be able the change the 

wake-up time, but enabled by the nurses so that the hospital workflow is not disturbed. 

· Wake-up time adaptation. Strongly related to the previous topic, some patients and 
also clinical stakeholders indicated that they would prefer to have the option to shorten 
the 30 minutes wake-up period because of patients feeling the need to go to the toilet 
once awake. It is recommended to reduce the wake-up period to the preference and or need  

of the patient. 
· Low stimulus mode. The low stimulus mode was not providing enough stimuli 

according to staff. It seemed to them that this would appear as room where you would 
spend your last hours before dying. They recommended to show at least one image  
on the social connectivity. And they also recommended to open the curtains to  
avoid losing the connection with the outside world and the rhythm of the day. It is 

recommended to open the curtains during the low stimulus mode and provide sufficient 

lighting. 
· Clinical care. Both clinical stakeholders and staff commented on the fact that the 

clinical care phase was too grey. Staff mentioned that a doctor visit or a therapy session 
would not last two hours and that perhaps the room could be adapted according to the 
stakeholder present in the room. Patients also mentioned that the room was too bright. 
It should be noted here that in the laboratory setting every phase is shown much faster 
than in reality which might have caused this reaction. It is recommended to test in a 

clinical setting where a patient is exposed to the full length of the clinical phase if the phase 

actually is too bright. 

· Automatic curtains. Both the clinical stakeholders and the former patients did not 
appreciate the automatic curtains. Clinical stakeholder because it could confuse 
patients. Former patients because they believe it would lead to less interaction with the 
nurses in the evening. It is recommended to not implement the automatic curtains because 

it could negatively influence the healing process and patient experience. 

· Nature views. During the study several recommendations were given by clinical 
stakeholders and patients concerning the nature views. The following recommendations  
are derived:
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 o  Provide an option to choose the nature view theme.

 o  Use still images in the morning without sound.

 o   Show nature images when visitors are present, when no one is present continue with 

showing the nature movies.    

· More opportunities. Both, clinical stakeholders as well as patients, mentioned extra 
features that could be implemented in the room such as providing extra therapy on the 
screens when patients do not have visitors in the afternoon, the possibility to keep track 
of all the staff members that were in the room such as physician or therapist, so that 
their family members could also know what happened during the day, and adding 
skype possibilities to the wall so family members could participate in physician-patient 
conversations from home or work. In conclusion, it is recommended to explore these 

possibilities in future research. 

7.5.2  User interface
Patients liked the concept of the UI and the number of features it provided. The graphical 
design was appealing to patients and they could use the UI relatively easy. We gathered 
general recommendations on how to design an UI for stroke patients. In addition, with the 
qualitative feedback we got indications on how to improve the patient UI and how to 
redesign it.

Recommendations UI design for Stroke patients:
· Physical limitations. Stroke patients have to cope with physical limitations due to 

paralysis. Often their coordination is affected and this leads to imprecise movements. 
Therefore we recommend using oversized icons, buttons and text without looking 
stigmatizing. In addition from a physical ergonomics point of view, the interaction with 
the tablet should be a “closed chain”, that is, the whole interacting arm of the patient 
should be physically supported. 

· Aphasia. Stroke patients often suffer from aphasia, a communication disorder. An 
aphasic person loses the ability to transfer his or her thoughts into words and sentences  
due to brain damage. Depending on the area and extent of the damage, someone 
suffering from aphasia may be able to speak but not write, or vice versa, understand 
more complex sentences than he or she can produce, or display any of a wide variety of 
other impairments in reading, writing, and comprehension. We therefore recommend 
using both icons and textual representation. In addition the visual representation is 
supported by other media such as audio allowing impaired patients to overcome 
limitations in visual working memory with auditory information (Baddeley & Hitch, 
1974). 

· Cognition. Patients’ medical conditions vary greatly from patient to patient, and from 
day to day. Ideally the UI would be based on the patient’s condition and should be 
adaptable over the day or hospital stay of the patient. Patients often experience 
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weakness and fatigue. We therefore recommend limiting the amount of information by 
for example segmenting information into parts. The UI should also be easy to learn. The 
animations used and transitions should be slow. Finally we recommend that the level of 
navigation should not go deeper than two layers. Users should be able to go back to 
the main page easily. 

· Perception. Stroke patients suffer from perception problems. Often they have neglect, 
which is an attention disorder that prevents the patient from attending to stimuli on 
one side. The recommendation for the UI features are, that the icons should be visually 
simple through use of a known metaphor combined with a solid background colour, so 
icons and text become clearer. For patients with neglect, an iPad format tablet is small 
enough to be positioned within the field of view. A tablet with a black border has better 
contrast with content then white tablet. 

All the feedback gathered has led to a final decluttered design of the UI: the home screen 
of the UI has become the settings component. During the test it became clear that the 
“start screen” was redundant for users and was a redundant layer in the UI. The three 
components refer to the lighting and sound settings, the artificial view screen and the 
connectivity screen on the PW. In contrast to the original design, patients can now select 
the component by pressing on the corresponding area in the PW representation in the UI 
(see Figure 7.5). During the user test it became clear that this was the most logical and 
intuitive way of selecting the different components of the UI.

Figure 7.5   Redesigned patient UI with from left to right: the home view with settings, 
theme view and Social connectivity view
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· Setting component. The home screen of the UI is now the settings component. 
Patient can select the intensity of the light and the colour of the light. In addition, they 
can also change the volume. When a setting is selected the circle around the button 
will visually selected (e.g. coloured green), when a button is deselected the circle around 
the button will be visually deselected (e.g. coloured grey). During the tests patients 
commented that the buttons are too big, but because we tested the UI with already 
rehabilitated patients we decided to leave them like this. After making a selection of the 
settings, the colour or intensity of the lighting or sound will be immediately changed on 
the PW in the patient room, but now in the final design also on the settings area (e.g. 
top and bottom) in the representation of the PW in the UI.

· Artificial view component. In this setting the patients can choose the theme they 
want to show on the middle screen of the PW. They can select this component by 
touching the middle screen on the patient UI. From the UI tests we found out that 
pressing the arrows was not intuitive for participants. Patients have the option to choose 
out of four themes, but this can be upgraded in a next version. From the UI tests we 
learned that the button on the pictures is not working well. We removed the button 
and patients can now simply select the theme by tapping on the pictures. After 
selecting the theme, the theme will immediately appear on the PW in the patient room 
but in the new design also immediately on the artificial view area (e.g. centre screen) in 
the representation of the PW in the UI.

· Connectivity component. The pictures and drawings can be selected by the patient 
in the connectivity component. Also here the arrows are removed and they can select 
this component by touching the connectivity screen on the right on the UI. They can 
browse through the selection of pictures and drawings by swiping from right to left. 
When patients tap on the picture, the picture is selected. The green boarder around the 
picture will show that the UI is selected. The picture can be deselected again by tapping 
on the picture again. Patients can select as many pictures as they want. They will be 
shown in a slide show on the connectivity screen.

7.5.3  Study Limitations
Response bias. The medical stakeholders who participated in our research were all 
highly motivated to participate in the study. This could have led to participants who are 
not representative for all stakeholders from all hospitals with a stroke unit and led to more 
positive answers. In addition the studies were executed by the designers of the AHR and 
this might have led to inclining to give more positive answers. 

Lack of external validity. The results are coming from a controlled lab setting and may 
not apply to the actual hospital setting. The experience is not influenced by hospital 
protocols, the hospital environments, and the work pressure of medical stakeholders and 
the experience of being ill. In addition we asked former patients to participate in the study 
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and imagine if this solution would have helped them in the past when they were admitted 
to the hospital. These are not actual patients who just had a stroke and were influenced 
by the experience of this acute event. The result from the study are helpful to make 
changes to the AHR, but studies in an actual hospital context are necessary. 
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8  Qualitative Validation @ field

8.1  Introduction
So far, the experience of the Adaptive Healing Room (AHR) has been evaluated with all key 
stakeholders, except with actual patients. In this chapter, the qualitative study with actual 
stroke patients will be described. The aim was to find out if the experience goals set at the 
beginning of the design process were established: dosing stimuli over the day, providing 
structure, wake-up gently, undisturbed sleeping, balance between a clinical and personal 
environment, stimulation to overcome boredom and dosing stimuli over the hospital stay. 

In this set-up the following features of the Adaptive Healing Room were tested: 
· Artificial Skylight
· Patient Wall with Nature views 
· Orientation screen

8.1.1  Objectives
The primary objective of this study is to get qualitative feedback on how the Adaptive 
Healing Room enables stroke patients in having an optimal experience of their hospital 
stay. The secondary objective of this study is to investigate if the experience goals: dosing 
stimuli over the day, providing structure, wake-up gently, undisturbed sleeping, balance 
between a clinical and personal environment, stimulation to overcome boredom and 
dosing stimuli over the hospital stay, set at the beginning of the study are met and which 
features of the room contributed to that. 

8.1.2  Setting
The study is conducted in the neurology department of the St. Augustinus Hospital, in 
Antwerp, Belgium. This neurology department acquired four Adaptive Healing Rooms 
when it was renovated in 2014. The neurology department has a stroke unit which is a 
specific section that focuses on patients with a stroke, both in the initial acute phase (the 
first day) and in the subsequent recovery phase (usually one to two weeks). The unit for 
stroke care relies on a team that provides specialized care to people with a stroke. The 
neurology department makes use of a mobile stroke unit, which means that stroke 
patients stay in the same room during their entire hospitalization. 

The installed AHR rooms contain an Artificial Skylight, a Patient Wall with Nature views  
and an Orientation screen (see Figure 8.1). The Adaptive Daily Rhythm Atmosphere (ADRA) 
and Adaptable Stimulus Dosage (ASD) were both installed (see chapter 6 for a detailed 
description of the design). The Social Connectivity screen, automatic curtains and coloured 
cove lighting were not included in this set-up because the hospital had not chosen for 
these functionalities in their AHRs. Hence, one screen on the Patient Wall was left blank 
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but available as alternative orientation screen. The cove lighting was programmed to 
produce white light with adjusted correlated colour temperatures (CCT) during all ADRA 
phases including the visiting hours. 

In addition, to set-up and operate the functionalities of the room (see Figure 8.2) a user 
interface (UI) for tablet was created for the staff. The staff could change the stimulus level 
in the room, the wake-up time for the patient, the position (left or right) and representation 
(digital or analog) of the clock, and the nature view, i.e., water or land. The staff could also 
display the name of the patient on the orientation screen in the AHR. A training was 
provided to the staff members in order to explain the purpose of the room and the usage 
of the UI after installation of the rooms in 2014. 

For patients a remote control was introduced (see Figure 8.3). Depending on the condition 
of the patient, the remote control could be used by the patients themselves in order to 
control the TV. We selected this type of remote control because of it’s ease of use by 
offering only 6 buttons: up and down buttons for TV channel and for volume, a button for 
selecting the source (nature views or TV) and a button for standby/on. 

8.2  Method
The impact of design on user experience is not often thoroughly tested (Olsson et al., 
2013). In literature there is no comprehensive overview of user experience evaluation 

Figure 8.1  The set-up of the Adaptive Healing Room in the the St. Augustinus Hospital
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practice, most studies refer to a specific method to conduct an evaluation in a specific 
context (Alves et al., 2014). When looking at qualitative methodologies in psychology 
there are a number of techniques that could be applied: Grounded Theory, Phenomenology, 
Discourse analysis and many others. For this study we choose to use Interpretative Phe-
nomenological Analysis (IPA). IPA is a qualitative methodology which aims to capture the 
meanings underlying the content explored (Smith et al., 1999). The primary goal of this 
analysis is to investigate how people make sense of their experiences. IPA was developed 
to assist in the understanding of subjective health experiences (Smith, 1996). The IPA 
methodology makes use of the following steps:

Figure 8.2  Staff UI

Figure 8.3  Remote control for controlling the TV
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a) Formulating research questions - it is important to formulate the questions such that the 
answers generate a detailed description of how patients are experiencing the room.

b) Sampling IPA – There is no rule regarding how many participants should be included in 
an IPA study. The number of participants (the sample size) depends on the depth of the 
analysis, the richness of the individual cases, how the researcher wants to compare the 
cases and the pragmatic restrictions such as access to stroke patients. It depends on: 
the depth of the analysis, the richness of the individual cases, how the researcher wants 
to compare or contrast single cases and the pragmatic restrictions (time constraints or 
access to participants). IPA studies that have been published were typically based on 
sample sizes ranging from one to fifteen participants. Larger sample sizes are possible 
but less common (Pietkiewicz & Smith, 2012).

c) Collecting data – Collecting data happens by means of semi-structured interviews. 
d) Analysis of the qualitative material - This consists of multiple readings and taking notes, 

next transforming notes into emergent themes, seeking relationships and clustering 
themes. 

e) Writing up the IPA study - this is a narrative account of the study by describing all the 
identified themes one by one exemplified by extracts from the interviews. 

The experimental protocol was approved by the internal Philips ethics committee (ICBE). 

8.2.1  Procedure
The interviews were conducted in the patient room after the patient had stayed at least 
two days in that room. The head nurse selected the patients that were meeting the 
inclusion criteria based on clinical data and her expert opinion if the patients would be 
capable to participate in the interview. Patients were informed about the study by the 
head nurse and were asked whether they would like to participate. The head nurse 
informed the research assistant on a weekly basis if new patients willing to participate were 
available. A new participant met the research assistant who handed out an information 
letter, asked (again) whether the patient was willing to participate and let him sign the 
informed consent form. After the consent was given, the patients were interviewed by the 
research assistant. The study research assistant completed a logbook containing patient 
details such as gender and type of stroke, but also room settings (chosen stimulus level, 
clock position, clock format, selected theme for the nature view) as well as any additional 
remarks including the research assistant’s pre- and post-interview evaluation (describing 
the context of the interview and the state of the patient). 

8.2.2  Data collection
The data was collected by using an in-depth, semi structured interview technique 
discussing all the aspects of the room such as Artificial Skylight, Nature views and Patient 
wall but also the experience with staying in the room such as waking up and going to 
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bed. All interviews were conducted in Dutch. The interviews lasted between 20 and 45 
minutes depending on the capabilities of the interviewed patient. All interviews were 
tape-recorded and transcribed for analysis. 

8.2.3  Method of analysis
The analysis was done by the researcher and research assistant. The transcribed interviews 
were analysed following a number of steps defined by Smith et al. The first transcript was 
read several times by the research assistant who conducted the interviews. Initial 
summarizing and connecting comments were recorded on a line-by-line basis. Further 
re-reading took place thereafter with both the research and research assistant and the 
researcher identified preliminary themes. Repeating this process for all transcripts led to a 
list of themes. 

8.3  Participants
For this study the access to patients was rather limited because of the cognitive and 
physical limitations of patients which made it difficult to participate in the study. We 
decided to run the study for four months and evaluate the richness of the individual cases. 
In the end, 12 patients participated in the study. As indicated before, the interviews lasted 
between 20 and 45 minutes depending on the cognitive capabilities of the patients, 
therefore also the richness of the data sometimes differed. 

All patients who had a stroke and entered the hospital through the Emergency Room (ER) 
of the Hospital could be included in the study. Patients were asked to participate in the 
study once they had stayed in the AHR room for at least two days. The participants had to 
be cognitively capable to participate in the interview and able to give their consent. 
Patients who suffered from cognitive impairments were excluded from the study because 
their memory might be unreliable as a consequence. Participants could not be included if 
certain criteria applied (see Table 8-1). 

Table 8.1  Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

· Patients who had an acute stroke and who 
enter the hospital through the ER

· Sufficient knowledge of the Dutch 
language

· Able and willing to give informed consent 
personally

· Patient is capable to answer questions 

· Severe dementia or other severe cognitive 
impairments

· Psychiatric problems (Schizophrenia, 
Psychosis and (bipolar) depression)

· Treatment plan which will lead to absence of 
the patient in the patient room for a longer 
time period (for example chronic dialyses) 
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The participants consisted of 6 men and 6 women. Almost half of the patients (5) were 
between 80-90 years old, five patients between 70-80, one patient between 60-70 and 
one younger patient between 45-50. Two patients suffered from a haemorrhagic stroke 
and 10 patients from an ischemic stroke. Some patients had severe motoric impairments 
while others had no motor deficits. None of the patients had neglect issues (A neglect 
syndrome is the inability of a person to process and perceive stimuli on one side of the 
body or environment that is not due to a lack of sensation – see chapter 4 for more 
detailed information). Their receptive and/or language skills were not grossly impaired, 
thus, all patients were capable to answer questions. All quotes used were translated from 
Dutch into English. Any identifying information from the quotes has been removed to 
guarantee anonymity. The nurses of the department were in charge of selecting the 
settings of the rooms during the study. All patients were exposed to a medium stimulus 
level. The nurses choose for half of the patients had a water theme and the others had the 
land theme. The clock format was set to analog in all rooms. The nurses choose to position 
the clock on the left screen for eleven patients and on the right screen for one patient. 

8.4  Results
The analysis of the 12 interviews led to three interrelated key themes: 
· Healing
· Experience 
· Technology

These themes were associated with 7 subthemes (see Table 8-2). 

8.4.1  General findings
Patients were impressed by the room. For example, patients were bragging to their family 
members about the nice patient room they were in: “My sister didn’t believe me, she thought 

I was going crazy when I was explaining the room to her on the phone.”  When asking which 

Table 8.2  Identified themes and subthemes

Theme Subthemes

Healing · Connection to nature
· Supporting the daily rhythm

Experience · Unobtrusive atmosphere
· Hospitality
· Family presence

Technology · Sense of control 
· Awareness
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feature was the best item in the room five patients pointed at the Patient Wall (PW): 
“Definitely that thing over there (pointing to Patient Wall and laughs). I would also like to have 

that in my living room. It is really nice! Would that be possible?” Other patients chose the 
nature views (3), clock (2) or the artificial skylight (2) as the best item in the room. 

8.4.2  Healing theme
Connection to nature. Patients mentioned that the skylight gave the impression of a real 
blue sky: “It makes you feel like being outside, it is a nice blue sky which gives me a pleasant 

feeling” and “It reminds me of the blue sky outside, good weather is always pleasant.” Two 
patients even gave the recommendation to integrate fresh air for an even more realistic 
impression. One patient noted that the contrast with the outside view (for example on a 
cloudy day) and the skylight was too big. 

The nature views were also highly appreciated: “The sea I liked the most, the movement of the 

water and the waves washing ashore gave a restful feeling to the room” and “The mountain 

views were fantastic, it was beautiful. That must be part of Italy or Switzerland, really nice!” 
Patients mentioned that the nature views also brought some ‘lifelines’ into the room:  
“The landscapes are very pleasant, which is good, by having these we have some more 

entertainment in the room” and “The nature views made the room pleasant. They gave an extra 

dimension here so that the room doesn’t always look the same. It gives the impression of some  

life in the room”. 

Supporting the daily rhythm. The room was intended to support the daily rhythm of 
patients by providing specific atmospheres during different phases of the day and 
assisting with waking up gently and going to bed. The wake up experience was seen as 
being very pleasant and felt very natural to patients: “It is nice in the morning, you actually 

wake up in a very peaceful manner” and “Yeah, waking up was nice, you wake up with the 

appearance of a picture with nature.” 

In the evening patients preferred to watch their favourite shows on TV which led to a 
lower exposure to the going to bed atmosphere: “I watched my regular TV show, especially 

at night and sometimes in the afternoon if I am bored.” In addition, patients indicated that 
their falling asleep process is influenced by the noise in the department, the intake of 
sleep medication and worrying. Patients indicated that in the evening they often have 
difficulty winding down and stopping with worrying: “Usually I fall asleep very easily, but 

yesterday I had very bad news and I could not sleep well. The doctor shouldn’t be telling me bad  

news in the evening” and “At night I have a lot of things on my mind such as the results of my 

examinations etc. I can never completely relax, I fret about what will happen next.” Other 
patients take sleep medication, so they do not notice the going to bed experience:  
“A quarter to nine I take a sleeping pill and then I immediately fall asleep. So I don’t really notice  
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what is happening in the room. It doesn’t really matter if the lights are still on. The screen I switch 

off, I do not watch TV anymore.” Also patients were complaining about the noises in the 
hallway which disturbed them while trying to fall asleep and sleeping during the night. 
Some patients commented that they were going to bed earlier and that the room was still 
‘on’ while they were trying to fall asleep. Patients also mentioned the fact that their room 
and bed was not the same as at home which made them sleep worse. 

Two patients gave the remark that the clock made them constantly aware of the time 
which was not much appreciated: “But then again, if you’re lying in bed with the clock right in 

front of you, the days last longer anyway. You look at that clock and you constantly think it is not 

yet time for this, it is not yet time for that”. Other patients appreciated the presence of the 
clock and orientation screen: “It helps me being aware of which day it is – yes I still occasionally 

look at the clock.”

8.4.3  Experience theme
Unobtrusive atmosphere. All patients liked the atmosphere in the room. They described 
it as peaceful, quiet, discrete and unobtrusive. “Yes, it might all be beneficial for me. It is for 

sure better than a plain white room” and “For me to be able to get better I need to be able to rest, 

that is why it is good to be in this room”. The combination of all the factors in the room was 
seen as beneficial by patients: “The whole room contributes to a comfortable and quiet 

atmosphere.” All the factors together made the room serene: “The room was extremely nice 

and quiet, I have the feeling that the room makes me feel better“. The artificial skylight was 
seen as positive by all patients and adding to the atmosphere in the room: “It brings a 

pleasant light in the room. It is discrete but present” and “The lighting makes the room bright 

and lucid.” The nature views had a reposing effect on patients: “Very nice! The first image I 

got was a beautiful sea with good weather. That was a beautiful image and helped me to 

unwind. I would rather be on a beach in summer then being here.” and “I like the nature views, 

you actually get the light here (pointing to the screen) and you will get the chirping of birds or 

the sounds of a sparkling sea and then the light there (pointing to the skylight). That’s very good, 

pleasant, it definitely doesn’t feel forced. It is especially very quiet and at ease, that’s very good.” 

Most patient did not actively notice the artificial skylight: “I didn’t notice it, but it brings a 

pleasant light in the room. It is discrete but present. The biggest advantage, though, is that you 

really have the feeling that this is a lot of light, but it remains discreet. This is certainly important”. 

They were not aware that the light changed over the day. The luminance of the skylight 
did not bother them during the day. (It should be noted that the room was never put in 
high stimulus mode). As one patient mentioned: “It is perfect. I wouldn’t want it stronger, 

because otherwise it can become tiresome.”
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Hospitality. Most patients found that the presence of their name on the screen gave a 
welcoming impression and was considered as being very attentive: “It makes me feel as if 

the room is really ‘my’ room. By doing this I feel welcome in this room and it makes it a bit more 

personal”; “I feel very welcome here because of that screen (pointing towards the orientation 

screen) and people also like to know the day and the time of the day – that is also very useful!” 

and “The presence of my name on the screen makes me feel better, I feel more welcome in this 

room.” One patient had issues with his privacy because his name was displayed on the 
screen: “My name has nothing to do with that screen. My name is personal, it irritates me that 

my name is on the screen”. 

Two patients also gave the remark that they believed it would help the staff be aware of 
which patient is in which room, and this made them feel safer: “Euchm, for me the name is 

not that useful, but I can imagine that for nurses or doctors it could be beneficial. They once took 

my friend out of the room for a procedure and they took the wrong patient. They might benefit 

from the fact that my name is on there. It does make it more personal, the room.”

Family presence. Patients gave the remark that the room was very spacious so many 
family members could visit them, but they mentioned that they were lacking chairs and it 
would be beneficial to have a dedicated seating area for family members that matched 
with the design of the room. As some patients indicated: “The room is very spacious you can 

pull out a few chairs for visitors. Also the room is very cosy for visitors to come” and “The room? 

Very good! Maybe an extra chair would be practical. When people are visiting me, they don’t 

need to search for extra chairs. Standing while visiting somebody is not pleasant and also for me 

is very exhausting when people are standing around the bed.” Some patients preferred to turn 
the screens off while visitors were present: “I sometimes watched the nature views. I am 

always alone here, so I am bored – then watching the nature views is a good activity. But when 

visitors arrive I switch off the screen.”

8.4.4  Technology theme
Sense of control. Although it was clearly explained to the staff that patients at the 
beginning or during their stay should be given the option to choose their preferred theme 
(land or water), patients were not asked to choose a theme. However, in many cases 
patients did not really mind: “Nurses didn’t give me the option to choose a theme, but I also 

don’t feel the need to have an option” and “No I didn’t choose the theme of the nature view 

myself. But I don’t care that much, choosing myself is not that necessary. It is already good that 

the nature views are there.” Patients were not aware that they could choose a theme, only 
one patient who read the pamphlet in the room asked the nurses to change the theme. 
Maybe because of that some interviewees also gave the remark that there should be 
more variation in nature themes: “If I was given the option to choose, I would like to have some 

more variation of both themes so I can watch them all”. 
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Most patients were aware that the room had a certain rhythm: “Yes, yes something always 

changes in the morning. Without me doing something it also switches off in the evening.” Most 
patients did not mind the automatic rhythm and did not feel the need to control it: “No, I 

don’t want to change it myself, I actually like it that it automatically switches on and off.” One 
patient indicated that he would prefer to change the waking up time:” Most of the time I try 

to sleep longer because I need my rest. When all the lights are switched on, I stay in bed a little 

longer. So I would prefer that the lights are switched on a little later.”

Most patients (10) could not work with the remote control and others did not find the 
remote usable. As two patients stated: “The remote doesn’t listen well to me” and “On Monday 

it didn’t work 100% that is why I didn’t switch off the TV. I was afraid that I couldn’t switch it on 

anymore.” It was not clear for patients how to switch on and off the middle screen and 
switch between nature views and normal TV watching. It was also seen as cumbersome 
to use the arrows to change the channels instead of choosing the channel immediately. “It 

is too hard and I had to search too long. It (using the remote) is different than at home, so I don’t 

know how to use the buttons” and “For example, at home I press 25 and I know which channel 

that is, but now I have to push on the arrows until I reach the preferred channel. It’s a small thing, 

but it is useful to know which channel you are watching and to reach it immediately”. Often 
patients had to ask the nurses to help them. Many patients did not want to bother the 
nurses for that. So they did not switch off the TV. “I can’t ask for help every time I want to 

switch the screen on or off? Therefore, I didn’t change channels.” 

Awareness. Six patients mentioned that they did not notice the artificial skylight as being 
a lighting system in the ceiling. Four patients had the impression that the skylight was a 
real window and were asking if it could also be opened to let in fresh air: “In the beginning 

I thought this was a real skylight and that I could open it. What is located above this room?” Also 
the gentle changing in the nature view movies were sometimes not noticed by the 
patients: “And you know what, I only noticed after two full days that the trees (in the nature view 

movies) were moving. I thought I was dreaming.” Five patients did not notice the sounds of 
the nature views.

Other patients did not understand how the room started in the morning and stopped in 
the evening. They believed that a nurse was coming into the room to shut down the 
system: “First there was nothing and then all of a sudden the screen turned on – ‘poof’ and the 

image appeared”. They did not mind that the system was switching on and off automatically: 
“Euch, I prefer it the way it is now. It is nice, that everything works automatically.”

Three patients gave the remark that it was a pity that one screen was not used: “What is the 

purpose of that screen? It is always empty. Maybe you can split up the information which is now 

all on the other screen – so the text can be a bit bigger”. Some patients also gave hints on 
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what they would like to add on the wall: outside temperature (4), radio (1), flower (1) and 
menu of the day (1). As some patients indicated: “It is maybe a bit silly, but I would like to have 

the menu of the day on the screen. It is not really necessary, but I would like to know it.” 

8.5  Discussion and conclusion
In this study the goal was to explore stroke patients’ experiences with the AHR. Overall all 
patients were satisfied with their stay in the AHR. During the interviews patients were 
often mentioning the nice atmosphere in the room which they described as being 
peaceful, quiet, discrete and unobtrusive. The connection to nature with the blue sky and 
the nature views provided were also appreciated. According to patients the room as a 
whole with all its features contributed to the pleasant experience, but of course patients 
also preferred certain features over the others: the patient wall (5), nature views (3), clock 
(2) or the artificial skylight (2). 

When looking back at the experience goals set at the beginning of the design process 
(identified and described in chapter 4), we can conclude that some are fully met (3), other 
partially (2) and two not (2) (see Table 8-3)

Table 8.3  Overview of experience goals established by the AHR
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Partly met x x

Not met x x

* Fully met (more than ten participants commented positively about this experience during the interview), partly met 
(between 4-10 participants mentioned this during the interview and were positive about this) and not met (more than 4 
participants were negative about this experience within the room – or less than 4 participants commented positively 
about this experience)
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Dosing stimuli over the day. This experience goal was fully met. All patients commented 
that the room had a nice unobtrusive atmosphere. None of the patients were complaining 
about the intensity of the light or the number of stimuli provided. Patients liked the way 
all features in the room worked together to create a certain atmosphere.

Providing structure. This experience goal was fully met. Most patients were aware that 
the room had a certain rhythm and were pleased with it. Patients did not observe the 
artificial skylight changing its luminance over the day, which in our opinion is beneficial for 
their experience. If it was noticed it would have been disturbing for them. Patients were 
mainly commenting about the waking up phase and also the rest phase by referring to 
the nature themes on the patient wall. Two patients commented that the clock made 
them very aware of the time. This feature can be provided as an option to patients, so that 
they could choose between a digital and analog clock design as well as opting out from 
seeing a clock at all. 

Wake-up gently. This experience goal was fully met. Patients were consciously experiencing 
the waking-up experience. Everyone commented that it was very pleasing to be woken 
up gently by the light, the nature views and the chirping of the birds. Only one patient 
added that he would prefer to wake up later. Some patients also stated that they did not 
hear the birds in the morning or the waves in the afternoon. It is recommended to be able 
to adjust the volume of the nature view themes. 

Stimulation to overcome boredom. This experience goal was partly met. Patients were 
commenting on the fact that the nature views were a nice distraction during the day. They 
mentioned the fact that the presence of the nature views brought a certain ‘movement’ 
in the room. Also patients stated that this room was better than the plain white standard 
patient rooms. It can be concluded that the room helped them to overcome boredom. 
We need to state here that the high stimulus modus was not selected which could 
stimulate patients more. Some patients were still switching away from the nature views to 
watch TV. We also believe that the Social Connectivity application (see Chapter 6) would 
have provided an extra effect on the stimulation to overcome boredom. 

Balance between a clinical and personal environment. This experience goal was 
partly met. Most patients gave the remark that the presence of their name on the screen 
was seen as very welcoming and making the room feel more personal. For one way 
patient the room was too personal and he felt his privacy was invaded by continuously 
showing his name on the screen. This supports the conclusion that a personal environment 
was partly established. Note that the personalization of the room did not include all 
features initially intended to incorporate in the AHR: First of all, the nature themes were 
supposed to be selected by the patients. All patients indicated that they had not been 
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asked to choose a theme. Although patients indicated that they did not mind that they 
did not have a choice, it was the intention of the design to give patients a choice to 
enhance satisfaction and personalization of the room. A side note here is also that the 
social connectivity screen was not implemented in this set-up. This feature was intended 
to further improve the personalization of the room. During the study, patients were even 
commenting about the empty screen and giving suggestions on how to use it by 
suggesting to add the menu of the day or a flower. This would make it more personal to 
them. In addition, patients stated that they had difficulties falling asleep in an unfamiliar 
environment, which implies that personalization had not been reached completely. 
Patients also commented on the fact that they wanted some extra seating area for the 
relatives and friends. Currently there were only two chairs available in the room and 
adding a seating area would be beneficial to have more and longer family visits.

Undisturbed sleeping. This experience goal was not established. The intention of the 
room was to support the circadian rhythm and therefore help the patient to sleep better 
during the night. In addition, the going to bed experience was aimed to help patients fall 
asleep easier. When interviewing the patients, we noticed that the going to bed experience 
was often not noticed as a determined phase for the following main reasons: 
· Patients often watched their favorite TV shows. 
· Some patients took sleep medication which made them fall asleep immediately.
· Some patients commented that they were going to bed earlier and that the room was 

still working.
· Disturbance by the noise in the department, the unfamiliar environment and worrying. 

Some of these factors can be addressed by the room. Making the going to bed experience 
adaptive, so patients can choose when they want to sleep would allow them to fully 
experience the going to bed phase. In addition, the disturbance from noises of the hallway 
can be lowered by adding sound absorbing tiles in the ceiling of the hallway and the 
room. Other factors that influence the falling asleep and sleeping process are more 
difficult to influence by the environment since they originate from medical advice or the 
mental state of the patient, e.g., the intake of sleep medication and worrying. 

Dosing stimuli over the hospital stay. This experience goal was not established. During 
the training it was explained to the nurses that they could change the stimulus level of the 
room. All patients in the study were put in a medium stimulus level room. While there is 
the possibility that this was the right stimulus level for the patients included in the study, 
this was not likely the case here. Some of the patients in the study were suited to be in a 
high stimulus room because they were at the end of their hospitalization ready to go 
home. When asking nurses, it seemed that they always leave the stimulus level of the 
room on medium. The nurses indicated that the neurologists should be the ones deciding 
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what the settings should be for the room, but that they often did not have time. One way 
of overcoming this issue is to connect the system to the electronic medical record (EMR). 
The room can then automatically provide a specific stimulus level to the patient based on 
clinical data. 

Next to the lessons learned about the seven experience goals established for the AHR, 
three additional important aspects emerged from the interview results, identified as 
being: 
· Openness to technology of elderly people
· Dependency of success of this solution on involvement of the staff
· Influence on the patient experience of the context and processes surrounding that 

context.

The following subsections address each of these aspects in some more detail.

Openness to technology. The majority of patients interviewed were above 70 years old 
which could influence the acceptance of or openness to this new technology. Although 
patients did not really understand the technology used: some thought the AS was an 
actual window. They did not consciously notice the gentle changes in the nature view 
movies or they thought the system was switched on and off in the room every morning 
and evening – almost all of them were very pleased with the ‘futuristic’ room. This provides 
indication that elderly patients are open to new technology even though they may not 
understand the technology behind it, and the AHR is suitable for the elderly stroke 
population. 

Involvement of staff. Another important aspect we learned during this study, is that 
staff, and among them mainly nurses, are important for the success of the intended use of 
the AHR by setting the stimulus level and changing the settings of the room. Nurses were 
responsible for asking the patients for their nature theme preference and for adjusting the 
settings accordingly. By using the room as it was intended, the AHR would enable the 
patient to have the best possible experience. During the design phases we took into 
account that the amount of effort needed to be kept to a minimum for staff. By using a 
very simple UI staff could change the settings in just 1 minute at the beginning of the 
patients stay. Nurses got a training on how to set the settings of the AHR room but this 
training was done two years prior to the study. Nurses were responsible for asking the 
patients for their nature theme preference and for adjusting the settings accordingly, 
thereby enabling the patient to have the best possible experience. These instructions had 
not been followed during the period of this evaluation, despite the fact that it only takes 
1 minute to adjust the settings at the beginning of a patient’s stay. This observation 
indicates the importance of proper training so nurses understand the possibilities of the 
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room and reasoning behind the room. It is essential that the operation of the AHR needs 
to be included in work routines and processes to guarantee its success towards patient 
experience.

Experience context. Discussing the patient’s experience during the interviews confirmed 
what was already mentioned in the introduction: a patient experience is not only influenced  
by the AHR but also by the context and the motivations, needs and emotional states of  
its users. For example: some patients were very optimistic about their future and others 
less; some had a negative experience with the physician treating them such as not being 
clear about their discharge date or bringing them bad news just before going to bed.  
The experience of a patient’s hospitalization is different for all patients. All these experiences 
influence the way patients experience their hospital visit as a whole. The AHR contributes 
partly to that experience. 

8.5.1  Limitations
Not exposed to the full experience of the AHR. Patients were not exposed to the full 
envisioned experience of the AHR, mainly to the Adaptive Daily Rhythm Atmosphere 
supported by the Artificial Skylight and Patient Wall. Nurses were responsible for adjusting 
the settings accordingly. During the training it was explained to the nurses that they could 
change the stimulus level of the room. All patients in the study were put in a medium 
stimulus level room.

Focus only on patients. In this study the experience of nurses and other staff was not 
included, even though the play a crucial role in adjusting the setting. Including nurses might 
have revealed more information about the reasons of not complying with the instructions 
of use and how the AHR could have been incorporated better in their workflow. 

One-site research. The study was conducted in one hospital and influenced by the 
protocols, culture and politics of this site. 

First HE concept implemented in the hospital. The AHR was one of the first healing 
environment concepts implemented in the hospital. Staff is not yet familiar with these 
concepts and is often not aware of the possibilities. 

8.5.2  Conclusion
Patients were not exposed to the full envisioned experience of the AHR, mainly to the 
Adaptive Daily Rhythm Atmosphere supported by the Artificial Skylight and Patient Wall. 
We can conclude that the ADRA has contributed to a positive experience of their hospital 
visit. However, the extent of that contribution is different for every patient. 
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From this study we derived certain recommendations to further improve the AHR: 
· Inclusion in standard work routines of nurses
· Connecting to the EMR so based on clinical data the room can change the settings 

itself 
· Further personalizing the room by choosing the volume of the nature view sounds, the 

presence of the clock, the nature view themes, the wake-up and going to bed time
· Adding a suitable seating area for family and friends

These additional improvements will help to enhance the already overall positive patient 
experience supporting the recovery process.
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9  Quantitative validation @ field

9.1  Introduction
Post launch outcome measurements are a fundamental activity in EBD with the goal to 
share with fellow practitioners the outcomes (Hamilton & Watkins, 2009). To evaluate and 
assess the effect of the Adaptive Healing Room (AHR) on the patient well-being a 
randomized controlled trial was conducted within a hospital setting (level 1, see Chapter 2).  
In this set-up it was decided to only implement and test the lighting system of the AHR,  
to distinguish the effects of the lighting conditions from those of other features of the 
AHR. In this study, the combination of the Artificial Skylight and the supporting cove 
lighting is referred to as the “Dynamic Adaptive Healing Light System” (DAHLS). DAHLS is 
designed to simulate certain aspects of natural daylight and its effect on sleep, emotional 
parameters, activity and patient satisfaction within hospitalized stroke patients. The aim of 
the present study is to investigate the effect of the DAHLS in an in-patient environment 
during the post-event recovery process. 

9.1.1  Objectives
The primary objective of this study is to investigate whether a DAHLS improves nocturnal 
sleep and alertness, reduces perceived stress and increases pain tolerance in stroke patients  
as measured by questionnaires. The secondary objective of this study is to investigate 
whether a DAHLS increases patient well-being, indicated by satisfaction, general feeling, 
appetite and activity measured by questionnaires, actigraphy and sensor monitoring. 

9.2  Setting
In the study, two equal-sized west-oriented single patient rooms located at the Neurology 
Department of the Catharina hospital in Eindhoven (The Netherlands) at the tenth floor 
were used (see Figure 9.1 and Figure 9.2). 

Figure 9.1   Left the experimental room, right the control room
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One patient room served as the experimental room equipped with DAHLS, and the other 
patient room was used as the control patient room. The control room is similar to the 
intervention room only mirrored with a sanitary room inside the room. They have the 
same view, size, furniture, curtains and colour on the walls, to create a similar atmosphere 
in the room. The control room was equipped with a conventional lighting system without 
the DAHLS. Both rooms were equipped such that they can function both as a stroke unit 
and standard neurology ward room dependent on the patient’s status. 

The experimental patient room is equipped with DAHLS, consisting of an “Artificial Skylight 
(AS)”, Cove Lighting and a Patient Wall. The Artificial Skylight (AS) is installed in the ceiling 
above the feet of the patient (size 60cm x 180cm). Because of the small patient room size 
it was decided to change the configuration of the AS lighting tiles into a rectangular 
configuration. 

The AS offers a light boost between 10:30 and 12:30 hr. The maximal intensity of the light 
boost is dependent on the setting (Low stimulus – Medium Stimulus – High Stimulus) 
chosen by the medical staff via a web interface (figure 9.3 and tabel 9.1). In front of the 
patient a Patient Wall is mounted on the wall (Figure 9.1). In the Patient Wall, a 32 inch 
television screen as well as cove lighting is integrated. In order to make a fair comparison 
between the control and experimental patient room possible, and thus to avoid a 

Figure 9.2  Overview neurology department and rooms used

Experimental 
Patient Room

Control Patient 
Room
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TV-induced effect, an identical TV is installed in the control room. Low intensity tuneable 
white light coves on the top and bottom side of the Patient Wall, and a low intensity 
tuneable white light cove behind the patient are included to support the adaptive lighting  
in exerting its healing effects, such that the bright standard lighting does not need to be 
used. In this set-up the nature views, coloured cove lighting and social connectivity are not 
included (see Table 9-2). 

9.3  Method
The study is performed as a randomized, case controlled trial with two parallel groups 
(control and intervention group). The experimental protocol was approved by the local 
MREC (Medical Research Ethical committee) of the hospital (METC M12-1238 and CCMO NL 
41143.060.12).

Figure 9.3   Overview of low, medium and high stimulus mode as implemented in  
the Catharina study
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Table 9.1   Light intensity AS

Low stimulus Medium stimulus High stimulus

Bed 
(“cool white”)*

E 170 lx 1226 lx 2520 lx

CCT 5530 K 5445 K 5560 K

Eye 
(“blue”) **

E 50 lx 392 lx 706 lx

CCT 7620 K 8400 K 9800 K

* Measured under the artificial skylight at bed height
** Measured at the eye of the patient when the headboard of the bed was at 45 degrees
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9.3.1  Procedure 
When patients were admitted to the emergency department of the hospital with a stroke, 
they were informed about the study by the neurologist on call. After getting the 
information letter, the patients were screened by the neurologist on call. The NIH Stroke 
Scale was used to test if patients met the inclusion criteria, thus eliminating very severe 
cases from the test population (National Institutes of Health Stroke Scale (NIHSS) below 
12). Next, patients were asked to give informed consent. Then patients were moved to the 
neurology department and upon arrival randomly assigned to a room. Patients were 
assigned according to normal hospital procedures and irrespective of their health status 
to the control room with the standard lighting conditions, or to the intervention room 
with the DAHLS. If only one of the rooms was available, the patient was assigned to that 
room. Investigators were not present in the hospital during room assignment or any other 
stages of the study. Normally, after suffering a stroke, a patient is monitored up to 72 hours 
in a dedicated stroke unit, and subsequently transferred to a standard patient room for the 
rest of his stay. In this study, patients were assigned immediately after leaving the 
emergency room to the experimental or control room and stayed there for a maximum of 
9 nights and minimum of 2 nights, with an expected average length of stay of 4 nights. 
Both rooms were equipped with a mobile patient monitor such that they could function 
both as a stroke unit and standard neurology ward room dependent on the patient’s 
status. After entering the room the patient was prepared to start the study by applying 
the Actiwatch-Spectrum® (Philips Respironics). All patient room assignment information 
was kept by nursing staff in a study logbook. 

Table 9.2   Difference between lighting system in Experimental Patient Room and 
Control Patient Room

Room lighting Intervention patient room Control patient room

Ceiling light Lighting of the room Lighting of the room

Dynamic during day Static

Adaptive to state of patient Static

Automatic simulation of daylight Only on/off

Intensity of light and color 
temperature differ during the day

Intensity of light and color temperature 
differ during the day depending on the sun

Illuminance*: 0- 2000 lux Illuminance*: 500 lux

Color temperature: 2700 – 6500 K Color temperature: 3000 K

The patients can’t influence the 
light themselves

Patients or other people can turn the light 
on and off

*measured on the bed with the curtains closed
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9.3.2  Data collection 
During their stay patients were questioned three times a day (see Table 9-3). We made use 
of validated questionnaires: Hospital Anxiety/Depression Scale (HADS), Visual Analog 
Scale (VAS), Karolinska Sleepiness Scale (KSS), Part of Symptom Check List – 90, Perceived 
Stress Scale – 10. Appetite Rating Scale and General Feeling Rating Scale will be measured 
by using a Likert Scale. These questionnaires have not been validated, but will nevertheless 
provide useful information. The questionnaires were administered by the clinical nurse. 

The questionnaires were carefully selected keeping the stroke patients capability in mind 
and confronted with neurologists to understand if these questionnaires were suitable for 
the stroke population. The first measurement took place at 07:30 when the nurses woke 
the patient, just before blood collection. The second measurement took place at 11:30 
when the patient was prepared for lunch and when the normal clinical checks took place. 
The last measurement of the day took place at 20:00 when visiting hours were ended.  
On the day the patient was discharged from the hospital or when the patient was moved 
to another ward or room, a discharge questionnaire to measure satisfaction was filled out.

In addition, actigraphy and sensor monitoring was used. Using a wrist worn Actiwatch- 
Spectrum® (Philips Respironics), the patient’s rest and activity cycles were assessed.  
The Actiwatch-Spectrum® is normally worn on the wrist of the non-dominant arm. Based 
on the condition of the patient, it was necessary to sometimes deviate from this general 
approach. When patients were paralyzed at their dominant side it was decided to place 
the Actiwatch-Spectrum® at the non-paralyzed side. The activity was assessed continuously 

Table 9.3   Schedule data gathering

7:30 11:30 20:00

Measurement 1 Measurement 2 Measurement 2

KSS
SCL-90

HADS
VAS
KSS

PSS-10
SCL-90

KSS

Appetite
General Feeling

Activity (actiwatch)

Light (light sensor)

Presence (eMFIT in chair and bed, movement sensor)
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and was used to get an estimate of the patient’s activity levels during the day and sleep 
patterns during the night. 

In addition, an Emfit Bed Sensor (L-4060SL) and Emfit Seat Sensor (L3030-SL) in each 
patient room were used to log bed and chair presence respectively. The bed sensor was 
placed underneath the mattress of the patient bed. The seat sensor was a cushion, which 
was placed in the patient chair. Based on the registrations of the sensors we could monitor 
how long the patient was in bed and how long sitting in the chair. In addition, PIR sensors 
registered total movement levels in the rooms, and wireless sensors on the wall behind 
the patient registered temperature, humidity, illuminance and IR illuminance as well as 
their own battery level, to compare the conditions in both rooms. 

The bed, chair and motion sensors generate a trigger each time they are activated or 
de-activated. These triggers were recorded, together with a timestamp. Readings from 
the room sensors (temperature, humidity, illuminances) were registered once every minute.

9.3.3  Data analysis
Statistical analysis on the questionnaire data were performed using the Statistical Package 
for Social Sciences (SPSS). A parametric test, the independent-samples t-test, was used to 
compare the differences between the means for Sleep, Hostility, Anxiety, Depression and 
Stress for intake and discharge. The independent-samples t-test compares the means between 
two unrelated groups on the same continuous, dependent variable. To test the significance 
for the scores during the stay. We looked only at the respondents who stayed at least 4 
nights. For each respondent a Mann-Kendall analysis, which is a non-parametric analysis 
indicating whether there is a trend to change (decrease or increase), was done. Next a 
statistical test was performed on these trends for each condition between intervention and 
control room. A non-parametric test, Mann-Whitney test, was used for Headache, Appetite 
& Feeling. The Mann-Whitney test is used when the dependent variable is ordinal (Likert 
scale) and the two variables are not normally distributed to determine if there are differences 
in medians between groups. A correlation of 0.1–0.29 was considered weak, a correlation of 
0.3–0.49 was considered moderate and a correlation of 0.5–1 was considered strong.

The data from the Actiwatch are downloaded and subsequently processed by accompanying 
Actiware software. Based on the actigraph the approximate start and end of the sleep 
period are indicated after which the software determines the accurate start and end 
points based on default settings. From this pre-processing the calculated sleep, rest, and 
active periods are extracted per patient, as well as one-minute averages on activity and 
light intensity. Occasionally, for some patients, two Actiwatches were used subsequently. 
The two extracted data files are then merged. The actigraphs are first averaged over 
patients and time-of-day. This results in an averaged activity profile over the day per 
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condition. From this graph interesting periods are selected with are further analysed for 
trends over the period of stay. Additionally similar trends are investigated for the average 
activity during active periods (as determined by the Actiware software). One-tailed 
student t-tests are used to test whether activity in selected periods is higher in the 
intervention condition than in the control condition. Additionally linear mixed effect 
models are built to investigate activity trends over the stay in hospital. Such models are 
well suited to take individual differences between patients into account.

All room condition and presence sensor data were first plotted and inspected for the full 
study period, to verify completeness and to identify potential artefacts. For some periods, 
data were found to be missing due to technical difficulties (low battery conditions, bad 
contacts). Those periods were marked and excluded from further analysis. Subsequently, 
the data were analysed for the periods of occupancy by included patients, as registered in 
the logbook. Occasional typing errors in the logbook could be corrected by comparison 
with the start and stop dates deduced from the questionnaire, Actiwatch and sensor data 
themselves. 

For both rooms, the temperature and humidity data were averaged for the full study 
period, to verify that the environmental conditions in both rooms were similar. The other 
data were averaged over patients and time-of-day per condition, in the same way as the 
Actiwatch data. Total averages for relevant periods of the day were then compared using 
1-tailed t-tests. Finally, bed presence data, averaged over all patients per condition, were 
analysed over the length of stay, to identify trends over time. 

9.3.4  Participants
The inclusion and exclusion criteria for participants are summarized in Table 9-4. To be 
included, patients had to have a stroke with a NIHSS between 2.5 and 12, which meant a 
minor to moderate stroke severity. All patients entered the hospital through the Emergency 
Room (ER) of the hospital for an acute stroke event. All participants gave written informed 
consent. 

9.4  Results

9.4.1  Participants
From June 2012 until May 2015, 80 patients admitted to the neurology ward were enrolled  
in the study, 43 in the interventional condition and 37 in the control condition. In total  
this resulted in a data set of 323 patient days. Of the 323 registered patient days, 152 were 
in the control room and 171 in the intervention room. Of the 171 patient days in the 
intervention room, 153 registered the stimulus modus. In the intervention room, 153 days 
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were in high stimulus mode (89%), 12 days in medium mode (8%) and 4 in low stimulus 
mode (3%).

Demographic data was collected for 58 out of 80 patients whereof 20 were female and 38 
male. Patients had an average age of 70 (±14.6 SD) and with an average NIHSS of 4.6 at 
intake (±3.2 SD) and after 24 hours of 3 (±3.4 SD). 

For the questionnaire, valid data was collected for 75 patients (300 patient days). When the 
dataset of the questionnaires of a patient was not complete, data of that patient was not 
included in the study. For the actigraphy, valid data was collected for 73 patients (294 
patient days). For the room conditions (wireless sensor data), data was correctly recorded 
for almost the full period. Unfortunately however, several periods were found in which no 
bed sensor and/or chair sensor data were recorded. Valid bed sensor data were available 
for both rooms, but only for the first year of the study (June 2012 - Sep 2013). Chair sensor 
data were available for the full period of the study, but only for the intervention room. 
Therefore, a comparative analysis could only be performed on the sensor data for the first 
21 patients (81 patient days), 10 of the intervention room and 11 of the control room. 

9.4.2  Questionnaire data
At intake, the means (for Sleep, Hostility, Anxiety, Depression and Stress) and medians (for 
Headache, Appetite & Feeling) of the responses were compared between the two groups. 
As expected, there were no significant differences. At discharge the responses showed no 
significant difference in mean or median between the two rooms (see tabel 9.5). 

Table 9.4   Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

· Patients who had a CVA and who were 
entered in the hospital through the ER

· With a minimum NIHSS score of 2,5 and 
maximum of 12

· Minimum 18 years old 
· Sufficient knowledge of the Dutch language
· Patient is capable and willing to fill in the 

questionnaires with or without help of the 
nurse 

· The patient is expected to be hospitalized 
for at least 2 days 

· Severe dementia or other severe cognitive 
problems

· Psychiatric problems (Schizophrenia, 
Psychosis and (bipolar) depression)

· Treatment plan which will lead to absence of 
the patient in the patient room for a longer 
time period (for example chronic dialyses) 

· Patients who are readmitted in the hospital 
in the period that the study is running 

· Patients who suffer from light-induced or 
light-enhanced migraine 

· Patients who suffer from one of the 
following eye diseases: cataract, glaucoma, 
Uveitis or macular degeneration. 
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9.4.3  Actigraphy
The activity versus time-of-day, averaged over patients and days, is shown in Figure 9.4. 
We can clearly see low activity during the night, and peaks at 8:30-9:30 when patients are 
woken up, given breakfast and being washed, during lunch (12:30) and during dinner 
(17:30). This can be explained by the imposed hospital schedule. The activity profiles look 
very similar. Note, that this is also to be expected for periods with “forced (in)activity”, that 
is during the night, breakfast, lunch and dinner. 

Figure 9.4   Activity (averaged over patients and days) vs time
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P-value 1.00 0.83 0.12 0.27 0.78 0.83 0.50 0.73
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What is of more interest is the activity level during the times patients are free to do  
what they want, typically around the middle of the afternoon. Therefore we compared 
the mean activity over the full day, the total activity during active periods (as determined 
by ActiWare), and the mean activity between 13:30 and 13:40 h. The results are shown in 
Figure 9.5, which shows that the activity is higher in the intervention condition for all three 
chosen intervals, no significant levels for the total activity during active periods (one-tailed 
t-test, t(225) = -1.63, p=0.052). 

We further analysed the timeslot between 13:30 and 14:30, for each day over patients’ 
hospital stays. The result is shown in Figure 9.6. The activity in this period is very similar in 
both conditions at the day of admission (day 0) and seems to increase during the stay. 
Interestingly the increase seems to be steeper in the intervention condition leading to a 
significant difference at day 1 (t(68)=2.017, p=0.047). At longer stay durations many patients 
are discharged leading to larger error bars on the graph. 

Figure 9.5   Mean activity measured over the day (left), during active periods (middle) 
and between 13:30 and 14:30 h. The error bars indicate the standard error  
of the mean
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This period was also analysed using a linear mixed model with hospital stay (days), 
condition and their interaction as independent factors, and patient as random factor. The 
resulting graph is shown in Figure 9.7a and shows a steeper increase of activity levels 
between 13:30 and 14:30 for the Ambient condition over the course of the hospital stay. 
This increase is however not significantly larger than the increase for the control condition 
(p=0.093 for the interaction between condition and day from start).

When analysing the activity during active periods over the hospital stay, the activity level 
seems to increase faster in the intervention room as compared to the control room.  
A linear mixed model with hospital stay (days), condition and their interaction as independent 
factors, and patients and day from start per patient as random factors shows a not 
significant interaction between day from start and condition (p=0.058) (see Figure 9.7 b).

9.4.4  Sensor data 
First the measured parameters: temperature (C), humidity (%), illuminance (lx) and IR 
illuminance TSR (lx) are discussed. The average air temperature was almost constant at 22 
degrees Celsius for both rooms during the duration of the entire study with a difference of 
only 0.3 Celsius. The same holds for the average humidity which was 33% for both rooms 
over the duration of the entire study with a difference of < 1%. The measured illuminance 
over the day, averaged over the measured period (between November, 2012 and January, 
2013), is shown in Figure 9.8 for both conditions. It shows that the measured illuminance in 
the intervention room closely follows the designed lighting pattern. As designed, during 

Figure 9.6   Mean and standard error of the activity between 13:30 h and 13:40 h versus 
day from start for both conditions
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the light boost between 10:30 and 12:30 illuminance levels in the intervention room (on 
the wall near the head of the patient) was a factor 4 - 5 higher than in the control room. 

Similar to the Actiwatch-Spectrum® data, the bed presence sensor data showed that the 
activity levels (time spent out of bed) in the control and the intervention group hardly 
differed during the day, as could expected because of the imposed day schedule. When 
looking more closely at the “free” periods after lunch (13:00-15:00) and after dinner 
(19:00-20:00), the profiles do appear to differ (See Figure 9.9). Analysis using a Students 
T-test shows, that the difference in the afternoon (13:00-15:00) is significant: patients spent 
a significantly larger fraction of time out of bed in the intervention room (43%) compared 
to the control room (25%) (N=21, p=0.039). 

The time spent out of bed in this timeslot over the hospital stay was analysed by applying the 
same linear mixed model as used for the Actiwatch data. The result is shown in Figure 9.10,  
and looks remarkably similar to that of the Actiwatch data. A significant increase in the 
time spent out of bed from day 0 to day 7 is found for the intervention room. The slope for 
the Ambient condition is however not significantly steeper than the slope for the control 
condition (p = 0.057).

9.5  Discussion and conclusion
The lighting is positively appreciated by patients. The increased satisfaction may be 
supportive for a positive effect of lighting on recovery (Swan, Richardson, & Hutton, 2003). 
At intake and discharge, there were no differences found between intervention and 
control room for all measured parameters. For intake it is assumed that the patients enter 
the hospital in the same state and medical condition and this was confirmed by the 

Figure 9.7   Change of activity over time between the two conditions. (A) Average 
activity between 13:30 and 14:30 h, (B) average activity during active periods
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Figure 9.8   Average measured illuminance

Figure 9.9   Bed sensor data of experimental room (blue) and control room (red)
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analysis of the data. For discharge, it is assumed the patients have a comparable state of 
health when they are discharged, even though “length of stay” values vary between 2 to 
6 days. 

The results show that the present DAHLS achieves more active patients during the time 
period patient’s activity is not imposed by the hospital protocol. Bed sensor data in the 
“free” period (13:00-15:00) shows a significant increase in time spent out of bed over the 
hospital stay in the intervention room, and a significantly larger fraction of time spent out 
of bed on average (43% vs 25%, p=0.039, N=21). For the activity level monitored with the 
Actiwatch-Spectrum® the hypothesis has to be rejected, but the low p-value is encouraging  
as this was a field study, and there are many confounding factors that influence the 
measures.

Figure 9.10   The averaged bed absence during active periods over the hospitalized time
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Figure 9.11   Left: Activity @ 13:00-15:00 from bed sensor data (% of time in bed) and 
right: Activity @ 13:30-14:30 from Actiwatch-Spectrum® data
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The fact that patients are more active in the experimental room compared to the control 
room, indicates that the rooms supports or stimulates patients to leave the bed. This 
means that these patients are more active and physical activity is related to better 
recovery. One would expect that the subjective measures on well-being by means of  
the questionnaires would reveal significant differences for headache, appetite, sleep, 
depression, general feeling or stress because they relate to well-being, but they did not. 

1. The effects measured by the questionnaires could be moderated by personal and 
situational factors. Responses to an environment depend on the purpose of goal for 
being in that particular environment (K. Dijkstra, 2009). We learned during the 
contextual research stroke has a large impact on patients. It might be that by means 
of the questionnaire we were measuring the effect of the stroke on patients and not 
the effect of the room. 

2. The patients were asked by the research nurse to complete all the questionnaires for 
trial success. This might have led to strategies of completing the questionnaires that 
resulted in ambiguous data. Also when discussing this with the research nurse during 
the study, she believed the questions were too difficult for the participants in the 
study. Pilot testing validated instruments using interviews may be important in future 
studies for stroke populations. 

3. With the questionnaires we measured headache, appetite, sleep, depression, general 
feeling and stress. These factors relate to well-being of the patient, but are subjective 
measurements. For stroke patients it might be difficult to assess their own health 
status subjectively. For further analysis and research we recommend to also 
incorporate clinical parameters such as NIHSS, the Modified Ranking Scale to measure 
the degree of disability, Barthel index which measures activities of daily living and 
measurements such as blood pressure, heart rate and saturation. 

The results are promising for stroke patient’s recovery process. In 2014, the American Heart 
Association (AHA) investigated the effect of physical activity and exercise on hospitalized 
stroke patients (Billinger et al., 2014). After the investigation the AHA recommended that 
physical activity and exercise prescription should be incorporated into the management 
of stroke survivors. Immediately after an acute stroke, the first goals during post stroke 
rehabilitation relevant to physical activity are aimed at preventing complications of 
prolonged inactivity, regaining voluntary movement, and recovering basic activities of 
daily living. The consensus throughout the world is that physical activity should start early 
after stroke. There is evidence that patients managed in a stroke unit promoting early 
mobilization had fewer deaths and better outcome than patients managed in general 
medical wards without early mobilization (Indredavik et al., 1991). In 2007, Indredavik and 
colleagues published a study indicating that in the first 24 to 48 hours of stroke, simply 
getting out of bed has been shown to significantly increase heart rate, blood pressure and 
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oxygen saturation and improve conscious state (Indredavik, Loege, Rohweder, & Lydersen, 
2007). A more recent prospective observational multi-centre study with a total of 390 
acute stroke patients performed by Hokstad et al. also revealed that a higher upright 
activity within the first week after stroke is associated with better functional outcome  
and health related quality of life. Cumming et al. concluded that earlier and more intensive 
mobilization after stroke may fast-track return to unassisted walking and improve functional 
recovery. They performed as study with 71 patients where patients in the interventional 
group received early mobilization and more frequent then the control group. In addition 
it may reduce depressive symptoms in stroke patients at 7 days post-stroke (Cumming, 
Collier, Thrift, & Bernhardt, 2008). Therefore we believe that the effect found, namely more 
active patients when exposed to DAHLS, is a promising result and the DAHLS could assist 
stroke patients in their recovery after a stroke during hospitalization. 

9.5.1  Study challenges 
At the start we envisioned that the study would take up to 9 months, but in the end lasted 
3 years. Multiple reasons can be given for that. 

Inclusion criteria very strict. At the beginning of the study together with the neurologists,  
we defined the inclusion criteria for patients. During the study it become clear that not 
many stroke because could be included because many of them suffered from aphasia and 
cognitive problems which made it impossible to answer the questions. Both we and the 
neurologists didn’t envision this problem to occur, because of this the inclusion of patients 
was rather low and the study took longer. 

Single rooms are cleared for severely ill patients. In addition the AHR had to be 
implemented in a single room and this implied that he control rooms also was a single 
room. At the department there were only 4 single rooms available in total. We learned 
during the study that often the single rooms were used for severely ill patients who often 
are admitted to the hospital for a longer time period. 

Hospital protocols. In addition the hospital has procedures in place during flu season 
which implied that every department had to open beds for patients from overcrowded 
departments. This implied that during this time the rooms were not used for the study. 

9.5.2  Limitations
The study presented in this thesis also has some limitations which are listed below:

Lack of complete data set. A first limitation is the lack of a complete data set. For the 
questionnaire data the set was sometimes not complete and data of that patient was not 
included in the study. In addition during the study we ran in to some technical problems 
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which led to an incomplete data set. For the sensor data several periods were found in 
which no bed sensor and/or chair sensor data were recorded. 

Difficult to generalize data. A limitation of this study is the difficulty to generalize the 
results because the studied populations is different than the entire stroke population 
treated in the acute setting. The inclusion criteria were very strict for the simple reason 
that patients had to be capable for answering the questions. If we look at the NIHSS at 
intake (NIHSS 4), we can state that only the minor stroke patients were included in the 
study. 

Not taking into account confounding factors. Another limitation of the study is not 
taking into account confounding factors which could have influenced the outcomes. If we 
look at the results of the qualitative validation at field (chapter 8), in which the inclusion 
criteria for patients were more or less the same as for the quantitative study, we found that 
the sleep experience was influenced by many other factors such as watching TV, taking 
sleep medication, disturbance by noise in the department, the unfamiliar environment 
and worrying. Some of these factors are difficult to influence by the environment since 
they originate from medical advice or the mental state of the patient, e.g., the intake of 
sleep medication and worrying. This could be one of the reasons why we did not find a 
significant effect on sleep at night. We didn’t correct the actigrahpy data with sleep 
medication given although the medication could have influenced the results. In addition 
we did not take into account the imposed hospital schedule per individual patients. This 
schedule could play a role in influencing sleep for example waking-up patients to draw 
blood early in the morning. 

9.5.3  Future studies
The results of this study cannot be generalized over the entire stroke population in the 
acute phase. As a future study we propose to conduct the study with a more complete set 
of the stroke population. By only using actigraphy and sensor data cognitive ability and 
aphasia can be excluded from the inclusion criteria and a much larger stroke population 
can participate in a clinical trial. 

The intention of the study was to focus on stroke patients, but activity in the early phases 
of the acute phase is not only beneficial for stroke patients but also for example for elderly 
patients, patients undergoing chemotherapy, heart failure patients, physical activity in the 
early phases of the acute hospitalization phase could be beneficial. 
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10 Conclusions

10.1  Introduction
The patient room can be seen as the epicentre of patient experience creation, because 
hospitalized patients spend most of their time in the patient room. Although the term 
healing environment exists for a long time and many guidelines are written over the past 
years, even today, most hospital patient rooms remain highly institutionalized environments 
that confine patients to an artificial and unfamiliar environment. To date, the typical 
patient room is often still painted white, lacks decoration, is minimally furnished and has 
windows facing other buildings blocking natural light and a good view outside. Every 
moment of the day feels the same so patients lose track of time and place and often 
patients do not have anything familiar in their environment that comforts them. These 
environments are not helpful in supporting the patient to have an optimal experience or 
being psychologically supportive. Ideally, a hospital patient room needs to provide a 
space for patients that improves health outcomes and support the patient experience.

The aim of the research presented in this thesis was to design a patient room 

for hospitalized stroke patients which could enhance the healing process 

and support the patient experience.

To design a patient room that improves health outcomes and supports the patient 
experience, we proposed to combine both Experience Driven Design (EDD) and Evidence 
Based Design (EBD) methodologies. In order to link EBD with EDD a framework that 
combines the crucial parts of both methodologies was suggested. 

The main body of the thesis consists of two parts based on the proposed framework.  
The first part covers the definition phase and aimed at: defining the design strategies based 
on our understanding of the current state of healing environments knowledge (Chapter 3), 
defining the experience goals based on the understanding what the needs and values of 
all stakeholders involved during the hospitalization of a stroke patient were (Chapter 4) 
and combining the EBD design strategies and experience goals into concepts which were 
validated with both clinical and business stakeholders, which led to the creation of the 
Adaptive Healing Room (AHR) (Chapter 5). The second part covers the execution phase, 

where the design of the AHR is proposed, developed, finalized (chapter 6) and validated in 
a lab setting with clinical stakeholders and former patients (chapter 7) and in a field setting 
(chapter 8 and 9). In this chapter we summarize our main conclusions, discuss limitations 
of the research and indicate directions for further research (Chapter 10). 
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10.2  Main research Contributions
Experience goals in combination with EBD design strategies form the basis for an 
innovative design process in a healthcare setting.
In Chapter 3 we gave an an overview of the effects of a variety of environmental stimuli on 
patients’ health and well-being. This literature overview identified a number of design 
strategies and interventions that could influence patient outcomes. The strongest evidence 
was found for the impact of the ambient features nature views, daylight, coloured lighting 
and sound on the healing process. In Chapter 4, contextual research was performed with 
the goal to understand current experiences as a basis for creating a solution which enables 
more desirable experiences. The research revealed several experience goals: dosing stimuli  
over the day, providing structure, waking-up gently, undisturbed sleeping, stimulation to 
overcome boredom, need for information, having social support, balance between clinical  
and personal environment and dosing stimuli over the hospital stay. These experience 
goals cover all the important needs that needs to be taken into account when designing 
for a desirable stroke patient experience. The experience goals in combination with the 
EBD strategies formed the basis for designing the AHR. In Chapter 5, eight concept ideas 
were presented: Sensory load, Daily rhythm, Sunny day, Skylight, Patient agenda, Night 
light, Patient wall and Nature views. Not all concept ideas were a combination of the 
identified EBD strategies and the experience goals. Some concept ideas were only 
focussing on the EBD strategies like Sunny Day and Artificial Nature view and others only 
on the experience goals like the Patient Agenda and Night light. We confronted the 
stakeholders with the different concept ideas. Although all concepts scored relatively 
high, the concept ideas that scored the best were the concepts that combined both EBD 
strategies and experience goals, namely the Adaptable Stimulus Dosage (ASD), Adaptive 
Daily Rhythm Atmosphere (ADRA) and Artificial Skylight (AS). We believe that by combining 
both experience goals and EBD strategies, the concepts were a stronger proposition. They 
were more appealing by offering an integrated solution: focusing on healing factors (EBD 
strategies) in context (Experience Goals). We believe that combining both is essential to 
bring real innovation to healthcare problems.

The use of experience prototypes in the design process of healthcare applications 
is valuable before validation at field. 
A hospital is a clinical setting, in which interventions are only permissible when they are 
fully functional. Stroke patients are typically severely ill and you do not want to confront 
them with a prototype that is not yet fully functional. Whether innovations interfere with 
the workflow of medical staff and established clinical procedures and protocols is difficult 
to assess based on paper prototypes. In addition, validations at field are very time 
consuming and labour intensive which makes it important to fully test a prototype and 
make sure it is without any flaws and robust. Therefore, we believed it was important and 
extremely valuable to pre-test all the concepts in the laboratory and optimize the design. 
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As stated in Chapter 2, experience prototypes can be valuable to provide proof of concept. 
With high-fidelity prototypes, it is possible to go beyond usability and functionality and 
explore how the concept will influence the experience and impact the workflow. The use  
of an experience prototype enabled the implementation of stakeholder feedback in an 
iterative design cycle. The evaluation in the laboratory setting with the AHR prototype 
gave us an indication of the likely impact of the AHR: the healing potential, impact on staff 
workflows and patient experience (chapter 7). Using experience prototypes not only 
helped to give us an indication of the likely impact of the AHR, but also helped to improve 
the AHR before starting the validation at field. Several recommendations were derived 
from the feedback that was given by the medical stakeholders concerning the workflow. 
For example, enabling changing the wake-up time, but only for nurses so that the hospital 
workflow is not disturbed. In addition, we got a number of recommendations on how the 
experience could be improved even more, such as: adding the possibility to watch TV, 
reducing the wake-time to the preference or need of the patient, removal of the automatic 
curtains and providing an option to choose the nature view theme. Therefor we believe 
that the laboratory evaluation of the concepts by using experience prototypes was an 
important step that enabled improvements to be made to the initial design before 
starting the validation in the field. 

The use of experience prototypes also allowed us to obtain feedback from different 
hospitals and departments, forming an immense advantage over a clinical trial in only one 
particular hospital department and setting. Hence, this laboratory study allowed us to 
judge the differences in views between departments and hospitals. Staff members from 
different healthcare institutions and with different professional roles agreed on most 
aspects and they all saw similar added values of the patient room. In addition, the staff 
also expected a positive effect on the efficiency of the clinical workflow for almost all 
phases. In additon, this set-up gave us the opportunity to get feedback from former stroke 
patients. Although the room was intended for hospitalized stroke patients, involving 
former stroke patients proved to be valuable. Former stroke patients could relate to their 
hospital stay easily and gave an indication on how the room could have supported their 
stay in the hospital and which features needed to be improved. They indicated for 
example the need for personalization. We can conclude that the use of experience 
prototypes is a means to evaluate the potential impact with former patients and medical 
stakeholders and is a valuable step in the design process of healthcare innovations, 
allowing to improve the prototype before starting a validation at field. 

Adaptive healing over the day enabled by the Adaptive Daily Rhythm Atmosphere 
(ADRA) for hospitalized stroke patients enhances patient experiences. 
From the contextual research (chapter 4) we deduced several experience goals defining 
what experience to design for. We developed four concepts focussing on these experience 
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goals. In the qualitative validation at field, we explored stroke patients’ experiences with 
the overall AHR (chapter 8). Patients were exposed to a version of the AHR which included 
the Adaptive Daily Rhythm Atmosphere (ADRA) system, controlling the Artificial Skylight 
and Patient Wall. The ADRA system allowed dosing stimuli over the day, providing 
structure, waking up gently, undisturbed sleeping and creating a balance between a 
personal and clinical environment. 

Overall all patients were satisfied with their stay in the AHR. All patients commented that 
the room had a nice unobtrusive atmosphere. During the interviews patients were often 
mentioning the nice atmosphere in the room which they described as being peaceful, 
quiet, discrete and unobtrusive. The connection to nature with the blue sky and the 
nature views provided were also appreciated. According to patients the room as a whole 
with all its features contributed to the pleasant experience, but of course patients also 
preferred certain features over the others: the patient wall (5), nature views (3), clock (2) or 
the artificial skylight (2). We can conclude that the experience goals that contributed most 
to the experience of stroke patients were dosing stimuli over the day, providing structure 
and waking-up gently, which all relate to the ADRA concept. We believe that also the EBD 
strategies implemented in the room supported the overall experience such as the nature 
views and daylight. We can conclude that the ADRA concept in particular contributed to 
the positive experience of their hospital visit. 

A Dynamic Adaptive Healing Light System (DAHLS) enhances the activity of hospitalized 
stroke patients. 
In the literature review (chapter 3), we indicated that daylight has been recognized as an 
important factor influencing the health and wellbeing of people. Daylight contains both 
visible and invisible wavelengths covering the full electromagnetic spectrum from 
near-ultraviolet through infrared (300-3000 nm). We mentioned in chapter 3 that recently 
it became clear that in particular the blue wavelengths in this spectrum play a crucial role 
in the regulation of our circadian rhythm. Blue light suppresses the production of the 
sleep hormone melatonin in the pineal gland out of its precursor serotonin and thereby 
inhibits sleep and drowsiness (Berson, 2002; Thapan et al., 2001). Because blue light is 
abundantly present in the light spectrum at daytime, scattered out in the atmosphere 
near sunrise and sunset leaving primarily red light, and completely absent in the night, 
blue light appears to be an optimal environmental cue to correctly entrain our circadian 
rhythm to the day-night cycle. Further, although only blue light reduces nocturnal 
melatonin, both blue and red light increases cortisol levels associated with awakening 
(Figueiro & Rea, 2010), suggesting that other mechanisms are also involved. In addition we 
learned during the contextual research that a lot of patients, especially those with 
cognitive handicap, lack a consciousness of time. A clear structure to the day is important 
for stroke patients to decrease risk of disorientation and confusion. Structure is also very 
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important for patients in order to achieve a healthy sleeping pattern, to better handle 
rehabilitation therapy, and to consolidate their memories. A structured day schedule may 
help to create a good day/night rhythm and sleep quality. Therefor we designed the 
Dynamic Adaptive Healing Light System (DAHLS). We believed that exposure to the DAHLS, 
mimicking the daylight spectrum over the day, could help to improve nocturnal sleep and 
alertness, reduce perceived stress, increase pain tolerance in stroke patients and increase 
patient well-being, indicated by satisfaction, general feeling, activity and appetite. 

Only one of these hypotheses was confirmed by the quantitative validation at field, namely 
increased activity of patients (chapter 9). The results show that the present DAHLS achieves 
more active patients during the time period patient’s activity is not imposed by the hospital 
protocol. Bedsensor data in the “free” period (13:00-15:00) shows a significant increase in 
time spent out of bed over the hospital stay in the intervention room, and a significantly 
larger fraction of time spent out of bed on average (43% vs 25%, p=0.039, N=21). For the 
activity level monitored with the Actiwatch-Spectrum® the hypothesis has to be rejected, 
but the low p-value is encouraging as this was a field study, and there are many confounding 
factors that influence the measures. None of the other hypotheses were confirmed. Several 
reasons could be brought up for this. If we look at the results of the qualitative validation at 
field (chapter 8), in which the inclusion criteria for patients were more or less the same as for 
the quantitative study, we found that the sleep experience was influenced by many other 
factors such as watching TV, taking sleep medication, disturbance by noise in the department, 
the unfamiliar environment and worrying. Some of these factors are difficult to influence by 
the environment since they originate from medical advice or the mental state of the patient, 
e.g., the intake of sleep medication and worrying. This could be one of the reasons why we 
did not find a significant effect on sleep at night, but also the imposed hospital schedule 
could play a role in influencing sleep. Although only one hypothesis was confirmed, the 
results are promising, because it concerns a factor (activity level) that is very important for 
stroke patient recovery (chapter 9). 

Experience goals and EBD design strategies strengthen each other.
In chapter 2 we wrote that according to Carr et al the EDD approach could enhance the 
EBD approach by specifying standard guidelines derived from in depth knowledge of the 
user experience in the context of use. After this research however, we believe EBD 
strategies can be reinforced by experience goals and vice versa. EBD strategies can 
enhance the experience goals by promoting the efficacy of design interventions. For 
example the ASD and ADRA focussed on enabling certain experience goals (dosing 
stimuli over the day and over the stay) supported by EBD strategies (daylight, nature views, 
coloured lighting and sound). Inversely, experience goals can enhance the specificity of 
standard EBD strategies through the in-depth knowledge they provide. For example, the 
AS focussed on providing daylight into the patient room and took into account the 
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experience goals (dosing over the day, dosing over the stay and undisturbed sleeping). 
That allowed making the proposition more patient friendly by focusing on the intended 
patient experience. We believe that, when designing a healthcare innovation, you can 
start from either an experience goal or EBD strategy and they can be strengthened by 
then including EBD strategies or experience goals respectively. 

10.3  Methodological contributions
Although this research has been focusing predominantly on research through design we 
believe it also contributed to the field of design research at the methodological level.

Combining EDD and EBD methodologies offers an integrated approach to the design  
of healthcare solutions
The challenge stated at the beginning of the thesis was to combine both EBD and EDD 
methodologies. We adopted a multimethod research approach by combining both 
methodologies in one framework that combined the crucial parts of both methodologies. 
Both approaches present benefits but also limitations when applied separately in the 
healthcare context. From EDD we adopted the use of empirical knowledge at the start of 
a design process (chapter 4) and qualitatively verifying the intended experience in an 
iterative cycle, to verify and improve the design (chapter 5, 7 and 8). Collecting evidence 
from traditional data (Chapter 3) and collecting evidence throughout the design process 
(Chapter 7) particularly during the implementation in the field (Chapter 9), was adopted 
from the EBD methodology. The proposed framework combined the iterative design 
cycle proposed in EDD by involving the user @ context, lab and field with the use and 
collection of data @ context, lab and field proposed by EBD on different levels, going from 
a systematic review to a randomized controlled trial. In chapter 2 we wrote that the EDD 
approach could enhance the EBD approach by specifying standard guidelines based  
on in depth knowledge of the user experience in the context of use (Carr et al., 2011).  
Carr emphasized in her study that the EBD process could be enhanced by understanding 
the contribution made by user experience. We believe after implementing the framework 
that both methodologies complement each other. The EBD methodology is complemented  
by facilitating the involvement of all stakeholders during the design process. The EDD 
methodology is complemented by adding an approach that is more tangible and less 
fuzzy (what a design process often is in the beginning) for clinicians, by using existing 
evidence and promoting capturing evidence throughout the process. Also, making 
experience design more then only creating an ideal patient experience, but also focussing 
on the healing process of patients and influencing health outcomes makes the design 
proposition stronger. The integrated approach offered by the applied framework in 
Chapter 2 provides the ideal methodology to design and efficiently implement a solution 
in a healthcare setting. We believe that this framework can be used in future research for 
similar purposes and it can also act as a basis for the development of future frameworks.
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Design with and for stroke patients, needs careful consideration of research methods 
and selection of the right (surrogate) patient group. 
From the start we decided to focus this research on neurology patients with the emphasis 
on stroke and the inpatient environments these patients find themselves in during the 
post event recovery process. This presented several challenges in the beginning of this 
research. First of all, as described in chapter 4, having a stroke has a large impact on 
patients physically, cognitively and also psychologically. The extent and precise location 
of the damage is unique for each individual patient. Consequently, all functioning that 
remains intact and all observed behaviour are individual and specific for each stroke 
survivor. Secondly, stroke patients are often severely ill, which entails that they are more 
difficult to approach than healthy users, so it may be more difficult to capture their needs 
and values in context and measure outcomes of a design solution. From the experience in 
the study, we can make the following recommendations.

· Select the best method for the problem in the design process by involving 
experts. In all contexts method selection is critical to research goals, but we believe in 
a healthcare research context it is even more important. For every study we used 
different means to collect patient feedback. Choose methods that help understand the 
complexity and problems of the patient. It proved to be helpful to first discuss the 
possibilities with specialists both in the validation at lab and validation at field. 

· Select and approach the right (surrogate) patient group by involving experts. 
For the evaluation at lab, former patients were pre-screened by experts. During the 
qualitative studies at field we made use of the head nurse to select the right patients 
based on the clinical data and her expert opinion if the patients would be capable to 
participate in the interview. For the quantitative studies at field, the inclusion criteria 
were extensively discussed with the neurologists during the development of the 
protocol. 

To successfully involve medical stakeholders in the design process the use of 
contextual research, low and high fidelity prototypes and a methodology that 
relates to stakeholders is important. 
As discussed in the introduction of this thesis, there is no single user in healthcare. We 
decided to involve more then only the stroke patients in the design process, because we 
could easily and mistakenly design the perfect patient room for stroke patients, yet remain 
disconnected from other stakeholders namely nurses, therapists and clinicians that need 
to work in the AHR. In Chapter 1 we stated that stroke patients are not care consumers. 
Experience in healthcare encompasses much more than creating happy patients. It is also 
about ensuring the best in quality, safety and outcomes. In a healthcare context one 
should not solely design for experience, the risks to health and the effects on practices 
should always be taken into account. Patients are often not capable of recognizing these 
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improvements. Secondly, EDD involves determining what experience to aim for and 
consequently to design something to evoke that experience. For patients it might be 
difficult to express their needs and wishes. Therefore, we believed that the research should 
not be guided only by the patients, it was necessary to involve all stakeholders in the 
design process. We learned during the research that when involving medical stakeholders 
into the design process three important aspects need to be taken into account. Firstly, 
although perceptions of performance and quality of healthcare organizations have begun 
to move beyond providing excellent clinical care and to consider and embrace patient 
experience as an important indicator of quality of care, patient experience is often still far 
removed from stakeholders actual work environment. Secondly, medical stakeholders 
speak a different language then designers. And finally, medical stakeholders are often not 
familiar with design processes and it is often not that clear to them why they need to be 
involved in the early stages of the design process. From the study, we can derive the 
following learnings on stakeholder involvement:

· Starting the design process with contextual research also helps to convey the 
story. Contextual research made patient experience more tangible not only for us, but 
also for the medical stakeholders. The shift to the focus on patient experience requires 
medical stakeholders to consider a patient not as a set of organs, bones and cells, but as 
a thinking, feeling person. We believe they had the idea that some results of the 
contextual research were quite obvious, but on the other side some findings came as a 
surprise to them. The reason for that might be the busy work schedule, limiting them to 
take a step back and analyse the problems patients face. By presenting the results of the 
contextual research we could verify that we fully understood the problem, what the 
actual experience of a stroke patient was and why the design could address some of 
the issues identified. 

· The use of low and high fidelity prototypes facilitates the communication 
between designers and medical stakeholders. Getting early feedback by using 
experience prototypes proved to be very usable in getting early feedback and allowing 
for a faster design iteration. It not only helped to get user feedback, but also helped in 
finding pilot sites for the validation at field. We believe stakeholders were more 
convinced because they could experience the AHR first hand. In addition, a hospital is a 
clinical setting, in which interventions are only permissible when they are fully 
functional. This is clearly not the case for a prototype system that is still in development. 
Also, the work flow for the medical staff and established clinical procedures and 
protocols cannot be changed to accommodate a user evaluation. To circumvent these 
conditions, experience prototypes have been proven useful for use in a healthcare 
context. 

· Choose a methodology that relates to medical stakeholders makes the design 
process more comprehensible. By introducing EBD methodology into the applied 
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framework, it made the design process more tangible and understandable for medical 
stakeholders. Because EBD originated from the medical world, stakeholders could relate 
to parts of the process for example the literature review and the clinical trial. It helped 
in convincing them to participate in various stages of the research and in communicating 
the next steps in the process 

10.4  Limitations and future research
In this thesis we presented a new patient room design, namely the Adaptive Healing 
Room and the applied multimethod research approach in which EDD and EBD 
methodologies were combined. By means of evaluations at field we could conclude that 
overall the AHR has contributed to a positive experience of the patient’s hospital visit and 
that the Dynamic Adaptive Healing Light System enhances the activity of hospitalized 
stroke patients. The AHR design and the approach also had some limitations. Based on 
these we provide recommendations for further research that could help to design patient 
rooms in the future. 

Comprehensive study. In chapter 8 and 9 the ‘Validation@Field’ phase of the project, 
two field studies have been set up to analyse the impact of the AHR on actual stroke 
patients: a qualitative study to verify the enabled experience and a quantitative study to 
measure the impact on healing. We intentionally separated the two studies because in 
our opinion the first could influence the outcome of the second and vice versa. What this 
research is lacking is a comprehensive study combining both measurements – experience 
and impact on healing. 

Light and activity. In the literature review we found that daylight and in particular the 
blue wavelengths part of the spectrum has been recognized as an important factor 
influencing the health and wellbeing of people and more specifically entraining the 
circadian rhythm to the day-night cycle. Further, although only blue light reduces 
nocturnal melatonin, both blue and red light increases cortisol levels associated with 
awakening (Figueiro & Rea, 2010), suggesting that other mechanisms are also involved. 
The quantitative validation revealed that the DAHLS supports patients for being more out 
of bed. Research on the impact of daylight on activity in a healthcare environment needs 
further validation. 

Single patient room. When this research started in 2010, there was a tendency to provide 
more single-bed rooms to patients in Europe and in the United States it was mentioned 
to be the industry standard. Therefore we chose to design a single patient Adaptive 
Healing Room. While research has shown the benefits of single patient rooms, many 
hospitals in the United States that have not been recently remodelled or rebuilt still have 
multiple patient rooms (Mazer, 2015). Also during the stakeholder evaluations at lab and 
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field, it became clear that there is still a huge amount of double occupancy patient rooms 
playing a vital role in the delivery of healthcare services in hospitals. Recent hospital 
surveys also have shown that some elderly patients actually prefer a double room for 
social contact (Florey et al., 2009). Many patients crave company when admitted to 
hospitals and like the idea that other patients will look out for them if something goes 
wrong (Pennington, 2013). During the field studies elderly patients were also mentioning 
that there are advantages and disadvantages of sharing a patient room. Often elderly 
patients were in favour of a double patient room because of the social contact they had. 
The design of the room did not focus on double patient rooms therefore we believe it 
would be interesting to explore the possibilities of using concepts of the AHR in double 
patient rooms. It should be further investigated which aspects are more suitable and how 
the interactions with the different aspects of the room will take place in a double patient 
room. In addition, if the single-bed room trend becomes more established it would be 
interesting to focus on how to incorporate the social aspect in single patient rooms. 

Patient Experience. Improving the patient experience was one of the primary focusses 
of the AHR. To measure the effect we conducted an empirical study. In the qualitative 
evaluation at field it was confirmed what was already mentioned in the introduction: a 
patient experience is not only influenced by the AHR but also by the context. The final 
patient experience is an effect of many causes. Another important aspect we learned 
during the qualitative evaluation at field is that staff is very important for the success of the 
intended use of the AHR. It is essential that the operation of the AHR is included in work 
routines and processes to guarantee its success towards patient experience. Patient 
experience design needs to address all the touchpoints patients encounter, from medical 
care to management and communications. In addition, to enable a patient experience 
innovation to work, the staff needs to take ownership. Ownership of all stakeholders in the 
stroke process is required because it encourages all individuals to participate in creating a 
hospital environment in which patient experience is important. To successfully implement 
a patient experience innovation such as the AHR, a comprehensive approach needs to be 
developed to change the culture of the eco-system towards being focused more on 
patient experience. 
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