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Figure II. Invisible cities. Adapted from Fleck (2012)



“To ramble in the woods, and to see the 

light striking down among the transparent 

leaves and sparkling in the beautiful 

interlacing’s of the shadows of the trees, 

while the birds poured out their songs and 

the air was drowsy with the hum of insects, 

had been most delightful. We had one 

favourite spot, deep in moss and last year’s 

leaves, where there were some felled trees 

from which the bark was stripped all off. 

Seated among these, we looked through 

a green vista supported by thousands of 

natural columns, the whitened stems of 

trees, upon a distant prospect made so 

radiant by its contrast, with the shade in 

which we sat, and made so precious by 

the arched perspective through which we 

saw it, that it was like a glimpse of the 

better land.” 

(Charles Dickens, 1853, p.179)
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ABSTrACT

The goal of this graduation project is 

to unite the fields of architecture and 

scientific research and to gain new and 

unexpected insights in how the built envi-

ronment can influences human well-being. 

It is investigated if healing environmental 

research can contribute to the design of a 

stress reducing Care and Cure centre for 

long term and terminal cancer patients in 

Nijmegen. Using environmental preference 

research to gain insight in which spatial 

configurations induce preference reactions 

and reduce patient stress.

Appleton’s prospect and refuge theory 

(1975) was implemented in the design of 

a new patient room. An experiment was 

conducted to test if a balance between 

prospect and refuge characteristics in pa-

tient rooms would influence participants, 

preferences, stress restoration levels and 

mood. Two different patient rooms were 

designed: standard patient room (pros-

pect) and new patient room (prospect and 

refuge). The conditions were shown to 

eighty-four participants in a Virtual Reality 

model. Quantitative and qualitative data 

was collected. No significant differences 

between the conditions were found in the 

quantitative data. In the qualitative data, 

small hints could be found that there was 

a need for comfort in the standard room 

condition, indicating that refuge may be 

missing. There were also some small indi-

cations that complexity and mystery could 

have influenced participants preferences. 

The results of the experiment were imple-

mented in the architectural design of a Care 

and Cure centre. Together with biophilic 

design research four design strategies 

were drawn up: 1) Connecting the build-

ing with nature by providing natural views 

which is proven to reduce stress reactions 

(Ulrich, 1984); 2) Implementing prospect 

and refuge characteristics throughout the 

whole building; 3) Creating spaces that 

contain ordered complexity and mystery; 

4) Connecting with to the context by 

using materials from nature and the 

surroundings. 

These strategies were eventually com-

bined to one particular building concept: 

‘Wandering around the city’. This resulted 

in the design of a building that is con-

nected to the surroundings and to society, 

offers palliative, respite and interim care to 

the chronic cancer patients and connects 

peers. A design that is preferred by many, 

reduces patient stress and supports the 

healing process.
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A. InTroDUCTIon



“Being healthy means feeling healthy, 
whether you are sick or not” 

(Lucht & Polder, 2010, p. 25)
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1. PreFACe
 

At first sight, scientific research and archi-

tecture are two fields that are not imme-

diately connected. Whereas architecture 

often is categorized as an art form which 

benefits from creativity and out of the box 

thinking, scientific research is often limited 

to a particular set of rules and instructions. 

These characteristics initially make it hard 

to combine the two fields causing many 

researchers to evade this opportunity. 

Personally, I think that this is a missed 

chance for both architects and researchers, 

and the design solutions that they provide. 

The combination of the two fields can yield 

new solutions and results. In my university 

education of the built environment at the 

Eindhoven University of Technology, I in-

creasingly focused on behavioural research 

and human well-being inside architectural 

design. This eventually resulted in my deci-

sion to combine two masters; Architecture 

and Human Technology Interaction, to 

provide a more scientific base for my archi-

tectural design solutions. 

 

In this graduation project, I wanted to focus 

especially on implementing health and 

behavioural research in designing healing 

environments. How can architecture con-

tribute to the healing and well-being of 

people? Healthcare does not start at the 

edge of the patient bed but starts when 

a patient walks into a care institution. 

Unfortunately there is still missing empir-

ical evidence connecting architecture and 

health research. This missing data gap did 

not only arise because architecture lacks 

a tradition of scientific research but also 

because the medical world has overlooked 

the role of the physical environment in 

patient care (Devlin & Arneill, 2003). Ulrich 

(1984) was one of the first researchers 

that observed the issue of the physical 

environment influencing the well-being of 

patients. He found evidence that natural 

views were more restorative for patients 

than looking at a brick wall. Nowadays 

more and more researchers find empirical 

evidence about the effect of environmental 

factors on the well-being of patients (van 

den Berg, Koole and Wulp, 2003; Hartig, 

Evans, Jamner, Davis and Gärling, 2003; 

Topf, Bookman and Arand, 1996). The re-

sults of the healing environmental research 

are promising and will hopefully lead to 

implementing more scientific research in 

architectural theories and designs. 

 

This implementing of scientific research 

into design theories is called evidence 
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based design (Hulsman & Kort, 2014) 

(Figure 1.1). In this thesis I want to use 

evidence based design to design improved 

healing environments. It is tried to use 

research in the field of environmental 

psychology, architecture and Biophillia and 

combine this into an architectural design 

that will support the well-being of its 

patients. Not architectural design purely 

build on a designer’s personal intuition 

and experience, but empirical evidence 

as a guideline for design decisions. With 

evidence based design as a guideline, I aim 

to make a contribution to the field of ar-

chitecture and environmental psychology 

and bring the two fields a little bit closer 

together. Creating an environment that 

is stress reducing, improves well-being 

and will bring architecture and science 

together. 

SCIENCE 

Deterministic Open-EndedEvidence-based Design

ART

Figure 1.1: Schematic representation of evidence based design. Adapted from Gillis (2010). 
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2. InTroDUCTIon

Visiting a healthcare institution is for 

many a stressful event. The typical smells, 

long corridors, grey colours and complex 

building structures form for many an 

unpleasant experience. Staying in care fa-

cilities can result in an increase of stress re-

actions which negatively influences patient 

well-being (Ulrich, Simons, Losito, Fiorito, 

Miles and Zelson, 1991). Fortunately much 

research is done on healing environments 

and environmental elements that reduce 

patient stress and improve patient well-be-

ing, like natural views (Ulrich, 1984), noise 

reductions (Topf, 1992a) and/or natural 

daylight (Ulrich, Zimring, Quan, Josheph, 

2006). Innovative changes are slowly 

being integrated in healthcare institutions. 

Unfortunately new innovations are often 

critically considered on profit and efficiency 

increase wherein the patient as human-be-

ing is forgotten. Large care institutions, 

including hospitals, are more and more 

stripped down and extra patient care is 

being outsourced causing decentralization 

of the healthcare system into smaller insti-

tutions. Patients are increasingly cared for 

in an out-patient setting, also referred to 

as ambulatory care. These ambulatory care 

institutions are struggling to survive and 

need to cut down on the budget which 

only increases the dehumanization of the 

healthcare system (Kroneman, et al., 2006; 

Schippers & van Rijn, 2017). Another 

change that is going to influence the 

healthcare system is the changing course 

of different diseases due to technological 

and medical improvements. Diseases like 

cancer are becoming chronic over time 

(Visser, 2016; Vollmer & Koppen 2010a), 

which will provoke changes in care pro-

visions and protocols. Long term patients 

need a different approach than those with 

short term complications. Chronic patients 

will benefit more from social and mental 

support (Vollmer & Koppen 2010a), yet 

this is precisely the care that is being whit-

tled.     

These three changes in society that are 

going to influence the healthcare system 

provide an opportunity to incorporate 

healing environmental research in new 

healthcare designs. Nowadays companies 

already incorporate new technological 

principles like daylight systems in their 

buildings. However, in this thesis I am 

interested in how healing environmental 

research can contribute to a stress re-

ducing healthcare environment through 

spatial configurations. Not by adding more 
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technological innovations but changing 

the architectural form to improve patient 

well-being. A search for environmental 

elements and configurations which are 

perceived as pleasant and relaxing from 

genetically embedded environmental pref-

erences. Considering these developments 

the following research question has been 

formulated:

“Can the integration of healing environ-

mental research contribute to the design of 

a stress reducing Care and Cure centre for 

long term and terminal cancer patients? “

In this thesis I will try to answer the research 

question by conducting an experiment and 

creating a building design for a Care and 

Cure centre. First research is done about 

various societal changes and theories are 

investigated that contribute to the design 

of healing environments. In the literature 

review the larger social changes in the 

Dutch healthcare system will be introduced 

(Section 2.1), followed by a description of 

the changing course of cancer (Section 

2.2), which will become a chronic disease. 

Then the causes and consequences of pa-

tient stress and how current healing envi-

ronmental research can offer improvement 

will be discussed (Section 2.3 and 2.4). 

Hereafter I will research architectural form 

as a stress reducing factor, and investigate 

how different preference models can make 

a contribution to the design of healing 

environments (Section 2.5). Eventually, 

the environmental preference research will 

focus more on a specific theory: Appleton’s 

prospect and refuge theory (1975). The 

elements from this theory will be further 

described and eventually made concrete 

by giving architectural examples. 

          

After the literature review an experiment 

will be reported, testing if a balance of 

prospect and refuge in patient rooms will 

influence preferences, mood and stress 

restoration levels. This will be done by 

means of a Virtual Reality manipulation, 

questionnaires and conducting interviews. 

The results of the research will be com-

bined with biophilic design strategies and 

will together form the architectural design 

concept. This will be the basis on which 

the stress reducing Care and Cure centre 

for long term and terminal cancer patients 

in Nijmegen will be designed. At the end 

the experimental results and the design 

together will form the answer to the main 

research question. 
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expenditures need to decrease, especially 

because global demographic trends such 

as an aging population will only drive the 

costs further up (United Nations, 2015). 

The slimming budgets and rising costs 

call for firm reforms to which the Dutch 

government tries to conform with pleas 

for decentralization, patient self-reliance 

and budget cuts in chronic and long term 

patient care (ten Katen, 2016; Kroneman 

et al., 2016; Schippers & van Rijn, 2017). 

More governmental responsibilities are 

delegated to the health sector itself, which 

needs to commercialize, causing hospital 

environments to impoverish (Verderber & 

Refuerzo, 2006). Nesmith (1995) stated 

that one of the most notable trends 

2.1. A HUMAN-CENTERED 
HEALTHCARE SYSTEM

In 2015 the Dutch healthcare system was 

awarded as the best healthcare system 

of Europe by the Euro Health Consumer 

Index (Björnberg, 2015). However, despite 

this excellent reputation the system is 

increasingly being questioned. Particularly 

the expenditures are growing out of 

proportion. According to Schut, Sorbe 

and H�j (2013) the Dutch system is one 

of the most expensive healthcare system 

in the world, only the United States has 

higher health expenditures per GDP. 

According to the Dutch government 

(Schippers & van Rijn, 2017) these high 

Figure 2.1: Schematic representation of the decentralisation of the healthcare system
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is the outsourcing of care institutions 

(Figure 2.1). Care facilities are placed in 

health villages where people are treated 

in out-patient settings, also referred to as 

ambulatory care. These ambulatory care 

institutions are struggling to survive and 

the only way to do so is by competing 

against each other, while budget cuts are 

made. The market mechanisms push the 

healthcare system into a commercialized 

straitjacket; hospitals become more and 

more comparable to factories (Bosch & 

Stehouwer, 2010; Kroneman, et al., 2016). 

The government would prefer to see a 

healthcare system that is faster, better and 

cheaper to cover the high expenses. 

While the decentralisation and commer-

cialization of the healthcare system is 

being realized, one important element is 

forgotten; the patient itself. All these re-

forms dehumanize the healthcare system. 

For example, the budget costs in domestic 

care and nursing homes (FNV, 2015) have 

a large influence on the social aspect of 

healthcare. There is less time for nurses 

to care for their patients causing both 

patients and staff to suffer. Or take a look 

at parents of children and adolescents 

with a chronic disease, due to budget cuts 

they need to take over most healthcare 

responsibilities. This may jeopardize the 

normal relationship between parent and 

child because the parent becomes a nurse. 

This cannot have been intended when the 

government started the decentralisation. 

Patients should not be part of market forc-

es, they need a place for rest and support, 

a place to heal on their own pace (Keizer, 

2015). Not a commercial and hectic hos-

pital building but a quiet place to rest and 

heal with attention and personal care.

Yet the decentralisation of the healthcare 

system also offers new possibilities. Many 

of the ambulatory care facilities that are 

being outsourced from the hospital, will 

be accommodated in new buildings. These 

new design contracts can become the be-

ginning of a new design strategy, an open-

ing to start designing more human-centred 

healthcare buildings (Nesmith, 1995). 

Buildings that provide an environment that 

helps patients recover and not a factory 

where everything is about efficiency and 

cost reduction. Care and Cure centres 

which support the patient not only in terms 

of physical health but also for mental and 

social support. 
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2.2 CANCER AS CHRONIC 
DISEASE

Another change in society that is going 

to influence the healthcare system is the 

changing course of different diseases 

due to technological developments and 

pharmaceutical solutions (Brody, 2008; 

Visser, 2016; Schippers & van Rijn, 2017). 

Innovations in for example sensory care, 

ambient systems, nanotechnologies and 

new diagnostic tests make the healthcare 

system more efficient, increase survival 

rates and make many diseases more beara-

ble. These innovations also affect the field 

of oncology (Vollmer & Koppen 2010a). 

Cancer is a disease that affects millions of 

people around the world. According to the 

Dutch National Institute of Public Health 

and Environment (RIVM, 2016a), 537.797 

people were diagnosed with cancer in the 

Netherlands in 2015. This is more than 

three per cent of the whole population 

(Integraal kankercentrum Nederland en 

Nederlandse kankerregistratie [IKNL/NKR], 

2016). Since 1990 the number of cancer 

patients is increasing (RIVM, 2016b), and 

since 2007 cancer is even the number one 

cause of death in the Netherlands (RIVM, 

2016a). According to current demographic 

predictions the absolute number of cancer 

patients will rapidly grow between the 

years 2013-2030 (RIVM, 2016b). Not 

only in the Netherlands but in the whole 

Figure 2.2: Mortality rates from cancer patients, 1980-2014 (index number 1980=100). Adapted 

from RIVM (2016a).
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of Europe this increase will be noticeable 

(Malvezzi, Bertuccio, Levi, Vecchia & Negri, 

2012). Fortunately this increase in cancer 

patients does not mean that the mor-

tality rates for cancer are also going up. 

Standardised numbers show that cancer 

mortality rates are slowly decreasing (RIVM, 

2016b) (Figure 2.2). Especially mortality 

rates of men are going down, between 

1988 and 2014 the numbers decreased 

with thirty-five per cent (RIVM, 2016b). 

Nowadays almost half of the people being 

diagnosed with cancer survive, although 

the life expectancy rate highly differs by 

the type of cancer (RIVM, 2016b).  

Survival rates increase because of new 

and better cancer medicines that are de-

veloped slow down abnormal cell growth 

to a minimum and enable patients to live 

with the disease for decades. Also the di-

agnostic field is improving from the 1970s 

on, new technologies like MRI-scanners 

and PET-scans made an earlier diagnosis of 

cancer possible (American cancer society, 

2014). Nowadays with improving nano-

technologies and gene specific therapies 

(American cancer society, 2014) the treat-

ment and diagnosis of cancer becomes 

more specific than ever. Unfortunately, this 

�Cancer – Definition:   

“Cancer is a generic term for a disease 

group referred to as “cancerous (malig-

nant) neoplasms”. Neoplasms have one 

common characteristic: an uncontrolled 

division of cells, causing a lump or tu-

mour. There are benign and malignant 

neoplasms. Only malignant neoplasms 

are called cancer. In malignant neoplasms 

(cancers) the genes that keep the cells 

under control are so damaged that the 

cells start to behave very differently. 

They can invade surrounding tissues and 

organs, and grow uncontrolled. Malignant 

neoplasms can metastasize which means 

that they can spread through the body, 

usually via the blood or lymphatic vessels, 

and can go anywhere else in the body to 

become a tumour.“ (RIVM, 2016c, p.1.) 
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Although chronic patients often have a 

shortened life expectancy and the disease 

will influence a large amount of their daily 

routine, these patient also have families, 

go to their jobs and take vacation (KWF 

kankerbestrijding, 2004). They do not 

languish in hospital rooms, but can take 

an active part in society.  

These changes in the disease process of 

cancer will cause a demand for alterations 

in society, especially in the healthcare 

sector. The decentralized healthcare 

system needs to adapt to long-term care. 

Chronic cancer patients have a different 

disease pattern and therefore have other 

needs than cancer patients with a shorter 

treatment period (Vollmer & Koppen 

2010a). With long term patients there is 

more need for social and mental support 

(Vollmer & Koppen 2010a). Chronic cancer 

patients do not need constant and intense 

monitoring. Often they can monitor and 

suppress their disease at home with the 

help of family and friends. However, often 

the course of the disease is a bumpy road 

that also includes phases in which intensive 

care is needed. During these challenging 

phases patients can be accommodated in 

Care and Cure centres (Vollmer & Koppen 

does not mean that cancer as a disease 

will be curable. It is expected that cancer 

will become a chronic disease (Kroneman, 

et al., 2016; RIVM, 2016a; Visser, 2016; 

Vollmer & Koppen 2010a), comparable 

with other chronic diseases like diabetes, 

asthma or COPD. It is predicted that in 

2030 ninety per cent of the cancer cases 

will be chronical (AD redactie, 2013). 

Two types of chronic cancer patients are 

distinguished (KWF kankerbestrijding, 

2004). One type is the result of earlier 

discussed technological innovations and 

pharmaceutical improvements, which until 

now cannot cure cancer but can make it 

a non-lethal disease. The second type of 

chronic cancer is caused by after-effects 

of the treatment. Years after surviving 

cancer, patients can develop after-effect 

symptoms, for example: tiredness, memo-

ry problems, incontinence and neuropathy 

(KWF kankerbestrijding, 2004; van Riel, 

2013). These symptoms can even come up 

twenty-five years after the treatment and 

are mostly caused by permanent damage 

that is done by radiation and chemother-

apies. Both types of chronic cancer need 

permanent monitoring care with intervals 

of intensive care in care institutions. 
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2010a). These centres are comparable to 

hospices, yet the centres do not only offer 

palliative care but also interim- and respite 

care. In this way the Care and Cure centres 

can offer care and support for the bumpy 

part of the road or to relieve the family 

for a while. The centres try to provide a 

protective and homely environment that 

can offer comfort and relaxation but 

can also provide a controllable medical 

environment. A place were chronic cancer 

patients can rest and heal and are given 

a chance to participate in society on their 

own pace (Kroneman, et al. 2016). 

2.3 PATIENT STRESS

As previously stated, the number of chron-

ic cancer patients is rising and this group 

needs a different approach in care. New 

Care and Cure centres should provide a 

stable environment in which support can 

be given and a steady emotional health 

can be established (Vollmer & Koppen, 

2010a). However, this stable state of pa-

tient well-being is affected by an increase 

in patient stress. Holland & Goonen-Piels 

(2000) stated that more than sixty per 

cent of the chronic patients experience 

high stress levels, which often leads to 

long-term mental problems and intensified 

emotions such as fear, aggressiveness and 

disbelief (Vollmer & Koppen, 2010a), that 

negatively can influence patients’ well-be-

ing. Nowadays already forty per cent of the 

cancer patients develop anxiety disorder 

and around nineteen per cent struggles 

with depression (Vollmer & Koppen, 

2010b). When cancer is developing into 

a chronic disease these numbers will only 

rise. All the more reason to reduce patient 

stress as much as possible in the health-

care environment. For this to be done we 

first need to know what the patient stress 

reaction exactly beholds and how it arises. 

Stress is a widely discussed phenomenon 

and many researchers still argue about 

the exact definition. This thesis will use 

the definition of Evans & Cohen (1987) 

“Stress is a process that occurs when there 

is an imbalance between environmental 

demands and response capabilities of the 

organism” (p.573). This definition high-

lights that human beings need to find a 

right balance between environmental and 

internal demands. Stress reactions can 

occur when a person inadequately deals 

with internal and external challengers, 

also called stressors, and the balance is 
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the body reacts. Blood is transported from 

our organs to our muscles, the heart rate 

and blood pressure go up and our body re-

leases the stress hormone Cortisol (Cohen 

et al., 2012; Frankenhaeuser, 1980). This 

principle is to such extent embedded in our 

genetic code that people today still react 

in the same way when facing a stressful 

situation, our bodies prepare to fight or 

flight. 

Unfortunately the bodily response of the 

fight or flight mechanism is most of the 

time not necessary anymore to overcome 

a stressful situation. For example, if a pa-

tient is laying in a hospital bed, the urge to 

fight or flight is not profitable. Yet when 

patients are constantly stressed in the 

patient room due to unfamiliar situations 

like scary medical procedures, fear of 

dying or restlessness, these fight or flight 

stress reactions will be triggered over and 

over again and will result in a prolonged 

physiological activation. This constant 

activation of the nervous system can be 

harmful for people’s health (Brosschot, 

Pieper and Thayer, 2005) because of 

constant high Cortisol levels as a reaction 

on the stressors. These permanently high 

hormone levels cause healthy muscle and 

disturbed. To get a better overview of 

which mechanisms can influence this 

balance between environmental demands 

and the organism, two different stress 

models will be discussed: the physiological 

and the psychological model of stress 

(Cohen, Evans, Stokols & Krantz, 1986).

 

The physiological model of stress 

Physiological reaction of stress is best 

described by means of the fight or flight 

response principle (Seyle, 1950). This 

mechanism is driven by evolutionary 

embedded instincts (Wilson, 1984). Many 

psychologists hypothesize (Appleton, 

1975; Heerwagen & Orians, 1993; Seyle, 

1950; Wilson, 1984) that when our ances-

tors lived in the Savanna, humans as a spe-

cies developed safety mechanisms that are 

still embedded in our genetic code today 

(Wilson, 1984). Humans are not fast, do 

not have claws or the strength to defend 

themselves against predators (Orr & Pyle, 

2008). Therefore they developed another 

safety system, namely; fight or flight 

(Seyle, 1950). When potential danger was 

coming humans choose to fight or flight 

depending on the situation. The central 

nervous centre gets signalled and identifies 

a potential dangerous situation on which 
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bone tissue to be destroyed, slow down the 

healing process and normal cell regenera-

tion, impacts our metabolism and induces 

poorer wound healing (Cohen et al., 2012; 

Ulrich et al., 1991). These prolonged stress 

reactions also influence the patient’s men-

tal and social state. This can cause social 

withdrawal and aggression (Sundstrom, 

1975), negative emotions (Ulrich et al., 

1991), influence sleeping patterns and can 

change behavioural factors such as failure 

to take medication (Topf & Thompson, 

2001; Ulrich, 2008). Thus it can be stated 

that prolonged stress reactions negatively 

interfere with the healing process of the 

patient (Ulrich et al., 1991) and should be 

prevented as much as possible.  

The psychological model of stress 

Not every potential stressor will induce a 

physiological stress response. Whether the 

fight or flight response will be activated 

depends on different psychological pro-

cesses. According to Lazarus & Folkman 

(1984), there are two processes working 

together to see if the stress response will 

be activated. The first activated process 

is cognitive appraisal, the evaluation if a 

stressor is a potential threat. How stressors 

are evaluated depends on personal and 

situational variables (Evans & Cohen, 

1987). Based on this evaluation, the 

second process can be activated: coping. 

Lazarus & Folkman (1984) describe coping 

as “cognitive and behavioural efforts to 

master, reduce, or tolerate the internal 

and/or external demands that are created 

by the stressful transaction.” (p.843). A 

patient thus evaluates the situation and 

reacts accordingly with different coping 

strategies. Which coping strategy is used 

varies per person and depends on the 

characteristics of the stressor. The (un-)

controllability, (un-)predictability and the 

duration are all factors that can influence 

the stress reaction (Evans & Cohen, 1987). 

In general two coping processes can be 

distinguished, namely problem-focused 

coping and emotional-focused coping. 

People often tend to use problem-fo-

cused coping, then they directly address 

the stressor and try to reduce or remove 

it. Coping mechanism can fail when too 

much stressors are present in the health-

care environment, which eventually can 

lead to the point that all resources are 

depleted, resulting in cognitive overload. 

This mental state interferes with optimal 

human functioning. To restore the balance 

stress reactions are activated (Baum, Singer 
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& Baum, 1982; Campbell, 1983). It is thus 

key to reduce unwanted stressors as much 

as possible in the healthcare environment. 

This is easier said than done since patients 

are exposed to numerous kind of stressors. 

One major stress source is illness related 

stress (Evans, 1982; Ulrich, 2008; Vollmer 

& Koppen, 2010b). This kind of stress 

source arises after diagnosis. Changes in 

daily rhythm due to institutionalization 

can provoke stimuli overload which 

eventually results in patient stress (Perrez 

& Reicherts, 1992; Vollmer & Koppen, 

2010a).  Situations like fear of surgery and 

painful medical procedures, self-doubt, 

loss of control, lack of information and not 

trusting your own body due to reduced 

physical capabilities all influence internal 

stress levels (Vollmer & Koppen, 2010b; 

Ulrich, 2008). Illness related stress mainly 

depends on social factors, such as: is the 

doctor capable of the surgery, is the nurse 

caring and the family understanding? This 

type of stress is difficult to solve by design 

solutions since the factors that stimulate 

illness related stress are very versatile per 

person. The best solutions to this kind of 

stress are mainly social solutions such as 

providing enough information, reassuring 

the patient and a caring staff. The key then 

is to control social stressors like privacy and 

crowding levels (Zimring, 1982).

  

Illness related stress is not the only stress 

factor to which patients are exposed. 

Multiple stays at care institutions can also 

be stressful in itself, due to environmental 

stressors. Environmental stress is caused by 

an overload of background stressors like 

noise, temperature fluctuations, crowding 

and light conditions (Baum, Singer & Baum, 

1982; Evans & Cohen, 1987). That envi-

ronmental stressors cause stress reactions 

is enhanced by the fact that environmental 

stressors are often out of personal control. 

People have no influence on them which 

enlarges the stress reaction. As Folkman, 

Schaefer and Lazarus stated (1979): “if a 

person is frail, sick tired or otherwise de-

bilitated there is less energy to expend on 

coping” (p. 29). There coping resources are 

affected, therefore patients are less able 

to deal with stressors and have a higher 

change that the stress mechanism will be 

triggered. The impact of environmental 

stressors on cancer patients is thus larger 

than normal. Another cancer symptom 

which makes these patients even more 

vulnerable for environmental stressors 
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is space anthropodysmorphy (Vollmer & 

Koppen, 2009) this can be seen as a type 

of body alienation. People’s body can be 

seen as a shell protecting them, our most 

private possession. When this shell is 

affected by a disease people lose trust in 

their own body and self-image (Vollmer & 

Koppen, 2009). To compensate this loss 

of a protection barrier, the second shell, 

the built environment, needs to substitute 

the bodily protection. The patient room 

needs to accommodate a relaxing and safe 

environment. Because of this changing 

body image, the patients spatial percep-

tion is also affected (Uhlmann, 2015). The 

perception heightens and the tolerance 

lowers, causing stress mechanisms to be 

triggered faster. Thus, it is important that 

unwanted stressors in patient institutions 

will be reduced as much as possible, which 

eventually will improve patient well-being.

2.4 ENVIRONMENTAL STRESS 
RESTORATION BY NATURE

IIn the previous section it is made clear 

that stress reactions are harmful for people 

and yet many patients are being exposed 

to environmental stressors while lying in 

care institutions. It is of great importance 

that environments will be designed in a 

way that they will reduce stress. How can 

this be achieved? Which factors influence 

stress restoration processes? Until recently, 

psychological and sociological factors 

were appointed as wrongdoers (Evans & 

Cohen, 1987) and were widely researched 

and discussed as causes of stress. Way 

less attention was paid to environmental 

stressors (Evans & Cohen, 1987). In earlier 

times patients were placed in the hospital 

as last resort. Hospitals were strict insti-

tutions with almost no freedom for the 

patient (Olson, 1978). The general notion 

was that sick and dependent people 

should behave like sick people and act 

in a passive manner (Olson, 1978). No 

attention was given to the comfort of the 

patient, which was seen as an insignificant 

factor in the healing process. Florence 

Nightingale (1860) was the first one to 

discuss that the ward design could influ-

ence the patient. She wrote this down in 

her famous work Notes on Nursing (1860) 

after the Crimean War. There she noticed 

that more soldiers died from the inhumane 

healthcare practice than of harm done by 

battle. Nightingale noted that changes 

needed to be made not only in hygiene 

but also in the environment. Nightingale 
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As a reaction Wilson (1984) introduced 

his Biophillia hypothesis. Biophillia liter-

ally means ‘love of life’. In his hypothesis 

Wilson argued that nature has a restorative 

effect on people. Affiliating with nature 

will help people to relax, therefore it is 

important to incorporate natural elements 

in our habitat. Wilson (1984) argued that 

this mechanism is embedded in our DNA. 

Our ancestors who lived on the savan-

nah preferred those landscapes which 

increased the chances of survival (Figure 

2.4). These environmental preferences are 

embedded into our genes through natural 

selection, ancestors that survived on the 

savanna, passed their genes on to the next 

generation. 

Our ancestors embraced nature, lived in it, 

found food and shelter, and were contin-

uously exposed to the elements (Kellert, 

Heerwagen & Mador, 2008). It is part of 

the human identity to engage with natural 

surroundings. In recent years humans lost 

their contact with nature. The biophilic 

hypothesis states that humans should 

find this connection with nature again to 

support their well-being (Wilson, 1984). 

Much research on how nature affects 

(1860) stated: “nursing is an act of uti-

lizing the environment of the patient to 

assist in his recovery” (Berman, Snyder, 

Kozier & Erb, 2011, p.38). She argued that 

positive sensory impressions can positively 

affect a patient’s recovery (Verderber & 

Refuerzo, 2006). Nightingale’s suspicions 

were confirmed almost hundred years 

later when in the 1980’s Ulrich (1984) 

found evidence that environmental char-

acteristics influence patient well-being. He 

discovered that when patients needed to 

recover from surgery, the view from their 

room influenced their healing process. 

Patients who looked out on nature had 

faster healing times and needed less pain 

relieving medicines than those who looked 

out on a brick wall (Ulrich, 1984). This 

research was the first empirical evidence 

that an environmental factor as natural 

vista significantly influenced the healing 

process of humans.  

When the interest in environmental 

elements as stress reducing factors grew, 

Wilson (1984) simultaneously argued that 

people become more and more alienated 

from nature. Humans retreat in cities and 

neglect natural surroundings, which has 

a negative influence on their well-being. 
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human well-being has been done, since 

Wilson (1984) proposed his hypothesis. 

Further research from Ulrich and colleagues 

(1991) showed that natural settings posi-

tively influence patients’ psychological 

and physiological states. Participants who 

spend time in nature had higher levels of 

attention, more positive affect and lower 

levels of aggression and fear (Ulrich et al., 

1991). Other researchers found that natu-

ral environments can help reducing stress 

and mental fatigue (Hartig, Mang & Evans, 

1991), improve mood and concentration 

levels (van den Berg, Koole and Wulp, 

2003) and can have a positive effect on 

self-regulation (Beute & de Kort, 2014a). 

It can be concluded from all the research 

done in the last decades that nature really 

has an effect on human well-being. 

However the questions that arsis is: how 

does this relationship between humans 

and nature work? Evidence is found 

which shows that humans react on nature 

because of its restorative potential (Kaplan 

& Kaplan, 1982; Ulrich 1984). It is found 

that environments with high restorative 

potential are perceived as more pleasant 

and reduce stress and/or attentional fa-

tigue (van den Berg et al., 2003; Hartig, 

Figure 2.4: African Savanna. Adapted from 

Pixabay (2017)
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Evans, Jamner, Davis & Gärling, 2003). 

A restorative environment described by 

Kjellgren & Buhrkall (2010) “can help to 

restore depleted emotional and functional 

resources and capabilities” (p. 464). How 

this mechanism between humans and na-

ture really works is still unknown although 

different well known theories try to shed 

light on the question. Two of them will be 

discussed in this section: Ulrich’s (Ulrich 

et al., 1991) Psycho-evolutionary theory 

and Kaplan and Kaplan’s (1989) Attention 

restoration theory (ART).

Psycho-evolutionary theory  

In line with the Biophilic hypothesis, Ulrich 

and colleagues (1991) stated that from 

an evolutionary perspective humans feel 

attracted to natural scenes that behold 

characteristics that would improve survival 

(Kellert et al., 2008). These ideas are 

substantiated Ulrich’s psycho-evolution-

ary framework of embedded automatic 

preference responses (1983) in which he 

stated that newly entered rooms are un-

consciously and automatically processed 

for safety, restorative potential and pref-

erences. These pre-consciously perceptual 

mechanisms allow individuals to assess 

Figure 2.3. Natural views that stimulate stress restoration. Adapted from Archillect (2017)
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the environment in a rapid and automatic 

manner and influence the decisions if an 

environment should be approached or 

avoided. This automatic process eventually 

gave our ancestors time to prepare for 

fight or flight and enhanced the chance of 

survival. As a result, people nowadays can 

really quickly determine if a space is safe. 

Ulrich’s theory can be substantiated with 

research about the evaluation of natural 

scenes. It appears that images of natural 

environments in which attributes for 

survival in the savanna were visible, were 

more preferred than others (Heerwagen 

and Orians, 1993). Similar results present 

themselves when evaluations of natural 

images are compared with urban photos. 

Natural images were evaluated with high-

er levels of self-reported preference (van 

den Berg et al. 2003). When Thorpe, Fize 

& Marlot (1996) measured the times that 

participants needed to evaluate these nat-

ural images, it was found that participants 

on average only needed 150 milliseconds 

to reject a space that pictured a wild animal 

as potential danger. These short reaction 

times are in line with Ulrich’s (1983) theory 

of embedded automatic preference re-

sponses. Generally, if a person perceives a 

space, automatic preference responses are 

activated and people can in judge if they 

will prefer a space an almost automatic 

manner (Korpela, Klemettilä & Hietanen, 

2002; Ulrich, 1983; Vartanian et al., 

2015), which later on will influence their 

behaviour. Contrarily, if they do not prefer 

a certain space immediately, different 

coping mechanism can be activated. If too 

much of the perceived scene has potential 

dangerous elements, for example a small 

medical procedure in a hospital room, then 

attentional overload can occur and fight or 

flight mechanisms are likely to be triggered 

and stress reactions are activated (Evans & 

Cohen, 1987). Which elements in natural 

views positively influences these automatic 

preference responses? Ulrich and col-

leagues (1991) claimed that characteristics 

like depth cues, complexity, focal points, 

structure and natural elements such as 

water and plants would provoke these 

automatic responses and therefore explain 

human’s evolutionary aesthetic preference 

for the natural environment.

Attention Restoration Theory (ART) 

Kaplan and Kaplan’s theorized with their 

preference model (1982) that the prefer-

ence responses are slower processes of 

cognitive assessing, in contrast to Ulrich’s 
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feelings of fascination. Nature is full of 

inherently fascinating stimuli that replete 

involuntary attention (Kaplan & Kaplan, 

1989). How fascination can be achieved 

in certain environment can be led back 

to Kaplan and Kaplan (1982) constructed 

preference matrix, (Table 2.1), which also 

beholds most of Ulrich (1983) environmen-

tal preference characteristics. Elements as 

complexity, unique patterns and textures, 

depth properties, absence of threats and 

deflected vistas are all incorporated as 

predictors for environmental preference. 

Kaplan & Kaplan (1982) describe environ-

mental preference as “the expression of 

the evaluation of one’s possibilities” (p.80) 

and divided this experience in two com-

ponents, sense and involvement. In Table 

2.1 the four preference characteristics are 

(1983) psycho-evolutionary framework 

of embedded automatic preference re-

sponses. They explained that immersing in 

nature works positively on people through 

the Attention Restoration Theory (1989). 

Humans use directed attention to function 

in life and to perform in different tasks. 

However, if a task needs much attention, 

fatigue can occur. This also affects directed 

attention reserves which eventually will be-

come depleted. To overcome this state of 

fatigue involuntary attention is needed. In 

their Attention Restoration Theory Kaplan 

and Kaplan (1989) argue that humans can 

restore their involuntary attention with 

viewing nature. They argue fascination 

plays a key role in the restorative effect of 

an environment and factors as being away, 

extent and compatibility enhance these 

Making sense Involvement 

Immediately 
apparent

coherence                                      
(the extent to which the scene 
seems to "hang together")

complexity                       
(information richness of the scene)

Future or 
promised

legibility                                         
(the predicted navigability of the 
scene upon further exploration)

mystery                                           
(the promise of the scene offering 
additional information upon 
further exploration) 

Table 2.1: Preference matrix. Adpated from Kaplan (1987).



35

shown divided in different time dimen-

sions. The four basic components, namely 

coherence and legibility, and complexity 

and mystery are connected and influence 

each other. These attributes together stim-

ulate people to explore a setting and let 

them understand it. The degree to which 

these predictors are present in a setting 

correlates with aesthetic preference of 

the environment (Kaplan, 1987). Enough 

complexity and mystery in environmental 

scenes are needed to provide challenging 

opportunities so that the human need of 

meaningful problem solving can be ful-

filled (Evans & McCoy, 1998). Complexity 

refers to the degree of variety and diversity 

in a setting, mystery indicates the promise 

for further information with continued 

exploration (Kaplan and Kaplan, 1989) - 

Figure 2.5 and 2.6 shows an architectural 

example. Coherence and legibility are the 

two other characteristics of the matrix 

which refer to organization, understand-

ing and structure of the environment 

(Joye, 2007). These factors are associated 

with, for example, order, symmetries and 

repeating elements. Coherence and legi-

bility support orientation and way finding 

within a particular environment and there-

by contribute to the escape possibilities 

Figure 2.5: Complexity. Adapted from Evans & 

McCoy (1998)

Figure 2.6: Mystery. Adpated from Evans & 

McCoy (1998)
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that offer safety and support. If these 

four attributes are evenly balanced in an 

environment, those surroundings are ge-

netically more preferred by human beings 

(Kaplan and Kaplan, 1989). However, if a 

shortage or excess of these characteristics 

is present in an environment, then this 

can cause sensory deprivation or atten-

tional overload (Evans & McCoy, 1998).  

Although the theories of Kaplan and 

Kaplan (1989), and Ulrich et al. (1991) do 

no fully match, they both contribute to the 

idea that nature has restorative potential 

for human beings. This restorative po-

tential of natural environments does not 

only work in real life environments. Much 

research is done with photorealistic images 

or with videos, which show similar, though 

sometimes less pronounced effects (Ulrich 

& Lundén, 1990). Typical tested scenes 

involve water and greenery like trees and 

flowers. Aquarium views and videos were 

also tested and gave positive results. From 

all these experiments it is now known that 

natural views (images, videos and real life) 

and indoor plants help reducing stress 

levels, mental fatigue and use of pain 

medication. It also increases the tolerance 

for pain and reduces blood pressure (Ulrich 

et al., 1991).

2.5 OTHER ENVIRONMENTAL 
STRESS RESTORATION 
ELEMENTS

Natural views are not the only elements with 

restorative potential. Other environmental 

elements also improve patient well-being 

and reduce or influence patient stress. Two 

factors influencing environmental stress 

in healthcare environments, daylight and 

noise, will be discussed below. 

Daylight 

Humans are diurnal animals, which means 

that they are normally active during the day, 

when they are exposed to bright daylight. 

The day-night cycle influences our behav-

iour (Dunlap, Loros & DeCoursey, 2004) 

but over the course of time and after the 

invention of electric light, humans became 

alienated from the natural daylight rhythm 

as the daylight-cycle is no longer leading in 

how we organize our day and determining 

when we are exposed to light. It is recently 

found that this discharged daylight rhythm 

is more important for human functioning 

than was previously thought (Dunlap 

et al., 2004). Evidence was found that 

light influences our physical and psycho-

logical functioning (de Kort et al., 2014; 
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Smolders, de Kort & van den Berg, 2013). 

Bright light has an effect on our biological 

clock also known as the circadian rhythm. 

Following the definition of Dunlap and 

colleagues (2004), the circadian rhythm 

is “an observed biological activity that 

oscillates under constant environmental 

conditions with a period length close to 

24 hours.” (p.15). In principle the circadian 

rhythm is an independent rhythm, it will 

not be directly affected by temperature 

or metabolic changes however it can 

be entrained. Photic entrainment of the 

circadian rhythm occurs in order to match 

the internal cycle with the 24-hour solar 

day for optimal synchronization with the 

environment. Daylight is then the synchro-

nizer which ensures that the rhythms will 

run simultaneously.

Nowadays humans are often exposed to 

bright light on unnatural times, like late 

at night in front of the television, which 

affects the entrainment of circadian 

rhythm. Because the circadian rhythm 

influences our sleep-wake cycles, sleep 

quality, hormone regulation, alertness 

and mood levels (Dunlap et al., 2004; de 

Kort et al., 2014), all these processes will 

be influenced by incorrect or insufficient 

daylight exposure. Eventually this can 

lead to desynchronization of the internal 

rhythm which negatively influences sleep-

wake patterns and leads to disorientation, 

losing sense of time and sense of reality 

(Kolanowski, 1992). Desynchronization 

can also disturb eating habits, mood 

states and concentration levels (Dunlap 

et al., 2004). Rightly timed and sufficient 

daylight exposure is thus very important 

for human health. 

Especially in care institutions daylight can 

have an important effect on the healing 

process. Wilson (1972) found that surgical 

patients with fewer windows had more 

chance of delirium and depression than 

patients with sufficient daylight exposure. 

These reactions suggest that daylight has a 

stress-reducing effect on patients (Devlin & 

Arneill, 2003; Wakamura & Tokura, 2011). 

Wakamura and Tokura (2011) found that 

sufficient daylight exposure reduced stress 

levels and a lower need for pain medication 

by parents. Smolders and colleagues (2013) 

also stated that sufficient light exposure 

positively influences vitality, self-regulation 

and mental and physical health - all factors 

that influence healing processes. It is even 

proven that bright artificial light exposure 
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can influence circadian rhythms (Devlin & 

Arneill, 2003) and helps patients to sleep 

better at night (Wakamura & Tokura, 

2011). However, people still prefer day-

light over artificial light systems (Beute & 

de Kort 2014b; Haans, 2014; Heerwagen 

& Heerwagen, 1986; Veitch & Gifford, 

1996). Thus, enough daylight exposure 

for patients should be taken into account 

in the design of care institutions because 

it improves physical as well as mental 

well-being. 

Noise  

Unwanted sounds in hospital environments 

are widely researched as an environmental 

stressor. Especially in care institutions un-

controllable sounds can become unwant-

ed noise. Baker (1984) formulated noise 

as “non-periodic waveforms, random in 

fluctuation, not harmoniously related, 

that interfere with desired signals” (p.69). 

Noise can become a stress inducing factor 

for patients as well as for staff (Topf, 

1992a), especially when the sound source 

is out of reach and uncontrollable. Then it 

can cause sensory overload and eventually 

activate stress reactions (Baker, 1984). In 

care institutions noise is especially a 

problem at night when unwanted noises 

disturb sleep rhythms and sleep quality. 

Topf, Bookman & Arand (1996) found that 

participants in the noise condition took 

longer to fall asleep, spent less time sleep-

ing and awoke more often. Precisely the 

deeper sleep phases that are than missed 

are so important for patient recovery 

(Baker, 1984), because sleep deprivation 

is associated with immunosuppression 

and lower protein synthesis (Topf & Davis 

1993) Especially the control over sounds 

is important as soon as a sound is uncon-

trollable by the patient it activates coping 

mechanisms. Architectural considerate to 

reduce unwanted sounds, like echoes, are 

mainly focused on material characteristics. 

Considered use of materials in different 

rooms can prevent unwanted sounds. 

2.6 ARCHITECTURAL FORM 
AS STRESS REDUCING 
FACTOR?

As stated above, there are quite a few 

factors that influence the stress levels 

and thereby the well-being of patients. 

Although there is a large amount of 

research available, much is still unknown 

about the elements and attributes that 

contribute to particular human processes. 



39

Figure 2.7. Ambient lighting system. Adapted 

from The Sky Factory (2017).

Which environmental factors really deter-

mine if a space has restorative potential? 

Natural views, daylight and noise, as 

discussed above, have been proven to be 

effective. Therefore these factors are often 

used to create so called healing environ-

ments, places that improve the quality of 

living. It is claimed that these healing envi-

ronments can for example reduce anxiety, 

blood pressure levels and the length of 

stay in an institution (Ulrich, 1995). 

Unfortunately, healing environments are 

often created through means of a tra-

ditional design process in which healing 

environmental factors are added later on. 

The negative side of this method is that 

no complete integration of research and 

design elements takes place. This design 

method is also implemented in hospital 

redevelopments. For example, new adap-

tive healing technologies such as artificial 

skylights and adaptive daily rhythm atmos-

pheres (Figure 2.7) are innovations added 

to already existing spaces to create a more 

relaxing environment. Presumably these 

new technologies offer natural views, extra 

daylight exposure and a steady day and 

night rhythm to the patient environment 

to reduce stress. However, adding these 

technologies to already existing spaces 

does not result in an integrated healing 

environment. In Figure 2.8 a standard 

hospital room can be seen. This room does 

not really have a lot of daylight, views on 

nature or other factors that could reduce 

patient stress. Due to new research on 

healing environments, many patient rooms 

are redecorated as in figure 2.9, with an 

ambient lighting system, bigger windows 
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Figure 2.8. Standard one person room John Hopkins Hospital. Adapted from John 

Hopkins hospital (2017)

Figure 2.9. Philips improved patient room. Adapted from Philips (2017)
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and the application of natural materials. 

At first sight, the transformed room (figure 

2.9) indeed looks better than the standard 

patient room (figure 2.8), however when 

looking more critical at both rooms, they 

actually look quite the same. On an archi-

tectural and spatial level, the rooms are 

still plain boxes. No innovation of the form 

is made, only additional technological sys-

tems are applied to make the room more 

appealing and stress reducing.  

Are all these technological additions nec-

essary to create a healing environment? Is 

it not possible to design a room in such a 

way that the architectural form on its own 

contributes to the well-being of people? 

Some indications about dimensions of 

space influencing people’s behaviour, 

well-being and preference levels can be 

found in research about ceiling height 

(Baird, Cassidy & Kurr 1978) and spatial 

proportions (Haile, 2012). For example, 

people prefer spaces that are partly en-

closed and have a higher ceiling height 

(Haile, 2012; Baird et al., 1978). In addi-

tion, global companies like Philips change 

spaces to improve healthcare. Philips 

initiated a project to round off corners in 

hospital rooms to stimulate a good sensory 

experience (Augustin, Frankel & Coleman, 

2009). However, empirical evidence to sup-

port these interventions is not really solid. 

Despite this missing link there are enough 

small indications that spaciousness of a 

room is an important environmental factor 

to reduce and avoid stress reactions. In this 

thesis, these indications will be examined 

and different environmental elements and 

attributes will be discussed and researched 

on their stress reducing potential. This will 

be done in order to expand the evidence 

that spatial configurations on its own can 

influence our behavioural and mental 

states, leading to an architectural design 

strategy which creates spaces that are 

stress reducing without adding additional 

technological features.

2.7 BIOPHILIC DESIGN 

The questions whether environments could 

be designed that support human well-be-

ing without adding technological features 

were also asked by other researchers who 

eventually formed the Biophilic design 

movement. Recent research shows that the 

modern industrialized and technological 

lifestyle alienated from nature negatively 

influences our well-being (Ramoie, 2014). 
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From this viewpoint new theories came 

forward, like the “Biophillia Hypothesis” 

by Wilson (1984). As previously explained, 

Wilson (1984) suggested that humans 

have an inborn desire to connect with 

nature. He suggested that humans have a 

specific set of inborn aesthetic preferences 

for typical forms and spatial organizations 

(Joye, 2007). The ideas of Wilson eventual-

ly initiated a new architectural movement, 

namely Biophilic design. This is a designing 

strategy to build or environment in such a 

way that it stimulates inborn environmen-

tal preferences to affiliate with nature and 

thereby improves their well-being (Kellert 

et al., 2008). As Kellert and Heerwagen 

stated (2008 p.vii) “an innovative ap-

proach that emphasizes the necessity of 

maintaining, enhancing, and restoring 

the beneficial experience of nature in the 

built environment”. Design to connect hu-

manity and nature. Biophilic design is not 

a certain limited aesthetic style, it is more 

a theory to implement evidence based de-

sign in the architectural environment. The 

main goal is not to make everything green 

or sustainable. As Kellert  and collegues 

(2008) critically noted “in our attempt to 

create a more sustainable environment, we 

attack the negative consequences of our 

artificial life on the natural world, but we 

have done nothing to bridge the widening 

gap between humans and nature itself.” 

(Vision 2020, 2012, p.1). Collecting water 

or implementing a green roof only does 

not make a building sustainable, these 

buildings will remain concrete bunkers. 

The biophilic design strategy is focussing 

on characteristics that provoke human 

environmental preferences. It is about 

the indirect affiliation with nature, the 

complex structures that make a building 

improve well-being. An example is Figure 

2.8 in which Frank Lloyd Wright’s Johnson 

Wax building is shown. The columns indi-

rectly link to forest trees, thereby activating 

human preferences. 

Are environmental preference elements 

literally linked to mimicking nature forms 

and patterns, like the mimicked trees in 

the Johnson Wax building? This is probably 

not the case, also more complex structures 

can initiate human preferences, but which 

elements really contribute? Kellert et al., 

(2008) tried to make a framework for 

biophilic design elements. They described 

the biophilic design process as two sep-

arate strategies which eventually lead to 

six basic design elements (figure 2.9). The 
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two strategies are organic- and vernacular 

design. The first is a more direct strategy 

to embrace nature and implement natural 

attributes into the design, like daylight and 

plants. The second strategy is about con-

necting to the context and culture (Kellert 

et al., 2008). Based on these two design 

strategies Kellert (2008) developed a set of 

biophilic standards based on six elements; 

1) environmental features, 2) natural 

shapes and forms, 3) natural patterns and 

processes, 4) light and space, 5) place-

based relationships, 6) evolved human 

relationships to nature (p.42). He warned 

that his six elements are not a checklist 

that will automatically lead to a biophilic 

design. These elements should be more 

interpreted as design principles which 

eventually can lead to biophilic design. 

Figure 2.10: Johnson Wax Building. Adapted 

from Historic American Building Survey (1993)
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SIX BIOPHILIC DESIGN ELEMENTS OF KELLERT

1. environmental features. Characteristics and features of the natural environment 

such as sunlight, fresh air, plants, animals, water, soils, landscapes, natural colours, and 

natural materials such as wood and stone.

2. natural shapes and forms. The simulation and mimicking of shapes and forms found 

in nature. These include botanical and animal forms such as leaves, shells, trees, foliage, 

ferns, honeycombs, insects, other animal species, and body parts. Examples include tree-

like columns rising in a building interior to support a roof that projects the feeling of a 

forest canopy; building shapes that simulate the appearance of bird wings; ornamentation 

suggestive of a natural shape like a crystal or geological feature.

3. natural patterns and processes. Functions, structures, and principles characteristic 

of the natural world, especially those that have been instrumental in human evolution 

and development. For example, designs that stimulate a variety of senses, simulate the 

qualities of organic growth, facilitate the organization of complexity, or reflect the pro-

cesses of aging and the passage of time.

4. light and space. Spatial and lighting features that evoke the sense of being in a 

natural setting. These include natural lighting, a feeling of spaciousness, and more subtle 

expressions such as sculptural qualities of light and space, and the integration of light, 

space, and mass.

5. Place-based relationships. Connections between buildings and the distinctive geo-

graphical, ecological, and cultural characteristics of particular places and localities. This 

can be achieved through incorporating geological and landscape features, the use of local 

and indigenous materials, and connections to particular historic and cultural traditions.

6. evolved human relationships to nature. Basic inborn inclinations to affiliate with 

nature such as the feeling of being in a coherent and legible environment, the sense 

of prospect and refuge, the simulation of living growth and development, and evoking 

various biophilic values.

(Vision 2020, 2012)
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2.8 ENVIRONMENTAL 
PREFERENCE THEORIES

In this research I will have a closer look at 

the sixth biophilic design strategy of Kellert, 

namely evolved human relationships to 

nature. In that way it can be investigated 

whether healing environments can be de-

signed, in which the spatial configuration 

positively influences human well-being. 

First it should be investigated what kind 

of places and configurations people prefer 

and why. Whether people like or dislike 

a perceived space has probably to do 

with internal preference processes. Two 

preferences models, Kaplan and Kaplan’s 

environmental preference model (1989) 

and Ulrich’s psycho-evolutionary frame-

work (1983) were discussed in Section 2.4. 

Here it was argued that humans will prefer 

those environments in which the traits 

of humans are most useful and effective. 

Evolutionary psychologists like Wilson 

(1978), similarly argued that the human 

instinct for survival is an impulse which 

directly connects to human behaviour 

and perceptions of environmental stimuli. 

Following the preference models of Ulrich 

and Kaplan and Kaplan it can be conclud-

ed that humans have an inborn set of 

preference characteristics that determines 

whether stress reactions will be activated 

in certain settings or spatial configurations 

(Ulrich, 1983; Korpelea, et al., 2002; 

Vartanian et al., 2015). Nevertheless it is 

still not clear which specific elements and 

attributes substantially influence these 

automatic responses. 

Appleton’s prospect and refuge theory. 

The savanna hypothesis was the first 

theory to suggest that certain landscape 

elements of the savanna may trigger 

human preference instincts, but no 

concrete proposals were stated. In 1975, 

Jay Appleton proposed a more concrete 

environmental preference theory, namely 

the prospect and refuge theory of human 

aesthetics. Appleton (1975) proposed 

that an environment should offer the 

right balance between prospect and 

refuge to instinctively feel safe and meet 

basic human psychological needs. If the 

balance between prospect and refuge is 

disturbed humans probably get a negative 

foreboding of that particular environment. 

According to Appleton (1975), refuge 

can be seen as a place to retrieve and 

hide out, an enclosed, low space within 

a darker atmosphere. Humans will search 
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for a place like this when estimating a new 

environment, however humans do not 

prefer a fully enclosed space. According 

to the prospect refuge theory a preferred 

environment also needs to offer prospect, 

a view to the outside to see if danger is 

coming. Appleton (1975) described this 

balance between prospect and refuge as 

“to see without being seen” (p.73). Taking 

a step back and projecting this theory to the 

original habitat of humans, the savanna, it 

can be seen that our ancestors searched 

for prospect and refuge characteristics in 

the environment. People felt save between 

the greenery which offered shelter and 

protection from potential dangers (Figure 

2.11). On the other hand the vast plain 

of the savanna offered a wide view to 

detect potential danger (Figure 2.12). 

These two characteristics of prospect and 

refuge combined offered a preferable 

environment (Figure 2.13), in which the 

person has shelter and the opportunity to 

detect danger as well. These kinds of envi-

ronments had presumably an evolutionary 

benefit resulting in inheritance of the 

automatic preference mechanism in such 

a way that these preferences are nowa-

days embedded in our genes. Appleton 

(1975) even suggested that under certain 

conditions (rightly balanced prospect and 

refuge), real pleasure can be derived from 

the spatial environmental configuration 

(Dosen & Ostwald, 2013).

2.9. ARCHITECTURAL AND 
INTERIOR PREFERENCE 
ELEMENTS

Although Appleton’s (1975) prospect and 

refuge theory is often used and affirmed in 

environmental preference research of nat-

ural landscapes (Dosen & Ostwald, 2016), 

that does not mean that the theory is 

applicable in other fields. Yet the prospect 

and refuge theory is often used to support 

theories in the fields of psychology, archi-

tecture, art history and philosophy (Dosen 

& Ostwald, 2013). Although empirical 

evidence is missing, many are searching 

for the answer if particular spatial config-

urations in interior design might have a 

positive effect on a person’s stress levels 

and emotional state (Dosen & Oswald, 

2016). The most well-known preference 

theory for architecture and interior design 

originates from Hildebrand (1991), an ar-

chitectural historian who was interested in 

the positive effect that the houses of Frank 

Lloyd Wright have on the users. Hildebrand 
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Figure 2.11: Refuge

Figure 2.12: Prospect

Figure 2.13: Prospect and Refuge 
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(1991) combined the earlier discussed 

preference models of Appleton (1975), 

Kaplan and Kaplan (1989) and Ulrich 

(1983) together with Berlyne’s (1971) 

aesthetic arousal theory to construct his 

own preference theory (Dosen & Ostwald, 

2016). To better understand Hildebrand’s 

theory and findings, the theory of Berlyne 

(1971) will be discussed first. 

 

Berlyne (1971) stated that there is a rela-

tion between order and aesthetic pleasure 

(Winner, 1982) and that the process of 

stimulus exploration is intrinsically re-

warding (Cupchik, 1986). He researched 

this theory by letting participant’s judge 

different patterns (Figure 2.14 and 2.15). 

On the left of the pattern sets, the low or 

moderately complex figures can be seen 

and on the right the more complex figures. 

When participants viewed the patterns, 

they preferred the ones low or moderate 

in complexity. However, when the patterns 

were shown repeatedly, the low complex 

figures became less pleasant in contrast to 

the complex patterns that became more 

pleasing. This is probably due to the fact 

that participants got bored with the simple 

patterns and were curious of the complex 

patterns. Berlyne later concluded that this 

had to do with the collative properties of 

spatial configurations (Cupchik, 1986). 

Collative properties are for example nov-

elty, complexity and clarity. When these 

characteristics are present in a particular 

scene, pleasure can be derived from this 

Figure 2.14: Irregularity of arrangement. 

Adapted from Winner (1982)

Figure 2.15: heterogeneity of elements. 

Adapted from Winner (1982)
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environment in terms of the viewer’s rel-

ative state of arousal (Cupchik, 1986). His 

theory was later implemented in Kaplan 

and Kaplan preference framework. 

Hildebrand (1991) eventually created the 

Wright pattern after analysing forty-one of 

Frank LIoyd Wright houses. He distracted 

thirteen characterizes for prospect, refuge 

and complexity (Table 2.2). In all forty-one 

site analysis at least ten of the thirteen 

characteristics were present. Hildebrand 

Prospect Refuge Complexity

1.
Major elevated spaces above terrain 
overlooking landscape

x

2.
Fireplace as heart of building in an 
alcove 

x

3. Low ceiling x

4. Built-in seating and cabinet work x

5. Ceiling sweeping upwards into roof x

6. Interior views to contiguous spaces x

7. Glass opposite of fire place x

8. Generous elevated terrace x

9. Deep overhanging eaves x x

10. Evident central chimney x

11. Horizontal window bands x

12. Conspicuous balconies or terraces x

13.
Connection exterior and interior, long 
circuitous path

x x

Table 2.2. Hildebrands design elements. Adapted from Hilderbrand (1991).
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argued that this list of characteristics 

together form the ‘Wright pattern’, a 

coherent structure of architectural charac-

teristics that respond to the human instinct 

of environmental preferences (Hildebrand 

1991). 

One of the architectural elements that 

stand out is the central fireplace. This is 

one of the elements that was present in 

all Wright’s houses and plays an important 

role in the actual design configurations. 

The fireplace has a central position in 

the living room, around which the other 

elements are positioned (Figure 2.17). 

The effect of the fireplace as element that 

offers prospect and refuge characteristics 

can, for example, be seen in Taliesin house 

(Figure 2.16 and 2.18), where the fireplace 

offers shelter from people entering the 

room but has wide views to the surround-

ings, making the room pleasant to reside. 

Attention needs to be paid when imple-

menting Hildebrand’s design characteris-

tics. All elements need to be implemented 

in the right balance because too much 

stimulation can cause attentional overload 

and thereby can negatively interfere with 

different cognitive processes (Wohlwill, 

1974). Too little stimulation can eventu-

ally lead to boredom or in extreme cases 

to sensory deprivation (Evans & McCoy, 

1998). Therefore designing with these 

Figure 2.16: Taliesin living room looking toward the fireplace. Entrance at the left, behind the half 

high seating. Adapted from Hildebrand (1991)
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Figure 2.18: Taliesin living room looking north. The range of windowns provide a weeping 

panorama of the vally and the hills beyond. Adapted from Hildebrand (1991)

Figure 2.17: Analysis of Cheney house by Hildebrand, Red squre is the central fireplace. Adapted 

from Hildebrand (1991)
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characteristics is a delicate business. Not 

all characteristics can be used anytime this 

differs in each situation. 

2.10. EXAMPLES IN 
ARCHITECTURE OF 
HILDEBRAND’S WRIGHT 
PATTERN. 

Hildebrand’s research sparked many other 

researches, mainly because of his ideas 

that the preference models where not only 

wild theories but that they really were ap-

plicable in architectural designs. He proved 

that successful architecture is not pure 

luck, but consists of thoughtful configu-

rations. Although Hildebrand still did not 

deliver empirical evidence that preference 

models worked, he indicated that there is 

more than meets the eye. From that mo-

ment on the prospect and refuge theory 

became known in architectural theories 

and others tested the theory. For example, 

works of Le Corbusier (Unwin, 2010) and 

Alvar Aalto (Roberts, 2003) were analysed 

based on the Wright pattern. Prospect and 

refuge characteristics can, for example, 

be found in the famous work cabin of Le 

Corbusier, ‘un Cabanon’ (Unwin, 2010). 

The cabin was situated on a hill side, which 

offered refuge, especially when inside the 

small cabin (Figure 2.19). The slanted 

roof and view on the Mediterranean Sea 

formed prospect opportunities, creating 

a balance between prospect and refuge 

characteristics. Also the windows with 

Figure 2.19: Section of Un Cabanon. Refuge in the hillslide and prospect to the Mediterranean Sea. 

Adapted from Unwin (2015).
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wooden sliding panels help by obtaining 

the right balance between prospect and 

refuge (Figure 2.20). When the need for 

refuge increases the panels can be closed 

and when the residents wanted a view 

over the area the panels could be opened 

Analysing the house based on the ‘Wright 

pattern’, un Cabanon as a one room work 

cabin already meets eight of Hildebrand’s 

characteristic. According to Unwin (2010), 

this has probably to do with the fact that 

there is a right balance between prospect 

and refuge, which results in a pleasant 

environment that is preferred by many. 

Alvar Aalto’s famous house Muuratsalo 

also offers this balance of prospect and ref-

uge (Roberts, 2003). The central courtyard 

(Figure 2.21 and 2.22) can offer as well 

prospect as refuge. It is the central point 

of the house which also contains an out-

door fire place. Just as in Wright’s houses 

Figure 2.20: Un Cabanon  - Interor prospect throuh a framed window. Adapted from Rosselli (2003).
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the fireplace is a central point to search 

for refuge, a place to come together and 

shelter. The courtyard also offers refuge 

for the rest of the house, a buffer before 

really entering the indoor space. On the 

other side the space also offers prospect, 

views to the natural surroundings through 

well positioned openings in de courtyard 

walls (figure 2.22). The indoor spaces to-

gether also offer prospect and refuge from 

the kitchen spaces visitors that are coming 

close to the house can be seen, viewed in 

terms of Appleton (1975) inhabitants of 

the building can see potential predators 

coming. The configuration of the spaces 

around a central fire place, vista’s to natu-

ral surroundings, wide window bands and 

interior views to contiguous spaces, are all 

part of the ‘Wright pattern’ of Hildebrand 

(1991). Analysing the house according to 

Hildebrand’s pattern, the designs meets 

ten of the thirteen characteristics – as 

much as most of Wright’s houses. Roberts 

(2003) argues that this is the reason that 

an architect like Alvar Aalto is praised by 

so many. Because his designs behold this 

right balance between prospect and refuge 

characteristics, which stimulate embedded 

preferences. 

Figure 2.21: Courtyard of Muuratsalo. Adapted from Nico Saieh (2012).
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Figure 2.22: Floorplan Muuratsalo - in pink the central couryard. Adapted from 

ArquitecturaYempresa (2017).
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Prospect Refuge Mystery Complexity 
Supportive 10 2 2 6
Neutral 8 12 4 4
Contrary 1 3 2 1
Total 19 17 8 11

Table 2.3: Overview of interior preference research results

2.11. PROSPECT AND 
REFUGE AS ARCHITECTURAL 
PREFERENCE ELEMENTS 

As shown in the two examples above, 

the architectural principles of prospect 

and refuge can be found in many famous 

architectural works and often Hildebrand’s 

ideas are consciously or unconsciously ap-

plied in the designs. Evans & McCoy (1998) 

eventually made a taxonomy of potential 

preference characteristics based on works 

of others, including Hildebrand’s ‘Wright 

pattern’. They listed environmental char-

acteristics which, according to previous 

findings, have the potential to have an en-

vironmental stress relieving function when 

applied in the building design, because the 

characteristics triggered inherited environ-

mental preferences. However, their taxon-

omy was still based on qualitative research. 

Nowadays more interest arises in finding 

empirical evidence for the environmental 

preference characteristics. In 2016, Dosen 

and Ostwald wrote a literature review on 

thirty-four studies done about architectur-

al preference elements and whether they 

could support the environmental pref-

erence theories. They concluded that an 

architectural space at least must have four 

components: a view or outlook (prospect), 

the view should be partially framed or en-

closed (refuge), there should be a degree 

of visual complexity which enhances feel-

ings of safety (complexity) and the space 

should offer a sense of mystery, implying 

discoverability (mystery) (Dosen & Ostwald 

2013, 2016). Gradually more evidence is 

found that these four components improve 

environmental preference which can result 

in more liking and reducing environmental 

stress reactions, although the results are 

still inconclusive. For example, Stamps 

(2008b) found values close to zero when 

testing emotional responses to prospect 

and refuge characters, while a previous 
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study (Stamps 2008a) confirmed a need 

for partial enclosure and thus refuge. The 

overview of results by Dosen & Ostwald 

(2016) (Table 2.3), shows that empirical 

evidence is that prospect and complexity 

influence environmental preferences is 

found multiple times. With regards to 

refuge characteristics, many hints are 

given but no concluding evidence is found, 

most research results were neutral (Table 

2.3). This has probably to do with the fact 

that the need for refuge differs between 

persons and over time (Hildebrand 1991 ; 

de Vries & Droog, 2010), which make it a 

difficult parameter to research. Overall, if 

you compare prospect and refuge research 

with other theories, thirty-four experi-

ments with often small sample sizes is 

are not enough to clearly conclude a final 

statement, especially because many were 

not conclusive. However, there are many 

cues that can be found in other research 

and theories (Appleton, 1975; Dosen 

& Ostwald, 2016; Hildebrand, 1991; 

Kaplan & Kaplan, 1982) which indicate 

that prospect and refuge, and mystery 

and complexity characteristics contribute 

to different environmental preference 

responses.    
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and refuge for humans to instinctively 

feel safe and meet basic human psycho-

logical needs. Hildebrand (1991) applied 

Appleton’s theory and compiled a list of 

thirteen spatial elements that together 

would form environments that stimulated 

human preferences. 

Appleton and Hildebrand’s theories are 

widely used in fields like architecture and 

interior design although they are not fully 

supported by empirical evidence. Until 

now it is not known if the prospect and 

refuge theory really can be applied on in-

terior design to create preferred and stress 

reducing environments. That is why in this 

thesis an experiment will be conducted 

to check if a balance between prospect 

and refuge in patient rooms can influence 

people mood, preferences and restorative 

potential.  

2.12 RATIONALE 

It can be concluded that societally changes 

push the healthcare system to change. 

There is more need for the design of 

Care and Cure centres for chronic cancer 

patients that reduce patients stress. Well-

designed healing environments can de-

crease patient stress by means of nature, 

daylight and noise reduction. Is it also pos-

sible to design Care and Cure centres that 

reduce patient stress through architectural 

means? The biophilic design strategy of 

Kellert and colleagues (2008), based on 

the Biophillia hypothesis of Wilson (1983), 

states that we should design our buildings 

in such a way that the balance between 

humans and nature is restored. Kellert and 

colleagues (2008) developed six biophilic 

design principles that should help with 

designing buildings that stimulate human 

well-being. 

One of these principles states that humans 

have an embedded desire to affiliate 

with nature, this is probably related to 

embedded preference processes. Appleton 

(1975) argued that an environment should 

offer the right balance between prospect 
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3. reSeArCh QUeSTIonS

It is the goal of this graduation project is to combine the fields of architecture and scientif-

ic research. Unite both fields of interest to gain new and unexpected insights. Get a better 

understanding if and how architectural elements can influence patient preferences stress 

restoration levels and mood, and thereby improve patient well-being. The following main 

research question was established:  

“Can healing environmental research contribute to the design of a stress reducing Care 

and Cure centre for long term and terminal cancer patients? “

Because this thesis will be written for two combined master studies I came up with differ-

ent research questions for each master track that together will help in answering the main 

research question. These questions will be answered in the course of this thesis. 

human Technology Interaction:

1) Do people have a stronger preference for a patient room that facilitates a balance 

between prospect and refuge characteristics?  

2) Do people feel more relaxed in a patient room that facilitates a balance between 

prospect and refuge characteristics?

Architecture: 

1) Which architectural features can contribute to the design of a stress reducing Care and 

Cure centre?

2) Can the Biophilic hypothesis by E.O. Wilson serve as a guideline to design a stress 

reducing Care and Cure centre. 



B. CAre AnD CUre CenTre



“Healthcare is sometimes healing, 
often relieving and always 
comforting” 

(derived from Paré, 1537)
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In this graduation project a Care and Cure 

centre will be designed. This is new health 

care concept which is closely related to a 

hospice. This kind of care institution will 

be more suited in the changing healthcare 

system and will focus on long term and 

chronic patient care, although palliative 

care is still offered. First a brief history of 

the hospice will be given, because the ty-

pology of the building is closely related to 

hospice design. The origin of the hospice 

is discussed and the palliative care concept 

is further explained. Thereafter future 

changes in hospice care are introduced 

and the Care and Cure centre concept is 

further explained.

4.1 HISTORY OF THE 
HOSPICE
 

Hospices are buildings that are often 

avoided by people. The institutions are 

associated with dying and unpleasant 

life events. This is unfortunate, because 

dying is part of life as much as being born 

or getting married. The connection of a 

hospice with dying is a recent association. 

The term hospice originates from the Latin 

word ‘Hospitum’ meaning guesthouse 

(Verderber & Refuerzo, 2006). In previous 

times a hospice was not a place designed 

for the dying, it was a place to offer shelter 

and comfort. A place to find refuge for 

weary and sick travellers. Until the 1800’s 

hospices served this goal to help the sick. 

They were often supported by religious 

institutions who offered personal care to 

the patients (Verderber & Refuerzo, 2006). 

The changing society slowly changed the 

character of the hospice and the public 

mentality towards dying. During the indus-

trialization, medical innovations stimulated 

the healthcare system, hospitals grew 

larger, causing specific and personal care 

to disappear from the hospital. People 

migrated to cities away from their families, 

and thus away from family care. This creat-

ed a discrepancy between the care offered 

and needed by patients. The care became 

colder and more impersonal, even though 

the need for personal care as a substitute 

for family care increased (Verderber & 

Refuerzo, 2006). In 1891, the first modern 

hospice was founded; Trinity Hospice in 

England (Figure 4.1). A small-scale insti-

tution where personal care was the main 

goal, a place where one could calmly ex-

perience the final stage of life. The Trinity 

hospice became a new sort of modern 

care institution, a small-scale building 

4. CAre AnD CUre CenTre
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separated from the hospital, which could 

offer more personal attention. 

The development of the hospice as separate 

care institution became more and more 

common over time. This induced research 

about palliative care, how to help those 

who suffer. In the late 1950’s Saunders 

(1967) developed the total pain concept 

when working at a hospice, which was the 

start of the modern hospice movement 

(Verderber & Refuerzo, 2006). Saunders 

stated that a patient should not only work 

on the physical, but also the mental side 

Figure 4.1. Trinity Hospice Staff. Adapted from Royal Trinity Hospice (2017).

effects of the illness. They should not only 

embrace their physical pain, but accept so-

cial, emotional and spiritual dimensions of 

suffering. This will, according to Saunders, 

eventually let the patient take control over 

the pain (International association for the 

study of pain, 2009) and eventually over 

the disease. She stated that a hospice 

should not only offer shelter and rest, but 

should offer help in all four pain dimen-

sions. This concept, that a hospice should 

offer total care and thus not only medical 

care, is still the basis of the modern hos-

pice movement.
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4.2. PALLIATIVE CARE
 

According to the World Health 

Organization (2017) palliative care is: “an 

approach that improves the quality of life 

of patients and their families facing the 

problem associated with life-threatening 

illness, through the prevention and relief 

of suffering by means of early identifi-

cation and impeccable assessment and 

treatment of pain and other problems, 

physical, psychosocial and spiritual” (p.1). 

Thus, within palliative care healing and 

recovering is not the goal. It is all about 

guidance to the end of life. Giving support 

and care to the patient and his or her rel-

atives. When the end of life comes close, 

because of a terminal disease, there are 

five stages of grief which a patient needs 

to pass through (Kübler-Ross & Kessler, 

2005) (p. 70). Some patients go through 

multiple phases at once and others do 

not even go through all five. One thing 

remains the same, they all need support 

to go through this difficult process. This 

support can be given in a hospice when a 

palliative care procedure is started and pa-

tients entered the last phase of life (Figure 

4.2). Normally the palliative care starts 

from the moment that healing is no longer 

possible, and generally takes about three 

months. Within the palliative care process 

four phases can be distinguished (Figure 

4.2). The first phases are ‘disease-oriented 

Figure 4.2. Schematic representation of palliative care process. Adapted from IKNL (2014) p.13.
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palliation’ and ‘symptomatic palliation’. In 

these phases the disease is being treated 

although curing is not possible anymore. 

The given treatment enlightens symptoms 

and tries to control the discomfort as 

much as possible. The third phase is the 

‘end of life’ phase where the patient is 

prepared for the imminent death. These 

are often the last days before death. The 

last phase is the ’aftercare for the family’. 

Relatives need time and space to process 

the death of a loved one (Integraal kanker 

centrum Nederland, 2014). In this phase, 

the hospice also offers support to the fam-

ily. Giving palliative care is a very sensitive 

task. When designing a new building this 

process should be considered.

4.3. RECENT TRENDS IN 
HEALTHCARE ARCHITECTURE

As discussed in the literature review, care 

offered to patient’s changes through 

societal developments like; an aging popu-

lation, technical innovations, dehumaniza-

tion and decentralization of the healthcare 

system. These developments influence the 

care given and thereby also change the 

architectural needs. In this paragraph four 

recent trends in the modern healthcare 

designs are presented and analysed. 

Family relieve centres  

Much money and care is invested in long 

term care for children who are seriously 

or terminally ill. Specialized wards are 

designed in separated hospital wings to 

comfort the little patients as much as pos-

sible. Eventually one of the most important 

things that sick children need are their par-

ents close by, this is often difficult to offer 

in a hospital. Therefore, Ronald McDonald 

houses have been built since 1975, to offer 

parents of patients a place to stay (Ronald 

McDonald Kinderfonds, 2016). The houses 

are built as close as possible by the hos-

pital and are fully equipped. In Ronald 

McDonald houses, there are between ten 

and hundred rooms for parents or other 

relatives to stay. The centres are spatially 

similar to family houses which are scaled-

up. There are shared kitchens, bathrooms 

and laundry facilities inside the centre. All 

with the purpose to support the parents in 

difficult times. Although the concept of a 

family relieve centre is not new on its own, 

new houses are still being built and every 

time the designs improve.  

Previously centres were built as close 
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FIVE STAGES OF GRIEF  

1. Denial 

The first reaction when learning of terminal illness or death is to deny the reality of the 

situation. It is a normal reaction to rationalize overwhelming emotions. We block out the 

words and hide from the facts. 

2. Anger 

“Why me? It’s not fair!” 

“How can this happen to me?” 

 

Once in the second stage, the individual recognizes that denial cannot continue. Because 

of anger, the person is very difficult to care for due to misplaced feelings of rage and envy. 

Anger can manifest itself in different ways. People can be angry with themselves, or with 

others, or at a higher power, and especially those who are close to them. 

3. Bargaining 

“I’ll do anything for a few more years.” 

“I will give my life savings if…” 

The third stage involves the hope that the individual can somehow undo or avoid a cause 

of grief. Usually, the negotiation for an extended life is made with a higher power in 

exchange for a reformed lifestyle

. 

4. Depression 

“I’m so sad, why bother with anything?” 

“I’m going to die soon so what’s the point?” 
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During the fourth stage, the grieving person begins to understand the certainty of death. 

The idea of living becomes pointless. Things begin to lose meaning to the griever. Because 

of this, the individual may become silent, refuse visitors and spend much of the time 

crying and sullen. This process allows the grieving person to disconnect from things of 

love and affection, possibly in an attempt to avoid further trauma. Depression could 

be referred to as the dress rehearsal for the ‘aftermath’. It is a kind of acceptance with 

emotional attachment. It is natural to feel sadness, regret, fear, and uncertainty when 

going through this stage. Feeling those emotions shows that the person has begun to 

accept the situation. 

5. Acceptance 

“It’s going to be okay.”

“I can’t fight it, I may as well prepare for it.” 

In this last stage, individuals begin to come to terms with their mortality or ineviTable 

future, or that of a loved one, or other tragic event. This stage varies according to the 

person’s situation. People dying can enter this stage a long time before the people they 

leave behind, who must pass through their own individual stages of dealing with the 

grief. This typically comes with a calm, retrospective view for the individual, and a sTable 

mind-set. This phase is marked by withdrawal and calm.

Cited from Hofstra (2014, p.23). Derived from Kübler-Ross & Kessler (2005)
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by the hospital as possible, which often 

resulted in buildings surrounded by park-

ing lots. Nowadays the building typology 

changes and more attention is paid to the 

well-being of the users. New centres are 

often situated around courtyards (Figure 

4.3), to surround the building with nature 

as much as possible to create a pleasant 

and relaxing environment. The building 

typology of the centres becomes more 

and more comparable to normal housing 

projects. For example, if we look at the 

recently built Ronald McDonald house 

in Glasgow (2015, Keppie Architects) 

the architecture is almost impossible to 

distinguish from normal residential areas 

(Figure 4.4). The facades on the street side 

are similar to residential projects. Familiar 

materials like brick are being used, roofs 

are gabled and the buildings are low-level, 

which all contributes to the residential 

image. This building typology of residential 

living can give a welcome feeling to the 

users, although it is not their own home, 

the design of the building can offer famil-

iar and comfortable feelings. 

Eventually the Glasgow Ronald McDonald 

centre can house up to thirty families. 

The rooms have en-suite bathrooms and 

there are interconnecting rooms for larger 

families. If we look at the floorplan (Figure 

Figure 4.3: Ronald McDonald House Glasgow - Courtyard. Adapted from ArchDaily (2015)
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Figure 4.4: Ronald McDonald House Glasgow - Street facade. Adapted from ArchDaily (2015)

4.5) we see that there are multiple shared 

functions inside the building, which are 

all located in the central volume. These 

shared functions include a shared kitchen 

with dining area, game and activity rooms 

and separate living rooms with televisions. 

The private bedrooms are located in sepa-

rate wings alongside the central volume. 

This format generates more quiet and 

private spaces around the personal rooms. 

Whereas parents who want to make con-

tact with peers can go to the public areas.

If we compare the Glasgow centre with 

the Ronald McDonald house in Vancouver 

(MacFarlane Green + Biggar architects, 

2014) similar functions and lay-out can be 

distinguished. The house in Vancouver is 

much larger, it can house up to sixty-five 

families. Four separate residential units are 

connected by central shared functions on 

the ground level (Figure 4.6). Looking at 

the floor plan it can be seen that shared 

kitchens are located in all four corners with 

dining areas in-between. In this building are 

also multiple courtyards placed to improve 

the connection with nature and create a 

relaxing atmosphere. Similar materials are 

used to create a homely environment like 

brick walls and wooden floors and ceilings 

(Figure 4.6). Another important element in 

the new Ronald McDonald designs is the 
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living room which is the centre of a Ronald 

McDonald house (Figure 4.7). This central 

space is designed to comfort the users, let 

them feel relaxed and process the medical 

events. If well designed the central space 

acts like the focal point of the house. In 

the design of the Vancouver house, the 

living room is literately located in the cen-

tre of the building. A fire place is central 

positioned and surrounded with comfort-

able furniture, in conform to Hildebrand’s 

(1991) preference characteristics. There 

are possibilities to connect with others and 

share your feelings. Furthermore, multiple 

connections to the outside and natural 

surroundings are established through the 

patios. Together these features create 

a building that feel like a home, a place 

where parent can find rest and support in 

hard times. 

Palliative day-care 

The concept of palliative day-care orig-

inates from the United Kingdom and 

was initiated by Maggie Keswich-Jencks 

around 1995 (Keswick-Jencks, 1995). 

Maggie herself was a terminal cancer pa-

tient who experienced the inconveniences 

Figure  4.7. Ronald McDonald House Vancouver - central living room. 

Adapted from Eqcanada (2014)
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of traditional cancer care herself. This 

triggered her to develop a new care con-

cept; the palliative day-care centre. These 

centres are nowadays known as Maggie 

Centres and are placed around the world. 

Although the centres are very successful, 

the concept is not yet developed in the 

Netherlands. In 2016 the first plans to 

build a Maggie centre in Groningen were 

conceived although the construction is still 

pending (Pepping, 2016). The centres are 

no replacement for the cancer care given 

in a hospital, they offer additional care. An 

environment which can offer comfort and 

support, a place to gather information and 

share your worries with others (Maggie 

Keswick-Jencks cancer caring centres trust, 

2017). Maggie believed in the healing 

power of good design, which is why many 

famous architects designed a Maggie 

centre like; Frank Gehry, Zaha Hadid, Rem 

Koolhaas and Steven Holl (Medina, 2014). 

As Charles Jencks, Maggie’s husband stat-

ed; “our success can be attributed to the 

architectural placebo effect … a building, 

while not wholly capable of curing illness, 

can act as a secondary theory, a feedback 

therapy” (Medina, 2014, p.1). They be-

lieved that a positive aesthetic environment 

could offer healing to the patients. For 

this reason, every Maggie centre is a sight 

for sore eyes, not only for architecture 

fanatics, but also for the patients. They 

all have pleasant environments, imbedded 

in nature. The centres support patients in 

hard times and are designed in such a way 

that the building on its own offers care or 

at least retreat. All centres are completely 

different on the outside, but the func-

tionality and spatial organisation is often 

comparable. Here two Maggie centres are 

analysed to find the successful concept of 

the building designs. 

If we look at the Maggie Centre in 

Glasgow (2011, OMA), it can be seen that 

the building has a circular public space 

with interior continuous views (Figure 

4.8), which is in line with Hildebrand’s 

Wright pattern (1991) to create buildings 

that are naturally preferred by many. The 

central courtyard offers views to nature 

and makes it possible for much daylight to 

enter the building. Comfortable furniture 

is positioned in different alcoves (Figure 

4.9) which provide shelter and refuge. 

Furthermore, the Maggie centre has a 

shared kitchen, dining area, living room, 

library and places were peers can come 

together to talk and enjoy life. Other more 
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private functions, like the counsel rooms, 

are placed in such a way that they offer 

shelter and privacy. It we take a close 

look at the design, the Glasgow Maggie 

centre conforms to many of the prospect 

and refuge characteristics discussed by 

Hildebrand (1991). Next to interior views 

to continuous spaces also places of refuge 

are created in alcoves with natural views 

in the building. In the design much glass 

is used, which offers wide views to nature 

and plenty of daylight can entering the 

building. The placement of the building 

in nature, creates a good connection be-

tween the exterior and interior of the 

building. That fact the building meets so 

many prospect and refuge preference ele-

ments probably makes why this building is 

praised by many. 

Hildebrand’s preference elements (1991) 

can also be distinguish in other Maggie 

centres, for example the centre in 

Manchester (2016, Foster + Partners). The 

open floorplan (Figure 4.10) is in principle 

similar to the Maggie centre of Glasgow. 

Figure 4.9: Maggie Centre Glasgow - seating area. Adapted from Miller (2011)
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Shared functions that are public accessible 

and more private functions connected on 

the boarders and shielded from prying 

eyes. The building is also surrounded by 

nature and the central point of the living 

room is a fireplace where people can sit 

together and support each other (Figure 

4.11). The wooden structure of the building 

with overhanging eaves makes a smooth 

transition between interior and exterior. 

Thus, also this Maggie centre prospect and 

refuge preference elements like a central 

fireplace, interior views to continuous 

Figure  4.11. Maggie centre Manchester - shared spaces and fireplace. 

Adapted from Nigel Young (2016).

spaces, a connection between exterior and 

interior by a gallery which is surrounded 

by nature and a wooden structure which 

creates deep overhanging eaves. 
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Out-patient cancer clinic  

Chemotherapy is a major component of 

the cancer treatment. Every few weeks 

patients need to return to the hospital to 

get their next dosage. The chemotherapy 

often happens in impersonal and uninspir-

ing hospital rooms, where there is often no 

space for privacy or relaxation (d’Ancona, 

et al., 2016). Making the return to the 

hospital repeatedly is an unpleasant ex-

perience that causes unnecessary patient 

stress. However new technologies make it 

no longer necessary for chemotherapy to 

be executed at the hospital. The therapy 

can be given in other environments if the 

safety and privacy of the patient remains 

guaranteed. Oncologist Pieter van den 

Berg invented a new chemo therapy 

concept the Chemotuin (chemo garden). 

The garden was completed in 2016 next 

to the Hilversum hospital (Figure 4.13) 

surrounded by nature but still connected 

to the hospital. The structure consists out 

of wooden beams (figure 4.12) that blend 

into the natural landscape. The designed 

structure offers refuge for the patients, a 

place to comfortable sit and undergo the 

procedure. The place does not only literally 

provide fresh air it also providences the 

patients a place to clear the mind, to feel 
126

Figure 4.12. Structure of Chemotuin. Adapted 

from Hanswijk (2016) (p.128)
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Figure 4.13. Chemotuin - Floorplan 
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better and recover faster. For patients, 

it is a positive experience (Figure 4.12) 

instead of another obligation relating to 

the disease.  

Adolescent Hospice

In 2003 the first adolescent hospice of the 

world was built in the UK; the Douglas 

house (Dominica, 2003). A place to reside 

for patients between the ages of 18 and 

40 years. Normally children are cared for 

in specialized hospital wards and patients 

eighteen years or older are taken care for 

at home or at elderly care institutions. This 

was often problematic for adolescents 

who have different needs than children 

Figure 4.14. Patients of the Chemotuin. Adapted from @voordelenvanchemo (2016).

or adults. That is why the Douglas house 

was founded. The house has seven ensuite 

bedrooms and every room has a connec-

tion to the outside. Furthermore, it is a 

quite luxurious institution with facilities 

like a spa pool, gym, arts and crafts room, 

cinema, hairdressing salon and bar are 

available for the patients. 

Since 2014 this concept of the adolescent 

hospice was initiated in the Netherlands. 

In Leiden, Jaqueline Bouts set up a new 

institution called Xenia (2014, Mulder 

Van Tussenbroek). It is much smaller than 

the Douglas house with only place for 

six patients and there are not that many 
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luxury facilities. This small scale has sev-

eral advantages. There is more time and 

space for social interaction with peers 

and connection with staff. Furthermore, 

the centre is located in the city centre 

of Nijmegen which offers bars, cinema’s 

and shops around the corner. That is why 

these functions did not need to be inte-

grated in the design of Xenia. The shared 

functions that are available apart from the 

patient rooms are a shared kitchen with 

dining area, a living room and relaxation 

bathroom (Figure 4.16). The location also 

offers contact and visibility for the inhab-

itants of Leiden. Surrounding neighbours 

and passengers see the building and get 

curious, they can swing by and the talk 

goes around town. This will hopefully 

lead to more volunteers that help with the 

organisation of the hospice. Not only is 

the concept of the institution new also the 

designed patient rooms are different than 

normal. The rooms appear larger than 

normal through an innovative bathroom 

system. The bathroom can be extended 

by the means of foldable doors (Figure 

4.15). To get a better understanding of the 

building, I went to Leiden to have a look at 

Xenia. The interview that was conducted 

there with more information about the 

institution can be found in Appendix I. 

The director of Xenia stated that location 

Figure 4.15: Xenia innovative bathroom system. Adpated from van der Gurp, Crone, Massee, 

Colmjon (2017).
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Figure 4.17: Patient bed in front of Xenia. Adapted from Xenia Leiden (2016). 

would be the key for a new hospice. It is 

one of the elements that make Xenia such 

a pleasant building to reside. Especially 

because there is an opportunity for the 

patient beds to be moved outside (Figure 

4.17). 

4.4 CARE AND CURE CENTRE 
CONCEPT

The four discussed healthcare trends 

can change the way we will treat cancer 

patients. All new healthcare institutions 

are small-scale institutions that lay focus 

personal care. The positive concepts of 

these four trends I want to unite in a new 

care concept namely; the Care and Cure 

centre. A new hospice concept were not 

only palliative care is given but also respite 

and interim care is offered. A place for 

patients to stay in bad periods and receive 

extra care or to relieve the parents for a 

while. A Care and Cure centre should be 

a small-scale institution. Comparable to a 

home like the Ronald McDonald centres 

and the Douglas house. A place to connect 

with peers, gather information but also 

enjoy life as in the Maggie centres and 
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adolescents’ hospices. A centre that can 

that can meet the needs of chronic cancer 

patients. 

These patients need often more social and 

mental support which can be given in the 

centre. Not only extra care is offered also 

medical support can be given in a Care 

and Cure centre. Just as in an out-patient 

chemo garden, there should be facilities 

present to treat and relieve the patients as 

much as possible. A Care and Cure centre 

for adolescents and young adults also need 

to offer social support, contact with peer 

and reintegration in society (Figure 4.18). 

A place to give extra support and care, to 

find shelter and comfort but where the 

patient still can participate in society. 

MENTAL SUPPORT

INTEGRATION WITH 
SOCIETY

PALLIATIVE, RESPITE 
and INTRIM CARE

SOCIAL CONNECTION 
WITH PEERS

MEDICAL SUPPORT

Figure  4:18: Schematic representation of the function of Care and Cure centre
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5. USerS

Patient

The main users of the Care and Cure cen-

tre, which is developed, are adolescents 

between the age of 18 and 35 years 

old. This target group is also called AYA’s 

(Adolescent & Young Adult). Yearly around 

2700 adolescents are diagnosed with can-

cer of who 75% survives (AYA Nederland, 

2017). This target audience always fell 

between two stools. Too old for the child 

oncology care but too young to really fit 

into the adult oncology program where 

90% of the people is fifty years or older 

(KWF kankerbestrijding, 2017). Nowadays 

the hospice movement in the Netherlands 

focusses mainly on elderly. Of the hundred 

and fifty located hospices, only one is for 

adolescents and eight are for children 

under 18 years. On the first hand, this 

seems logical, children are mainly cared 

for in the hospital because they need 24-

hour monitoring and adolescents are often 

taken care for at home by their families. 

Only elderly need extra care which is given 

in a hospice. However, for adolescent and 

young adults it can also be difficult to 

receive care at home. Often these patients 

reside as singles and after diagnosis they 

need to return home to their parents, 

which is not always comfortable, especially 

with a long-term disease prognosis. The 

patients are taken from their normal en-

vironments disconnect from their peers, 

which is something that should be pre-

vented. A Care and Cure centre for AYA’s 

can provide a solution.   

In 2009 as a reaction on the Douglas hous-

es movement for young adults in England, 

the Radboud UMC in Nijmegen launched 

the AYA platform (AYA Nederland, 2017). 

With this platform, the hospital wanted to 

raise extra attention to young adults with 

cancer in the Netherlands. Give them extra 

support to deal with age related questions 

about school, relationships, independence, 

fertility and sexuality. Also medical issues 

are being addressed. The AYA platform 

tries to bring peers digitally together and 

give them extra support in connection with 

their illness. Designing a Care and Cure 

centre which is specifically designed for 

this target audience would be a good next 

step in closing the gap between children 

and elderly hospice care. 

Staff and volunteers

Others that are going to use the centre are 

of course the staff and volunteers. During 

the day, there will be one or two managers 
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who take care of the paperwork, registra-

tions and intake interviews. They make sure 

that the Care and Cure centre is running in 

the right way. Then there are the nurses 

that help the patients on a medical level. 

During the day, there will be two to four 

nurses depending on the occupation and 

the condition of the patients. In the night, 

there should be one nurse on each floor. 

The biggest supporting group are the vol-

unteers. These are local people who want 

to be involved in the centre. Some will be 

very active and others will just spontane-

ously come for a chat. Often in this type 

of centres there are different pools of 

volunteers, some help cooking, organise 

activities or give mental support. Others 

help with the passing of the deceased 

and supporting the relatives in this hard 

process. 

Family 

The friends and family of the patients will 

also be a user group. They visit the centre 

to support their relatives and find peace. 

Especially when patients are in the palli-

ative phase relatives have much influence 

on the well-being of the patients. After the 

patient deceased family can come to the 

centre for extra care and support. 

5.1 WHAT DO AYA’S NEED? 

Adolescents and young adults need specif-

ic care. Dying in the prime of your life is an 

unlikely scenario. How to handle this? How 

do you shape the limited time you have 

left? What are the things on your bucket 

list? As Jacqueline Bouts of Xenia stated 

(Appendix I) young adults are standing 

with both feet in life, they are often not 

busy with thinking about dying at all. They 

Figure  5.1: AYA’s, Adolescents and Young adults (18-35 years) with chronic or terminal cancer. 
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want to enjoy life to the fullest. Besides 

their illness they are simply also concerned 

with subjects like following education, 

work, independence, and relationships. All 

subjects that are of importance to AYA’s. 

The care given at the Care and Cure centre 

should adjust to the patient group. Some 

specific needs will be further discussed. 

Social connections

The AYA patient group has extra need 

for social contact, this need was also ac-

knowledged by Jaqueline Bouts of Xenia 

(Appendix I). To have activities with friends, 

it is very important at this age to develop the 

patients’ personality. Adolescents are also 

less susceptible for professional psychoso-

cial assistance (Jansen, Bergen, Bergh, Kaal  

& Timmer, 2013). However, they are known 

for having a good connection with nurses 

and peers to talk about problems, which 

they are struggling with after diagnosis.   

Societal engagement 

It is also important for AYA’s to engage 

in society. A Care and Cure centre should 

enable these young people to function 

in society as long as possible and make 

their lives meaningful. Many patients are 

studying or just started a carrier when 

diagnosed and want to continue these 

activities when being treated. Help should 

be given by applying for social benefits. 

When recovering, young adults should be 

supported with reintegrated into society. 

 

Family life

Normally, adolescents and parents will 

each go their own way. Children are grow-

ing up and moving out, building their own 

life. A cancer diagnosis can hamper this 

course. As a result, parents can return to 

a caring role which can interfere with the 

development of the adolescent (Jansen et 

al., 2013). Specific care can relieve parents 

in their caring role and makes it able for 

them to enjoy time with their children. 

Ultimately, both sides are to pursue their 

own way. 

5.2 DISEASE PROCESS

When a patient is diagnosed with cancer a 

certain disease process is expected (Figure 

5.2a). First the process is very gradual. In 

this phase, still active care is given. Often 

when the palliative care trajectory is 

initiated a fast decrease in health can be 

detected. Figure 5.2b shows the disease 

process of chronic diseases like COPD. 
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Here the gradual process is interrupted 

by bad phases. Adolescents with (chronic) 

cancer often have a disease process like 

figure 5.2b. Their young bodies have a 

stronger resilience and better physical 

and mental condition than older patients. 

AYA’s can often follow multiple and heav-

ier treatments during the disease. The 

moment of death is therefor often delayed 

(Plomp, 2016; Jansen et al., 2013). In the 

bad phases of the course of disease the 

patients often need to be hospitalized, 

when the treatment is discontinued the 

care is often transferred to a Care and 

Cure centre. Between these bad periods 

the patient is more active and energetic. 

Another element that should be con-

sidered with chronic cancer patients 

is hypersensitization of environmental 

factors such as noise and odours. The sen-

sory and spatial perception of the patients 

Figure  5.2: Disease process. Adapted from Murray (2005).
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chances because of the cancer treatment 

(Schiffman, 2007; Uhlmann 2015). This 

is an effect of the disease that has much 

influence on the patient. Cancer violates 

the person’s privacy from within (endoge-

nous) (Sanson-fisher et al., 2000). That is 

why patients have more need for privacy, 

enlarged personal space and they have the 

need to find shelter, a place to retreat. This 

is also in line with the decrease of coping 

mechanisms as was discussed in the litera-

ture review (Chapter 2). 

5.3 ACTIVITIES

To get a better view on how to design a 

Care and Cure centre, I did research about 

the activities of long term patients. What 

are they doing during the day? What are 

their wishes? Are they able to sport or 

are they only lying in bed? To find out 

all the patients activities I had contact 

Xenia and had email contact with some 

of their patients. I asked them multiple 

questions like: ‘How many hours a day do 

you spend in your room?’ and ‘For what 

kind of activities do you use your room, 

for example hobbies or family visits?’ The 

answers of these questions combined with 

the research of Plomp (2016), eventually 

let me to describe four fictional patients 

of the Care and Cure centre, to get a 

better understanding of the patients and 

the facilities the centre needs to offer (see 

following page). 

From these patients’ profiles, it becomes 

clear that a Care and Cure centre should 

facilitate multiple functions. It should of 

course facilitate medical, physical and 

mental care. Personal care is also of great 

importance within adolescent care, even 

as healthy food and drinks. Furthermore, 

day activities of the patients are in general; 

watching television, gaming, talking with 

peers, walking in the garden or go to the 

city centre. Sometimes arts and crafts like 

writing a book or knitting are performed. 

Talking with friends and family, personal or 

through the phone, are part of the daily 

life of patients. It is also appreciated if it is 

possible for family to sleep in the room with 

the patient. Furthermore, many patients 

are busy with charity, they do interviews 

or write a blog to raise awareness for their 

disease. A Care and Cure centre should 

facilitate all previous mentioned functions.
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Sanne (18yr.) – Brain tumour

Sanne is just diagnosed with a brain tu-

mour and knows that she will not survive 

the disease. Although here disease is not 

curable she is still very active and positive. 

She gets chemo treatments to let the 

tumour shrink.

Hobbies and interests:

- Go one more time on vacation.

- Go to school if possible.

- Involved in charity. 

- Visiting the theater.

A day in the life of Sanne: 

09:30 – Some help with medication and   

 getting dressed. 

10:00 – Breakfast in the shared kitchen,   

 talking with peers, walk around a  

 bit.

12:30 – Have lunch with some friends in   

 the shared kitchen.

14:30 – Sleeping and resting.

16:00 – Arrange some things for cancer   

 awareness charity.

18:00 – Dinner in the shared kitchen with  

 peers and volunteers.

21:00 – Call family.

22:00 - Sleeping.

Mark (27yr.) – Melanoma cancer

Mark just had a big operation in the hos-

pital and gets active treatment. He stays in 

the Care and Cure centre for interim care. 

If the need for medical care decreases than 

he will go home again to his girlfriend. It is 

likely that a full recovery will occur. 

Hobbies and interests:

- Marring his girlfriend.

- Buy a house.

- Go out with friends.

- Visit Machu Picchu. 

A day in the life of Mark: 

09:30 – His girlfriend is staying in the   

 same room, she helps him getting  

 washed and dressed.  

10:00 – Breakfast in the shared kitchen,   

 talking with peers.

10:30 – Withdraw with girlfriend in room  

 and watch a movie.

13:00 – Have some lunch with family in   

 the city centre.

15:00 – Resting.

18:00 – Dinner in the shared kitchen with  

 peers and volunteers.

20:00 – Have a drink in the city with   

 friends.

23:00 - Sleeping.
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Max (22yr.) – Acute leukaemia

He is already sick for two years and is now 

in the end of life phase (palliative care). At 

this moment he only gets supportive care 

and pain reliving medication. He is very 

tired and it is almost not possible to get 

out of bed. 

Hobbies and interests:

- Watching football.

- Have a beer with friends.

- Write for a news paper.

- Have a splendid goodbye party.

A day in the life of Max: 

09:00 – Breakfast in bed (too tired to   

 come out of bed).

09:30 - Washed by the nurse.

10:30 - Watching television.

11:15 - Sleeping and resting.

14:00 - Nurse puts the bed in the garden. 

 Family visit, trying to eat   

 something. 

16:00 - Sleeping and resting.

18:00 - Small dinner in the room.

19:00 - Telephone call with friends.

19:30 - Watching some football on   

 television.

21:00 - Sleeping. 

Annemiek (35yr.) – Bile duct cancer

Annemiek lives together with her husband 

and baby boy in the city centre. However it 

is really tough for her husband to take care 

for her, the baby and go to work every day. 

That is why Annemieke is staying at the 

Care and Cure centre for a few days.  

Hobbies and interests:

- Celebrating her birthday.

-  Making pictures with her baby.

- Initiating a cancer charity.

- Spending time with family.

A day in the life of Annemiek: 

08:30 – Get some medical support.

09:00 – Get washed and dressed. 

09:15 – Breakfast in the shared kitchen,   

 talking with peers.

10:00 -  Doing some arts and crafts in her  

 room.

13:00 – Lunch in the garden with peers

15:00 – Family visit of her husband and   

 baby boy. 

16:00 – Walking in the garden and   

 playing around.

18:30 – Small dinner in bed. 

19:00 – Sleeping.
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6. BUIlDInG reQUIreMenTS

900mm

1350mm

1500mm

2x2m

As can be concluded from the previous 

chapters a Care and Cure centre should be 

able to facilitate many functions. Obvious 

functions like the patient rooms with 

en-suite bathrooms should be designed 

spaciously. It is decided that the rooms 

should be around thirty square meters and 

between eight to ten rooms should be fa-

cilitated in the new Care and Cure centre. 

Because the Care and Cure centre is a 

medical institution it should meet certain 

rules, especially in the field of hygiene. 

There should be different storage rooms 

Figure  6.2: Patient bed requirements  Door width   Free elevator space

Figure  6.1: Wheelchair requirements  Door width   Turning circle

900mm

1350mm

1500mm

2x2m

for medicines, bed linen and laundry, 

oxygen storage and a medical cleaning 

room. There are also guidelines concern-

ing freedom of movement of patients 

in wheelchairs and patient beds (Haug, 

2011) (Figure 6.1 and 6.2). Furthermore, 

different standards for the elevator are ap-

plicable, because it should be big enough 

to transport a patient bed. The dimensions 

of a patient bed are 0,98m x 2,40m, so 

minimal dimensions of elevator should be 

1,50m x 2,50m. In front of the elevator a 

two squared meter free space should be 

available. 
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From previous analysis of new care con-

cepts and the visit to Xenia, it became 

clear that several shared functions should 

be offered in the new Care and Cure 

centre. Namely, a shared kitchen, a dining 

area, living room and a private living room 

for patient to book when they want to 

spend some personal time with their fam-

ily, should be designed. A separate guest 

room is not necessary, however it should 

be able for family members and friends to 

stay in the patient room. Highly valued by 

the patients is a place to relax and retried, 

for example a relaxing bathroom or reflec-

tion space. 

Furthermore, for the organization of the 

institution their needs to be an office 

and a nursing station. See Figure 6.3 for 

a relationship schedule of the functions 

inside the building. In total, the building 

should behold around thousand squared 

meter and may hold up a maximum of 

three floors. 

Figure  6.3: Relationship schedule



C. reSeArCh



“We shape our buildings; 
thereafter they shape us”

(Winston Churchill, adapted from 
Hartenberger, 2011)
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7.1 TRADITIONAL HOSPITAL 
ROOMS

Many do not have pleasant experiences 

in hospital environments. Especially the 

once that spend a night at the hospital 

have often bad memories of weird noises 

and smells, bright lights and no privacy. 

Traditional hospital rooms do not often 

have a pleasant feeling to them (Figure 

7.1 and 7.2). There is not much daylight 

or views to nature that could help relaxing 

the patient and improve the healing pro-

cess. Another important element missing 

is privacy. As was stated in the literature 

review (Chapter 2) privacy is very important 

for patients who already have decreased 

coping mechanisms and higher stress risks. 

Nowadays there are more and more 

projects that try to implement healing 

environmental research into new patient 

room designs. Many patient rooms 

get more natural views or pictures are 

7. PATIenT rooM DeSIGn

Figure 7.1: Traditional hospital room. Adapted 

from keywordteam (2017)

Figure 7.2: Traditional hospital room. Adapted 

from keywordteam (2017)
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printed on the walls to create a better 

atmosphere (Figure 7.3 and 7.4). I agree 

that this is a start in changing our design 

mentality. It immediately can be seen that 

the improved rooms already have a more 

appealing look to them. Although in the 

basic form of the design nothing changed. 

It is more cosmetic surgery. To improve 

the feelings that are provoked by seeing 

a patient room, the complete design 

needs to be redeveloped. In the literature 

review (Chapter 2) it is discussed that it is 

probably a balance between prospect and 

refuge characteristics that can provoke 

environmental preferences. To create a 

more relaxing patient room these elements 

should be implemented in a new design. 

To create rooms that feel comfortable and 

safe.

If we analyse the standard patient room on 

prospect and refuge characteristics it can 

be concluded that the traditional room 

lacks refuge (Figure 7.5 and 7.6). There 

Figure 7.3. Greenery around patient room 

Massachusetts general hospital. Adapted from 

Oudeman (2017)

Figure 7.4. Natural wall pictures Potters Bar 

hospital. Adapted from Altro (2014)
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Figure 7.5 Traditional hospital room - views 

from the patient 

Figure 7.6. Traditional hospital room - views to 

the patient

is no place for a patient to withdraw. 

However there is much prospect, the 

patient can overview the whole room and 

can look into the hallway (Figure 7.5). This 

also means that anyone that walks along 

the hallway can look inside the room, there 

is no place to hide (Figure 7.6). The only 

space to retrieve is in the bathroom which 

would not be an ideal position for a patient 

to take rest. Thus it can be concluded that 

refuge is missing in the traditional patient 

room layout. 

Few tried to change the standardized 

squared room and developed it to a more 

specific form for the function it carries 

(Figure 7.7). This new lay-out already has 

some advantages like more daylight and 

possibilities to natural views. There is even 

a relaxing area with a couch. However the 

space still does not offer refuge (Figure 

7.7). The imbalance between prospect and 

refuge will probably lead to uncomfortable 

feelings and will give the patient a feeling 

of emptiness around him or her. What if we 

could change the traditional patient room 

design in a way that the room would offer 

a balance between prospect and refuge? 

Maybe than rooms could be designed that 

in an almost automatic manner let patients 

feel comfortable and relaxed. 



99

7.2 PROSPECT AND REFUGE 
REQUIREMENTS 

As was described in the literature review  

(Chapter 2) Hildebrand (1991) made a 

framework of thirteen elements that 

according to him would help design 

the Wright Pattern. A pattern of special 

configurations that were liked by many 

and were according to Hildebrand the 

key in implementing prospect and refuge 

characteristics in architectural design. He 

examined many of Frank Lloyd Wright’s 

prairie houses to find the pattern. As 

can be seen on the Figures 7.8 to 7.10 

Figure 7.7 New design patient room. Adapted 

from Young (2015)

the different characteristics of prospect, 

refuge and complexity became apparent 

in the designs of Wright. From the heart 

of the living room different vistas of the 

surrounding are visible and views to con-

necting spaces, generate much prospect. 

The central fire place offers much refuge 

with built-in seating and alcoves to sit and 

talk to each other. The ordered complexity 

which is also an important environmental 

preference element (Figure 7.10) is not-

icable at the central fire place. From this 

central point the living room has multiple 

connections with surrounding spaces. 

Multiple escape routes and interior and 

exterior connections were designed not 

only the sight lines but also the physical 

routes. 

How to implement these findings into 

the design of a new patient room? A fire 

place in a hospital room is probably not 

an excellent idea. That is why I started to 

analyse the function of the fire place, to 

find the core principle. The fire place is a 

space to come together and talk with each 

other. In the hospital this is probably the 

patient bed. That is the place where all the 

family gathers, meet each other and talk. 

The patient is not really flexible and in the 
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Figure 7.10: Ordered complexity - connection to different spaces. Adapted from Hildebrand (1991)

Figure 7.9: Refuge - central fire place. Adapted from Hildebrand (1991)

Figure 7.8: Prospect - vista’s to the surroundings. Adapted from Hildebrand (1991)
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perfect situation the patient bed, should 

be the place that offers the perfect balance 

between prospect and refuge. Especially 

because patient spend most of their time 

in bed. It is thus the goal of the design 

to create a space around the patient bed 

which offers a good balance. It is neces-

sary for nurses to see the patient from the 

hallway and a patient also want a view on 

who is entering their room. However the 

patients sould also have a place to retried.  

The goal is thus to design a room with a 

balance between prospect and refuge. 

With the patient bed as central point. It 

is not possible to implement all thirteen 

of Hildebrand’s prospect and refuge char-

acteristics because some do not fit in the 

medical environment. The elements that 

will be taken into account while designing 

a new patient room are; 1) implementing 

many windows 2) circuitous path in the 

interior and exterior 3) designing a balcony 

4) providing vista’s over the landscape 5) a 

low ceiling at the most private functions 6) 

ceiling sweeping upwards to the exterior. 

Other functional requirements that are 

necessary in the room, derived from the 

interviews are, a bed, personal toilet and 

shower, a sink, a desk or table, multiple 

chairs for visitors and a place to store 

personal belongings. The room should 

also offer a possibility for much daylight  

to enter the room and should provide 

enough space for the patient bed and 

wheelchair to move around. The total 

space of the room should be around thirty 

square meters.

7.3 NEW PATIENT ROOM 
DESIGN

After concluding that the patient bed 

should be the central point of a new 

designed patient room and that extra ref-

uge characteristics should be added, the 

design process started. Eventually multiple 

designs were created and it became appar-

ent that the new changes should not af-

fect the room’s functionality. Furthermore 

the new design should also not differ to 

much from a traditional hospital design. 

According to the earlier discussed MAYA 

principle (Loewy, 1951) people like familiar 

environments, this choice for the familiar 

is embedded in our genes because it leads 

to safe choices instead of risking the un-

known (Hekkert, 2006). Thus a new hospi-

tal room must partly be similar to the old 

one. At the same time, humans are also 
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Figure 7.11: Refuge - New room Figure 7.12: Prospect- New room

attracted by the unfamiliar, experiencing 

new environments (Hekkert, 2006; Loewy, 

1951). To explore and overcome boredom 

is embedded in our DNA (Martindale, 

1990).  

Eventually for the the new patient room 

design an alcove was formed around the 

bed to offer as much refuge as possible 

(Figure 7.11). One of the three surround-

ing walls is a half high wall that offers 

refuge but also offers the opportunity 

for the patient to see who is entering 

the room. To offer as much prospect as 

possible the patient room was located 

on a corner allowing daylight to enter 

from two directions. Opposite of the bed 

horizontal window bands were placed. An 

outdoor space was designed overlooking 

the landscape (Figure 7.12). A low ceiling 

was implemented at the back of the room 

sweeping up into the roof at the balcony. 

The bathroom was positioned on the other 

side of the alcove creating a continuous 

path through the room. Also providing 

interior view to contiguous spaces. The 

bathroom with built-in functions can be 

extended by opening specially designed 

doors. Hereby extra space for bathing can 

be generated and the doors can offer extra 
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Patiëntenkamer - Plattegrond - 1:50Patiëntenkamer - Plattegrond - 1:50
Figure 7.13: Refuge - Standard room Figure 7.14: Prospect- Standard room

privacy when needed. Eventually eleven of 

the thirteen Hildebrand’s characteristics 

were implemented in the design (Table 

7.1). The final floorplan and screen shots 

of the 3D VR-model can be found in ap-

pendix IV and V. 

The standard patient room was designed 

in such a way that it would represent a tra-

ditional hospital room and could be used 

as a control condition. It should therefore 

offer much prospect characteristics (Figure 

7.14) and no extra refuge characteristics 

should be added to the design. The 

standard patient room design should 

also be as similar as possible to the new 

patient room design, since it had to be 

prevented that other factors than prospect 

and refuge characteristics would affect the 

experimental outcomes. The actual design 

can be seen in Appendix IV and V. Both 

rooms have the same furniture, floor ma-

terial, wall painting, windows and doors 

as the new patient room design. Basically 

only the position of the bathroom and the 

alcove around the bed differ between the 

two designs. That both rooms look quite 

similar can also be seen on the screenshots 

(Appendix V). Eventually the standard pa-

tient room only met seven of the thirteen 



104

characteristics of Hildebrand (Table 7.1), 

which would indicate a disrupted balance 

between prospect and refuge characteris-

tics. Eventually with these two designs a 

research was conducted to examine if a 

right balance between prospect and refuge 

New room Standard room

Prospect Refuge Prospect Refuge

1.
Major elevated spaces above terrain 
overlooking landscape

x x

2.
Patient bed as heart of the room in an 
alcove 

x

3. Low ceiling x x

4. Built-in seating and cabinet work x x

5. Ceiling sweeping upwards into roof x

6. Interior views to contiguous spaces x

7. Glass opposite of patient bed x x

8. Generous elevated terrace x x

9. Deep overhanging eaves x x x x

10. Evident central patient bed x

11. Horizontal window bands x x

12. Conspicuous balconies or terraces

13.
Connection exterior and interior, long 
circuitous path

Table 7.1: Hildebrands prospect and refuge characteristics applied on the designs

characteristics in patient room designs 

would influence participants preferences, 

stress restoration levels and mood. 
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8. MeThoDoloGy

8.1 EXPERIMENT DESIGN

The experiment consists of qualitative and 

quantitative data collection. The quan-

titative part of the research is a between 

subjects-design, with two conditions 

differing in prospect and refuge (standard 

patient room vs. new patient room). The 

two conditions were kept as similar as 

possible in design, see Chapter 7.3 for a 

detailed description of the design of both 

rooms. Condition 1 is the standard patient 

room, which mainly offers prospect (Figure 

7.14). Condition 2 is the new patient room 

design which offers prospect as well as ref-

uge characteristics (Figure 7.11 and 7.12). 

The qualitative part of the experiment con-

sisted of interviews with each participant. 

The goal of the interview was to get better 

insight in the experiential evaluation of the 

patient rooms. In addition, the interview 

data was used as input for the patient 

room designs. 

8.2 PARTICIPANTS

Participants were recruited through the 

database of the Human Technology 

Interaction department of the Eindhoven 

University of Technology as well as through 

different Facebook publications. In the ex-

periment invitation some criteria were set: 

1) participants could not have restrictive 

visual impairments, 2) the age of the par-

ticipants should be within the target range 

of 18 to 35 years (coherent with the target 

audience of the Care and Cure centre), 3) 

participants should have previous hospital 

experience, preferably in the last year. As 

compensation for their participation TU/e 

students received 7,50 euro as payment 

or student credits. Participants that were 

from outside the TU/e received 9,50 euro.

 

In total, 84 Dutch-speaking individuals 

participated in the experiment of which 

37 were male and 47 were female. The 

experiment was conducted in Dutch. The 

youngest participants were 18 years old 

and the eldest participant was 31 years 

old, with a mean age of 22.06 (SD = 2.66). 

All participants had a previous hospital 

experiences of which 94,4% of the partic-

ipants visited the hospital in the previous 

year. From this group 83,3% visited the 

hospital between one and four times in the 

previous year and 4,8% of the participants 

visited the hospital even more than twelve 

times (Figure 8.1).
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participant could sit while the interview 

took place. On the desk for the experi-

menter another desktop computer was 

situated. This computer controlled the 

virtual reality equipment. The virtual reality 

helm was placed between the two desks 

and was movable to fit every situation. 

Figure 8.1: Times participants visited the 

hospital in the previous year

4%

83%

6%

2%
5%

Not in previous year

1-4 times

5-8 times

9-12 times

< 12 times

8.3 EXPERIMENT LOCATION

The experiment took place in the Virtual 

Reality lab of the Human Technology 

Interaction group of the Eindhoven 

University of Technology. The laboratory 

consisted of two rooms (Figure 8.2). In the 

instruction room the server for the Virtual 

Reality equipment and the participant 

registration computer were placed. The 

instruction room was visually connected 

through a window, and physically con-

nected with a door to the experiment 

room. Both rooms contained no windows 

to the outside world. In the experimental 

room the experiment equipment was 

placed alongside the walls, creating an 

open space in the middle of the room 

which gave participants the opportunity to 

move freely in the open space (Figure 8.2 

and 8.3). Furthermore a desk for the ex-

perimenter and a desk for the participant 

were situated in the experimental room. 

On the desk of the participant a desktop 

computer was connected to obtain data 

from the questionnaire. This computer also 

worked as a license server for Vizard 4.0, 

the Virtual Reality program. The interview 

was conducted at the participants’ desk 

in such a way that both experimenter and 
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Figure 8.2. Floorplan of the experiment lab. 

Figure 8.3: Experiment Lab
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8.4 PROCEDURE

The participants were guided through 

the experiment by the experimenter in 

time slots of 45 minutes. In Figure 8.4 the 

flowchart of the experimental procedure 

can be seen. 

At the start of the experiment, participants 

were brought into the instruction room of 

the laboratory where they got the time to 

read and sign the consent form and digital-

ly register for the experiment. Participants 

were clearly instructed that they could ask 

questions during the whole experiment if 

some difficulties came up and that it was 

also allowed to stop the experiment at any 

time. After the instructions, participants 

were brought into the experiment room 

and were placed behind the participant’s 

desk. On screen they could find instructions 

on how to start the experiment. First 

participants needed to fill in the Visual 

Analog Scale (VAS) (see section 8.5.1). 

After answering the four questions the 

participants got instructions from the ex-

periment leader to start the reminiscence 

task (Section 8.6). They were instructed to 

fill in four predefined question on paper 

and write down their experienced and 

emotions about previously hospital visits. 

Participants got approximately ten minutes 

to fill in the reminiscence task. Hereafter 

they were again asked for the second time 

to fill in the VAS mood scale questionnaires 

on the computer. After these questions 

the participants were clearly instructed 

about the Virtual Reality experiment 

(Section 8.7), the movements, mental and 

physical consequences were all explained. 

Hereafter the participants were connected 

to the system, everyone was randomly 

Signing consent 
forms & 

explanation
Mood Scales

Reminiscence 
task

Mood Scales

VR tour patient 
room

(one of two 
conditions)

Mood Scales
Interview + 

general 
questionnaire

Debriefing & 
payment

Figure 8.4: Experimental flowchart 
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assigned to one of the two patient room 

conditions. When participants wore the 

helmet, first the system was calibrated 

on the origin point in the room, after this 

the participants could walk around freely 

in the Virtual Reality world between two 

to three minutes accompanied by the ex-

perimenter. When participants sufficiently 

explored the room they were disconnected 

from the system and could acclimate seat-

ed behind the desk. When participants felt 

ready they could again fill in the VAS mood 

scale questions for the last time. Then the 

experimenter conducted an interview at 

the participant’s desk (Section 8.8). The 

duration of the interview was between 

five to ten minutes depending on the 

participant. When all the questions were 

asked and the participants did not have 

anything else to add they were instructed 

to answer the remaining questions, such 

as the preference question, environmental 

preference questions, stress restoration 

potential and demographics on the com-

puter (Section 8.5.2). When finished with 

the questionnaires the participants were 

given their reminiscence tasks sheets and 

they were taken back to the instruction 

room, were the debriefing took place and 

participants received their compensation.

8.5 MEASURES 

8.5.1 VAS mood scale questionnaire

Mood was assessed during the experiment 

using a Visual Analogue Scale (VAS). The 

VAS mood scale questionnaires were 

presented on screen (Appendix II). Mood 

was measured before and after the 

reminiscence task and after the virtual 

reality manipulation. In total, four mood 

dimensions were assessed on a 10 point 

scale: tension (tense-relaxed), tiredness 

(tired-energetic), sadness (happy-sad). An 

extra scale; stressed (not stressed-stressed) 

was added to give a better indication of 

the manipulation. The scale was ranged 

from 1 (lowest) to 10 (highest).

8.5.1 General Questionnaire

The questionnaire of the experiment con-

sisted of several items (Appendix II). The 

questionnaires were presented on screen. 

After the experiment was completed, a 

general questionnaire was administered. 

Above every set of questions it was clearly 

stated that participants should disregard 

the Virtual Reality side effects but should 

answer the questions on the hypothetical 

situation that the room would really exists.
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Preference questions 

First four preference questions were stated 

on a Likert scale from 1 (not really) to 7 

(very much). It was asked to rate the fol-

lowing statements: “The patient room is 

pleasant”, “The patient room is beautiful” 

and “The patient room is nice”. In this way 

participants could indicate how applicable 

the variables; pleasant, beautiful and nice 

were associated with the patient room. 

The questions were derived from research 

of Hartig & Staats (2006) about environ-

mental preferences. These three questions 

were combined to one variable aesthetic 

preference (α > 0.854).  

Hospital experience questions 

Previous hospital experiences were inquired 

to get a better overview of the participant 

sample and to control for the reminiscence 

task. Questions were; “How often did you 

visit the hospital last year?” (not in the last 

year, 1-4 times, 5-8 times, 9-12 times, more 

than 12) and “For which event did you visit 

the hospital?” (operation, hospitalization 

overnight, doctor visit, control visit, as 

visitor, first aid, small medical procedure, 

other…). Furthermore two control ques-

tions were asked about the reminiscence 

task, which experience the participant 

wrote about in the reminiscence task (op-

eration, hospitalization overnight, doctor 

visit, control visit, as visitor, first aid, small 

medical procedure, other…) and if it the 

experience was relating to the participant 

themselves or another person. 

Evaluation questions  

All questions were answered on a Likert 

scale from 1 (not really) to 7 (very much). 

General questions in relation to the patient 

room were asked; “When being in the 

room, I can feel relaxed”, “I would like to 

stay in this room” and “The patient room 

is spacious”. 

Environmental perception and safety 

The environmental perception and 

safety questions are derived from the 

research from Haans & de Kort (2012). 

The questions are divided in four sub-di-

mensions, prospect, refuge, entrapment 

and environmental safety as indicators of 

environmental perception. To check if the 

prospect characteristics were salient in the 

conditions the following questions were 

stated: “I have a clear overview over this 

environment”, “I can easily see what is 

happening in this environment” and “I can 

easily see all objects in this environment”. 
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These tree questions were combined to 

the variable Prospect (α > 0.721). To check 

for the refuge characteristics three ques-

tions were asked; “The patient room gives 

protection against viewers from outside”, 

“I can feel save in the room” and “I can 

feel comfortable in the room”, which 

eventually were combined into the variable 

Refuge (α > 0.607).The sub-dimensions 

of entrapment and environmental safety 

are closely related to prospect and refuge 

characterises (Haans & de Kort, 2012) 

that is why also on these sub-dimensions 

data was collected. On entrapment the 

following questions were stated: “I could 

easily escape from this environment in 

case of emergency”, “I can easily bring 

myself to safety” and “It would be easy for 

an ill-intentioned person to entrap you in 

this environment”, which are combined to 

one variable Entrapment. Questions about 

environmental safety: “I feel save in this 

environment” and “I would be comforta-

ble to walk into this environment” were 

combined into the variable Safety (α > 

0.558). 

Perceived Restorativeness scale (PRS) 

The Perceived Restorativeness Scale 

measures the restorative potential of the 

environment and is derived from Hartig 

and colleagues (1997). It is a validated 

scale to measure the perceived restorative 

qualities of environments (Abkar, Kamal, 

Maulan, Mariapn & Davoodi, 2011; van 

den Berg et al., 2003). Van den Berg and 

colleagues (2003) indicated that resto-

ration potential of an environment is a 

mediator for environmental preference. 

Therefore it can be stated that spaces that 

have a higher restorative potential are also 

more likely to be preferred by the partici-

pants (van den Berg et al., 2003). The PRS 

by Hartig and colleagues (1997) consisted 

out of four scales, in this research only the 

two most validated scales are used, Being 

away and Fascination (Abkar et al., 2011; 

van den Berg et al., 2003). Firsts two ques-

tions were assessed by the participants; 

“Spending time in this room feels as an 

escape experience.” and “Spending time 

in the room gives me a good break from 

my day-to-day routine.”. The average of 

the two questions were merged into the 

variable Being away. The second measure, 

Fascination was formed by the average of 

five assessed questions; “The setting has 

fascinating qualities.”, “My attention is 

drawn to many interesting things in the 

room.”, “I would like to get to know this 
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place better.”, “I want to explore and dis-

cover this environment.” and “I would like 

to spend more time looking at the area.” 

The subscales in general had an adequate 

to high internal consistency (α > .86). The 

average of the two variables Being away 

and Fascination were merged into the 

Perceived Restorativeness Scale. 

Restoration Outcomes Scale (ROS) 

Restorative experiences were also assessed 

through the Restoration Outcome Scale 

(Korpela, Ylen, Tyrvainen and Silvennoinen, 

2008). The scale consist out of three sets 

of sub-scales. The first was Reflected re-

laxation and calmness (“I feel calmer after 

visiting the room”, “After visiting the room 

I feel restored and relaxed” and “I get 

new enthusiasm and energy for my daily 

routine after visiting the room”), Reflexed 

attention restoration (“My concentration 

and alertness clearly increase when being 

in the room”) and Clearing once thoughts 

(“In this room I can forget everyday wor-

ries” and “A visit to the room is a way of 

clearing and clarifying my thoughts”). The 

subscales had a high internal consistency 

(α > .83). A mean summary score of the 

three sub-dimensions was computed to 

form the Restoration Outcome Scale.

Demographics

The last questions were demographic 

questions: “What is your gender?” (male/

female) and “How old are you?” (years) 

to get a better overview of the participant 

sample. 

8.6 REMINISCENCE TASK

In the experiment participants evaluated 

the patient rooms on preference, resto-

ration and mood. To get all participants 

in a similar and relevant mental state 

a reminiscence task was given before 

showing the conditions. Reminiscence 

can be described as the process of recol-

lecting memories of oneself in the past 

(Bluck & Levine, 1998). How well the 

reminiscence task works depends on how 

strong and meaningful the memories are 

that are being recalled. Memories which 

are associated with stronger emotions, 

especially the memories that are formed 

during moments of intense stress (Hall & 

Berntsen, 2008), are often more meaning-

ful and easier to recollect. Because hospital 

visits are often perceived as unpleasant 

and stressful situations (Garner, 2011), 

memories made during these periods are 

often easier to recall. In this research an 
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intrapersonal reminiscence task was given 

which means that the cognitive process of 

recalling occurs individually. Participants 

were given four open-ended questions 

that would guide writing down their ex-

periences (Appendix III). The participants 

preformed the task in approximately ten 

minutes however no strict time limit was 

set. They were stimulated to write down 

as much as possible and as detailed as 

their memories would allow. All partici-

pants were selected on having a previous 

hospital experience in the last year which 

would hopefully ease the memory recalling 

process. It was expected that after the task 

participants could give sufficient feedback 

on the experimental environment because 

they are in the right mental state and it 

was hoped that they therefore could easier 

empathize in the new designed hospital 

environment.  

8.7 VIRTUAL REALITY 
ENVIRONMENT
 

After the reminiscence task and the VAS 

mood scale questions were completed, 

the participants could enter the Virtual 

Reality environment. The Virtual Reality 

environment was modelled in Autodesk 

3DS Max 2017 and was programmed in 

WorldViz Vizard, a 3D development plat-

form. How the modelling was conducted 

is described in detail in Appendix VIII. 

Before entering the environment partic-

ipants were thoroughly instructed about 

the Virtual Reality system. Participants got 

informed about possible complications 

like dizziness and nausea, and participants 

were told that they could stop the exper-

iment at any moment. Furthermore they 

were instructed to walk slowly and turn 

their head carefully to prevent dizziness. 

Participants were connected to a Visor 

SX111 head-mounted display (Figure 8.5 

and 8.6) to experience the Virtual Reality 

environment as seen in Appendix V. Along 

with an InterSense InertiaCube3 orienta-

tion tracker and the PhaseSpace IMPULSE 

position tracker, participants could freely 

move through the Virtual Reality world as 

well as through the laboratory (Figure 8.7). 

Participants were instructed to explore the 

room on their own pace for two till three 

minutes. During the walk the experimenter 

asked some general questions about how 

participants felt and what they thought of 

the room. During the walk the tracking 

data of all participants was collected, but 

this data will not be reported in this thesis. 



114

Figure 8.5:  Upper left corner, Virtual Reality helmet

Figure 8.6: Lower left corner, Virtual Reality system

Figure 8.7: Right, Participant walking through the VR manipulation
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element that attracted your attention 

when entering the room?”, “How did you 

feel in the room?” and “Do you think that 

the room offers all functions needed in a 

patient room?”. The last questions were 

more directly associated with prospect and 

refuge; “Do you think you can feel save 

in the room?”, “Could you move freely 

around in the room?” and “Do you think 

that you can relax in this room?”. Finally 

participants could tell their last thoughts 

and a control questions about the Virtual 

Reality manipulation was asked; “Do you 

think the VR experience contributed to the 

perception of the space?”. See appendix 

VI for the exact questions.

8.8 INTERVIEW

To quantify the first thoughts and feelings 

about the Virtual Reality manipulation a 

short interview was conducted afterwards. 

The main goal of the interview was to 

gather more information about the patient 

room with regards to both environmental 

preferences and design implications. The 

interview was semi-structured. The ques-

tions were developed in such a way that 

the more general questions came first and 

that slowly the questions became more 

specific on certain preference characteris-

tics. Furthermore, it was made sure that 

no leading or judgmental questions were 

asked and that questions were open-end-

ed. All interviews were recorded with 

consent of the participant. At the start of 

the interview participants were handed 

some screenshots of the room they just 

experienced and a floorplan (Appendix 

IV and V). First some general questions 

were asked; “Please, could you describe 

the room that you just saw.”, “Could you 

indicate some words that you associate 

with the room?” and “If you would be a 

patient, would you then like to stay in the 

room?” Hereafter the questions became 

more specific like; “What was the first 
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9.1 QUANTITAIVE DATA 
ANALYSIS

Data was considered an outlier if they 

were more than three standard deviations 

away from the mean value. First de VAS 

mood scale data was analysed. The effect 

of the reminiscence task and Virtual Reality 

experiment on participants’ mood was 

studied using repeated measures analysis 

ANOVA within three different time blocks; 

at the start of the experiment, after the 

reminiscence task and after the Virtual 

Reality experience. The four depended var-

iables were; tension (tense-relaxed), tired-

ness (tired-energetic), sadness (happy-sad) 

and stressed (not stressed-stressed). Time, 

conditions and their interaction were seen 

as the independent variables.  

The preference questions and evaluation 

questions were analysed through one-

way ANOVA’s to study the effect of the 

prospect and refuge characteristics on 

environmental preferences. Regarding 

outliers, one participant was excluded from 

the analysis. The independent variable is 

patient room condition. The dependent 

variable aesthetics is a combined variable 

of multiple preference questions. Three 

other evaluation questions for participants’ 

patient room preference were analysed 

through three one-way ANOVA’s. The 

variables were spaciousness, feel relaxed 

and want to stay. 

 

Regarding to the environmental percep-

tion and safety questions the dependent 

variables refuge, safety and entrapment 

were analysed through one-way ANOVA’s. 

The independent variable is patient room 

condition. The variable prospect did not 

meet normality assumptions, thus for this 

variable a non-parametric test (Mann-

Whitney U) was conducted. Regarding to 

outliers three participant were excluded 

from the analysis. 

The PRS data did not meet normality 

assumptions, thus the data was analysed 

through non-parametric tests (Mann-

Whitney U). No outliers were detected. 

The depended variables were being away 

and fascination. The total RPS data was 

also analysed through a non-parametric 

test (Mann-Whitney U). The independent 

variable is patient room condition. Finally 

the ROS data is analysed trough a one-way 

ANOVA. The dependent variable consists 

out of three other combined scales; 

9. QUAnTITATIVe DATA
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reflected relaxation and calmness, reflected 

attention and clearing once thoughts. The 

dependent variable reflected relaxation 

and calmness did not met the normality 

assumptions and was analysed through 

non parametric test (Mann-Whitney U). 

9.2 QUANTITATIVE DATA 
RESULTS

In this section the effect of the prospect 

and refuge manipulation on preferences 

and recovery will be presented. First the 

VAS mood scale data will be discussed 

followed by the preference data, evalua-

tion and environmental perception and 

safety data. In addition, the restorative 

potential data will be discussed.

Mood 

Before the Reminiscence task 

During the experiment the participants 

were asked to answer three sets of four 

different mood scale questions (tense-re-

laxed, tired-energetic, happy-sad, not 

stressed-stressed). See Table 9.1. for the 

descriptive data. The questions were 

filled in at the start of the experiment as 

12 Results  
12.1 Quantitative data results    
In this section the effect of the prospect and refuge manipulation on preferences and environmental 
perception  will  be  analysed.  First  the  VAS  mood  scale  data  will  be  discussed  followed  by  the 
preference  data,  evaluation  and  environmental  perception  and  safety  data.  Also  the  restorative 
potential data will be discussed.  

Mood   
Before the Reminiscence task   
   During  the  experiment  the  participants were  asked  to  answer  three  sets  of  four  different 
mood  scale  questions  (tense‐relaxed,  tired‐energetic,  happy‐sad,  not  stressed‐stressed).  See  table 
12.1 for the descriptive data. The questions were filled in at the start of the experiment as a baseline 
measure, after the reminiscence task and after the virtual reality manipulation. First it was analysed if 
both conditions were the same at baseline to ensure that both conditions started at the same level. 
All four variables were not significantly different between conditions indicating equal mood states for 
both conditions at the start of the experiment, see table 12.2.    

 

Table 12.1 Descriptive statistics of VAS‐mood scales  

 

Table 12.2 Mood‐scale measures at baseline 

After the reminiscence task    
   Hereafter a repeated measures analysis was conducted to check if the reminiscence task was 
successful in inducing a negative mood. There was a significant effect in time for Tension (F (1, 82) = 

Variable

Mean 
Standard 

room

SD 
Standard 

room

Mean 
New 
room

SD New 
room 

Tension
Baseline 3,90 0,26 3,60 0,24
After reminiscence 4,48 0,27 4,12 0,23
After VR 4,10 0,29 3,81 0,24
Tiredness
Baseline 4,45 0,27 4,79 0,26
After reminiscence 4,81 0,21 4,71 0,25
After VR 4,33 0,25 4,19 0,27
Saddness
Baseline 3,38 0,16 3,45 0,17
After reminiscence 4,62 0,24 4,38 0,20
After VR 3,88 0,21 3,62 0,22
Stressed
Baseline 4,50 0,29 4,50 0,29
After reminiscence 4,50 0,28 4,05 0,24
After VR 4,26 0,30 3,67 0,19

Variable F df p
Tension
Baseline 0.772 1 .382
Energetic
Baseline 0.091 1 .763
Happy
Baseline 0.779 1 .380
Stressed
Baseline 2.349 1 .129

Table 9.1: Descriptive statistics of VAS-mood scales
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12 Results  
12.1 Quantitative data results    
In this section the effect of the prospect and refuge manipulation on preferences and environmental 
perception  will  be  analysed.  First  the  VAS  mood  scale  data  will  be  discussed  followed  by  the 
preference  data,  evaluation  and  environmental  perception  and  safety  data.  Also  the  restorative 
potential data will be discussed.  

Mood   
Before the Reminiscence task   
   During  the  experiment  the  participants were  asked  to  answer  three  sets  of  four  different 
mood  scale  questions  (tense‐relaxed,  tired‐energetic,  happy‐sad,  not  stressed‐stressed).  See  table 
12.1 for the descriptive data. The questions were filled in at the start of the experiment as a baseline 
measure, after the reminiscence task and after the virtual reality manipulation. First it was analysed if 
both conditions were the same at baseline to ensure that both conditions started at the same level. 
All four variables were not significantly different between conditions indicating equal mood states for 
both conditions at the start of the experiment, see table 12.2.    

 

Table 12.1 Descriptive statistics of VAS‐mood scales  

 

Table 12.2 Mood‐scale measures at baseline 

After the reminiscence task    
   Hereafter a repeated measures analysis was conducted to check if the reminiscence task was 
successful in inducing a negative mood. There was a significant effect in time for Tension (F (1, 82) = 

Variable

Mean 
Standard 

room

SD 
Standard 

room

Mean 
New 
room

SD New 
room 

Tension
Baseline 3,90 0,26 3,60 0,24
After reminiscence 4,48 0,27 4,12 0,23
After VR 4,10 0,29 3,81 0,24
Tiredness
Baseline 4,45 0,27 4,79 0,26
After reminiscence 4,81 0,21 4,71 0,25
After VR 4,33 0,25 4,19 0,27
Saddness
Baseline 3,38 0,16 3,45 0,17
After reminiscence 4,62 0,24 4,38 0,20
After VR 3,88 0,21 3,62 0,22
Stressed
Baseline 4,50 0,29 4,50 0,29
After reminiscence 4,50 0,28 4,05 0,24
After VR 4,26 0,30 3,67 0,19

Variable F df p
Tension
Baseline 0.772 1 .382
Energetic
Baseline 0.091 1 .763
Happy
Baseline 0.779 1 .380
Stressed
Baseline 2.349 1 .129

Table 9.2: Mood-scale measures at baseline 

Variable F df p
Tension
Baseline 0.985 1 .324

Energetic
Baseline 0.088 1 .767

Happy
Baseline 0.582 1 .448

Stressed
Baseline 1.516 1 .222

Table 9.3: Mood-scale measures after reminiscence task

a baseline measure, after the reminiscence 

task and after the Virtual Reality manipula-

tion. First it was analysed if both conditions 

were the same at baseline to ensure that 

both conditions started at the same level. 

All four variables were not significantly 

different between conditions indicating 

equal mood states for both conditions at 

the start of the experiment (Table 9.2).   

After the reminiscence task

Hereafter a repeated measures analysis was 

conducted to check if the reminiscence 

task was successful in inducing a negative 

mood. There were no significant differenc-

es between conditions indicating equal 

mood states for both conditions after the 

reminiscence task (Table 9.3). There was 

a significant effect in time for Tension (F 

(1, 82) = 8.95, p = .004) and Sadness (F 

(1, 82) = 57.58, p < 0.001) thus after the 

reminiscence task participants felt tenser 

and less happy, (Figure 9.1 and 9.2). No 

significant differences in time were found 
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Figure 9.1: Differences in mood, Tension 

* *

Figure 9.2: Differences in mood, Sadness
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for Stressed (F (1, 82) = 0.42, p = .519) and 

Tiredness (F (1, 82) = 0.99, p = .323) so 

participants did not felt more stressed or 

less energetic after the reminiscence task 

(Table 9.4). Thus, it can be concluded that 

the reminiscence task worked and had sig-

nificant influence on participants’ mood.

After the Virtual Reality manipulation 

Another repeated measures analysis was 

conducted to check if the different pros-

pect and refuge characteristics affected 

participants’ mood. The data after the 

reminiscence task was compared with data 

from after the Virtual Reality experience, 

(Table 9.5). There was a significant effect 

of time on Tension (F (1, 82) = 4.17, p 

= .044), Sadness (F (1, 82) = 28.97, p < 

8.95, p = .004) and Sadness (F (1, 82) = 57.58, p < 0.001) thus after the reminiscence task participants 
felt tenser and less happy, see figure 12.1 and 12.2. No significant differences in time were found for 
Stressed (F (1, 82) = 0.42, p = .519) and Tiredness (F (1, 82) = 0.99, p = .323) so participants did not felt 
more stressed or less energetic after the reminiscence task, see table 12.3. Thus, it can be concluded 
that  the  reminiscence  task  worked  and  had  significant  influence  on  participants’  mood. 
 

 

Table 12.3 Mood‐scale results after Reminiscence task 

 
After the Virtual Reality manipulation   
   Another  repeated  measures  analysis  was  conducted  to  check  if  the  different  conditions 
affected participants’ mood. The data after the reminiscence task was compared with data from after 
the Virtual reality experience, see table 12.4. There was a significant effect of time on Tension (F (1, 
82) = 4.17, p = .044), Sadness (F (1, 82) = 28.97, p < 0.001), Tiredness (F (1, 82) = 11.11, p= .001) and 
Stressed (F (1, 82) = 5.61, p = .02), see figure 12.1 till 12.4. Participants were more relaxed and happier, 
more energetic and less stressed after viewing the patient room. There were no significant differences 
between conditions, nor were there any interaction effects, thus the viewing of different prospect and 
refuge characteristics in the patient room conditions did not specifically effect participants’ moods.  

 

Figure 12.1. Differences in mood, Tension 

Variable Effect F df p ɳ
Time 8.951 1 .004 .098

Condition 1.191 1 .278 .014
Time x Cond. 0.017 1 .897 <.001

Time 0.987 1 .323 .012
Condition 0.139 1 .710 .002

Time x Cond. 2.221 1 .140 .026
Time 57.57 1 <.001 .413

Condition 0.123 1 .726 .002
Time x Cond. 1.175 1 .282 .014

Time 0.420 1 .519 .005
Condition 2.166 1 .145 .026

Time x Cond. 0.420 1 .519 .005

Tension between 
base. and 

reminiscene

Tiredness between 
base. and 

reminiscene

Sadness between 
base. and 

reminiscene

Stressed between 
base. and 

reminiscene

Table 9.4: Mood-scale results after reminiscence task 

0.001), Tiredness (F (1, 82) = 11.11, p= 

.001) and Stressed (F (1, 82) = 5.61, p = 

.02), see Figure 9.1 till 9.4. Participants 

were more relaxed and happier, more 

energetic and less stressed after viewing 

the patient room. There were no signifi-

cant differences between conditions, nor 

were there any interaction effects, thus 

the viewing of different prospect and 

refuge characteristics in the patient room 

conditions did not specifically effect par-

ticipants’ moods.

Preference

At the end of the experiment after the 

interview was conducted participants were 

asked to fill in some preference questions. 

See Table 9.6 for the descriptive data. A 
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Table 12.4 Mood‐scale results after Virtual Reality manipulation 

Preference 
At the end of the experiment after the interview was conducted participants were asked to fill in some 
preference questions. See table 12.5 for the descriptive data. A one‐way ANOVA was performed on 
the variable Aesthetics, which yielded no significant differences between the two different patient 
room designs (F (1, 82) = 0.087, p = .769). The other preference variable was Spaciousness. Again, a 
one‐way  ANOVA  was  conducted.  Spaciousness  (F  (1,  82)  =  4.99, p =  .028),  see  figure  12.5  was 
significantly different between conditions. The standard patient room was perceived as significantly 
more spacious compared to the new patient room.   

 

Figure 12.5. Differences Spaciousness  

Insight Questions    
After the preference questions two evaluation questions were asked (scale 1‐7) to gather some more 
information. See table 12.5 for the descriptive data. Two one‐way ANOVA’s were conducted on the 
variables  Feel  relaxed  (F  (1,  81) = 0.657, p =  .420)  and  Like  to  stay  (F  (1,  81)  = 0.131, p =  .719) no 
significant differences were found between conditions.  

 

Variable Effect F df p ɳ
Time 4.170 1 .044 .048

Condition 0.966 1 .329 .012
Time x Cond. 0.045 1 .833 .001

Time 11.11 1 .001 .119
Condition 0.146 1 .703 .002

Time x Cond. 0.025 1 .874 <.001
Time 28.97 1 <.001 .261

Condition 0.824 1 .367 .010
Time x Cond. 0.007 1 .932 <.001

Time 5.615 1 .020 .064
Condition 2.276 1 .135 .027

Time x Cond. 0.299 1 .586 .004

Tension between 
reminiscene and VR

Tiredness between 
reminiscene and VR

Sadness between 
reminiscene and VR

Stressed between 
reminiscene and VR

Variable Mean SD 
Aesthetic 5,10 0,52
Spaciousness 5,78 0,10
Want to live 5,35 0,13
Feel Relaxed 5,42 0,09

Table 9.5. Mood-scale results after Virutal Reality manipulation

*

Figure 9.3: Differences in mood, Tiredness.
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Figure 9.4: Differences in mood, Stressed.

In addition, one one-way ANOVA was 

conducted on Spaciousness (F (1, 82) = 

4.99, p = .028), which was significantly 

different between conditions (Figure 9.5). 

The standard patient room was perceived 

as significantly more spacious compared to 

the new patient room. 
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one‐way  ANOVA  was  conducted.  Spaciousness  (F  (1,  82)  =  4.99, p =  .028),  see  figure  12.5  was 
significantly different between conditions. The standard patient room was perceived as significantly 
more spacious compared to the new patient room.   
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After the preference questions two evaluation questions were asked (scale 1‐7) to gather some more 
information. See table 12.5 for the descriptive data. Two one‐way ANOVA’s were conducted on the 
variables  Feel  relaxed  (F  (1,  81) = 0.657, p =  .420)  and  Like  to  stay  (F  (1,  81)  = 0.131, p =  .719) no 
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Variable Effect F df p ɳ
Time 4.170 1 .044 .048

Condition 0.966 1 .329 .012
Time x Cond. 0.045 1 .833 .001

Time 11.11 1 .001 .119
Condition 0.146 1 .703 .002

Time x Cond. 0.025 1 .874 <.001
Time 28.97 1 <.001 .261

Condition 0.824 1 .367 .010
Time x Cond. 0.007 1 .932 <.001

Time 5.615 1 .020 .064
Condition 2.276 1 .135 .027

Time x Cond. 0.299 1 .586 .004

Tension between 
reminiscene and VR

Tiredness between 
reminiscene and VR

Sadness between 
reminiscene and VR

Stressed between 
reminiscene and VR

Variable Mean SD 
Aesthetic 5,10 0,52
Spaciousness 5,78 0,10
Want to live 5,35 0,13
Feel Relaxed 5,42 0,09

Table 9.6. Descriptive statistics 

one-way ANOVA was performed on the 

variable Aesthetics, which yielded no 

significant differences between the two 

different patient room designs (F (1, 82) = 

0.087, p = .769).  

Evaluation questions  

After the preference questions three in-

sight questions were asked (scale 1-7) to 

gather some more information. See Table 

9.6 for the descriptive data. Two one-way 

ANOVA’s were conducted on the variables 

Feel relaxed (F (1, 81) = 0.657, p = .420) 

and Like to stay (F (1, 81) = 0.131, p = 

.719) no significant differences were found 

between conditions. 
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Figure 9.5: Differences in mood, Sadness

Environmental perception and safety 

Different environmental perception and 

safety questions were asked on a scale 

from one to seven. All questions were 

eventually combined to four variables; 

Prospect, Refuge, Entrapment and Safety. 

See Table 9.7 for descriptive data. Three 

one-way ANOVA’s were performed which 

yielded no significant effects of condition 

on Refuge (F (1, 82) = 0.992, p = .322), 

Entrapment (F (1, 82) = 0.011, p = .916) 

and Safety (F (1, 82) = 0.162, p = .688), 

(Table 9.8). A non-parametric test (Mann-

Whitney U) was conducted on the variable 

Prospect (U = 842, p = 0.718, r = 0.06) 

which, again, revealed no significant dif-

ferences between conditions were found. 
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conducted on the variable Prospect (U = 842, p = 0.718, r = 0.06) which, again, revealed no significant 
differences between conditions were found. In figure 12.6 to 12.9 it can be seen that the differences 
between conditions are fairly small.  

 

Table 12.6 Descriptive statistics of environmental perception and safety 

 

Table 12.7 Overview of the perception questions 

   

Figure 12.6 differences in prospect    Figure 12.7 differences in refuge 

Variable Mean SD 
Prospect 5,20 0,10
Refuge 5,18 0,09
Entrapment 4,57 0,07
Safety 5,55 0,07

Variable F df
Sum of 
Squares

p

Refuge 0.992 1 .762 .322
Entrapment 0,011 1 .005 .916
Safety 0.162 1 .076 .688

Table 9.7. Descriptive statistics of environmental 

perception and safety

In Figure 9.6 to 9.9 it can be seen that the 

differences between conditions are fairly 

small. 
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Table 12.5 Descriptive statistics Preference and insight questions 

Environmental perception and safety   
Different environmental perception and safety questions were asked on a scale from one to seven. All 
questions were eventually combined to four variables; Prospect, Refuge, Entrapment and Safety. See 
table 12.6 for descriptive data. Three one‐way ANOVA’s were performed which yielded no significant 
effects of condition on Refuge (F (1, 82) = 0.992, p = .322), Entrapment (F (1, 82) = 0.011, p = .916) and 
Safety  (F  (1,  82)  =  0.162, p =  .688),  see  table  12.7.  A  non‐parametric  test  (Mann‐Whitney U) was 
conducted on the variable Prospect (U = 842, p = 0.718, r = 0.06) which, again, revealed no significant 
differences between conditions were found. In figure 12.6 to 12.9 it can be seen that the differences 
between conditions are fairly small.  
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Figure 12.6 differences in prospect    Figure 12.7 differences in refuge 

Variable Mean SD 
Prospect 5,20 0,10
Refuge 5,18 0,09
Entrapment 4,57 0,07
Safety 5,55 0,07

Variable F df
Sum of 
Squares

p

Refuge 0.992 1 .762 .322
Entrapment 0,011 1 .005 .916
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(U = 736, p = 0.193, r = 0.200) also in the 

total score was no significant difference 

between condition (Figure 9.10). 

Restoration Outcome Scale 

The other restorative potential scale is 

the ROS which consists out of three vari-

ables; Reflected relaxation and calmness, 

Reflected attention and Clearing once 

thoughts. First a non-parametric test 

is conducted for the variable Reflected 

relaxation and calmness (U = 736, p = 

0.193, r = 0.200) no significant differences 

between conditions were found. Hereafter 

two one-way ANOVA’s were conducted. 

For the variables Reflected attention (F (1, 

83) = 0.226, p = .635) and Clearing once 

Table 9.8. Overview of the perception questions 

Restorative potential 

Hereafter the restorative potential ques-

tions were analysed. These questions 

consists out of two scales the PRS and 

the ROS. See Table 9.9 and 9.10 for the 

descriptive data.  

Perceived Restorativeness scale 

The PRS consists out of two variables; Being 

away and Fascination. Two non-parametric 

tests (Mann Whitney U) were conducted 

on the variables Being away (U = 750, p = 

0.232, r = 0.18) and Fascination (U = 784, 

p = 0.382, r = 0.13), no significant differ-

ences between conditions were found. 

One non-parametric test (Mann Whitney 

U) was conducted on the total PRS scale 

 

Figure 12.8 differences in entrapment   Figure 12.9 differences in safety 

Restorative potential   
Last, the restorative potential questions were asked. These questions consists out of two scales the 
PRS and the ROS. See table 12.8 and 12.9 for the descriptive data.    
 
Perceived Restorativeness scale  
   The PRS consists out of two variables; Being away and Fascination. Two non‐parametric tests 
(Mann Whitney U) were conducted on the variables Being away (U = 750, p = 0.232, r = 0.18) and 
Fascination (U = 784, p = 0.382, r = 0.13), no significant differences between conditions were found. 
Hereafter one non‐parametric test (Mann Whitney U) was conducted on the total PRS scale (U = 736, 
p = 0.193, r = 0.200) also in the total score was no significant difference between condition, see figure 
12.10.  

 

Table 12.8 Descriptive statistics PRS 

 

Figure 12.10  PRS‐score 

Restoration Outcome Scale   
   The other  scale  is  the  ROS which  consists  out  of  three  variables;  Reflected  relaxation  and 

Variable Mean SD 
Being Away 4,09 0,14
Fascination 3,77 0,14
PRS_total 3,94 0,12

Table 9.9. Descriptive statistics PRS 
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calmness, Reflected attention and Clearing once thoughts. First a non‐parametric test is conducted 
for  the  variable  Reflected  relaxation  and  calmness  (U  =  736,  p  =  0.193,  r  =  0.200)  no  significant 
differences between conditions were found. Hereafter two one‐way ANOVA’s were conducted. For 
the variables Reflected attention (F (1, 83) = 0.226, p = .635) and Clearing once thoughts (F (1, 83) = 
0.908, p = .343) no significant results were found between conditions, see table 12.11. Finally a one‐
way ANOVA was conducted for the total ROS (F (1, 83) = 0.072, p = .789) no significant results were 
found between conditions. See figure 12.11 for the differences.    

 

Table 12.9 Descriptive statistics ROS 

 

Table 12.10 Overview of the ROS 

 

Figure 12.11. Differences between conditions, ROS 

12.2 Qualitative data results  

In this section, an overview of the results extracted from the participant interviews is given. First, we 
will look at the general evaluation of the two patient rooms. How the rooms are compared to today’s 
hospital rooms and the level of detail in which the rooms are evaluated. Thereafter the prospect and 
refuge characteristics are assessed. At the end the Virtual Reality experience is evaluated.  

Evaluation of the rooms: comparison with traditional hospital rooms   
When participants gave a general description of the presented patient rooms, in the first interview 
question,  it  became  clear  that  for  both  conditions  the  patient  room  was  positively  evaluated 
compared to traditional hospital rooms. The patient rooms were different than expected beforehand 
which was seen as a positive characteristic. Participants stated that the rooms had no typical hospital 
feeling to them:   

Variable Mean SD 
Relaxation 4,29 0,10
Attention 3,94 0,14
Clearing 4,28 0,11
ROS_total 4,17 0,10

Variable F df
Sum of 
Squares

p

Attention .226 1 .429 .635
Clearing .908 1 1.19 .343
ROS .072 1 .071 .789
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way ANOVA was conducted for the total ROS (F (1, 83) = 0.072, p = .789) no significant results were 
found between conditions. See figure 12.11 for the differences.    
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thoughts (F (1, 83) = 0.908, p = .343) no 

significant results were found between 

conditions (Table 9.11). In addition, a 

one-way ANOVA was conducted for the 

total ROS (F (1, 83) = 0.072, p = .789) no 

significant results were found between 

conditions (Figure 9.11).   
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10. QUAlITATIVe DATA

10.1 QUALITATIVE DATA ANALYSIS

After the Virtual Reality experiment an interview was conducted for every participant. 

As described earlier eleven predefined questions were asked (Appendix VI). Following 

the experiment the audio recordings were transcribed word for word, after which they 

were analysed using Nvivo 11 (QSR, 2017); a supporting program to organize and ana-

lyse qualitative data. A qualitative content analyses was performed on the data. Eleven 

different categories were made according to the interview questions and interview data 

was structured accordingly. Later two extra categories (prospect and refuge) were added 

to check for prospect and refuge characteristics in the total interview data. All data was 

structured according those thirteen coding categories.  

10.2 QUALITATIVE DATA RESULTS 

In this section, an overview of the results extracted from the participant interviews is 

given. First, we will look at the general evaluation of the two patient rooms. How the 

rooms are compared to today’s hospital rooms and the level of detail in which the rooms 

are evaluated. Thereafter the prospect and refuge characteristics are assessed. At the end 

the Virtual Reality experience is evaluated. 

Evaluation of the rooms: comparison with traditional hospital rooms 

When participants gave a general description of the presented patient rooms, in the first 

interview question, it became clear that for both conditions the patient room was posi-

tively evaluated compared to traditional hospital rooms. The patient rooms were different 

than expected beforehand which was seen as a positive characteristic. Participants stated 

that the rooms had no typical hospital feeling to them: 

“I did not associate the room with a traditional hospital room right away. Rather a nursing 

home, or as I would arrange a room at home.” (Female, 20, standard patient room, ppn 7)
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“This is much more inviting, friendlier. Of course you are not in the hospital for fun, but 

this room makes your stay a whole lot more pleasant, for sure.” (Female, 20, new patient 

room, ppn 17)

When participants were asked if they would like to stay in the patient room the majority 

of the participants reacted positively for both conditions. Participants suggested that they 

would like to stay in the room because the showed patient rooms looked better than 

hospital rooms they previously visited:

“Yes, rather than in the rooms I have seen.” (Female, 20, standard patient room. ppn 1)

“Compared with a normal hospital room than I certainly want to stay here. This room is 

much nicer than I am used to” (Female, 22, standard patient room, ppn35)

“Yes, I think I would like to stay here. It is something different.” (Female, 20 new patient 

room, ppn17)

Another reason why participants would like to stay in the patient rooms was because 

of the privacy the rooms offered. Both patient rooms were single rooms with private 

bathrooms, this was much appreciated by the participants:  

“Well, rather in this room than in such a six-person hospital room with white curtains.” 

(Female, 25, standard patient room, ppn 26)

“You really have your own space and your own bathroom. That seems very pleasant to me. 

In any case, it has advantages than sharing the room with other patients. I also think that 

after a while you can really make the space your own, which seems nice.” (Female, 23, new 

room, ppn 18)

Furthermore it was argued that the rooms were experienced larger and more spacious 
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than the rooms which the participants had seen in previous hospital experiences. The 

rooms also appeared lighter than expected with many views to the outside. The fact 

that the rooms were located on a corner also contributed to a brighter room because of 

windows in multiple walls, this was also an often praised element:  

“Yes, I think so. It is not oppressive which the case is often.” (Male, 20, standard patient 

room, ppn 1)

“Compact. Open, remarkably open. Windows. That is not how I remember my hospital 

room.” (Male, 26, new patient room, ppn 9) 

“The windows that is really great especially with the position on the corner that is really 

nice.” (Female, 20, standard patient room, ppn 14)

Both patient rooms were designed for long term stays. During the evaluation of the 

rooms it became clear that this characteristic was evident for all participants. Although 

participants indicated that it is maybe hard for them to imagine staying in the hospital for 

a longer time period in time. 

“It looked like normal living space. You really had a private bathroom, a desk and a closet. 

It is clear that the room is for long term stays.” (Male, 21, standard patient room, ppn 55)

“It is a bit difficult to imagine how it would be to lay in the hospital for a long time. However 

this seems far better to me than the rooms I have seen before.” (Male, 20, new patient 

room, ppn 66) 

Evaluation of the patient rooms: differences in level of detail   

Mystery and Complexity  

Even though both patient rooms were generally perceived as better, offered more privacy 

and were more spacious than traditional hospital rooms, there were also differences in 
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how the two patient rooms were evaluated. The main difference between the descrip-

tions of the two rooms is the level of detail, how elaborate participants talk about the 

room. In the standard room, they only superficially described the room, they noticed the 

spaciousness but did not elaborate more. In the new patient room the participants are 

much more intrigued about the room and more focused on the details. This difference 

between conditions can also be seen in these quotes: 

“It is nice that the room is large and spacious” (Female, 24, standard patient room, ppn 53)

“The floor was white with coloured dots. There was a nice wall print behind the bed. It was 

a cheerful room with green and blue colours … The bed faced the windows which was 

positive and there was a door to the balcony outside” (Female, 23, new patient room, ppn 

18)

If we look more closely at the level of detail in the descriptions it can be seen that the 

standard patient room was mainly compared to other type of rooms like hotel-, student- 

and/or living rooms:

“I thought that the room looked much like a regular room, a student room or living room, 

say it. A room where you just might live in.” (Female, 20, standard patient room, ppn 15)

In this condition, the shape of the room was barely discussed. It was mentioned a few 

times that the room has an L-shape to it, but hardly any attention is paid to it. The focus 

is mainly on describing the spaciousness of the room. Together the forty-two participants 

in the standard patient room condition, used 77 times the words; spatial, spacious or 

spaciousness. In the new patient room the spaciousness was only mentioned 36 times. 

“It was very spacious. So no small box you are lying in.” (Female 21, standard patient 

room, ppn 20)

 

“However it is nice that it is so big and you have plenty of space.” (Female 24, standard 
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patient room, ppn 21)

“Not a standard hospital room I am familiar with. It is compact, open, remarkably open and 

many window. Modern. For the rest, a private desk, which is also different than I used to 

be. It is really a room for longer stays.” (Male, 26, new patient room, ppn 9)

Additionally, the descriptions of the standard patient room do not really come to a de-

tailed level especially compared to the descriptions of the new patient room. The new 

room design is hardly compared to other type of rooms, instead new innovative elements 

are discussed. Participants for example formed an opinion about the half high wall, the 

hallways and the placement and shape of the bathroom. Also the private bathroom, 

especially the doors were praised: 

“The room has a little more privacy options because of the half high wall standing next to 

the bed, thus from the door you have no view to the patient.” (Female, 19, new patient 

room, ppn 31)

“Here you have the half high wall, it is a low wall, so you can look over it making the room 

look very spacious.” (Female, 20, new patient room, ppn 65)

“Of course, the bathroom was striking, to say it like that, with those doors. Of course it is 

nice to create space when you need it.” (Male, 20, new patient room, ppn 68)

The layout of the new patient room was evaluated as practical and functional, and the 

outdoor space was repeatedly mentioned. The opportunity to go directly outside from 

the patient room was mentioned 41 times in the new patient room condition and only 

29 times in the standard room condition. References about the balcony were made by 41 

of the 42 participants of the new patient room. In the standard patient room only one 

person made a reference to the balcony. This, again, hints that mystery and complexity 

influenced participants. Almost no one noticed the balcony although the door to the 
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outside was exactly the same in both conditions: 

“There is a lot of light entering the room. You can just easily look outside and there is a 

balcony, I would like that very much.” (Female, 21, new patient room, ppn 41)

“I thought it was very spatial. It is nice to have a balcony and that you can go outside.” 

(Male, 20, new patient room, ppn 68)

I think I can relax in the room because of the many windows. It that a real balcony by the 

way?  That would be nice.” (Female, 20, standard patient room, ppn 54)

The differences in level of detail of the room descriptions could also be seen in the words 

used during the interviews. The terms and characteristics discussed by the interviewees 

when answering the following question: “Could you indicate some words that you asso-

ciate with the room?” were analysed. First two word clouds were constructed of all words 

mentioned in this section (Figure 10.1 and 10.2). In these figures it can already been 

seen that some words such as spaciousness and homely are frequent mentioned for both 

conditions. Other words pop only out in one conditions such as neutral in the standard 

patient room word cloud and practical and light for the new patient room. 

Figure 10.1: Wordcloud Standard room condition       Figure 10.2:. Wordcloud New room condition
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more than half of the participants used the term spaciousness to describe the patient room. This is a 
logical conclusion for the standard room, which was designed to offer as much prospect as possible, 
thus much openness and speciousness was expected and confirmed by participates. However in the 
new  patient  room  the  word  spaciousness  is  named  equally,  which  is  peculiar  because  this  room 
offered less space to move around. Another remarkable finding is that the words light and open were 
much  used  when  describing  the  new  patient  room which  corresponds  with  the  use  of  the  word 
spaciousness. Only this would suggest that these terms would also be used by participants describing 
the standard patient room which is not the case. This can thus be again an issue of attention to detail. 
The biggest difference between the categories lays with the term practical where the standard room 
was barely appointed as practical, almost half of the participants described the new room as practical.
   
 

 

Table 12.2.1 Word count within the interviews 

Homeliness, cosiness, and the need for comfort  
   another word that is often used is homely. Both of the rooms are considered to be homely by 
half of the participants, see table 12.2.1. At first glance this is a positive remark because both rooms 
are evaluated as pleasant. However if we further investigate the meaning of homely another image 
arises. First we look at the general definition of domesticity  (van Dale, 2017 96); 1) Relating to the 
house or household, life inside a home. 2) Home base. 3) Cosiness. Comparing this to the interview 
data  it appears  that  two different definitions of  the word category homely are used. Definition 1) 
Relating to the house or household, domestic life. 2) Feeling of cosiness, a safe and comfortable feeling 
caused  by  a  homely  environment.  It  appears  that  the  two  definitions  are  used  interchangeably 
however as can be seen in table 12.2.2 the first definition which focusses on the domestically and the 
home is more used in connection with the standard room:  

“I  got  a  homely  feeling. With  a  bed  and  desk,  it  really  looked  like  bedroom.  A  bathroom 
included, it looked like a house.” (Female, 19, standard patient room) 

“Homely, it just feels like a house.” (Female, 20, standard patient room) 

The second definition which focusses on the feeling of cosiness is more used in connection with the 
new patient room. Here it is more described as a feeling which evoked by the environment:  

Standard 
room

New 
room

Difference

Spaciousness 28 28 0
Homely 21 18 3
Light 13 21 -8
Neutral 11 14 -3

Colour 10 9 1

Open 9 16 -7
Bare 9 8 1
Modern 8 9 -1
Practical 6 17 -11
Quite 6 10 -4
Boring 4 4 0
Sterile 4 6 -2
Gloomy 4 0 4
Comfortable 3 1 2
Private 2 4 -2

Table 10.1. Word count within the interviews

A list of the fifteen most common words was constructed (Table 10.1). Which words are 

included in every category can be seen in appendix VII. The results in Table 10.1 show 

that for both conditions more than half of the participants used the term spaciousness to 

describe the patient room. This is a logical conclusion for the standard room, which was 

designed to offer as much prospect as possible, thus much openness and speciousness 

was expected and confirmed by participates. However in the new patient room the word 

spaciousness is named equally, which is peculiar because this room offered less space to 

move around. Another remarkable finding is that the words light and open were much 

used when describing the new patient room which corresponds with the use of the 

word spaciousness. This, again, hints different levels of attention to detail in the different 

conditions. 
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Homeliness, cosiness, and the need for comfort 

Another word that is often used is homely. Both of the rooms are considered to be home-

ly. At first glance this is a positive remark because both rooms are evaluated as pleasant. 

However if we further investigate the meaning of homely another image arises. There 

are two different definition of homeliness which are used differently in each condition. 

Definition 1) Relating to the house or household, domestic life. 2) Feeling of cosiness, 

a safe and comfortable feeling caused by a homely environment. It appears that the 

two definitions are used differently in the conditions. In the standard patients room the 

comments were more directed to domestically:  

“I got a homely feeling. With a bed and desk, it really looked like bedroom. A bathroom 

included, it looked like a house.” (Female, 19, standard patient room, ppn 8)

“Homely, it just feels like a house.” (Female, 20, standard patient room, ppn 15)

In the new patient room condition participants focused more on the feeling of cosiness;

“Homely, I had to get used to the virtual reality experience. However the room felt nice and 

cosy.” (Male, 20, new patient room, ppn 40)

“Could you feel relaxed in the room? Yes, what I said before the space feels very homely”. 

(Female, 20, new patient room)

 

These different uses of the word homely can also be found when participants were asked 

about their feelings in the patient rooms. Two third of the participants in the new patient 

room indicated that they felt comfortable and pleasant in the room, which is consistent 

with the feeling of a cosy home: 

“Yes, it felt pleasurable. I found it a nice space to stay.” (Male, 29, new patient room, ppn 

44)
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“I felt happy, I think. Just comfortable.”  (Male, 22, new patient room, ppn 83)

In the standard patient room the participants had more negative feelings associated with 

the room, they found it more hospitalized and clinical. Participants commented that the 

room was bare, cold and sterile. This has probably to do with the fairly large size of the 

room which makes the standard patient room feel more cold and empty: 

“I thought the room seemed pretty bare.” (Male, 21, standard patient room, ppn 34) 

“The first thing I noticed was that everything looked very white and sterile.” (Female, 22, 

standard patient room, ppn 61)

Although participants evaluated both patient room conditions better than traditional 

hospital rooms, more suggestions for improvements were given in the standard room 

condition (Table 10.2). This indirectly indicated that participants were not really content 

“Television that is something you often see in hospitals.” (Male, 29, new patient room) 

“There was no television, you usually have one in a patient room.” (Female, 19, new patient 
room) 

The biggest difference between the two conditions was the need for comfort. In the standard room 
condition many asked for an extra relaxed chair or sofa, and participants would like a different, more 
comfortable bed. For the new room, these adjustments are hardly mentioned as can be seen in table 
12.2.3, indicating that in the new patient room the need for extra comfort was not present: 

“I would like a more comfortable bed.” (Female, 23, standard patient room) 

“I do not know if that is really a luxury but maybe a couch or something like it.” (Female, 24, 
standard patient room) 

“Maybe a relaxing chair or something like that instead of the desk chairs. Thus another relax 
chair or a couch would be nice.” (Female, 21, standard patient room) 

 

 

Table 12.2.3 improvement mentioned by participants. 

Prospect 
At the start of  the experiment different prospect and refuge characteristics were  imbedded  in  the 
patient room conditions. From the interview results it can be said that the prospect characteristics 
were clearly present in both conditions. The standard patient room design was primarily focused on 
prospect characteristics. In different interview parts the spaciousness and openness of the standard 
patient  room were  clearly mentioned.  This  can also be  seen  in  the word  count of  the  interviews. 
Speciousness was one of  the words most mentioned  to  describe  the  standard patient  room.  This 
conditions was especially found spacious because of the many windows and the two‐way view that 
participants had in the room because of the corner position:  

“I thought it was a very open space … Yes, enough freedom of movement. I really  liked the 
spacious set‐up.” (Female, 21, standard patient room) 

“Not feeling trapped because of the many windows.” (Female, 20, standard patient room) 

“Many windows that gave a spatial impression.” (Female, 20, standard room) 

Improvements
Standard 
room

New 
room

Difference

Entertainment 32 20 12
Television 21 18 3
Relaxing chair or sofa 15 4 11
Different bed 15 5 10
Decoration 11 10 1
Extra visitor chairs 9 10 -1
Medical equipment 9 13 -4
Curtains 8 2 6
Nicht stand 7 8 -1
Safety handels shower 6 3 3
Extra sink bedroom 6 4 2
Emergency button 6 5 1
Extra storeroom 0 7 -7

Total 145 89 56

Table 10.2. Improvement mentioned by participants 
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with the room or at least les content than with the new patient room. In both conditions 

the television as form of entertainment was missed by many, approximately by three quar-

ters of the participants. In the standard patient room condition most of these participants 

really missed the television and indicated that without a television they would probably 

get bored: 

“A television, a computer, something electronic, a radio maybe to listen music” (Female, 21, 

standard patient room, ppn 79) 

“Maybe something like a television, to pass the time, because you are usually quite long in 

this room.” (Male, 21, standard patient room, ppn 37)

In the new patient room conditions the television was also missed but more because of a 

familiarity issues. Participants were used at seeing televisions near hospital beds however 

they did often not particularly indicate that they would miss the television themselves: 

“Very typical what popped into my mind but a television. Very typical with such an arm that 

you can pull the television in front of your nose. That is a typical hospital thing.” (Male, 26, 

new patient room, ppn 9)

“Television that is something you often see in hospitals.” (Male, 29, new patient room, ppn 

24)

“There was no television, you usually have one in a patient room.” (Female, 19, new patient 

room, ppn 29)

Another indication of differences between the two conditions was the need for comfort. 

In the standard room condition many asked for an extra relaxing chair or sofa. Participants 

in the standard room also would have liked a different, more comfortable bed. For the 

new room, these adjustments are not commonly mentioned (Table 3.13), indicating that 
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in the new patient room the need for extra comfort was less present than in the standard 

patient room:

“I would like a more comfortable bed.” (Female, 23, standard patient room, ppn 62)

“I do not know if that is really a luxury but maybe a couch or something like it.” (Female, 

24, standard patient room, ppn 23)

“Maybe a relaxing chair or something like that instead of the desk chairs. Thus another relax 

chair or a couch would be nice.” (Female, 21, standard patient room, ppn 38)

Prospect

At the start of the experiment different prospect and refuge characteristics were imbed-

ded in the patient room conditions. From the interview results it can be said that the 

prospect characteristics were clearly present in both conditions. The standard patient 

room design was primarily focused on prospect characteristics. In different interview parts 

the spaciousness and openness of the standard patient room were clearly mentioned: 

“I thought it was a very open space … Yes, enough freedom of movement. I really liked the 

spacious set-up.” (Female, 21, standard patient room, ppn 20)

“Not feeling trapped because of the many windows.” (Female, 20, standard patient room, 

ppn 63)

“Many windows that gave a spatial impression.” (Female, 20, standard room, ppn 7)

The prospect characteristics like, the freedom of movement and not feeling trapped are 

important elements for the patient room design. This is reflected in the following quote:

“Just over a year ago, I had to stay over in a hospital soon after admission you get nightmares 

that you are locked up. Because of course you are not in your own familiar environment and 
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you are trapped in you room and bed.” (Male, 21, new patient room, ppn 84)

It is therefore important that one does not feel trapped in the room. This was the case 

in the standard patient room design, participants felt relaxed in the room because they 

did not felt confined indoors. If humans have freedom of movement and overview of the 

surrounding they can relax easier:   

“You are not locked in a box or something like that, and you can look outside.” (Female, 22, 

standard patient room, ppn 6) 

The standard room felt safe mainly because there were enough escape routes. The open-

ness of space gave a safe feeling. Also the fact that there were lots of windows and much 

daylight entering the room did not make you feel locked up. These are thus the prospect 

properties attributed to the standard room during the design that cause the feeling of 

safety. Openness and views and therefore possibilities to flight when potential danger is 

coming:

“I think it feels very safe because there are several doors in the room, and also a door to 

the nurses. There is also a lot of daylight entering the room and the idea that you are not 

locked from outside world also gives a very safe feeling.” (Female, 22, standard patient 

room, ppn 61) 

“Yes, I think I would feel safe myself. You have a big door to exit.” (Female, 24, standard 

patient room, ppn 53)

The prospect features were also mentioned with regards to the new patient room, the 

room was found spacious. Participants did not feel contained in the room:

“Well, you did not feel bottled up in a crammed room.” (Male, 28, new patient room, ppn 

58)
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“I would describe it as a free room.” (Female, 23, new patient room, ppn 18)

Partly this spaciousness was due to the windows and views to the outside but in the 

new patient room also another element was important to promote spaciousness, the 

half high wall. This additional element to create refuge characteristics also promoted the 

spaciousness of the room. 

“You have here that half high wall, were you can look over it makes it very spacious. 

(Female, 20, new patient room)

“Because of the half high wall, it seems more spacious than it is. So that is cool … The wall 

separates the small surface but the spacious feeling remains.” (Female, 18, new patient 

room, ppn 11) 

 “The room feels spacious, because of that half high wall.” (Male, 22, new patient room, 

ppn 4) 

That the prospect characteristics are integrated in both room conditions is also reflected 

in the questions about the freedom of movement. The freedom of movement was more 

than sufficient in both rooms:  

“Freedom of movement, yes I think so. It was a spacious room.” (Male, 20, standard patient 

room ppn1).

“Yes, it is really spacious. You can nicely walk around in it.” (Female, 19, standard patient 

room, ppn 8)

“Certainly, because it is a spacious room. Unlike most other hospital rooms I know.” (Male, 

22, new patient room, ppn 30)
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Refuge

Refuge, to find a place of shelter or retrieve yourself in a room is another important 

preference characteristics which should be present in patient rooms. During the design, 

refuge characteristics were assigned to the new patient room. From the interviews it can 

be concluded that the refuge characteristics were visible in the new patient room because 

participants indicated that they felt safe and secure in the new patient room. The half high 

wall and the central position of the bed caused a safe feeling. A feeling that participants 

had a place to retrieve. Also the view on the door from the bed gave a safe feeling: 

“Yes, on the one hand there is an open floor plan, but on the other side the walls around 

the bed shelter the room in such a way that it creates a safe feelings.” (Female, 19, new 

patient room, ppn 64) 

“Yes I think I feel safe. That might be stupid, but it is mainly because you have that half high 

wall there. Because it is a big room with plenty of space. I think most patient rooms are 

not that big. But because you have a single bed in a big room, you can feel a bit insecure, 

however through those two walls around the bed you might get a more intimate feeling 

and then it is less scary.“ (Male, 22, New patient room ppn 83)

“Yes, the space is sheltered and you are not à plain public” (Male, 29, new patient room, 

ppn 24)

This feeling of safety because of refuge characteristics was not really present in the stand-

ard room, although participants still felt safe in the room. Participants mainly felt safe in 

the standard patient room because they did not felt enclosed. The many windows and 

multiple doors offer enough escape routes. Participants thus felt safe because of the pros-

pect characteristics which were present. Openness and views and therefor possibilities to 

flight when potential danger is coming mainly contributed to the safety feeling: 

“I think it feels very safe because there are several doors in the room, and also a door to 
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the nurses. There is also a lot of daylight entering the room and the idea that you are not 

locked from outside world also gives a very safe feeling.” (Female, 22, standard patient 

room, ppn 61)

“Yes, I think I would feel safe myself. You have a big door to exit.” (Female, 24, standard 

patient room, ppn 81)

Another characteristic of the room which also influences the feeling of refuge is the pri-

vacy level which was previously discussed. As stated before participants were very pleased 

with fact that both rooms were single rooms and the level of privacy both rooms offered. 

Virtual reality experience  

Besides evaluation of the room, questions were also added with regards to their VR expe-

rience. The main aim of these questions were to check if the virtual reality experience had 

additional value for the experiment and did not negatively influence the participants the 

last interview questions was focused on the Virtual reality experience. In both conditions 

the virtual reality experience was seen as a positive event. Compared with the 2D floor 

plans and screenshots that were given to the participants after the experiment, the 3D 

virtual reality model was positively reviewed. Participants thought the VR experience was 

a true addition to the experiment and the experience of the patient rooms.  

“You know of course that if you are in the VR that you are not really there, but because you 

can really walk around, and there is really plenty of space to do so, it feels real. I think it 

really adds that you can explore the room. I think, from the pictures you have a more limited 

view.” (Male, 22, new patient room, ppn 4)

“That you really walked around is literally an extra dimension.” (Female, 20, new patient 

room, ppn 17)

Participants also indicated that the virtual reality experience contributed in estimating the 



142

spaciousness of the room, the distances and the proportions of the space. 

“When in the room, I really had a tendency to walk all the way around the lamp so I would 

not bump my head.” (Female, 25, standard patient room, ppn 45)

“I think it does contribute because you view the room differently, you see more how it is 

spatially organized.” (Female, 23, standard patient room, ppn 77)

The virtual reality experience also had some disadvantages. For example, the experience 

influenced people in their assessment. If it was the first time for participants to do an 

experiment with a VR helmet then they were often still adjusting to the new situation and 

walking through the patient room at the same time, causing that less attention was paid 

to the details of the actual patient room. Also, such an experience influences the feelings 

and state of mind of participants which eventually also influences the mood scales. 

“However if you experience it for the first time, like me, you have to get used to the VR 

experience first.” (Male, 24, new patient room, ppn 59)

“A little tense, but that also come because I had that think on my head.” (Female, 21, new 

patient room, ppn 41)

Another disadvantage was that participants sometimes felt the cable of the VR helmet 

pulling while walking through the room. This sometimes distracted participants a little, 

or it undermined the VR illusion of the room and brought the participants back to the 

real world. The same for the height ratio, this ratio could deviate with extremely long 

participants, which could give a distorted image of reality. The fact that the VR is a little 

distracting has an effect on participants assessment of the room because these factors 

influences the participants why they could not hundred percent concentrate on assessing 

the room. 
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“Yes, you can better imagine what it looks like from a certain point of view because you 

can walk there and watch it yourself. The difficulty is that the VR also affect you. So even 

though you are maybe in a relaxing room, you still feel a bit ‘oeh’.” (Female, 22, new 

patient room, ppn 42)

Nevertheless, everyone found the experience positive and the benefits outweigh the 

disadvantages. 
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In this study was investigated whether a 

patient room design with balanced pros-

pect and refuge characteristics could influ-

ence preferences, stress restoration levels 

and mood. Participants were exposed to 

one of two patient room designs in Virtual 

Reality, after which their mood, preference 

and stress levels were measured quan-

titatively. In addition, their experiences 

were recorded qualitatively through an 

interview. The control room was high in 

prospect, as traditional rooms, but low 

in refuge characteristics. The new room 

had balanced prospect and refuge char-

acteristics. Overall the quantitative data 

results did not show significant differences 

between the two patient room conditions. 

No significant differences were found 

in preference levels, nor on the extent 

of mood recovery after exposure to the 

Virtual Reality manipulation. In addition, 

the two rooms were also not evaluated 

differently on prospect and refuge, entrap-

ment and environmental safety. In what 

follows, three possible reasons for a lack 

of differences between the two rooms will 

be discussed: 1) both rooms have a new, 

modern look and are single person rooms, 

2) the prospect and refuge theory and 

measures are based on landscape design 

and, 3) the need for prospect and refuge 

changes over time. The qualitative data did 

provide some new insights and may help 

in the interpretation of the quantitative 

results. In the following chapter the results 

of the experiment will be discussed in 

greater depth.   

Preference 

The main goal of this research was to check 

if a balance between prospect and refuge 

characteristics could influence participant’s 

preferences. Counter to expectations no 

significant differences in aesthetic prefer-

ence between conditions were found in 

the quantitative data. Although the mean 

of aesthetic preference was quite high, 

indicating that both designs contained 

elements which influenced participants 

preferences. This high preference for both 

rooms was also visible in the interview 

data. Almost all participants positively 

evaluated the rooms, they described the 

rooms as clean and modern. Only when 

taking a closer look at the qualitative data 

differences between conditions can be 

found. When participants were asked for 

improvements more comments were given 

to improve the standard patient room. 

That may suggest a slight dissatisfaction 

11. DISCUSSIon
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for the standard design. Fewer comments 

were given in the new patient room con-

ditions which may indicate a more positive 

evaluation of the new design. 

Why were these suggestions found in 

the qualitative data not apparent in the 

quantitative data? This probably has to do 

with a ceiling effect in combination with a 

novelty/familiarity effect. The fact that the 

rooms had a modern design, were clean 

and single rooms with a private bathroom 

probably influenced participant’s opinion. 

Many prefer single rooms over multiple 

persons rooms because of the privacy 

they offer, reduction of noise pollution 

and the extra space it provides to spend 

time with family and friends (Andrade & 

Devlin 2015; Ulrich, Zimring, Quan, Joseph 

& Choudhary, 2004). These elements are 

not always offered in traditional rooms but 

were present in the showed patient rooms. 

This may have influenced participant’s 

opinion, which eventually might have in-

duced a ceiling effect. Also a familiarity and 

novelty effect could have interfered with 

the data. Loewy’s (1951) MAYA principle 

(Most advanced, Yet acceptable principle) 

explains that the combination of familiarity 

and novelty is needed in an environment 

to be liked by humans. This principle was 

probably applicable on both patient room 

designs, which both contained familiar 

and new elements, explaining the non-ap-

pearance of the preference differences in 

the data. 

Another factor that could have influenced 

the data are the measures used in the 

experiment. Most data sets in previous 

studies came from environmental research 

for larger exterior environments and were 

not designed for interior spaces; this 

could have influenced results. This actually 

arises from the fact that Appleton’s (1975) 

prospect and refuge theory is not yet 

confirmed to be also applicable for interior 

spaces. The theory is proven to be effective 

in landscape designs (Ruddell & Hammitt, 

1987; Hagerhall, 2000). However when 

we take a closer look at empirical research 

done in interior designs, no convincing ev-

idence can be found (Dosen and Ostwald, 

2016). Many experiments contradict each 

other. Scott (1993a) and Stamps (2008b, 

test 3) found evidence that there is a 

need for partial enclosure (refuge), while 

others found opposite results (Stamps 

2006, Stamps 2008b test 4). The need 

for a balance between prospect and 
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(Hartig & Staats, 2006). In the literature, 

hints can be found that the need for refuge 

increases over time (Vries & Droog, 2010). 

In the experiment participants only stayed 

in the room for a few minutes. However it 

is possible that a longer stay in the patient 

room, which would be more common for 

a patient, would have provoked other 

preferences, which could have influenced 

the experimental outcomes.   

Mystery and complexity; the level of detail 

In the qualitative data not only preference 

differences between conditions were 

found also other trends could be noticed, 

especially in the level of detail between 

room descriptions. Almost all comments 

given in the standard patient room were 

superficial and obvious, no further de-

tails of the room were discussed. This is 

opposite of the new patient room where 

participants evaluated the room with great 

detail. This difference in level of detail be-

tween the descriptions can, at first sight, 

be assigned to familiarity issues. However 

if we take a closer look at the data and 

compare it to different environmental 

preferences models, another underlying 

reason can be determined. According to 

Kaplan and Kaplan’s preference model 

refuge in interior design until now is only 

empirically proven by Scott (1993a). In 

landscape research however, the need for 

a balance between prospect and refuge 

is confirmed by one third of the research 

(Dosen and Ostwald 2016).  It therefore 

can be suggested that the prospect and 

refuge theory is not directly applicable for 

interior design. The relationship between 

prospect and refuge may be different in 

interiors than in exteriors. Or maybe it is 

simply not possible to apply the prospect 

and refuge theory on such a small interior 

space as a patient room. It is likely that 

the views from the inside to the outside 

form a connection between spaces and 

influence the results. Meaning that the 

sequence of spaces together influence 

human preferences. Until now only one 

small research examined views from both 

interior and exterior viewpoints (Stamps, 

2008b), but no conclusive evidence was 

found. For that reason further research 

would be recommended to look at the 

effects in multiple linked spaces. 

The potential lack of outcomes in the data 

could also arise from temporal effects. Our 

psychosocial states changes over time and 

are proven to also affect our preferences 
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(1982) an aesthetic preferred environment 

needs to offer the right balance between 

mystery and complexity elements to stim-

ulate people and let them understand the 

space. When the balance is disrupted this 

could cognitively influence humans and 

lead to under- or overstimulation (Evans 

& McCoy, 1998). When looking more 

closely at the experimental outcomes, an 

unbalance between mystery and com-

plexity elements in the standard patient 

room could be detected that which may 

have influenced participant’s evaluations. 

This theory can be substantiated by hints 

from the interview data. In both conditions 

the characteristic spaciousness was often 

mentioned. However in the new patient 

room condition, which offered potentially 

a better balance between mystery and 

complexity, participants tried to elaborate 

more on the description of the room. For 

example, participants described the room 

as spacious because the room appeared 

light and open. These more detailed 

elaborations during the evaluation of the 

room were less apparent in the standard 

patient room condition. A potential 

explanation for this might be that the 

lesser presence of mystery and complexity 

characteristics caused under-stimulation of 

the participants. 

It also might be possible that the mystery 

and complexity characteristics influenced 

participant’s sensory skills (Evans & McCoy, 

1998). For example, in the new patient 

room the opportunity to go outdoors 

was mentioned almost by all, while in 

the standard room this option was only 

mentioned once, even though the outside 

door was identical. This could indicate 

that participants in the standard patient 

room were less perceptive on certain 

elements which maybe could have been 

caused by missing mystery and complexity 

characteristics. 

Together these arguments give a small 

indication that the amount of mystery and 

complexity influenced participant’s prefer-

ences. In which amount this influenced the 

results cannot be known because no quan-

titative data was obtained on this subject 

in the experiment. For further research it 

could be useful to also include mystery and 

complexity measures into the experimental 

design to get a better perceptive on which 

environmental preference characteristics 

influence people room preferences. 
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differences in stress levels were present 

after the reminiscence task seems illogical. 

This difference may have been due to 

differences in response scales as the tense 

scale was bipolar and the stress scale was 

unipolar (see, e.g., Talikotu, 2017). 

After the Virtual Reality simulation par-

ticipants felt significantly more relaxed, 

happier, more energetic and less stressed 

than before the simulation. This data 

correspond to the reported interview data. 

Participants thought the VR experience was 

a true addition to the experiment and the 

experience of the patient room. They indi-

cated that the VR experience contributed 

in estimating the proportions of the space 

and found the VR experience pleasant. The 

positive increase of the mood scales after 

the VR experience cannot be explained by 

means of this experiment. The increase 

may be caused by experiencing the VR en-

vironment itself, due to the patient room 

designs or because the negative mood 

effects of the reminiscence task wore off. 

However it can be stated that seeing the 

patient rooms in any case did not increase 

negative feelings.  

Nevertheless no significant differences 

between the two rooms were apparent. 

Stress restoration potential  

It was expected that the designed balance 

between prospect and refuge characteris-

tics in the new patient room would lead 

to a more relaxing patient room. To check 

for this effect the restorative potential of 

the conditions was evaluated. If a patient 

room has restorative potential than resid-

ing in the room would probably ease the 

patient and let them recover from stress 

faster resulting in a more relaxed feeling 

(Hartig et al., 2003). However no differ-

ences between the restorative potential of 

the rooms were found, this may be due 

to the kind of questionnaires used in the 

experiment which are normally used to 

asses landscape preferences.  

Mood

It has also been investigated if a balance 

between prospect and refuge in patient 

rooms would influence participant’s mood. 

First a reminiscence task was conducted to 

get all participants in the same relevant 

mental state. The reminiscence task proved 

effective in significantly inducing tenser 

and less happy feelings by participants. 

Feelings of tiredness and stress did not 

increase. The fact that participants signif-

icantly felt less relaxed but no significant 



149

Thus viewing different prospect and refuge 

characteristics did not affect participant’s 

mood. It was expected that participants 

in the new patient room conditions 

which included refuge would feel more 

relaxed and less tense than participants 

of the standard room conditions, because 

people who want to reduce their stress 

levels prefer places rich in refuge (Mealey 

and Theis, 1995). The fact that these 

differences between conditions were not 

apparent in the results cannot be directly 

explained. It may be that the standard 

patient room indirectly also offered refuge 

and therefor also reduced the stress levels 

of participants. Both rooms happen to be 

single rooms which in itself already offer 

much privacy and a place to retreat. This 

probably offered some kind of refuge 

which could have influenced the mood 

scale results.  

Limitations

This study had several limitations. Although 

it is suggested by many that Virtual Reality 

environments are suitable to use in spa-

tial configuration research (Péruch and 

Gaunet, 1998), it is possible that the VR 

manipulation could have influenced partic-

ipant’s preferences. For many participants 

it was the first time experiencing a VR envi-

ronment. This probably induced additional 

excitement by the participants, which may 

have influenced their mood and/or caused 

attentional distractions. Participants could 

for example, have missed some details 

in the room like the outside door. Or the 

changed mood state may have influenced 

their environmental preferences (Mealey 

and Theis, 1995). Furthermore the VR en-

vironment probably also had an effect on 

participants physical state. The experience 

can cause some light dizziness and nausea 

because your perception system has to 

adapt itself to a new environment, which 

may have influenced participant’s mood 

and mental well-being.  

Prospect and refuge characteristics of the 

room could also have been effected by the 

VR manipulation. Participants were not 

surrounded by psychical walls that they 

could touch. This could have induced the 

feeling of prospect because there were 

no real physical limitations. Or could have 

decreased feelings of refuge because there 

was no real shelter available. This probably 

influenced the experimental outcomes. 

Another limitation was the participant 
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patient needs and which characteristics 

a patient room should meet. If a patient 

group consists out of patients themselves 

this probably provides a better and more 

accurate feedback. 

Last, the restricted time of the experiment 

is also a limitation of the research. As 

previously discussed preferences probably 

change over time. In this experiment the 

participants only viewed the rooms for a 

brief moment which is not quite compa-

rable to staying in this rooms for days or 

even weeks and still being satisfied with 

the situation.

Implications for future research 

For further research it could be recom-

mended to take the previous discussed 

limitations into account. If the experiment 

can be performed by cancer or former can-

cer patients, preferable in a real life patient 

room, for a longer time period than we are 

better able to discover which elements 

influence patient’s environmental prefer-

ences. Investigate how temporal effects 

influence the prospect and refuge balance 

and eventually create patient rooms that 

are stress reducing. 

sample. Although the age of the group 

was approximately the same as the target 

audience of the Care and Cure centre all 

the participants were students and no 

cancer patients themselves. Cancer affects 

peoples sensory and spatial perception 

(Schiffman, 2007; Uhlmann 2015), which 

could also change patients preferences. 

Cancer is an endogenous process that 

violates the patient’s privacy from within 

(Sanson-fisher et al., 2000). This increases 

the needs for privacy and to find a place 

to retreat. Also patient’s tolerances and 

coping mechanisms are lowered (Vollmer 

& Koppen, 2009). All these factors will 

probably increase a patient’s need for ref-

uge. These specific preferences of cancer 

patients could not be investigated in this 

experiment. 

The participants sample was also not 

completely controlled for. All participants 

had a hospital experience preferable in the 

last year but it was not controlled for the 

seriousness or length of stay of the visit. A 

large part of the sample group only visited 

the hospital to support friends and family. 

It is possible that participants that stayed 

in the hospital as a patient for a longer 

time period had better empathy for the 
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Before these kinds of experiments can 

be performed, it is recommended to first 

get a better understanding if Appleton’s 

(1975) prospect and refuge theory is 

applicable in interior design. This could be 

done in several ways. Participants could for 

example, indicate their preferences when 

rapidly viewing many interior designs, to 

discover the embedded preference char-

acteristics for interior designs. Or it could 

be investigated if maybe not the balance 

in interior design is needed but another 

ratio of prospect and refuge elements. As 

Appleton (1984) in later work suggested: 

“ balance … can be achieved from serial 

vision, involving the successive experiences 

of exposure to strongly contrasting land-

scape types, strong prospect and then 

strong refuge, is more potent than that 

which comes from trying to achieve a 

balance all at one.” (p. 102). This indicates 

that maybe it is not possible to check for 

a balance in prospect in refuge in one 

single room. It would be recommended to 

test multiple sequences of rooms on pros-

pect and refuge characteristics to see if 

Appleton’s theory is applicable on interior 

designs. 

The last suggestion for further research is 

to not only test for prospect and refuge 

but also take complexity and mystery into 

the balance. In the experimental results 

small indications could be found that 

mystery and complexity are needed in 

environments. Also others found evidence 

that these preference elements are of 

some importance (Kaplan & Kaplan, 1982; 

Scott, 1993b; Wiener, Franz, Rossmanith, 

Reichelt, & Bülthoff, 2007) It should just be 

attempted to find more evidence on which 

environmental elements influence prefer-

ences and to what extend these elements 

relate to each other.

Conclusion

In this study it was investigated if a balance 

between prospect and refuge characteris-

tics in patient environments can influence 

preferences, stress restoration levels 

and mood. The condition that offered 

a balance between prospect and refuge 

did not significantly differ from the room 

which offered only prospect. However 

indirectly small hints could be found that 

participants do form their opinion about 

a certain space based on the prospect 

and refuge characteristics. Hints in the 

qualitative data suggested that partici-

pants missed some level of comfort in the 
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standard patient room, which indirectly 

may indicate a need for refuge character-

istics. There are however no results that a 

balance between prospect and refuge also 

led to more relaxed feelings or influenced 

participant’s mood. Also some small hints 

were found that mystery and complexity 

are needed as preference elements. 

Despite these little hints, it can not be 

demonstrated in this research that a 

balance between prospect and refuge 

influences environmental preferences. 

Further investigations are needed to find 

evidence if Appleton’s (1975) prospect 

and refuge theory is applicable for interior 

designs. Although his theory is widely 

used, we should be cautious applying it in 

architectural design because no empirical 

evidence proving the theory can be found. 

Clarification is needed and the theory 

should be tested in more detail. 

If the right balance is found, Appleton’s 

theory (1975) can be used to design interi-

or spaces. Creating spaces that feel natural 

to us and thereby reduce stress and are 

preferred by many. In this thesis it is tried 

to implement the prospect and refuge the-

ory in the design of a stress reducing Care 

and Cure centre. Applying the principles of 

Appleton (1975) and Hildebrand (1991) it 

was tried to get a better view on how the 

theory would work if implemented in a de-

sign. Not only the newly designed patient 

rooms were implemented also the other 

rooms were designed in a new way, like the 

living room or the inner gardens (Chapter 

14). The theory is not only applied on the 

floorplans of the building, but also into the 

façade design. Different types of windows 

were designed which can be opened or 

closed as required by the patient (Chapter 

14.8) according to the need patients have 

for either prospect or refuge. Designing a 

building based on the prospect and refuge 

theory gave me the opportunity see the 

actual application of the theory. I think if 

more research is done not only theoreti-

cally but also on practical implications 

that eventually Appleton’s theory can be 

used to design environments that improve 

patient well-being. If the right ratio can 

be found between different preference 

elements than it will be possible to create 

not only patient rooms but create entire 

buildings that are naturally preferred. 

Places that normally induce much stress 

can then be designed in a new stress 

reducing way. Like airports traffic centres, 



153

operating rooms (O.R) or metro stations 

could all be designed in new ways to make 

people more comfortable and relaxed. 

Unfortunately we are not there yet, much 

research is still needed to close the gap 

between the theories of Appleton (1975) 

and actual stress reducing interior designs. 

Even though there were some restrictions 

and limitations on the experiment, in the 

current research small indications could 

be found that prospect and refuge char-

acteristics influence human environmental 

preferences. However, the right balance 

between the two elements is, is still 

unknown. 



D. ArChITeCTUrAl DeSIGn



“If one room can alter how we feel, if our happi-
ness can hang on the colour of the walls or the 
shape of a door, what will happen to us in most 
of the places we are forced to look at and inhab-
it? What will we experience in a house with pris-
on-like windows, stained carpet tiles and plastic 
curtains?”

 (Alain de Botton, 2006, p. 13)



156

Figure 12.1. The position of Nijmegen in the Netherlands.
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12. loCATIon

As previously stated, more young adult 

Care and Cure centres are needed in the 

Netherlands. For this thesis Nijmegen is 

the city chosen to build a new young adult 

Care and Cure centre. In this chapter the 

choice for Nijmegen is underpinned and 

an urban analysis of the area is presented.

12.1. CITY OF NIJMEGEN

From interviews with Xenia (Appendix I), a 

young adult hospice in Leiden, some points 

were established which must be satisfied 

by the location. The location should be: 

-    Situated in a vibrant city centre with  

lots of activities and facilities for the pa-

tients to visit, within walking range of the 

centre. 

-  Preferably a student city with many 

peers. 

-    The building site should be a bit closed 

off and sheltered from the busy city life. A 

place to find refuge. 

-     A building site of approximately 1000m� 

for a facility with 8-10 patient rooms. 

-  Nice views on nature and access to 

nature. 

-   An (academic) hospital in close range.

-  Not in close range of Leiden, to not 

intervene in market range of Xenia. About 

an hour away.

Eventually Nijmegen was chosen as the 

city to build a new young adult Care and 

Cure centre, because it fitted best to the 

requirements. Nijmegen is an old city with 

characteristic buildings and a cosy and 

historic city centre. Small characteristic 

streets, old fortifications and many small 

alcoves and squares are there to discover 

when wandering around. These features 

make Nijmegen a very pleasant and char-

acteristic city. Simultaneously, Nijmegen is 

a vibrant student city with many activities 

and facilities for young adults. There is also 

an academic hospital close to the city cen-

tre. This hospital is known for its special 

program for adolescents and young adults 

with cancer (AYA), which supports sick 

adolescents medically and psychologically. 

A Care and Cure centre for these patients 

would be a welcome addition to the 

hospital clinic. The academic hospital also 

holds close connections to the best radio 

therapeutic centre of the Netherlands 

in Arnhem, located closely to Nijmegen. 

Thus, the Nijmegen city centre would be 

a central location for both the social as 

the medical facets. The city is also of a 

far enough distance from Leiden to avoid 

competition. Lastly, Nijmegen is part of 

the beautiful natural surroundings of the 

Waal river area, with a direct connection 

to nature and relaxing views. 
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Figure 12.2: Aerial view of Nijmegen. Adapted from van Middelkoop (2016)
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12.2 SITE

After a search through the city centre of 

Nijmegen eventually the Green balcony 

was selected as the perfect place to build a 

new Care and Cure centre (Figure 12.3). It is 

a secluded location on the edge of the city 

centre. The area is approximately 1500m�, 

which fits the requirements. It is located 

between the high and lower city border. 

Between these two areas is a height differ-

ence of ten meters. The location also has 

an amazing view on the River Waal and the 

surrounding nature (Figure 12.2), which 

fits in the biophilic design strategy. The 

neighbourhood is a quiet residential area 

with much greenery. However, it is not a 

desolated area. It is only a five minute stroll 

to the main shopping streets of Nijmegen. 

In the small lanes around the location are 

some cafés and bars, hidden as the city’s 

gems. Moreover, a walk to the Waal quay 

is only five minutes, where there is the 

possibility to sit on the terraces of many 

restaurants and cafés with a stunning view 

over the river. There is even a casino and 

several museums located near by. At the 

East side of the location the Valkhof Park 

is located even as the Lindenberg cultural 

centre. Altogether enough leisure activities 

are in close range of the location. 

Nowadays the Green balcony serves as an 

overflow parking space with circa twenty 

spots. However, these parking spaces 

are not in general use because two large 

parking spaces are located close by. The 

newly constructed Eiermarkt parking 

garage (360 parking spaces) and the 

Holland Casino (400 parking spaces) can 

compensate these places when they are 

being removed. 
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Figure 12.3: City plan Nijmegen - Overview of the city. Project location in pink
100m
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Figure 12.4: The surrounding area 
20 m
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Figure 12.5. Project area. (in pink viewpoints of location pictures) Scale 1:500
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12.3 IMPRESSIONS OF THE GREEN BALCONY
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Figure 12.7. The Green Balcony. Adapted from Google street view (2017)

Figure 12.6 Cul de sac at the end of the Ottengas. Adapted from Google street view (2017)
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Figure 12.9. Historic street - Ottengas. Old city wall on the right. Adapted from Google street view 

(2017)

Figure 12.8. View to the Waal River. Adapted from Google street view (2017)
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12.4 HISTORY

The city of the Batavians was founded by 

the Romans about 50 years before Christ. 

The location was a good place to build a 

settlement because of the geographical 

position between the River Waal and the 

Dutch hill back (Nederlandse heuvelrug). 

This back hill is a lateral moraine from the 

ice age (Gunterman, 2003). Because of 

this height difference in the landscape, 

residents from Nijmegen have wide views 

over the river landscape and flooding 

plains of the Waal River. These geo-

graphical features still influence the city 

structure of Nijmegen today. Townscapes 

are formed by the glacier wall, which give 

Nijmegen their characteristics town image 

(Figure 12.10). With height differences of 

sometimes ten meters, the city is formed in 

other ways than average Dutch cities and 

therefore has its own urban structure. 

From early middle ages Nijmegen re-

mained a fortified city for centuries which 

has determined the eventual city structure. 

The city formed itself through fortifications 

like earth walls, wooden palisades, canals, 

city walls, bastions and fortresses. In 

1115, Emperor Frederic Barbarossa built 

Figure 12.10: City scape of Nijmegen. Adapted from Jetsetting (2015).
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an impressive castle along the river, the 

Valkhof Burgt. Remains are still present 

in the Valkhof Park nowadays. Also at 

other places in Nijmegen you can find the 

remains of the medieval city like the first 

city wall of the 13th century, which is also 

visible on the project location (Figure 12.9). 

The street layout surrounding the project 

location dates from the 1600’s. Streets 

like the Vleeschouwerstraat, Steenstraat, 

Muchterstraat and Ottengas are still exist-

ing today.  

After the Middle Ages the growth of the 

city stagnated and trade moved to the 

coastal cities. Nijmegen became mainly 

a strategic defence point alongside the 

Dutch border and endured many wars and 

skirmishes (Gunterman, 2003). The de-

fence works therefore needed to expand 

more and more, yet causing the city growth 

to be limited. Trade almost disappeared 

from the lower city harbours, causing the 

lower city to deteriorate (figure 12.11). 

When in the 19th century the fortifications 

were demolished, the richer tradesmen 

moved to the upper city and the lower city 

became a working class neighbourhood. 

After 1936, when the new bridge over the 

Waal River was built, traffic was redirected 

Figure 12.11. Deteriorated lower city (1941). Adapted from van Bilsen (1941)
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around the area and the lower city fell into 

the hands of criminals, sex workers and 

illegal gambling. 

Because of the inhumane living conditions 

in the lower city, the government already 

developed remediation plans for the area 

before the start of World War II. However, 

because of the war and many political dif-

ferences, the plans collapsed and the lower 

city remained as it was. Until February 22 

1944, when Nijmegen was bombarded 

and 85% of the city centre was reduced to 

rubble. Since the Middle Ages the city did 

not change as much as on that particular 

Figure  12.12: Nijmegen centre after the 1944 bombing. Adapted from Regionaal archief Nijmegen 

(2016)

day (Figure 12.12). 

The damage included so much property 

that not everything could be rebuild simul-

taneously. The upper city got rebuild first 

due to economic reasons. Consequently, 

the lower city remained in ruins. The regu-

larly overflowing of the Waal River did not 

contribute to the living conditions in the 

lower city, eventually leading to the plans 

of building a retaining wall. In 1953 they 

started to build a ten meter high retain-

ing wall with the remains of the old city 

(Figure 12.13). This wall eventually created 

the project location: The Green Balcony.  
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The real demolition of the lower city 

did not start until the 1970’s when the 

Klokkenberg School was demolished and 

an open area arose on the Green Balcony. 

This new city space was used to park cars, 

have flea markets and enjoy the views. 

Slowly the area improved. In 1966, cultural 

centre the Lindenberg was constructed and 

investments were done to make the river 

quay a touristic area. A Holland Casino was 

built in 1988 together with new housing 

(Figure 12.15). The remains of the Green 

Balcony became a small parking lot. 

Figure 12.14: The green balcony (1988) - right cornor the construction of the Casino. Adapted from 

Regionaal archief Nijmegen (2016)

Figure  12.13: Building of the retaining wall 
(1953). Adapted from Regionaal archief 
Nijmegen (2016)
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12.5 ANALYSIS

In this section some urban analysis of the 

project location will be shown. Nijmegen 

is located on the south of the River Waal 

on a hill back (Figure 12.15). This position 

creates wide views over the river and 

the water meadows. Stunning natural 

areas surround the city from which these 

protective natural surroundings are easily 

accessible. Also, in the city centre nature 

is never far away. Close by the project 

location the Valkhof Park is located (Figure 

12.16). It is one of the oldest parks in 

Nijmegen, where you can find the remains 

of the Valkhof castle. From here people can 

have beautiful views over the city and the 

river. The project location itself, the Green 

Balcony, is surrounded by nature. Some 

beautiful Sycamore trees are positioned on 

the project location. It is tried to save as 

much trees as possible when designing the 

new Care and Cure centre.  

  

The buildings surrounding the project loca-

tion are mainly residential buildings (Figure 

12.17), except for the Casino which is 

bordered on the project location with the 

backing. On the lower level, on the other 

side of the retaining wall, you can find the 

river quay with many restaurants, cafés 

and even a few museums. Opposite to the 

Valkhof Park, cultural centre Lindenberg 

is located. After a ten minute stroll the 

main shopping streets of Nijmegen can be 

reached. 

 

The project location is part of a historically 

protected area (Figure 12.18). Furthermore, 

several pieces of the historic city wall can 

be found on the project location. Just as 

the old foundations of the Klokkenberg 

School. Under the casino even remains of 

the old Roman wall can be found. 

Last, if we take a look at the urban struc-

ture it can be seen that the area is built 

according to the historic city structure 

(Figure 12.19). Many small lanes, ‘hofjes’ 

and underpasses are there to walk around 

and explore the area. Everywhere you can 

discover new things like a playground for 

children or a communal vegetable garden. 

It is a very pleasant area to walk. You can 

also easily go to the river quay by means of 

the ‘Onze Lieve Vrouwen Trappen’, stairs 

that are connecting the upper and lower 

city area. This pathway makes the project 

location a connector between different city 

areas. This historic urban structure is very 

characteristic for the location and it should 

be attempted to maintain the atmosphere 

that is created by it.  
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Figure  12.15: Overview of the Waal river area around Nijmegen
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Figure  12.16: Analysis of the greenery. On the right Valkhof park. 
20 m
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Figure  12.17. Functions in the area.
20 m
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Figure  12.18. Protected city structure.

Protected area 

100m
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Figure  12.19. Historic city structure
20 m
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13.1. BIOPHILIC DESIGN AS 
AN ARCHITECTURAL DESIGN 
STRATEGY 

Supporters of the Biophillia theory are ar-

guing that humans have an inborn desire 

to affiliate with nature (Kellert et al., 2008; 

Wilson, 1984). If this desire is met, then 

there is a right balance between humans 

and nature that will improve human’s 

well-being. As explained in the literature 

review (Chapter 2), these ideas eventu-

ally led to a new architectural trend: the 

biophilic design strategy. Kellert proposed 

six biophilic design concepts that would 

help designers to create biophilic design, 

which would improve human well-being. 

However, these concepts are not directly 

applicable to the built environment. That 

is why Terrapin Bright Green, an environ-

mental consulting and strategic planning 

firm, recently published “14 patterns of bi-

ophilic design” (Browning, Ryan & Clancy, 

2014). They combined years of research to 

develop 14 patterns that are applicable in 

building design (p.181). These patterns can 

be seen as guidelines in the design process 

and can be used in interior and exterior 

environments. Not all 14 principles will be 

used in this research while designing a new 

13. ConCePT

Figure 13.1: Visual connection with nature 

Figure 13.2: Prospect & Refuge 

Figure 13.3. Material connection with nature 

and context 

Figure 13.4: Mystery and ordered complexity
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14 Patterns of Biophilic Design12

TABLE 1. BIOPHILIC DESIGN PATTERNS & BIOLOGICAL RESPONSES

Table 1 illustrates the functions of each of the 14 Patterns in supporting stress reduction, cognitive performance, emotion and mood 
enhancement and the human body. Patterns that are supported by more rigourous emphirical data are marked with up to three asterisks 
(***), indicating that the quantity and quality of available peer-reviewed evidence is robust and the potential for impact is great, and no 
asterisk indicates that there is minimal research to support the biological relationship between health and design, but the anecdotal 
information is compelling and adequate for hypothesizing its potential impact and importance as a unique pattern.

14 PATTERNS * STRESS REDUCTION  COGNITIVE PERFORMANCE  EMOTION, MOOD & PREFERENCE

N
AT

U
R

E
 I

N
 T

H
E

 S
PA

C
E

Visual 
Connection  
with Nature

*
*
*

Lowered blood pressure and heart rate 
(Brown, Barton & Gladwell, 2013; van den Berg, 
Hartig, & Staats, 2007; Tsunetsugu & Miyazaki, 2005)

Improved mental engagement/
attentiveness 
(Biederman & Vessel, 2006)

Positively impacted attitude 
and overall happiness 
(Barton & Pretty, 2010)

Non-Visual 
Connection  
with Nature

*
*

Reduced systolic blood pressure 
and stress hormones 
(Park, Tsunetsugu, Kasetani et al., 2009; Hartig, 
Evans, Jamner et al., 2003; Orsega-Smith, Mowen, 
Payne et al., 2004; Ulrich, Simons, Losito et al., 1991)

Positively impacted on 
cognitive performance 
(Mehta, Zhu & Cheema, 2012; Ljungberg, 
Neely, & Lundström, 2004)

Perceived improvements in 
mental health and tranquility 
(Li, Kobayashi, Inagaki et al., 2012; Jahncke, et al., 
2011; Tsunetsugu, Park, & Miyazaki, 2010; Kim, 
Ren, & Fielding, 2007; Stigsdotter & Grahn, 2003)

Non-Rhythmic 
Sensory Stimuli

*
*

Positively impacted on heart 
rate, systolic blood pressure and 
sympathetic nervous system activity 
(Li, 2009; Park et al, 2008; Kahn et al., 2008; 
Beauchamp, et al., 2003; Ulrich et al., 1991)

Observed and quantified behavioral 
measures of attention and 
exploration (Windhager et al., 2011)

Thermal 
& Airflow 
Variability

*
*

Positively impacted comfort, 
well-being and productivity 
(Heerwagen, 2006; Tham & Willem, 2005; Wigö, 2005)

Positively impacted concentration 
(Hartig et al., 2003; Hartig et al., 
1991; R. Kaplan & Kaplan, 1989)

Improved perception of temporal 
and spatial pleasure (alliesthesia) 
(Parkinson, de Dear & Candido, 2012; Zhang, 
Arens, Huizenga & Han, 2010; Arens, Zhang 
& Huizenga, 2006; Zhang, 2003; de Dear 
& Brager, 2002; Heschong, 1979)

Presence  
of Water

*
*

Reduced stress, increased 
feelings of tranquility, lower heart 
rate and blood pressure 
(Alvarsson, Wiens, & Nilsson, 2010; Pheasant, Fisher, 
Watts et al., 2010; Biederman & Vessel, 2006)

Improved concentration and 
memory restoration 
(Alvarsson et al., 2010; Biederman & Vessel, 2006)
Enhanced perception and 
psychological responsiveness 
(Alvarsson et al., 2010; Hunter et al., 2010)

Observed preferences and 
positive emotional responses 
(Windhager, 2011; Barton & Pretty, 2010; White, 
Smith, Humphryes et al., 2010; Karmanov & Hamel, 
2008; Biederman & Vessel, 2006; Heerwagen & 
Orians, 1993; Ruso & Atzwanger, 2003; Ulrich, 1983)

Dynamic & 
Diffuse Light

*
*

Positively impacted circadian 
system functioning 
(Figueiro, Brons, Plitnick et al., 2011; 
Beckett & Roden, 2009) 
Increased visual comfort 
(Elyezadi, 2012; Kim & Kim, 2007)

Connection with 
Natural Systems

Enhanced positive health responses; 
Shifted perception of environment 
(Kellert et al., 2008)

N
AT

U
R

A
L 

A
N

A
LO

G
U

E
S

Biomorphic 
Forms & 
Patterns

* Observed view preference 
(Vessel, 2012; Joye, 2007) 

Material 
Connection  
with Nature

Decreased diastolic blood pressure
(Tsunetsugu, Miyazaki & Sato, 2007)
Improved creative performance
(Lichtenfeld et al., 2012)

Improved comfort
(Tsunetsugu, Miyazaki & Sato 2007)

Complexity  
& Order

*
*

Positively impacted perceptual and 
physiological stress responses 
(Salingaros, 2012; Joye, 2007; 
Taylor, 2006; S. Kaplan, 1988)

Observed view preference 
(Salingaros, 2012; Hägerhäll, Laike, 
Taylor et al., 2008; Hägerhäll, Purcella, 
& Taylor, 2004; Taylor, 2006)

N
AT

U
R

E
 O

F 
TH

E
 S

PA
C

E

Prospect
*
*
*

Reduced stress 
(Grahn & Stigsdotter, 2010)

Reduced boredom, irritation, 
fatigue (Clearwater & Coss, 1991)

Improved comfort and perceived 
safety (Herzog & Bryce, 2007; Wang 
& Taylor, 2006; Petherick, 2000)

Refuge
*
*
*

Improved concentration, attention 
and perception of safety 
(Grahn & Stigsdotter, 2010; Wang & 
Taylor, 2006; Wang & Taylor, 2006; 
Petherick, 2000; Ulrich et al., 1993)

Mystery *
*

Induced strong pleasure response 
(Biederman, 2011; Salimpoor, Benovoy, Larcher et 
al., 2011; Ikemi, 2005; Blood & Zatorre, 2001)

Risk/Peril *

Resulted in strong dopamine 
or pleasure responses 
(Kohno et al., 2013; Wang & Tsien, 
2011; Zald et al., 2008)

© 2014 Terrapin Bright Green / 14 Patterns of Biophilic Design
Table 13.1: 14 biophilic design principles. Adapted from Browning, Ryan & Clancy (2014).
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Care and Cure Centre, because it is tried to 

design a stress reducing environment for 

patients. Only the elements supporting 

this aim will be taken into account. There 

is also more attention paid to those pat-

terns that are fully supported by empirical 

evidence (Table 13.1, patterns with ***). 

The used architectural strategies will be 

discussed below (Figure 13.1 - 13.4). 

The first pattern that will be used is ‘visual 

connection with nature’. As discussed 

in the literature review, there is much 

empirical evidence which supports that 

viewing nature has a stress reducing effect 

Figure 13.5: Comtemplative art centre - visual connection with nature. 

Adapted from Millman (2015)

on patients (Ulrich, 1984). Take Windhover 

Contemplative Art Centre (2014, Aidlin 

Darling Design) as an example. It can be 

seen that there is a connection with nature 

everywhere (Figure 13.5), which provides 

a nice atmosphere. In line with the visual 

connection to nature, there are other ele-

ments that need to be taken into account 

like daylight, air and water that also needs 

to be implemented in the design (Kellert 

& Calabrese, 2015) (Figures 13.6 - 13.8). 

These are also elements that will reduce 

patient stress (Table 13.1).
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Another empirical supported elemens 

from the 14 biophilic design patterns are 

prospect and refuge. These elements were 

tested in an experiment (Chapter 7) and are 

therefore already embedded in the patient 

room design. These factors will also be 

implemented in the total design concept, 

to make a stress reducing building. It is the 

goal to obtain the right balance between 

prospect and refuge. If we again take 

a look at the Windhover Centre (Figure 

13.9), it can be seen that the overhanging 

roof and covered outdoor space can offer 

prospect and refuge, which creates a 

pleasant environment. 

Figure  13.9: Comtemplative art centre - prospect and refuge. Adapted from Millman (2015)

Figure 13.6: Dynamic & diffuse light

Figure 13.7: Thermal & airflow variability

Figure 13.8: Presence of water
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Another biophilic design pattern that also 

supported by empirical evidence is mystery 

and ordered complexity. Making spaces 

that behold this ordered complexity (Figure 

13.10) are not easy to compose. Too much 

mystery and complexity inside a building 

can lead to overstimulation and can pro-

voke feelings of chaos (Evans & McCoy, 

1998). Opposite, too less mystery and 

complexity can lead to under stimulation 

and boredom (Evans & McCoy, 1998). 

Creating intriguing and cognitive stimu-

lating designs is thus a delicate procedure. 

Together with prospect and refuge Kellert 

Figure 13.10: Comtemplative art centre - Mystery and Complexity. Adapted from Millman (2015)

(2008) categorised mystery and complexity 

as ‘experience of space and place’, an 

important factor to design buildings that 

have a positive effect on human health.     

The last pattern to include in the design 

is ‘cultural and ecological attachment 

to place’. Connecting with the context 

and using materials from nature and the 

surroundings results in a particular design. 

For example, in the Windhover art centre 

many natural materials are used like natural 

stone and wood (Figure 13.11). The design 

adjusts to the natural landscape. Also the 
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Figure 13.11: Comtemplative art centre - prospect and refuge. Adapted from Millman (2015) 

formal language reminds of natural forms 

like all the columns that represent the trees 

of the forest. These connections to a place 

are an important biophilic design strategy 

that makes one feel at ease. 

Together these four patterns - the visual 

connection with nature, prospect and 

refuge, ordered complexity and a context 

related design – will form the design 

guidelines to design a stress reducing Care 

and Cure centre. 
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14 BIOPHILIC DESIGN PATTERNS: 

nature in the space patterns

1. Visual connection with nature

  A view to elements of nature, living systems and natural processes.  

2. Non-visual connection with nature

  Auditory, haptic, olfactory, or gustatory stimuli that engender a deliberate and  

 positive reference to nature, living systems or natural processes. 

3. Non-rhythmic sensory stimuli

  Stochastic and ephemeral connections with nature that may be analyzed   

 statistically but may not be predicted precisely. 

4. Thermal & airflow variability

  Subtle changes in air temperature, relative humidity, airflow across the skin, and  

 surface temperatures that mimic natural environments. 

5. Presence of water 

  A condition that enhances the experience of a place through seeing hearing or  

 touching water. 

6. Dynamic & diffuse light 

  Leverages varying intensities of light and shadow that change over time to  

 create conditions that occur in nature. 

7. Connection with natural systems. 

  Awareness of natural processes, especially seasonal and temporal changes  

 characteristic of a healthy ecosystem

natural analogues patterns

8. Biomorphic forms & patterns

  Symbolic references to contoured, patterned, textured or numerical arrange- 

 ment that persist in nature. 

9. Material connections with nature

  Materials and elements from nature that, through minimal processing, reflect  

 the local ecology or geology and create a district sense of place. 

10. Complexity & order

  Rich sensory information that adheres to a spatial hierarchy similar to those  

 encountered in nature.
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nature of the space patterns

11. Prospect 

  An unimpeded view over a distance, for surveillance and planning

12. Refuge 

  A place for withdrawal from environmental conditions or the main flow of  

 activity,  in which the individual is protected from behind and overhead. 

13. Mystery 

  The promise of more information, achieved through partially obscured views  

 or other sensory devices that entice the individual to travel deeper into the  

 environment. 

14. Risk and Peril 

  An identifiable threat coupled with a reliable safeguard 

(Browning, W.D., Ryan, C.O., Clancy, J.O., 2014, p.9.)
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13.2 WANDERING AROUND 
THE CITY
 
Because the Biophilic design principles 

are a more global design strategy, also a 

more specific architectural concept was 

needed. From the urban analysis it became 

apparent that the project location is em-

bedded in the medieval city structure of 

Nijmegen, which is mainly preserved in the 

lower city (Figure 13.12). Even though the 

buildings are newly constructed, the urban 

structure originates from the middle ages. 

This structure creates a very pleasant and 

characteristic atmosphere. The height dif-

ferences make this part of the city not re-

ally attractive for cycling (Figure 13.13) but 

that makes the area all the more beautiful 

to walk around in and discover new plac-

es. Around the project location there are 

many small lanes, stairs and underpasses 

to wander around and go exploring (Figure 

13.14 and 13.15). Furthermore, the pro-

ject area can be seen as a link between the 

commercial city centre and the restaurants 

on the river quay. 

The goal of designing the Care and Cure 

centre is to preserve the atmosphere of 

the project location. To create a location 

Figure  13.12: Ottengas, historic street. 

Adapted from van Galen (2013).
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Figure  13.13: Muchterstraat - Not suitable for bikes. Adapted from Google street view (2017).

Figure  13.14: Square nearby the Green Balcony.
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where local residents can wander around 

and discover the surroundings, where they 

mentally can find peace. That is why the 

architectural concept for the new Care and 

Cure centre will be ‘Wandering around 

the city’. This will not only be relevant for 

local residents but does also apply to the 

patients and guests of the Care and Cure 

centre. To create a stimulating surrounding 

for patients and their relatives. It is also 

intended to create a place where relatives 

can visit and find peace after their loved 

ones passed away.     

Figure  13.15: Small lane in the lower city

To realise this concept of ‘Wandering 

around the city’, the initial idea was to 

develop Dutch ‘hofjes’. These are very 

common in old medieval city structures 

and would be suitable for creating the 

right atmosphere of new discoveries and 

wandering around. A ‘hofje’ would give 

the opportunity to integrate nature with 

the building and create a sheltered out-

door space for the patients. Unfortunately 

there was one main objection, most of the 

patients will be immobile and creating pas-

sageways with stairs or level differences 

Figure 13.16: Schematic concept of ‘hofje’
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would be problematic. When dividing 

the building blocks of a ‘hofje’ to create 

entrances to the ‘hofje’ and stimulate the 

concept of ‘Wandering around the city’, 

would result in an unpractical building, 

because patients could not easily go under 

or over a passageways (Figure 13.16). 

This eventually led to a new spatial con-

cept of raising the main building to lead 

the public underneath (Figure 13.17). This 

concept became the principle on which the 

main design is based. By creating a new 

route underneath the building, I wanted 

to add something to the neighbourhood 

and the building itself. The route could 

implement a new and green structure 

around the building and would provoke 

social interaction between the public 

and the inhabitants of the Care and Cure 

centre. I wanted to break the taboo that 

a hospice is a scary place that is merely 

associated with death (Meertens, 2011). If 

people can interact with the building and 

with its inhabitants, they will hopefully see 

the patients as humans that just want a 

little talk or a smile to brighten up their 

day. The public routes around the building 

will also support the societal function of 

the building, helping people with a chronic 

illness and let them be part of society. 

However, I did not want these routes to 

just be pathways without a goal. I wanted 

to add a function to the building program 

that would also function in the neigh-

bourhood and give an extra dimension 

to the Care and Cure centre. That is why 

in the middle of the building and at the 

crossing of multiple routes I want to create 

Figure  13.17: Building concept
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a reflection space for people to take a mo-

ment of rest while wandering around the 

city. A place to reflect on life and light a 

candle, to remember deceased friends and 

family, to do a wish and have a moment 

of silence. This reflection space should be 

in the heart of the building and should 

always be accessible to all. A public space, 

yet not in plain sight. It should be a place 

that is a bit hidden, to be discovered by 

people in search of a special moment.  

The concept of ‘Wandering around the 

city’ and the four earlier discussed biophilic 

design principles will form the back bone 

of the design, to eventually create a pre-

ferred and relaxing patient environment.  

Figure  13.18: Reflection space Maggie centre. 

Adapted from Ruault (2011).
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13.3 BUILDING CONCEPT

During the design process it became clear 

that the building should be compact. The 

building location was not very spacious 

and the building itself should fit into the 

protected city scape. Furthermore, to 

enhance the functionality of the building, 

the intention was not to create more than 

three floor levels. It was also of impor-

tance that the previously designed patient 

room would easily fit into the building 

volume. That is why eventually I have 

chosen to create a rectangular building 

volume (Figure 13.19). This volume was 

placed obliquely on the building site with 

respect to the remains of historic city wall. 

Hereafter a slanted roof was designed 

on the rectangular volume to emphasize 

the prospect characteristics of the interior 

spaces (Figure 13.20). This was one of 

Hildebrand’s (1991) design elements for 

embedded preferences. 

After that, an underpass was created 

under the building volume (Figure 13.21). 

A public passageway was created that will 

strengthen the historic city structure in 

line with the concept, wandering around 

the city. Alongside the public underpass 

the shared functions of the building were 

designed, such as the kitchen and living 

room (Figure 13.22). This was done to 

stimulate interaction between the patients 

and the public. However, the deepening 

of the spaces creates a sheltered place to 

allow this interaction to take place.  

Hereafter the endings of the volume 

were designed to create a transition area 

between the inside of the building and the 

public space. In these sections it is also tried 

to implement prospect and refuge charac-

teristics to ensure a safe and comfortable 

feeling when entering the building. How 

these principles will work exactly will be 

discussed in Chapter 14. 

Finally, a diagonal corridor was placed 

through the building (Figure 13.24). It 

starts at the entrance of the courtyard, fol-

lows the front door and continues further 

through the building. This is the only devi-

ation from the further rectangular building 

structure. It is added to obtain additional 

complexity and mystery in the building. 

These six design principles formed the 

building volume. Four other design prin-

ciples influenced the final architectural 
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Figure 13.19: First a rectangular building 

volume is placed on the site. 

Figure 13.20: The slanted roof increases 

prospect characterisitcs.

Figure 13.21: A public underpass is designed 

that will enhance the concept of wandering 

around the city.

Figure 13.22: The public functions of the Care 

and Cure centre are located in the basement 

level. These are all positioned next to the public 

route.

Figure 13.23: The entrance and end of the 

building are designed in such a way that they 

enhance prospect and refuge characteristics 

Figure 13.24: A extra  diagonal was added 

to the building volume to create ordered 

complexity and mystery characteristics.
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design. First the placement of the earlier 

designed patient rooms took place (Figure 

13.25). Even though there were no signif-

icant differences found between the two 

patient room designs I eventually chose to 

implement the new patient room design, 

because hints about the preferences 

for the new room could be found in the 

qualitative data. More improvements were 

suggested for the standard patient room 

indicating a slight dissatisfaction with the 

room. There were also indications that the 

standard room missed a certain level of 

comfort, which was not the case for the 

new patient room. The new patient room 

was also preferred over traditional hospital 

rooms, which eventually led to the decision 

to use the new patient room in the design. 

This means that all patient room must be 

corner rooms, with daylight entering from 

two sides. To make this possible, a shel-

tered inner garden is placed between the 

patient rooms (Figure 13.25). In this way 

the patient rooms receive extra daylight 

and have a direct connection with nature. 

Furthermore, it is tried to position as many 

rooms as possible on the north side of the 

building in such a way that patients have 

nice views on the River Waal, which is in 

line with the biophilic design strategy. 

Not only the inner gardens, but also the 

public underpass and the courtyard are 

designed in such a way that much nature 

can be implemented in the design (Figure 

13.26). Almost all the spaces in the build-

ing have views and access to nature.  

Furthermore, it is tried to connect different 

user groups with each other by means of 

three atria (Figure 13.27). These spaces are 

strategically placed through the building 

to connect the patient with the public. The 

use of atria also connects different interior 

places which increases the social cohesion, 

especially because most patients are 

immobile and cannot constantly change 

floors. The sight lines created by means of 

the atria can therefor create extra interac-

tion possibilities. 

Finally, the reflection space was designed 

in the heart of the building (Figure 13.28). 

It is possible for everybody to enter the re-

flection space from the outside. However, 

it is also possible to enter the space from 

inside the building. On the first floor a 

balcony is created to let the patients enter 

the reflection space. In that way, everyone 

can access the room. The reflection space 

is also visible from every floor, although it 

is not predominantly present.
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Figure 13.25: First the the previously researched 

patient rooms were placed inside the volume. 

The green square represents the inner garden 

that offers daylight and nature to the patient 

rooms.  

Figure 13.26: All the outdoor spaces 

surrounding the building become part of the 

urban city structure and are designed as green 

spaces as much as possible. 

Figure 13.27: The three atriums in the building 

connect the different floors with each other. 

They connect people from the public route to 

the building and connect patients with each 

other.

Figure 13.28: The reflection space is located 

in the centre of the building and of the public 

route. Hereby it is accessible by everyone from 

the inside as well as from the outside of the 

building.
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14. ArChITeCTUrAl DeSIGn 

Figure 14.1: Overview of the building on the Green Balcony.
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14. ArChITeCTUrAl DeSIGn 

Figure 14.2: Project location. Scale 1:500
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14.1. ISOMETRIC VIEW

In the isometric view (Figure 14.3) you can 

see the final design of the stress reducing 

Care and Cure centre. The building con-

sists of of three levels. The first two floors 

are patient floors with each four patient 

room and supporting functions. The other 

floor is an underground level which be-

holds the shared functions like the kitchen 

and living room. In the basement level 

the public goes underneath the building 

and meets the reflection space. This room 

punctures through the whole building and 

is be visible from all levels. Furthermore, 

it can be seen on the isometric view that 

the building is enclosed by the old city wall 

in the South and the retaining wall in the 

North. 

Left: Figure 14.3. Isometric view
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14.2. STRUCTURE 

To give some structure to the design pro-

cess a base grid was developed. During 

the process the exact measures differed a 

bit over time. One of the basic measures 

that remained was the previously designed 

patient room of 5,5m by 6m. In the grid 

this measure eventually was modified to 

5,6m by 6m. As a result I had a smaller 

grid size of 400mm to work with that was 

later applied in the façade design (Section 

14.9).

As can be seen on the drawing (Figure 

14.4) the main building part consists of ten 

blocks of 5,6m by 6m. At the headings of 

the building, the gird differs a bit although 

the measures are always a multiple of 

400mm. These grid rules also provide good 

sized hallways of 1,2m that are wheelchair 

friendly.

The rectangular shape of the building and 

the somewhat smaller grid size also makes 

the building suitable for a timber frame 

structure. The construction method of the 

building will be discussed in Section 15.2.

Right: Figure 14.4. Grid structure (1:200).
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14.3. GROUND LEVEL

On the ground floor of the Care and Cure 

centre the main entrance is situated (Figure 

14.5). Before entering the building, people 

first enter the courtyard trough one of its 

entrances (1). The courtyard is positioned 

in such a way that it serves as a protective 

buffer. Outside the courtyard, there is 

a possibility for ambulance parking. At 

the entrance of the courtyard an internal 

bicycle storage (3) for staff and volunteers 

is positioned. From the courtyard you can 

also reach the oxygen storage (4) in such 

a way that it can be easily delivered and 

changed. The office of the organization 

is adjacent to the courtyard (2) (Figure 

1.   Entrance courtyard

2.   Office

3.   Bike storage

4.   Oxygen storage

5.   Service room

6.   Technical room

7.   Patient room

8.   Atrium

9.   Elevator

10. Internal garden

11. Guest toilet

12. Relaxation bathroom

13. Reflextion space 

14.6 and 14.7). It is a bit separated from 

the main building in such a way that the 

employees can work undistracted but are 

still connected to the building. 

Upon entering you find yourself immedi-

ately in the main atrium (8) that provides 

a connection between different floors 

(Figure 14.8). Because stairs are not fre-

quently used in this kind of institutions, I 

have placed multifunctional stairs in the 

atrium. Here, residents can watch movies 

together or small performances can be 

shown. For example, in Xenia sometimes 

a choir will sing for the patients, the stairs 

would then be the perfect place. 

The overall layout of the building is 

clearly structured.  First there is an area 

that beholds a patient room and next to 

it an open area with offers daylight and 

nature is designed. These open areas can 

be seen in the facade because they have a 

different cladding (Figure 14.9). Before the 

open areas vertically wooden beams are 

placed which give a natural atmosphere 

to the spaces and provide shelter. As can 

be seen in the façade (Figure 14.9) these 

open spaces divide the main building in 

three smaller parts that behold the patient 

rooms. 
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Figure 14.7: Office

Figure 14.6: Hallway to the office
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Figure 14.8: Atrium stairs 

In the first open zone on the other side 

of the atrium there is a place where you 

sit and read a book surrounded by nature. 

This place is part of an open area between 

the patient rooms. The seating area con-

nects the inner garden (10) with the back 

garden. In the second open space two 

volumes piers trough the building. The first 

is the reflection space (13). The entrance 

is at the basement level although there is 

a special entrance placed on the ground 

floor to give patients the opportunity to 
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Figure 14.9: Overview of the building facade. Behind the wooden beams the open area’s are located

visit the reflection space from the interior. 

The second volume is a light shaft that 

brings light to all three floors including 

the basement level. This shaft visually 

connects the public route underneath the 

building with the patient floors above. In 

this volume the stairs to the first floor are 

positioned. How these two volumes are 

precisely positioned in the building will be 

explained in Section 14.6.  

Within the rectangular volume of the 

building there is only one diagonally grid 

line where the entrance of the building is 

located. This line eventually pushes one 

volume out the main volume in which a re-

laxing bathroom is positioned. This room is 

especially designed to relief pain. Patients 

that are in pain can lay in bath and relax 

in this special room. The room is designed 

in such a way that patients can view the 

sky while lying in bath, which provides an 

extra relaxing experience (Figure 14.10).
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Figure 14.10: Section - on the right the relaxing bathroom 

2m
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Figure 14.11: Schematic representation of 

prospect and refuge characteristics inside the 

courtyard.  

Figure 14.12: Schematic representation of 

prospect and refuge characteristics in the 

lounge area.

Prospect and refuge - ground level

By using the prospect and refuge design 

principles of Hildebrand (1991) in the over-

all building design it was tried to create a 

stress reducing Care and Cure centre. In 

this section examples of the integrated 

prospect and refuge elements in the build-

ing design will be shown. 

At the entrance of the building in the 

courtyard, prospect and refuge char-

acteristics are integrated to make the 

entrance of the building as pleasant as 

possible (Figure 14.11). The courtyard 

can be seen as a buffer zone between 

the external and internal world. From the 

entrance you can have multiple views to 

the street, the ambulance parking and the 

back garden, which offers prospect (Figure 

14.13). Refuge characteristics are offered 

by means of the shielding walls and trees 

which give an opportunity to withdraw 

into the courtyard (Figure 14.14). 

The lounge area next to the atrium (Figure 

14.12), offers prospect by many vista’s to 

the inner and back garden, the atrium and 

the front door (Figure 14.15). The half 

high wall surrounding the atrium makes 

the seated person almost invisible which 

offers refuge (Figure 14.16). Also the other 

strategically positioned walls create an 

alcove for patients to retreat. 
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Figure 14.13. PROSPECT: Outdoor courtyard. 

When entering the building. Different views to 

the surrounding streets are possible.

Figure 14.14 REFUGE: Outdoor courtyard. 

When approaching the building. The courtyard 

is enclosed to create a safe entrance.

Figure 14.15 PROSPECT: Building entrance. 

From the seating area views to the front door, 

back and inner garden, and atrium are possible.  

Figure 14.16 REFUGE: Building entrance. View 

when entering the building at the main atrium. 

The seating with views to the garden is shielded 

from visitors entering the building.  
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14.4. FIRST FLOOR

The first floor has roughly the same struc-

ture as the ground floor with four patient 

rooms and two open areas in-between the 

rooms. At both ends of the building vol-

ume two outside terraces are placed. The 

terrace at the street side is overlooking 

the courtyard and is publically accessible 

(1), with a staircase at the street and one 

entering the back garden (Figure 14.18). 

The terrace is spacious enough to position 

a patient bed and have vistas on the sur-

rounding area including the River Waal. 

The back terraces (11) is private for the 

adjacent patient rooms (Figure 14.19).

Inside the open areas, there is again an 

inner garden that is connected through an 

atrium with the underlying inner garden 

(6). On the other side of the inner garden 

the nursing station is positioned (7). From 

here the nurses have an overview over 

the main atrium and have entrance to the 

inner garden (Figure 14.20 and 14.21). In 

the other open area the relaxation space 

and the light shaft are positioned. 

1.   Outside terrace

2.   Technical room

3.   Built-in seating

4.   Atrium

5.   Patient room

6.   Internal garden

7.   Nursing station

8.   Elevator

9.   Guest toilet

10. Storage

11. Outside terrace
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Figure 14.18: The elevated terrace in front of the building. It is publicly accessible from the street. 
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Figure 14.19: End of the building with private balcony
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Figure 14.20: The inner garden at the first floor. 
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Figure 14.21: Section - Left: the two inner gardens. Centre: nursing station at 

top floor.  2m

+0m

-3m

+3m

+7m
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Figure 14.22: Schematic representation of 

prospect and refuge characteristics in the 

patient room

Figure 14.23: Schematic representation of 

prospect and refuge characteristics in the inner 

garden

Prospect and refuge - first floor 

For the first floor two other applications of 

the prospect and refuge characteristics will 

be shown. The previous designed patient 

rooms (Chapter 7) still behold prospect 

and refuge characteristics while positioned 

in the building. The half high wall offers 

refuge to the patient while lying in bed 

(Figure 14.24). From the centre of the 

room multiple vista’s to the outside and 

to the inner gardens offer prospect to the 

room (Figure 14.25). 

From the inner garden there are also 

multiple views to the outside offering 

prospect (Figure 14.26). The wooden col-

umns provide views to the outside but also 

shelter the patients from the outside world 

because no direct sight lines are created. 

This creates a pleasant and relaxing out-

side environment were patients can retreat 

(14.27). 
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Figure 14.24: PROSPECT: Patient room. 

Different views to the surrounding and the 

hallway are provided.

Figure 14.25: REFUGE: Patient room. The bed is 

not directly visible from the hallway because of 

the half high wall. 

Figure 14.26: PROSPECT: Inner garden. The 

open spaces between the wooden columns 

make it possible to look outside on the River 

Waal.

Figure 14.27: REFUGE: Inner garden. Therre 

are no direct views from the street to the inner 

garden. 
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14.5. BASEMENT LEVEL

The basement level beholds the public 

spaces where patients can come together. 

The atrium stairs are located here where 

patients can gather to watch performanc-

es or movies (7). The kitchen and dining 

area (4) are positioned in connection to 

the public passageway (2). Large sliding 

doors can open up the living room to 

connect with the outside (Figure 14.29). 

Patients can sit sheltered in the lowered 

garden, however there is still interaction 

possible with the public. 

1.   Outside garden

2.   Public passageway

3.   Reflection space

4.   Living room and kitchen

5.   Elevator

6.   Guest toilet

7.   Atrium

8.   Storage

9.   Built in seating

10. Technical room

11. Living room for rent

12. Activity space

13. Patio

Furthermore the basement level also be-

holds an extra living room (11) which can 

be booked by the patients to have some 

private time with friends and/or family 

(Figure 14.30). In that room it is possible 

to give a small party or get a medical coun-

selling. The room is also connected to the 

lowered garden. 

A patio (13) provides extra nature and 

light into the lower level. Surrounded by 

this patio is the activity room (12) were 

patients can for example preform yoga or 

physiotherapy exercises (Figure 14.31). It is 

also possible to position some extra tables 

and chairs to do arts and crafts or have a 

workshop that will help the patients cope 

with their disease.  

The public passageway (Figure 14.32) also 

provides the entrance to the reflection 

space (3). As can be seen in the section 

(Figure 14.33) extra light enters the space 

through the light shaft. When the sliding 

doors are opened the living room and the 

lowered garden together form one big 

space. 
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Figure 14.29: Living room connected to the public passageway
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Figure 14.31: Activity room.

Figure 14.30: Private living room. 
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Figure 14.32: Public route underneath the building. At the left the entrance for the reflection space. 
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Figure 14.35: Schematic representation of 

prospect and refuge characteristics in the living 

room.

Figure 14.36: Schematic representation of 

prospect and refuge characteristics in the main 

atrium. 

Prospect and refuge – basement level 

The shared kitchen and dining area will be 

spaces that are commonly used. Prospect 

and refuge characteristics are applied in 

the design to make the spaces pleasant 

and relaxing environments. To create a 

sheltered living area a half high wall is 

placed around the couch which creates 

an alcove to retrieve in (Figure 14.38). The 

walls are positioned in such a way that a 

visual connection remains with the dining 

area and the outside spaces. In this way 

also prospect characteristics are imple-

mented in the living room design (Figure 

14.37). The continuous columns of the 

façade provide a transition area between 

the outside garden and the dining area 

that offers refuge (Figure 14.37). Vista’s 

to the natural surroundings are providing 

prospect to the dining area. 

At the end of the main atrium a small movie 

theatre can be created (Figure 14.39). From 

the atrium a connection between different 

floor levels is established. Also views to 

the surrounding spaces like the kitchen 

and the activity room offer much prospect 

(Figure 14.39). This is of extra importance 

because the space is located in the centre 

of the basement level which can provoke 

claustrophobic feelings, however the many 

sight lines prevent this. The projection 

wall is positioned in such a way that the 

space is strategically enclosed which offers 

refuge (Figure 14.40). 
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Figure 14.37 PROSPECT: Living room. From the 

living room views to the public passageway and 

dining area are establised.

Figure 14.38 REFUGE: Living room. The walls 

are positioned in such a way that an alcove 

creates a enclosed resting place.

Figure 14.39 PROSPECT: Main atrium. The 

atrium ends in an entertainment area. From 

here people have views on the whole basement 

level

Figure 14.40 REFUGE: Main atrium. Built-in 

seating alongside the main atrium. The seating 

provides shelter and a comforTable place to 

reside.
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14.6. DESIGN PRINCIPLES

The final design of the four basic design 

principles discussed in Chapter 13 will 

be shown in this section. Prospect and 

refuge as design principles are previously 

explained. Here extra attention will be 

paid to the principles of ‘connection 

with nature’, ‘ordered complexity and 

Figure 14.41: Patient room. Connection with nature.

mystery’ and ‘connection with context 

and materialization’. 

First the patient room design with a con-

nection to nature are shown. The position 

of the patient room alongside the inner 

garden provides not only views over the 

River Waal but also gives a direct connec-

tion with nature. The windows can be 
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Figure 14.42: Passageway and the living room with connection to the lowered garden.

provides an sheltered outdoor space for 

the patients to reside. The living room 

is connected to the outside space to 

stimulate patients connection with nature 

(Figure 14.42).

opened and closed by the patient to reg-

ulate prospect and refuge characteristics. 

The bigger window can serve as a Frence 

balcony (Figure 14.41). 

The second design principle was the 

outdoor space surrounding the building 

to become part of the wandering lanes. 

The passageway underneath the building 
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Figure 14.43: Light shaft with the stairs pushing through. Underneath the passageway can be seen. 

The three designed atriums should provide 

a connection between the different floors 

of the building. They also connect the 

public with the residents of the building. 

The atria also provide extra ordered mys-

tery and complexity to the building to 

cognitively stimulate the patients. The first 

atrium connects the courtyard with the 

underlying patio and activity room. The 

main atrium which offers a place to watch 

a movie or to see a small performance 

(Figure 14.45) is centrally placed in the 

building. The last atrium is the light shaft 

which provides light to the different floors 

and connects the building with the public 

passageway (Figure 14.46).
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Figure 14.44: View from the reflection space.

The last design principle is the relfection 

space. This space is visible on every floor 

of the building. It is a place to come and 

have a moment of rest and reflection. It is 

publically assessable from the public route 

and on the first flour an internal balcony is 

situated to give the patients an opportuni-

ty to visit the space as well (Figure 14.46). 

The space gives people a connection with 

the building. Makes them concious of the 

environment and the movement around 

them. Also the brick materialization will 

give a feeling of connectivity with the 

surroundings and nature. 
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14.7. MATERIALIZATION 

All the materials used for the building are 

chosen with an eye on the Biophilic design 

concept. The materialization of the build-

ing is chosen in such a way that it stimu-

lates people to connect with nature and 

the surroundings. Materials like wood and 

stone are nature based and give a feeling 

of connectivity with nature. The four basic 

materials used will be discussed here. 

Bricks

Most buildings in the city centre of 

Nijmegen are made out of bricks. This is 

a historical and cultural way of building. 

In previous times the location of Nijmegen 

alongside the River Waal provided enough 

clay to produce bricks. The famous brick 

size ‘het Waal formaat’ also originates 

from the region around Nijmegen. The size 

is 210mm by 100mm by 50mm and will 

Figure 14.47. Bricks. Adapted from CGT 

textures (2017).

Figure 14.48. Green glazed bricks. Adapted 

from St. Louis brick (2006).

be used in this project. Brick is a natural 

material which also fits in the protected 

city view of the lower city. Using this 

material gives the building a historical and 

cultural attachment to the surroundings. 

Furthermore bricks are a material that are 

associated with home and the comfortable 

feelings that results from this by many. 

Green glazed bricks

In order to get more variation in the 

façade, I chose to include green glazed 

bricks into the design. These bricks allow a 

more playful appearance and can result in 

multiple façade configurations. The green 

colour is chosen to refer to nature, it is also 

a soothing colour. 

Sandblasted concrete

This material is used in the outside garden 

and passageway. It is a material that does 

not require tiling and therefore offers a 
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Figure 14.49. Sandblasted concrete. 

Adapted from NIBO Stone (2017).. 

Figure 14.50. Treated European Douglas.

Adapted from CGT textures (2017). 

smooth surface. In this way all wheelchairs 

and patients beds can be moved easily. 

European Douglas wood 

Another material that is used in the façade 

is sustainable European Douglas wood. 

Wood as a material fits well with the 

Biophilic design strategy of reconnecting 

with nature. Studies also have shown 

that the use of wood gives people more 

comfortable feelings and decreases their 

blood pressure (Tsunetsugu, Miyazaki and 

Sato, 2007). 
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Figure 14.51: All materials combined

14.8 WINDOWS 
The prospect and refuge characteristics are 

not only implemented in the interior de-

sign. In the façade four types of windows 

are developed to integrate prospect and 

refuge elements into the façade. The first 

three types are 1,6m high and the width 

is a multiple of 400mm. The fourth type 

(Figure 14.55) is a French balcony with a 

height of 2,4m which protrudes form the 

façade. Type two (Figure 14.53) is also 

placed a bit forward. The wooden panels 

in the windows can be opened by the 

patients themselves when they want to 

have more prospect and views to nature. 

When people want to retrieve in the room 

they can close the wooden panels to cre-

ate more privacy. In this way the windows 

are not only static features they are really 

integrated in the design. 



233

Figure 14.52: Window type I Figure 14.53: Window type II

Figure 14.54: Window type III Figure 14.55: Window type IV

1600 1600

1600 2400

800 400 800

1000400

800 400 400
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Figure 14.56: Window type I - Horizontal detail, scale 1:20

Figure 14.57: Window type II - Horizontal detail, scale 1:20

14.9 WINDOW DETAILS
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14.10 ELEVATIONS

The materials and the windows together 

formed four building facades which can 

be seen on the following pages. The four 

types of windows are strategically placed 

over the facades. The distance are a mul-

tiple of 400 mm with a minimum of 400 

mm.  

Figure 14.60: East elevation. Scale 1.200. 
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Figure 14.61: West elevation. Scale 1.200
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15.1 TECHNICAL SECTION

On the next page the technical section of the Care and Cure centre can be seen. 

15. TeChnICAl DeSIGn

Construction of the building 

1. Sandblasted concrete, Screed layer, Vapour barrier, In-situ concrete floor, Ps-isolation 

(lost casting), Water resistant bitumen sprayer

2. Linoleum, Plasterboard 12,5mm, Heating system, Pressure resistant isolation, Vapour 

barrier, In-situ concrete floor, Ps-isolation (lost casting), Water resistant bitumen sprayer

3. Paint, Plasterboard 12,5mm, Fibreboard 9mm, Vapour barrier, Isolation, In-situ concrete 

wall, Ps-isolation (lost casting), Water resistant bitumen sprayer

4. Paint, Plasterboard 12,5 mm, Plasterboard 9mm, Vapour barrier, Isolation 170mm, 

I-profile, Water resistant, isolating fiber board, Air, Brick

5. Linoleum, Plasterboard, Heating system, Floor deck, I-beam 70x220mm, Isolation 80mm 

Metal spring rails, Ceiling board

6.Ceiling plate, Wooden battens 22x50mm, I-beams 45x220mm, Roof plates 18mm, 

Vapour barrier, Isolation (sloped), Water resistant layer. 

7.Hr ++ glazing (sloping), Sun protection, automatic screen, Glass panel. 
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15.2. STRUCTURAL AND 
PHYSICAL PRINCIPLES

The structural principle of the building 

is a wooden timber frame structure. The 

rectangular shape and relatively small size 

of the building are suited for this building 

principle. A wooden timber frame structure 

is a sustainable construction method that 

fits in the total concept of biophilic design. 

It is dry, clean and quick building method 

that produces little waste. Sustainable 

produced wood from the region can be 

used to build the structure. Many ele-

ments can be brought to the building site 

prefabricated. 

The biggest spans that need to be made 

are 5,5 meter a standardized beam of 

220mm by 70 mm should suffice for this. 

The walls are made of elements that are 

145mm by 44mm. The outside is finished 

with bricks and the inside with plaster-

board. The interior walls are finished with 

white plasterwork, paint, or wallpaper. 

The wall of the atrium exists fully out of 

brick work even as the reflection space. 

The bathrooms are fully tiled. 

On the floors linoleum is placed this in 

regard to the hygiene requirements in 

healthcare institutions. In the outside 

garden sandblasted concrete is placed. 

The sloped roof is cladded with sedum 

and is oriented to the south. The water is 

collected on the lower side and drained 

into the pipes.  

The building is heated via a dry underfloor 

heating system. This requires a very low 

build height and is suitable for the wooden 

frame structure. Furthermore, the building 

works with a heat recovery system. In 

places like the kitchen and bathrooms air 

is drained and fresh air is blown in, in the 

living areas. Windows can be opened in all 

residential spaces for extra ventilation. 
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15.3. DETAIL 

Figure 15.2: Detail scale 1.10. 
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In this thesis a stress reducing Care and 

Cure centre was designed. First an ex-

periment was conducted after which the 

results were applied into a building design. 

In addition a literature research was con-

ducted to search for stress reducing archi-

tectural elements. From this, two concepts 

were chosen to use in the design of the 

building, being Wilson’s (1984) Biophilic 

hypothesis and Hildebrand’s (1991) Wright 

pattern based on Appleton’s prospect and 

refuge theory (1975). Hereafter two re-

search questions were established. 1) Can 

the Biophilic hypothesis by E.O. Wilson 

serve as a guideline to design a stress 

reducing Care and Cure centre? 2) Which 

architectural features can contribute to the 

design of a stress reducing Care and Cure 

centre? The answers on these questions 

will be further discussed in this chapter. 

It can be positively concluded that Wilson’s 

Biophilic hypothesis (1984) can serve as a 

guideline to the design of a stress reduc-

ing Care and Cure centre. Four different 

biophilic design principles were applied 

in the design – connecting with nature, 

prospect & refuge, mystery & complexity, 

and historical and ecological connection. 

By integrating these strategies it was tried 

to create a building that would improve 

16. ConClUSIon ArChITeCTUrAl DeSIGn

people’s well-being. Inner and outer 

gardens were created to let the users af-

filiate with nature. Also the position of the 

building provides wide views of the river 

Waal. Prospect and refuge characteristics 

are not only implemented in the previously 

designed patient rooms but also in other 

general spaces like the living room and the 

main atrium. In addition, the atriums adds 

mystery and complexity to the building. 

Furthermore prospect and refuge charac-

teristics were also applied in the façade 

design by means of the four designed 

windows. These windows include wooden 

panels that can be opened or closed to 

regulate needs for prospect and refuge. 

The building is historically and culturally 

connected to the surrounding through 

material usage like bricks and wooden 

columns. It is also embedded in the historic 

urban structure of Nijmegen and offers 

some extra functions to the environment 

like a reflecting space. 

These four design strategies helped me 

in creating the Care and Cure centre. I 

think that out of the design process a 

comfortable and makeable building was 

established. Empirical research supports 

that the four strategies have a stress 



245

reducing effect. Connection with nature 

reduces people blood pressure and heart 

rate (van den Berg, Hartig & Staats, 2007). 

Complexity positively impact perceptual 

and physiological stress responses (Joye 

2007; Salingaros, 2012). Prospect and 

refuge also reduce stress and improve 

perception of safety (Browning et al, 2014, 

Ulrich et al 1993). Material connection 

with the surroundings decrease diastolic 

blood pressure (Tsunetsugu, Miyazaki & 

Sato, 2007).  Implementing these four 

strategies in theory led to a stress reducing 

building, especially because all these ele-

ments have been embedded in the design 

from the beginning. If we take a look at all 

the renders that show images of the build-

ing it can be seen that the building looks 

pleasant. The images are soothing and do 

not have a stressed or chaotic feeling over 

them. I think that the biophilic hypothesis 

of Wilson helped with designing a stress 

reducing Care and Cure centre. Although 

practice must show whether this is really 

the case.  

To answer the second research question, 

which architectural features can contrib-

ute to the design of a stress reducing Care 

and Cure centre, we can take a look at 

Visual connection with nature 

Prospect & Refuge 

Material connection with nature and context 

Mystery and ordered complexity
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In this thesis it is not tested if the build-

ing itself induced embedded preference 

responses. Theories were applied and a 

design was established. For future research 

it would be recommended to test with VR 

environments or with real life mock-ups if 

these new designed spatial configuration 

really reduce stress. In this thesis already 

a small experiment was conducted to 

test if the new designed patient rooms 

would reduce participants stress levels. 

Unfortunately no significant results 

were found. Also more indepth research 

about preference characteristics can be 

performed using the building design. By 

rapidly showing participants different 

configurations of the design, it could be 

studied if it stimulates embedded prefer-

ence reactions. 

Despite the fact that the building has not 

been tested for stress reduction effect in 

practice, it can be stated that the stress 

reducing elements found in the literature 

are successfully integrated in the design. 

This design process results in a pleasant 

and comfortable looking building.

Hildebrand’s Wright pattern (1991). It is 

tried to implement his thirteen character-

istics in the design to create a comfortable 

building. Hildebrand argued that these 

characteristics induced prospect and ref-

uge which according to Appleton (1975) 

would increase environmental preferences. 

These spatial configurations proposed by 

Hildebrand (1991) should respond to basic 

human needs for safety and survival. 

Most of Hildebrand’s characteristics are 

successfully integrated in the current 

design (Table 16.1); a large terrace over-

looking the landscape was created even 

as built-in seating. A sloped ceiling was 

applied on the first floor and low ceilings 

were created in more private areas. Large 

window bands and connections between 

the interior and exterior were established. 

Some elements of Hildebrand like the 

central fire place were analysed and rede-

veloped into a more fitting concept. The 

patient bed was therefore placed in an 

alcove to create prospect and refuge inside 

the patient room. The same concept was 

implemented in the living room. Together 

with the biophilic design elements, 

Hildebrand’s characteristics formed the 

basis of the building design.

Right: Table 16.1: Hildebrands Wright pattern 

applied in the building design. 
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Hildebrand's characteristics Implemented in the building

1.
Major elevated spaces above 
terrain overlooking landscape.

Public terrace above the courtyard, 
with views to the River Waal.

2.
Fireplace as heart of building in an 
alcove.

Redeveloped principle in the living 
room and patient rooms

3. Low ceiling.
Applied in more private areas, like 
the bathrooms.

4. Built-in seating and cabinet work.
Built-in seating is applied in 
multiple instances around the main 
atrium .

5.
Ceiling sweeping upwards into 
roof.

At the first floor the ceiling is 
sweeping up.

6.
Interior views to contiguous 
spaces

Different sight lines are 
implemented in the design. 

7. Glass opposite of fire place.
Opposite of the created alcoves 
glass is positioned.

8. Generous elevated terrace.
Public terrace above the courtyard, 
with views to the River Waal.

9. Deep overhanging eaves. -

10. Evident central chimney.
This is replaced by the newly 
designed alcoves.

11. Horizontal window bands.
Are especially applied in the 
basement so that much daylight 
can enter the building.

12. Balconies or terraces.

All patient rooms have an 
opportunity to go outdoors, French 
balconies and elevated terraces are 
designed. 

13.
Connection exterior and interior, 
long circuitous path.

The public pathway and the atria 
make connections between the 
interior and exterior. 



e. ConClUSIon



“Paradise is not a place. 
It is a feeling” 

(L. Boyer)
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17. GenerAl DISCUSSIon 

This thesis consisted of two parts, an 

experimental study and a building design. 

With these two means it was tried to 

find the answer if healing environmental 

research can contributed to the design of 

a stress reducing Care and Cure centre for 

long term and terminal cancer patients. 

First a literature frame on healing envi-

ronments was constructed. It became 

apparent that much healing environmental 

research is used to building designs, like 

adding an ambient system or placing 

a plant in the corner to improve patient 

healing. This let me to wonder if it is not 

possible to find a spatial configuration 

which influences people well-being. Not 

adding extra features but really a spatial 

form that would stimulate patient’s health. 

Research from Kaplan and Kaplan (1989), 

Ulrich (1984) and Appleton (1975) indi-

cated that certain elements can influences 

peoples preferences. 

Based on Appleton’s prospect and refuge 

theory patient rooms were designed and it 

was tested if a balance between prospect 

and refuge would influence participant’s 

preferences, stress restoration levels and 

mood. Two conditions were used in the ex-

periment, a standard room which offered 

much prospect and a new room design 

which offered a balance between prospect 

and refuge. No significant differences 

between the rooms were found. However 

indirectly small hints indicated that partici-

pants do form their opinion about a certain 

space based on the prospect and refuge 

characteristics. Hints in the qualitative data 

suggested that participants missed some 

level of comfort in the standard patient 

room, which indirectly may indicate a need 

for refuge characteristics. There are how-

ever no results that a balance between 

prospect and refuge also led to more 

relaxed feelings or influenced participant’s 

mood. Also some small hints were found 

that mystery and complexity are needed 

as preference elements. A more elaborate 

discussion of the experiment can be found 

in Chapter 11. 

The experimental results were taken into 

account in the second part of the thesis 

when a Care and Cure centre was de-

signed. The building was designed based 

on biophilic design strategies including 

prospect and refuge elements. These 

elements were not only implemented 

in interior design but it was also tried to 

apply these characteristics in the façade. 
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Four type of windows were designed 

which could change the balance between 

prospect and refuge in the patient rooms. 

Furthermore it was tried to implement 

Hildebrand’s (1991) Wright pattern to de-

sign a stress reducing building. Eventually 

a comfortable and realistic building was 

designed. A more elaborate discussion of 

the design can be found in Chapter 16.

Even though no significant results were 

found, this research showed some new 

insights. Not only on how different prefer-

ence elements effect humans but also on 

the way architectural design and scientific 

research can be combined. In this thesis a 

new step was taken to implement healing 

environmental and preference research 

into an actual building design. The theories 

were nicely embedded in the whole build-

ing: from concept to technical details. This 

suggest that it is possible to fully imple-

ment results from empirical research into 

buildings. Of course not all theories could 

be directly implemented in the design, 

for example Hildebrand’s characteristics 

needed to be adjusted for the specific use 

of the building like, the fireplace that was 

redeveloped into an specially designed al-

cove around the patient bed. The essential 

concept of the characteristics were dis-

tilled and implemented, which eventually 

resulted in a pleasant environment. This 

thesis gives a peek on a new sort of ar-

chitectural design strategy. Not designing 

out of aesthetic or practical considerations 

but considering the improvement of 

human well-being as the main goal of the 

architect. The way of first designing one 

single building part – patient room – and 

researching if this designs shows effect, 

were after it can be implementing it into 

a building design, is a time consuming 

strategy. This design strategy will probably 

not be feasible in practice. However I think 

that it can change the way research is 

done. If more of these kind of experiments 

are performed, more information can be 

gathered on which spatial configurations 

affect people’s well-being. It can give 

many new insights if this principle is used 

in future design projects. When the right 

spatial configuration is found, the theory 

can be implemented in designing environ-

ments that improve patient well-being. It 

will be possible to create not only patient 

rooms but create entire buildings that are 

naturally preferred. Places that normally 

induce much stress can then be designed 

in a new stress reducing way. Like airport 
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traffic centres, operating rooms (O.R) or 

metro stations, could all be designed in 

new ways to make people more comforta-

ble and relaxed.

Unfortunately we are not there yet, much 

research is still needed to close the gap be-

tween scientific research and architectural 

design. However I think that this thesis is a 

right step in combining empirical evidence 

with design strategies to create pleasant 

environments. 
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18. PerSonAl reFleCTIon 

My inability to make choices and curiosity 

for the world brought me to the unique 

position of finishing two master degrees 

within one thesis. It was a challenging task 

which offered me many possibilities to 

explore the two fields of interest, architec-

ture and human technology interaction. 

It was a tough year that has cost a lot of en-

ergy. Performing a research for two master 

tracks has some disadvantages. To fit the 

whole research within one year I needed 

to keep a tight planning.  For example, I 

had to start my experiment fairly quick, 

which meant that the literature search and 

the experiment were done simultaneously. 

Reflecting on this, if I would have com-

pleted the literature review before starting 

the experiment, I would maybe have been 

able to also implement other preference 

elements like mystery and complexity 

into the patient room design. Because of 

the limited time not everything could be 

accomplished in the level of detail that I 

would have preferred if my project was 

only an architecture project. 

The process of the project was not always 

easy. After another day without daylight 

because of the full days in the laboratory 

I often asked myself why I started this 

project.  On the other side these were also 

inspirational days. All the different people 

that came to the lab to evaluate my design 

is not something that is very common for 

architects. These talks often resulted in 

unexpected and useful improvements for 

the design of the patient rooms.

Despite all, I am still very grateful that I 

got the opportunity to combine my fields 

of interest into this amazing project. It 

was very inspiring to use the theories and 

experimental research and implement it 

in an actual building design. Not specu-

lating on how to implement the theories 

but actually doing it. I can say that I am 

pleased with the result. I designed a very 

comfortable looking and realistic building 

that will hopefully let people see that de-

signing with evidence based design does 

not only behold adding extra features, but 

can really integrate proven theories into 

the basic concept of the design. 

Furthermore I really enjoyed modelling 

the patient rooms into Virtual Reality 

models. It was a skill I only briefly used in 

previous projects and during this thesis I 

learned much about the technical process 
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underlying a Virtual environment.  

Designing the Care and Cure centre was 

also not always an easy process. I think 

I designed dozens of different facades 

before settling on the current design. 

However when reflecting back I am quite 

pleased with the result. The façade has a 

unique appearance and has a homely feel-

ing to it. Especially the different windows 

designed are really a contribution to the 

overall design. 

The design process was different form 

the designing strategies I was used to. In 

this process were “pre-designed” patient 

rooms. First a complete patient room was 

designed, which later needed to be im-

plemented in the overall building design. 

It was a challenge to neatly fit the rooms 

into the building but I think I succeeded in 

doing so. I think that the building creates 

a functional and comfortable patient en-

vironment that can support young adults 

with cancer in difficult times. 

Even though I did not find any significant 

results in the experiment, I think this 

research showed some new insights. 

Not only on how different preference 

elements effect humans but also on the 

way architectural design and scientific 

research can be combined. I am convinced 

that certain architectural configurations 

positively can influence human well-being. 

And I hope that in the future I can get the 

opportunity to do more research and find 

the right balance between preference ele-

ments in such a way that stress reducing 

buildings can be designed. 
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There is freedom waiting for you, 
On the breezes of the sky, 

“What if I fall?” 
Oh, but my darling 
What if you fly?  

(Erin Hanson, 2017)
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I. InTerVIeW XenIA

This interview took place 29th August 2017 in Leiden with Jaqueline Bouts founder of 

Xenia and her husband and architect Piet van Veen. It was an open interview and also 

included a tour through the building. Below the most important remarks are stated. 

Are you both satisfied with the building? 

Yes certainly! It looks great and is a very pleasant building to reside. Unfortunately, there 

are still many papers around at the moment, problems with insurers and subsidies cost 

much time and effort. That is why until now the building is only half occupied. Three of 

the six rooms are normally used. Despite the administrative obstacles the demand for the 

rooms is huge. Request come from the whole of the Netherlands and Belgium. Initially we 

estimated that our target audience lived approximately one and a half hour away from 

Leiden. However many received patient request come from further away, which is positive 

and indicates that the need is really there. All kind of patients want to stay here, cancer 

patients or patients with a genetic muscle disease, everybody is allowed to come here as 

long as they are chronic or terminally ill. As a hospice we do not only offer palliative care 

but also respite and transitional care. 

Who are the users of the building? 

As mentioned before there are six patient rooms. Besides the six patients, if the hospice is 

fully booked, there are at least two nurses present during the day. I (Jacqueline) am at the 

office during the day. Furthermore there are always several volunteers cleaning, cooking, 

doing groceries or just provide support to the patients. During the night their need to be 

one nurse per floor. 

Does de building offer special functions and are these all well used?   

The elevator is specially adjusted for this building which worked out perfectly. All users 

of the building can use the elevator at their liking, everything fits, wheelchairs as well as 

patient beds. This also applies to the rest of the building where beds and wheel chairs 

can move freely everywhere even to the outside spaces. Furthermore there is space for 

personalisation. All rooms have different furniture pieces most furniture is a bit older to 
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give more character to the patient room. It is also possible for patient to bring their own 

furniture. Eventually the patient can choose in which room he or she wants to reside. 

On the walls rails are placed to hang paintings and pictures to make the room as cosy as 

possible. Separate storage for oxygen is needed in such a way that it is accessible in all 

rooms. Other medical equipment will not be hidden, patient need the technology and 

you cannot pretend that the illness does not exists. The shared kitchen and dining area is 

always used. More than expected in the initial design. It was expected that patient would 

spend more time in their private rooms with privacy and good Wi-Fi networks. However 

we notice that they spend almost all the time in the living room talking with each other, 

eating and watching television. The guest room is almost never used. Parents and friends 

prefer to sleep in the patient room. It is very nice that there is enough space in the patient 

rooms to offer this. The rooms are quite big and also the innovative bathroom screens 

provide extra space. Finally the additional relaxing bathroom is also important. Many pa-

tients are in pain an laying in a bath is than an extra luxury that also stimulates relaxation. 

Are there any problems within the building?

There are some problems with acoustics which is a shame especially because the whole 

building is exists out of a timer frame structure which should have prevented this prob-

lem. Furthermore there are only some small problems like drainage channel in the shower 

which does not run off the water fast enough. There is some shortage of storage facilities. 

Much storage and facility rooms are needed. Like linen room, nursing station, boiler 

room, meter cabinet. Now these are also used for extra storage space which is of course 

not the intention of these rooms. Also the rinsing the chamber pots and cutting flowers 

for example need to happen in an separate room which cost extra space. A basement 

under the building for extra storage would have been great. On the other side more space 

to put stuff also ends up in collecting more rubbish. 

What is the best advice you can give for me for designing a new adolescent hospice 

building? 

Location is key. The placing in the city centre of Leiden is magnificent. Next to the old 
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hospital and there is even room to place the patient bed outside in the shade of the tree. 

The well-designed outdoor bank ensures privacy and ensures that patients are kind of 

shielded. At first there were some neighbourhood compliance about the hospice coming 

but now that it is built everybody is content. Even the bar in the same ‘hofje’ laid a 

wheelchair lane at the back door in such a way that all patient can go to the bar if they 

want to.  

Would you do things differently next time? 

Not really, it is an ideal building. Six bedrooms is enough so that the building still feels like 

a family home. Also for the nurses this is an ideal patient group. Furthermore the new 

bathroom design is very practical and space efficient. The location could not be better. 

Patient often go to the city centre for a coffee or a beer. Or they walk alongside the 

shopping street with their families. The living room at the first floor is not so much used. 

It is more often used for private family visits. Maybe in a new design a bigger shared living 

room at the ground floor should be an extra addition. It is still an unique project in the 

Netherlands so it is hard to judge if we did everything right. You can also have a look at 

the Douglas houses in England. They have some more experience at building hospices for 

adolescents. We also had contact with the initiator of these houses. They asked patient 

for tips and tops. The results were sometimes absurd like a slope for wheelchair races. 

Also the need for a lower bar for wheelchairs was initiated but because of the location 

that was not necessary here. Furthermore the lower kitchen was hardly used, adolescents 

prefer to have pizza or microwave meals or cooked by volunteers than really doing it 

themselves. A shared kitchen offers an outcome, it draws people to the shared spaces and 

patient get a good dinner. They also often go outdoors for a meal. 

Other developments 

Evaluation by patients who already stayed at xenia were very positive. They were pleased 

with the patient room and with the shared spaces and atmosphere in the building. 

Because of the positive results we also decided to build three external patient rooms for 

adolescents with chronic muscle disease. This will be an extra addition to the location and 
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the patient can life on their own but get extra help from Xenia. 

Design process of the building

In previous designs of the building multiple pavilions were envisioned. However this was 

not ideal for the social connection of patients and staff. There was searched for a homely 

and comfortable design. Patients are in need for social connection with peers and the 

building should offer this. Furthermore when creating the design we thought about re-

naming the facility from hospice to another institution. Because the word hospice is often 

associated with death. However this was not possible In connection with the regulations. 

Whatever the name is the main goals of a hospice or similar institution are the social 

connection, comfort and rest are important. A comfortable atmosphere for patients to 

reside. 
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II. QUAnTITATIVe DATA QUeSTIonnAIre

VAS mood scale (3 times)

Give an indication below on how you feel at the moment (scale 1-10)  

  At this moment, I feel relaxed – tense 

  At this moment, I feel happy - sad

  At this moment, I feel energetic - tired

  At this moment, I feel not stressed – stressed

Preferences

 How would you rate the patient room? (scale 1-7)

  The patient room is pleasant

 The patient room is beautiful 

 The patient room is nice 

Previous hospital experiences

How many times did you visit the hospital last year? 

  0 times

  1-4 times

  5-8 times

  9-12 times

  more than 12 times.

Why did you visit the hospital last year? 

  Operation

  Hospital admission for one or more nights

  Specialized examination

  Control visit 

  As a visitor of family or friends

  First aid

  Small medical intervention

  Otherwise ...
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Reminiscence task

Did you write in the previous task about an event that happened to yourself or to some-

one else? (myself, someone else)

Did you write about one of the following procedures? 

  Operation

  Hospital admission for one or more nights

  Specialized examination

  Control visit 

  As a visitor of family or friends

  First aid

  Small medical intervention

  Otherwise ...

Insight questions (scale 1-7)

  When I find myself in the patient room, I feel relaxed 

 I would like to stay in this room  

  The patient room is spacious  

Environmental preference and safety (1-7)

 Prospect

  I have a good overview of the surroundings

 I can easily see what is happing around me 

 I can see all the objects in this space properly

Refuge

 The room provides protection from prying eyes 

  I feel safe in the room

  The room feels comforTable 

Entrapment

  I can easily escape from the room

  I can quickly bring myself to safety if something happens

  How easy do you think you can be locked up in this room
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Environmental safety

  How safe do you think this environment is.

  I feel comforTable walking in the room

Restorative potential

Perceived Restorativeness scale (PRS) (scale 1-7)

Being away

  Spending time in the room feels like a possibility to escape

  Spending time in the room gives me a break from my daily routine

Fascination

  The space is fascinating

  I can draw my attention to many interesting things in the room

  I want to get to know the room better

  There is much to explore and discover in this area

  I want to spend more time looking around in the room

Restoration Outcome Scale (ROS) (scale 1-7)

Reflected relaxation and calmness

  I feel calm after I have been in the room

 After I visited the room, I feel relaxed and less stressed

 I get more energy and enthusiasm for my daily routine after visiting the room

Reflected attention

  My concentration and attention are increased while staying in the room

 

Clearing once thoughts

  I can forget about my daily problems here

 A visit to the room gives me the opportunity to organize my thoughts  

Demographics

  What is your gender? (male, female)

  Wat is your age? (18-35)
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III. reMInISCenCe TASK 

Assignment (in Dutch):

Toen je jezelf in schreef voor dit experiment heb je aangegeven dat je afgelopen jaar 

minimaal een keer in het ziekenhuis bent geweest. Tijdens deze opdracht zal gevraagd 

worden je ervaringen met betrekking tot het ziekenhuis bezoek op te schrijven. Probeer 

alle vragen zo waarheidsgetrouw in te vullen. De data zal niet worden opgeslagen. 

Hieronder is per onderdeel ruimte om je ervaringen op te schrijven. 

Vraag 1:  Denk goed over het moment dat voor het eerst dit jaar naar het ziekenhuis 

ging. Op welke manier ging je naar het ziekenhuis, was het gepland of niet? Vond je het 

spannend om naar het ziekenhuis te gaan. Hoe voelde je jezelf? Was er iemand aanwezig 

om je te ondersteunen?

Vraag 2: Toen je eenmaal bij het ziekenhuis was aangekomen. Wat zag je toen? Kun je 

dit beeld zo nauwkeurig mogelijk omschrijven. Voelde je jezelf gespannen? Welke geuren 

rook je? Hoe zag het gebouw eruit? Probeer alles zo nauwkeurig mogelijk te omschrijven.

Vraag 3: Wat viel het meeste op toen je binnenkwam? Was er een bepaalde geur? Wat 

voor soort mensen zag je, veel personeel of veel bezoekers?  Voelde je jezelf veilig in 

het ziekenhuis? Wist je waar je naartoe moest of was je gedesoriënteerd? Probeer je 

gevoelens zo nauwkeurig mogelijk te omschrijven.

Vraag 4: Denk goed na over het moment dat je jezelf voor het eerst dit jaar in een 

patiëntenkamer/behandelkamer bevond. Hoe voelde je jezelf? Was je daar vrijwillig of 

voelde je jezelf gevangen? Had de omgeving specifieke kenmeren of geuren die opvielen?
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Standard patient room floor plan - Scale 1:50.

IV. FloorPlAnS oF PATIenT rooMS



281

New patient room floor plan -  Sclae 1:50.
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Patiënt kamer  

 
 

Standard patient room

V. SCreenShoTS oF Vr enVIronMenT
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Standard patient room



284

Patiënt kamer 

 
 

New patient room
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New patient room
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VI. InTerVIeW QUeSTIonS

1. Zou je de patiëntenkamer voor me kunnen omschrijven? (Please, could you describe 

the patient room that you just saw?) 

2. Hoe zou je de kamer beschrijven in termen? (Could you indicate some words that you 

associate with the room?) 

3. Zou je als je een patiënt zou zijn in deze kamer willen verblijven? (If you would be a 

patient, would you then like to stay in the room?) 

4. Wat viel je meteen op toen je de kamer binnenkwam? (What was the first element 

that attracted your attention when entering the  room?) 

5. Hoe voelde je jezelf in de kamer?  (How did you feel in the room) 

6. Biedt de kamer alle functies die je zou kunnen verwachten van een patiëntenkamer 

of waren er elementen die je miste? (Do you think that the room offers all functions 

needed in a patient room?) 

 

7. Voelde je jezelf veilig in de kamer? (Did you feel save in the room?)

8. Had je genoeg bewegingsvrijheid in de kamer? (Could you move freely around in the 

room?) 

9. Zou je jezelf ontspannen kunnen voelen in de kamer? (Do you think that you can feel 

relax in this room?) 

10. Zijn er nog andere dingen die je wil zeggen over de kamer? (Do you have any final 

remarks?) 

11. Vond je de Virtual Reality ervaring bijdragen aan de beleving van de kamer? (Do you 

think the VR experience contributed to the perception of the space?)
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VII. eXPlAnATIon oF The WorD 
CATeGorIeS 
Spaciousness = spacious, spaciousness, large, big, space, spatial. 

Homely = Definition 1: Relating to the house or household, domestic life. Definition 2: 

Feeling of cosiness, a safe and comforTable feeling caused by a homely environment. 

Eventually the following words were included in this category; homely, homey, warm, 

atmospheric, apartment, house, cottage, nice, cosy, friendly.  

Light = light. 

Neutral = plain, neutral, basic, simple.  

Colour = colour, colours, wallpaper, blue, wood, colourful, green, fresh.  

Open  = open, free, accessible. 

Bare = bare and empty. 

Modern = modern, sleek, modernist. 

Practical = practical, clean, efficient, easy, compact, convenient.  

Quite = calm, quite, restful, relaxed. 

Boring  = boring and monotonous. 

Sterile = sterile and cold.  

Gloomy = gloomy, sober, grey (colour), grey (feeling) 

Comfortable = comforTable 

 

Private = private, shielded, privacy, separated. 
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VIII. GUIDe - FroM DeSIGn To Vr MoDel

This guide is written as an appendix to the graduation project The Green Balcony. The 

document is written in such a way that any other persons that would follow this guide can 

make a personal design and transform it to a Virtual Reality Environment in Vizard. The 

guide tries to give a complete overview of the workflow necessary. Parts from different 

Vizard guides, YouTube video tutorials, forums and trial and error experience eventually 

led to this guide. The guide is written with use of Revit 2017, 3DSmax 2017, Adobe 

Photoshop CS6, Vizard 4.0. Inspector and Vizard 4.0.

REVIT 2017

1. Start Revit and open a new file.

2. Make sure the Project Unites are in the right size before you start with model- 

 ling the design. 

 # manage – project units – mm for distance  

3. Make sure the scale is also set right in the work field as seen in Figure 1. Set the  

 scale to 1:1. 

 

Guide from Design to VR model 

This  guide  is  written  as  an  appendix  to  the  graduation  project  The  Green  Balcony.  The  document  is 
written in such a way that any other persons that would follow this guide can make a personal design 
and transform it to a Virtual Reality Environment in Vizard. The guide tries to give a complete overview 
of the workflow necessary. Parts from different Vizard guides, YouTube video tutorials, forums and trial 
and error experience eventually led to this guide. The guide is written with use of Revit 2017, 3DSmax 
2017, Adobe Photoshop CS6, Vizard 4.0. Inspector and Vizard 4.0. 

Revit 2017 

1. Start Revit and open a new file. 

2. Make sure  the Project Unites are  in  the  right  size before you start with modelling  the design.  
# manage – project units – mm for distance    

3. Make sure the scale is also set right in the work field as seen in figure 1. Set the scale to 1:1.  

 

Figure 1 

4. Model  the  space  that  you  imaged  in  your  design.  Like  normal  Revit workflow.  Adding  floors, 
walls, ceilings, windows, doors and objects. Make sure that the shape is corresponding with your 
design. There is a possibility to adjust small things in 3DSmax but it is nice to have the model as 
finished as possible in Revit.  

5. Do  not  add materials  in  Revit. With  the material  properties  fill  in:    <By  Category>.  This  also 
counts for objects that you import in the model. If they already have materials assigned to them, 
change  these  to <By Category>. Because we are going  to make new materials  in 3DSmax and 
otherwise  you  have  work  on  deleting  the  standard  Revit  materials  in  3DSmax.   
 
#  click  on  the  object  –  edit  type  in  property  window  –  structure  edit  –  open  edit  assembly 
window as seen on figure 2. 

4. Model the space that you imaged in your design. Like normal Revit workflow.  

 Adding floors, walls, ceilings, windows, doors and objects. Make sure that the  

 shape is corresponding with your design. There is a possibility to adjust small  

 things in 3DSmax but it is nice to have the model as finished as possible in  

 Revit. 

5. Do not add materials in Revit. With the material propeties fill in:  <By Category>. 

  This also counts for objects that you import in the model. If they already have   

 materials assigned to them, change these to <By Category>. Because we are  

 going to make new materials in 3DSmax and otherwise you have work on  

Figure 1
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 deleting the standard Revit materials in 3DSmax.  

 # click on the object – edit type in property window – structure edit – open edit  

 assembly window as seen on Figure 2.

 

Figure 2 

6. Adding  extra  objects  from  the  library  or  from RevitCity.com  can  add  value  to  the model.  But 
make sure the objects have as  less polygons as possible. Polygons are triangles so the simpler 
the object the less triangles there are to calculate for the model and eventually the model will 
be shown more smoothly. If an object is really important for your scene you should just keep it, 
but consider the importance of every object with the number of polygons it adds to the model. 

If  possible  you  can  open  de  objects  family  –  double  click  the  object  and  click      delete 

unnecessary  parts of  the object. When  you  are  finished  click    and  the object has  less 
parts and thus less polygons.    
Until now I have no idea how to check the number of polygons in Revit. But you can check it in 
Vizard Inspector. See chapter on Vizard 4.0 Inspector. (Export Revit file to .fbx and open this in 
3DSmax. Export 3DSmax file to .osbg and open in Vizard inspector)  

7. If  the design the form and the  interior are as desired we can go to the next step exporting to 
3DSmax. Make sure that Revit is opened with the 3D view active. Because the exact same view 
is  exported  to  3DSmax,  so  for  example  if  you  make  a  section  only  the  visible  part  is  being 
exported.  See figure 3.   

Figure 2

 6. Adding extra objects from the library or from RevitCity.com can add value to the  

 model. But make sure the objects have as less polygons as possible. Polygons  

 are triangles so the simpler the object the less triangles there are to calculate  

 for the model and eventually the model will be shown more smoothly. If an  

 object is really important for your scene you should just keep it, but consider  

  the importance of every object with the number of polygons it adds to the  

 model. If possible you can open de objects family – double click the object and  

 click             delete unnecessary parts of the object.

 When you are finished click             and the object has less parts and thus less  

 polygons. Until now I have no idea how to check the number of polygons   

 in Revit. But you can check it in Vizard Inspector. See chapter on Vizard 4.0  

 Inspector. (Export Revit file to .fbx and open this in 3DSmax. Export 3DSmax file  

 to .osbg and open in Vizard inspector) 
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is  exported  to  3DSmax,  so  for  example  if  you  make  a  section  only  the  visible  part  is  being 
exported.  See figure 3.   
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7. If the design the form and the interior are as desired we can go to the next  

 step exporting to 3DSmax. Make sure that Revit is opened with the 3D view  

 active. Because the exact same view is exported to 3DSmax, so for example if  

 you make a section only the visible part is being exported.  See Figure 3.  

 

Figure 3 

8. Export  the  Revit  file  to  FBX.  File.  There  are  no  other  properties  that  need  to  be  changed. 
Cameras and lights are not being exported. (It  is possible to change this but it  is not necessary 
because the cameras from 3DSmax and Revit are not compatible with Vizard) 

3DS Max 2017 

9. Open a new file in 3DSMax. 

10. Make sure that the System Unites are setup in the right way. Everything should be set to “cm” 
because  than  the  scale  will  be  right  after  exporting  to  Vizard.    See  figure  4.  
# option bar ‐ customize – unit setup – cm    

Figure 3

 8. Export the Revit file to FBX. File. There are no other properties that need to be  

 changed. Cameras and lights are not being exported. (It is possible to change  

 this but it is not necessary because the cameras from 3DSmax and Revit   

 are not compatible with Vizard)

3DS MAX 2017

9. Open a new file in 3DSMax.

10. Make sure that the System Unites are setup in the right way. Everything should  

 be set to “cm” because than the scale will be right after exporting to Vizard.  

 See Figure 4. 

 # option bar - customize – unit setup – cm  

11. Before we really are going to import the model we are first going to set up the  

 render properties. Click on the next button.         

 

 

Figure 4 

11. Before  we  really  are  going  to  import  the  model  we  are  first  going  to  set  up  the  render 

properties. Click on the next button   . To get the right views to Vizard we are going to use a 
Scanline render as the render engine this one gives the most comparible image with the model 
that you are going to export to Vizard later on.  

 

Figure 5 

12. Now we are going to set the properties of the Scanline Renderer.    
 
Common Tab: Assign Scanline Renderer for all three options as seen on figure 6  
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 To get the right views to Vizard we are going to use a Scanline render as the  

 render engine this one gives the most comparible image with the model that  

 you are  going to export to Vizard later on. See Figure 5. 

 

 

Figure 4 
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Figure 5 

12. Now we are going to set the properties of the Scanline Renderer.    
 
Common Tab: Assign Scanline Renderer for all three options as seen on figure 6  

Figure 4

12. Now we are going to set the properties of the Scanline Renderer.

  Common Tab: Assign Scanline Renderer for all three options as seen on Figure 6 

  Renderer Tab: Enable shadows as seen on Figure 7.  

13. Now we are ready to import the Revit model, see Figure 8. #top left corner  

 button – import - .fbx – properties, light and camera’s disable 

14. Check if the model is sufficient. If there is something wrong it is probably a  

             mistake already made in the Revit file. So you can check this by going back to     

 Revit and follow the first step of this guide again. Then adjust the model and  

 export it in the same way as before. If everything looks good you can go further  

 with the next step. 

 

 

Figure 4 

11. Before  we  really  are  going  to  import  the  model  we  are  first  going  to  set  up  the  render 

properties. Click on the next button   . To get the right views to Vizard we are going to use a 
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that you are going to export to Vizard later on.  
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12. Now we are going to set the properties of the Scanline Renderer.    
 
Common Tab: Assign Scanline Renderer for all three options as seen on figure 6  

Figure 5



292

 

Figure 6 

Renderer Tab: Enable shadows as seen on figure 7.    
 

 

Figure 7 

13. Now we are ready to import the Revit model, see figure 8.     
#top left corner button – import ‐ .fbx – properties, light and camera’s disable     

Figure 6 Figure 7

 

Figure 6 

Renderer Tab: Enable shadows as seen on figure 7.    
 

 

Figure 7 

13. Now we are ready to import the Revit model, see figure 8.     
#top left corner button – import ‐ .fbx – properties, light and camera’s disable     

 

 

Figure 8 

14. Check  if  the model  is  sufficient.  If  there  is  something wrong  it  is  probably  a mistake  already 
made in the Revit file. So you can check this by going back to revit and follow the first step of 
this guide again. Then adjust the model and export  it  in the same way as before.  If everything 
looks good you can go further with the next step.  

15. Installing the Viewports. In the standard 3DSmax file you will have 4 viewports. (I prefer to work 
with 3 so that they can be a little bit bigger, but this is personal)   
In the left top corner from every viewport you have 4 options between brackets [‐‐‐] as can be 
seen  in  figure 9,  if you right click on the word you can change the properties of the viewport.  

Figure 8

15. Installing the Viewports. In the standard 3DSmax file you will have 4 viewports.  

 (I prefer to work with 3 so that they can be a little bit bigger, but this is   

 personal) In the left top corner from every viewport you have 4 options   

 between brackets [---] as can be seen in Figure 9, if you right click on the word  

 you can change the properties of the viewport. 

 [+] = these are all options to personalise the viewports
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Figure 9 

[+] = these are all options to personalise the viewports   
 
[Perspective] = In this menu you can change the view so different cameras, top view, side view 
etc.  
 
[High  Quality]  =  This  is  how  you  see  the  image,  so  “High  Quality”.  Change  the Materials  to 
“Realistic Materials with Maps” as seen in figure 10. And Change the “Lighting and Shadows” as 
seen  in  figure  11.  Now  you  have  a  clear  view  on  how  the  model  will  really  look.  
(Note: if you have a really heavy model it will take a lot of power from your computer to always 
sow materials with realistic maps. So than it is probably better to turn down the quality settings.) 
 
[Default Shading] = In this menu you can adjust the drawing style, so wire frame or shaded. You 
can adjust this to your own preferences.  

 

Figure 9

 [Perspective] = In this menu you can change the view so different cameras, top  

 view, side view etc. 

 [High Quality] = This is how you see the image, so “High Quality”. Change  

 the Materials to “Realistic Materials with Maps” as seen in Figure 10. And  

 Change the “Lighting and Shadows” as seen in Figure 11. Now you have a  

 clear view on how the model will really look. 

 (Note: if you have a really heavy model it will take a lot of power from your  

 computer to always sow materials with realistic maps. So than it is probably  

 better to turn down the quality settings.)

 [Default Shading] = In this menu you can adjust the drawing style, so wire  

 frame or shaded. You can adjust this to your own preferences. 

 

Figure 10 

 

Figure 11 

16. Installing a camera. Cameras will allow you to see the model  from different angels and views. 
Use  free  from camera’s.  Press  “+”  in  the  right hand menu. Press  the  camera  icon as  seen on 
figure 12. And select a free form camera by pressing “free” in the “Object Type” menu.  

Figure 10
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16. Installing a camera. Cameras will allow you to see the model from different  

 angels  and views. Use free from camera’s. Press “+” in the right hand menu.  

 Press the camera icon as seen on Figure 12. And select a free form camera by  

 pressing free” in the “Object Type” menu. 

 

Figure 10 

 

Figure 11 

16. Installing a camera. Cameras will allow you to see the model  from different angels and views. 
Use  free  from camera’s.  Press  “+”  in  the  right hand menu. Press  the  camera  icon as  seen on 
figure 12. And select a free form camera by pressing “free” in the “Object Type” menu.  

Figure 11

 

Figure 12 

17. You can move and rotate the camera, with icons below.  

 

Move the cameras around until you have enough view ports to see the complete models when 
shifting camera’s. This is different for every model.  

18. If you have two 3DSmax models that you want to combine in one file. Or a 3DSmax object that 
you want to add to the general model you can merge two files. Make sure they both have the 
same  scale  as  explained  in  the  first  step.  #select  and  uniform  scale 
#Left top corner button – import – merge 

19. Installing a daylight system.     
# Press in the right‐hand menu ‐  “+”  ‐ then click on the gears icon ‐ “Standard” menu ‐ click on 
“Daylight” See figure 13.   
 
Popup menu click “ok” (enable environment)   
First  set  the  wind  rose  on  the  ground  floor  plane  and  put  up  the  sun  on  the  z‐axis.  
Change  location  with  properties  “set  location”  in  this  case  to  Amsterdam.  
With changing the months and the day time you can shift around the sun until you are happy 
with the natural daylight entering the model.  

Figure 12
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17. You can move and rotate the camera, with icons below.  

 

Move the cameras around until you have enough view ports to see the complete models when 
shifting camera’s. This is different for every model.  

18. If you have two 3DSmax models that you want to combine in one file. Or a 3DSmax object that 
you want to add to the general model you can merge two files. Make sure they both have the 
same  scale  as  explained  in  the  first  step.  #select  and  uniform  scale 
#Left top corner button – import – merge 

19. Installing a daylight system.     
# Press in the right‐hand menu ‐  “+”  ‐ then click on the gears icon ‐ “Standard” menu ‐ click on 
“Daylight” See figure 13.   
 
Popup menu click “ok” (enable environment)   
First  set  the  wind  rose  on  the  ground  floor  plane  and  put  up  the  sun  on  the  z‐axis.  
Change  location  with  properties  “set  location”  in  this  case  to  Amsterdam.  
With changing the months and the day time you can shift around the sun until you are happy 
with the natural daylight entering the model.  

 17. You can move and rotate the camera, with icons below. 

 

 Move the cameras around until you have enough view ports to see the   

 complete models when shifting camera’s. This is different for every   

 model. 

18. If you have two 3DSmax models that you want to combine in one file. Or a  

 3DSmax object that you want to add to the general model you can merge two  
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 files. Make sure they both have the same scale as explained in the first step.  

 #select  and uniform scale

 #Left top corner button – import – merge

19. Installing a daylight system.   

 # Press in the right-hand menu -  “+”  - then click on the gears icon -   

 “Standard” menu - click on “Daylight” See Figure 13. 

 Popup menu click “ok” (enable environment) 

 First set the wind rose on the ground floor plane and put up the sun on the  

 z-axis. 

 Change location with properties “set location” in this case to Amsterdam. 

 With changing the months and the day time you can shift around the sun until  

 you are happy with the natural daylight entering the model. 
 

 

Figure 13 

20. Adding materials to you design. Because Vizard is limited in importing some files we need to use 
only  standard  materials  in  our  model.  It  is  best  to  make  them  on  your  own  from  scratch, 
because  than  you  can  control  them  the  best  and make  them appear  in  the way  you  like  the 
most.  

Making  standard  materials:  Go  to  the  Material  Editor  by  clicking  this  button     
In the open field raster right mouse click then # Materials – Scanline – Standard  

 

Figure 14 

Figure 13

20. Adding materials to you design. Because Vizard is limited in importing some  

            files we need to use only standard materials in our model. It is best to make  

 them on your own from scratch, because than you can control them the best  

 and make them appear in the way you like the most. 

 Making standard materials: Go to the Material Editor by clicking this button   

 

 In the open field raster right mouse click then # Materials – Scanline – Standard 

  You now created a standard material as seen on Figure 14. 

 To give the material an apperance you need to assign a bitmap to the material.  

 You do this by pulling out a line by “Diffuse Color” as seen on Figure 15. 

 # red wire – right click – general – bitmap – select your own picture 
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20. Adding materials to you design. Because Vizard is limited in importing some files we need to use 
only  standard  materials  in  our  model.  It  is  best  to  make  them  on  your  own  from  scratch, 
because  than  you  can  control  them  the  best  and make  them appear  in  the way  you  like  the 
most.  

Making  standard  materials:  Go  to  the  Material  Editor  by  clicking  this  button     
In the open field raster right mouse click then # Materials – Scanline – Standard  

 

Figure 14 
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You now created a standard material as seen on figure 14. To give the material an apperance 
you need to assign a bitmap to the material. You do this by pulling out a line by “Diffuse Color” 
as seen on figure 15.  

# red wire – right click – general – bitmap – select your own picture  

 

Figure 15 

21. If you added the bitmap to the material you can change the properties and tilling size until you 
are satisfied with the material, see figure 16. To check if the material looks write you can render 
a view that shows the material. (F10) 

 

Figure 16 

To get more perspective in the materials you can choose to add a Bump map. This layer of the 
material  will  not  transfer  to  Vizard  but  will  have  influence  in  the  baking  process.  
It is hard to find a Bump map fitting you material bitmap that why it is the best to make a bump 
map on your own through Photoshop.  
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 It is hard to find a Bump map fitting you material bitmap that why it is the best  

 to make a bump map on your own through Photoshop. 

 Note: A bump map is in fact a sort of depth illusion on the surface of a materI 

 al. The render engine reads a bump map in a different way than a diffuse   

 material and therefor a lighting trick can be performed. White values appear to  

 pull out from the surface and black values appear to push into the surface. In  

 that we you create a depth illusion. 
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To get more perspective in the materials you can choose to add a Bump map. This layer of the 
material  will  not  transfer  to  Vizard  but  will  have  influence  in  the  baking  process.  
It is hard to find a Bump map fitting you material bitmap that why it is the best to make a bump 
map on your own through Photoshop.  

Figure 16
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22. Open the image of the material in Photoshop (image 1). First we are going to  

 make the picture in grayscale so that later on the render engine can differ the  

 depth.  

 #image – mode – greyscale 

 Than we are going to adjust brightness and contrast as seen on Figure 18.  

 There is no golden rule for the percentages, you should look how the picture  

 becomes and make a personal decision. The amount of white and black will  

 eventually determine the depth. 

 #image – adjustments – brightness/contrast 

  #Filter – Blur – Gaussian blur 

 

Note: A  bump map  is  in  fact  a  sort  of  depth  illusion on  the  surface  of  a material.  The  render 
engine reads a bump map in a different way than a diffuse material and therefor a lighting trick 
can be performed. White values appear to pull out from the surface and black values appear to 
push into the surface. In that we you create a depth illusion.  

left is bump and right is the original picture   

   

Figure 17        Image 1            

22. Open the image of the material in Photoshop. First we are going to make the picture in grayscale 
so that later on the render engine can differ the depth.    
#image – mode – greyscale   
 
Than we are going to adjust brightness and contrast as seen on figure 19. There is no golden rule 
for the percentages, you should  look how the picture becomes and make a personal decision. 
The amount of white and black will eventually determine the depth.    
#image – adjustments – brightness/contrast   
 

 

Figure 18 

#Filter – Blur – Gaussian blur   
Optionally: you can add an extra blur, so  that  the differences  in depth will be a bit smoother. 
However this  is not always necessary  it depends on the material  look you want to have. Here 
after you can save the image as a jpg. #file – save as – jpg. Now you can add the picture to the 
standard material that we made in step 20.  Only instead of adding a bitmap to “Diffuse Color” 
we are now going  to add a bitmap  to “Bump” as  seen on  figure 19. #  red wire –  right  click – 

Figure 17 bump map            Image 1 original picture
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 bit smoother. However this is not always necessary it depends on the material  
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Optionally: you can add an extra blur, so  that  the differences  in depth will be a bit smoother. 
However this  is not always necessary  it depends on the material  look you want to have. Here 
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we are now going  to add a bitmap  to “Bump” as  seen on  figure 19. #  red wire –  right  click – 

Figure 18



298

general  –  bitmap  –  select  your  own picture.  And  now we  created  a  standard material with  a 
bump map. 

 

Figure 19 

23. These steps apply to all “standard materials” these are the only materials that we can use in our 
3DSmax model because  these materials are  the only materials  that we can convert  to Vizard. 
(Our actually these materials are the only materials that we can bake in such a way that Vizard 
can read them.) However this gives a problem for transparent materials. In the next steps there 
will  be explained how  to make glass  as  a  standard material.  The process  is  derived  from CAP 
(2012)  

24. Creating  glass  as  a  standard  material.  The  first  steps  in  this  process  are  made  in  Adobe 
Photoshop CS6. We need Photoshop  to create a special kind of bitmap. First open Photoshop 
and create a new file. The size does not really matter. Make sure the new canvas is completely 
white. Also make sure White is the front colour and Black is the back colour  in the next  icon : 

 

25. Create a new  layer. Name  this  layer  “Spherical Gradient”    In  this  layer we are going  to add a 

spherical  gradient.  Press  the  next  button    (sometimes  the  icon  is  hidden  under  the 

paintbutton icon  ) Than make sure you set the property bar as seeing here below. With the 
gradient  tool  set  to  “spherical  or  radial”  and  “foreground  to  background”  so  in  this  case  it  is 
from white  to  black  as  we  set  in  the  previous  step.  Eventually  the  gradient  should  look  like 
image 2.  

Figure 19

23. These steps apply to all “standard materials” these are the only materials that     

 we can use in our 3DSmax model because these materials are the only materials                    

 that we can convert to Vizard. (Our actually these materials are the only   

 materials that we can bake in such a way that Vizard can read them.) However  

 this gives a problem for transparent materials. In the next steps there will be  

 explained how to make glass as a standard material. The process is derived from  

 CAP (2012) 

24. Creating glass as a standard material. The first steps in this process are made  

 in Adobe Photoshop CS6. We need Photoshop to create a special kind of   

 bitmap. First open Photoshop and create a new file. The size does not really  

 matter. Make sure the new canvas is completely white. Also make sure White is  

 the front colour and Black is the back colour in the next icon : 

 

25. Create a new layer. Name this layer “Spherical Gradient”  In this layer we are  

 going to add a spherical gradient. Press the next button            (sometimes the  

 icon is hidden under the paintbutton icon          ) 

 Than make sure you set the property bar as seeing here below. With the   

 gradient tool set to “spherical or radial” and “foreground to background” so  

 in this case it is from white to black as we set in the previous step. Eventually  

 the gradient should look like image 2. 

 26. Hereafter we need to create the alpha channel which eventually will make sure  

 that the material is seen as transparent. Duplicate the spherical gradient layer  

 by right clicking on the layer and press duplicate. Rename the layer to “Alpha”. 

 (Note: You can alter pixels in the image in such a way that they will function  

general  –  bitmap  –  select  your  own picture.  And  now we  created  a  standard material with  a 
bump map. 
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 better as an alpha map. But this is not really necessary. You can try it and see if  

 it has extra impact for your design. #Image – adjustments – levels.) 

 The next step is to remove the pixels from the Photoshop layer and creating  

 transparency. Select the “Alpha” layer and copy it (Ctrl + A and Ctrl + C). 

27. Now you can copy paste the “Alpha” layer into the channel tab and create a  

 new alpha channel. As seen on image 3. Select the Alpha channel and from the  

 menu bar # select – load selection – check invert box.  

28. Now delete the original “spherical gradient” layer and deselect the background  

 layer. Now you have the bitmap for colour less glass. If you like the glass to  

 have a little colour you can add an extra colour layer and play around with  

 brightness levels to make it as you like it the most. See image 4. 

29. Now we are finished with making a glass bitmap for a standard material. Save  

 the image as a .targa or .tiff make sure you include the alpha channels. Or you  

 can save the image as a .png with transparency.

30. Now we can start creating a glass material in 3DSmax. 

 Open the material editor [M]  

 

 Create a new standard material as also explained in point 20.  (#right click  

 on the  grid – materials – scanline - standard) Add the nodes from “diffuse”  

 and “opacity” to the new created bitmap glass. As seen on the  Figure 20.

 

 

Image 2 

26. Hereafter  we  need  to  create  the  alpha  channel  which  eventually  will  make  sure  that  the 
material  is  seen as  transparent. Duplicate  the  spherical  gradient  layer by  right  clicking on  the 
layer and press duplicate. Rename the layer to “Alpha”.  

(Note: You can alter pixels in the image in such a way that they will function better as an alpha 
map. But this is not really necessary. You can try it and see if it has extra impact for your design. 
#Image – adjustments – levels.)  

The  next  step  is  to  remove  the  pixels  from  the  Photoshop  layer  and  creating  transparency. 
Select the “Alpha” layer and copy it (Ctrl + A and Ctrl + C).  

27. Now you can copy paste the “Alpha” layer into the channel tab and create a new alpha channel. 
As seen on image 3. Select the Alpha channel and from the menu bar # select – load selection – 
check invert box.    

Image 2

 

Image 4 

29. Now we are finished with making a glass bitmap for a  standard material. Save  the  image as a 
.targa or  .tiff make sure you  include  the alpha channels. Or you can save  the  image as a  .png 
with transparency. 

30. Now we  can  start  creating  a  glass material  in 3DSmax. Open  the material  editor  [M]   
Create a new standard material as also explained in point 20.    
(#right click on the grid – materials – scanline ‐ standard)   
Add  the nodes  from “diffuse” and “opacity”  to  the new created bitmap glass. As  seen on  the  
figure 20.    
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Image 3 

28. Now delete the original “spherical gradient” layer and deselect the background layer. Now you 
have the bitmap for colour less glass. If you like the glass to have a little colour you can add an 
extra colour layer and play around with brightness levels to make it as you like it the most. See 
image 4.  

Image 3

 

Image 4 

29. Now we are finished with making a glass bitmap for a  standard material. Save  the  image as a 
.targa or  .tiff make sure you  include  the alpha channels. Or you can save  the  image as a  .png 
with transparency. 

30. Now we  can  start  creating  a  glass material  in 3DSmax. Open  the material  editor  [M]   
Create a new standard material as also explained in point 20.    
(#right click on the grid – materials – scanline ‐ standard)   
Add  the nodes  from “diffuse” and “opacity”  to  the new created bitmap glass. As  seen on  the  
figure 20.    

Image 4
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 31. Change for both channels the properties as seen on image 5. Use an   

 environmental texture with a spherical environment as mapping. Now   

 we are going to set the bitmap through an alpha channel so that it is seen as  

 

 

Figure 20 

31. Change for both channels the properties as seen on image 5. Use an environmental texture with 
a  spherical  environment  as mapping.  Now we  are  going  to  set  the  bitmap  through  an  alpha 
channel so that it is seen as transparent.    
Mono Channel Output: Alpha   
Alpha Source: Image Alpha   
 
In 3DSmax these materials are not always seen as transparent but if you export them to Vizard 
they are clear with a glass structure.     
(Note:  You  can  also  adjust  reflections  to  make  the  material  look  more  as  glass.  But  on  the 
internet there are many discussions about if Vizard will reflect this properly. That is why I chose 
to  not  implement  extra  environmental  reflections  in  my  standard  material  glass.  ) 
(Note:  that  this  glass material  should  not  be  baked;  it  should  be  directly  exported with  other 
models to the *.ive file.) 

Figure 20

 

Image 5 

32. Now that all the materials are placed in the model we can start with getting the scene ready for 
rendering. We  are  going  to  create  the  light  set up. We  start with  adding  an omni  light  as  an 
ambient light. This was recommended through a Vizard guide 5 (2016).  

“ set up an ambient light”    
When creating complete or  light maps,  you will usually need  to have an ambient  light  in your 
scene to soften the effect of light sources. 3DSmax’s environment.. global lighting ambient light 
does  not  export  to  Vizard  IVE  format.  Instead,  use  an  omni  light  in  ambient  mode.  
Alternatively you can use a skylight for ambient lighting effects and also get global illumination 
lighting. Skylights are considerably slower to render, however. 

So to add an omni light in ambient mode follow the next steps.    
Right hand menu # “+” – lightbulb – standard – omni (see figure 21)   

Image 5
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 transparent.  

 Mono Channel Output: Alpha 

 Alpha Source: Image Alpha 

 In 3DSmax these materials are not always seen as transparent but if you export  

 them to Vizard they are clear with a glass structure.   

 (Note: You can also adjust reflections to make the material look more as glass.  

 But on the internet there are many discussions about if Vizard will reflect this  

 properly. That is why I chose to not implement extra environmental reflections  

 in my standard material glass. )

 (Note: that this glass material should not be baked; it should be directly   

 exported with other models to the *.ive file.)

 

32. Now that all the materials are placed in the model we can start with getting the  

 scene ready for rendering. We are going to create the light set up. We start  

 with adding an omni light as an ambient light. This was recommended through  

 a Vizard guide 5 (2016). 

 “ set up an ambient light”  

 When creating complete or light maps, you will usually need to have an   

 ambient light in your scene to soften the effect of light sources.    

 3DSmax’s environment. global lighting ambient light does not export to Vizard  

 IVE format. Instead, use an omni light in ambient mode. Alternatively you can  

 use a skylight for ambient lighting effects and also get global illumination   

 lighting. Skylights are considerably slower to render, however.
 

 

Figure 21 

Then set the properties as seen on image 6. In this way you set an normal omni light to ambient 
mode. 

 

Image 6 

Figure 21
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Figure 21 

Then set the properties as seen on image 6. In this way you set an normal omni light to ambient 
mode. 

 

Image 6  33. Here after you can put as many light into the scene as you want. I choose to  

 put normal omni lights in the scene. So to add an omni light in ambient mode  

 follow the next steps. (see Figure 22)  

Image 6

 So to add an omni light in ambient mode follow the next steps.   

 Right hand menu # “+” – lightbulb – standard – omni (see Figure 21) 

 Then set the properties as seen on image 6. In this way you set an normal omni  

 light to ambient mode.

33. Here after you can put as many light into the scene as you want. I choose to put normal omni 
lights in the scene. So to add an omni light  in ambient mode follow the next steps. (see figure 
22)  # Right hand menu ‐ “+” – lightbulb – standard – omni    
 

 

Figure 22 

34. Than change the properties of the lights as seen on the picture below. With these settings you 
make sure that the shadows and light beams are in a sufficient way interpreted by the scanline 
render.  If  you  use  another  renderer  you  also  need  other  light  settings.  Set  the  right  hand 

window  as  on  23.  Open  the  properties  of  the  light  by  clicking  the  following  icon  .  
 
General parameters: default light type = on   
For right representation of the shadows make sure you enable “use global settings” and “Adv. 
Ray Traced”   
 
Intensity  /Color/Attenuation:  The  intensity of  the  light  can be adjusted by personal  favor.  You 
only need to change the “Multiplier” 

Figure 22
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 # Right hand menu - “+” – lightbulb –  standard – omni  

34. Than change the properties of the lights as seen on the picture below. With  

 these settings you make sure that the shadows and light beams are in a   

 sufficient way interpreted by the scanline render. If you use another renderer  

 you also need other light settings. Set the right hand window as on Figure 23.  

 Open the properties of the light by clicking the following icon. 

 General parameters: default light type = on 

 For right representation of the shadows make sure you enable “use global  

 settings” and “Adv. Ray Traced” 

 Intensity /Color/Attenuation: The intensity of the light can be adjusted by   

 personal favor. You only need to change the “Multiplier”

 

35. Add as many lights as you like, until you are happy with the rendering results. If  

 you think they are still too dark then you can add more lights. 

36. Now that the whole scene is set up the only thing that remains it the   

33. Here after you can put as many light into the scene as you want. I choose to put normal omni 
lights in the scene. So to add an omni light  in ambient mode follow the next steps. (see figure 
22)  # Right hand menu ‐ “+” – lightbulb – standard – omni    
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34. Than change the properties of the lights as seen on the picture below. With these settings you 
make sure that the shadows and light beams are in a sufficient way interpreted by the scanline 
render.  If  you  use  another  renderer  you  also  need  other  light  settings.  Set  the  right  hand 

window  as  on  23.  Open  the  properties  of  the  light  by  clicking  the  following  icon  .  
 
General parameters: default light type = on   
For right representation of the shadows make sure you enable “use global settings” and “Adv. 
Ray Traced”   
 
Intensity  /Color/Attenuation:  The  intensity of  the  light  can be adjusted by personal  favor.  You 
only need to change the “Multiplier” 

 

Figure 23 

35. Add as many lights as you like, until you are happy with the rendering results. If you think they 
are still too dark then you can add more lights.  

36. Now  that  the  whole  scene  is  set  up  the  only  thing  that  remains  it  the  environment.  
You can add a sphere or a cylinder around your model and add an environmental bitmap. In this 
guide I will only discuss the environmental sphere.  

37. Adding an environment  takes a  little bit more  time than you would expect especially because 
the scale of the environmental image is hard to find.    
Search in Google.com for 360 panorama pictures that meet your own personal requirements of 
an environment. Make sure the image has a high resolution.  

Figure 23
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 environment. You can add a sphere or a cylinder around your model and add an  

 environmental bitmap. In this guide I will only discuss the environmental sphere. 

37. Adding an environment takes a little bit more time than you would expect  

 especially because the scale of the environmental image is hard to find.  

 Search in Google.com for 360 panorama pictures that meet your own personal  

 requirements of an environment. Make sure the image has a high resolution. 

 For this model I choose for a fairly simple and basic surrounding because of  

 experimental requirements. 

 More often you can use 360 panorama views like image 7.

For  this  model  I  choose  for  a  fairly  simple  and  basic  surrounding  because  of  experimental 
requirements.  

 

Figure 24 

More often you can use 360 panorama views like image 7. 

 

Image 7 

38. Now we start in 3DSmax. First create a sphere seen in figure 25. #standard primitives – sphere. 
Make  sure  you  make  the  sphere  really  big  so  that  it  will  cover  up  the  model  easily.  

Figure 24

For  this  model  I  choose  for  a  fairly  simple  and  basic  surrounding  because  of  experimental 
requirements.  

 

Figure 24 

More often you can use 360 panorama views like image 7. 

 

Image 7 

38. Now we start in 3DSmax. First create a sphere seen in figure 25. #standard primitives – sphere. 
Make  sure  you  make  the  sphere  really  big  so  that  it  will  cover  up  the  model  easily.  

Image 7

 38. Now we start in 3DSmax. First create a sphere seen in Figure 25. #standard  

 primitives – sphere. Make sure you make the sphere really big so that it will  

 cover up the model easily. 

 39. Activate the “Edged Faces” as seen in Figure 26. Right click the left letters and  

 enable “Edged Faces” 

 40. Select the sphere and make an editable poly. 

 #right click on the object – convert to – convert to ediTable poly. 

 Go to properties in the right hand menu  and select the plane editor as   

 seen on Figure 27.    

 Select now the bottem half of the sphere and delete it. 
hand menu   and select the plane editor as seen on figure 27.  Select now the bottem half 
of the sphere and delete it.  

 

Figure 27 

41. To make an environmental sphere we need to invert the sphere. Go to properties again   
and  click  on  the dropdown menu  “Modifier  List”.  Select  here  “Normal”. As  seen  in  figure  28. 
#Modifier List – Normal 

 

Figure 28 
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Figure 25 

39. Activate  the “Edged Faces” as  seen  in  figure 26. Right  click  the  left  letters and enable “Edged 
Faces”  

 

Figure 26 

40. Select the sphere and make an editable poly   
#right click on the object – convert to – convert to editable poly. Go to properties  in the right 

Figure 25

 

 

Figure 25 

39. Activate  the “Edged Faces” as  seen  in  figure 26. Right  click  the  left  letters and enable “Edged 
Faces”  

 

Figure 26 

40. Select the sphere and make an editable poly   
#right click on the object – convert to – convert to editable poly. Go to properties  in the right 

Figure 26

hand menu   and select the plane editor as seen on figure 27.  Select now the bottem half 
of the sphere and delete it.  

 

Figure 27 

41. To make an environmental sphere we need to invert the sphere. Go to properties again   
and  click  on  the dropdown menu  “Modifier  List”.  Select  here  “Normal”. As  seen  in  figure  28. 
#Modifier List – Normal 

 

Figure 28 

Figure 27
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41. To make an environmental sphere we need to invert the sphere. Go to   

 properties again and click on the dropdown menu “Modifier List”. 

 Select here “Normal”. As seen in Figure 28. 

 #Modifier List – Normal

 

42. Now we can add the 360 panorama image to the sphere. Open the material  

 editor [M] and create a standard material as was discussed in point 20. Add  

 an diffuse map and select the chosen panorama image as the bitmap. Probably  

 this material will not fit to the sphere we made to adjust the image we are  

 going to add a UVW map. 

 # right hand menu – properties  - Modefier List – UVW map. 

 Here you can change the properties until the material fits to the real world  

 image. You can change the mapping, length, width and height until you are  

 satisfied. As seen on Figure 29.

hand menu   and select the plane editor as seen on figure 27.  Select now the bottem half 
of the sphere and delete it.  

 

Figure 27 

41. To make an environmental sphere we need to invert the sphere. Go to properties again   
and  click  on  the dropdown menu  “Modifier  List”.  Select  here  “Normal”. As  seen  in  figure  28. 
#Modifier List – Normal 

 

Figure 28 Figure 28

42. Now we  can  add  the  360  panorama  image  to  the  sphere.  Open  the material  editor  [M]  and 
create  a  standard material  as  was  discussed  in  point  20.  Add  an  diffuse map  and  select  the 
chosen panorama image as the bitmap. Probably this material will not fit to the sphere we made 

to adjust the image we are going to add a UVW map. # right hand menu – properties    ‐ 
Modefier List – UVW map. Here you can change the properties until the material fits to the real 
world image. You can change the mapping, length, width and height until you are satisfied. As 
seen on figure 29. 

 

Figure 29 

43. Now the scene  is complete. However one  important step remains. Because Vizard cannot real 
time  render  every  scene when  people  are  viewing  the  VR model  it  is  necessary  to  bake  the 
shadow and light settings into the material.    
 
According to the Vizard light baking guide p1. (2016):   
“Baking  refers  to  using  a  program,  in  this  case  3DSmax,  to  create  a  texture  map  based  on 
different aspects of the scene. Realistic lighting is difficult to achieve in real‐time, and when it is, 
it takes a lot of processing power. By letting 3DSmax calculate realistic lighting beforehand on all 
non‐moving (static) objects, none of that processing has to be done in real‐time and the graphics 
card  can  display  complex  scenes  with  a  higher  frame  rate.  Moving  objects  (dynamic  object), 
however still have to be lit real‐time lights. “ 

42. Now we  can  add  the  360  panorama  image  to  the  sphere.  Open  the material  editor  [M]  and 
create  a  standard material  as  was  discussed  in  point  20.  Add  an  diffuse map  and  select  the 
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world image. You can change the mapping, length, width and height until you are satisfied. As 
seen on figure 29. 
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43. Now the scene  is complete. However one  important step remains. Because Vizard cannot real 
time  render  every  scene when  people  are  viewing  the  VR model  it  is  necessary  to  bake  the 
shadow and light settings into the material.    
 
According to the Vizard light baking guide p1. (2016):   
“Baking  refers  to  using  a  program,  in  this  case  3DSmax,  to  create  a  texture  map  based  on 
different aspects of the scene. Realistic lighting is difficult to achieve in real‐time, and when it is, 
it takes a lot of processing power. By letting 3DSmax calculate realistic lighting beforehand on all 
non‐moving (static) objects, none of that processing has to be done in real‐time and the graphics 
card  can  display  complex  scenes  with  a  higher  frame  rate.  Moving  objects  (dynamic  object), 
however still have to be lit real‐time lights. “ 

Figure 29
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 43. Now the scene is complete. However one important step remains. Because  

 Vizard cannot real time render every scene when people are viewing the VR  

 model it is necessary to bake the shadow and light settings into the   

 material.  

 According to the Vizard light baking guide p1. (2016): 

 “Baking refers to using a program, in this case 3DSmax, to create a texture  

 map based on different aspects of the scene. Realistic lighting is difficult   

 to achieve in real-time, and when it is, it takes a lot of processing power. By  

 letting 3DSmax calculate realistic lighting beforehand on all non-moving (static)  

 objects, none of that processing has to be done in real-time and the graphics  

 card can display complex scenes with a higher frame rate. Moving objects  

 (dynamic object), however still have to be lit real-time lights. “

44. To start baking in 3DSmax we need to use the function “render to texture” [0]

 Make sure your render engine is set on Scanline render as seen in step 11. 

 (You can also use mental ray renderer for baking but then you need different  

 properties with the lights)

45. Select the object you want to bake and press “0” to open the property menu  

 “render to texture” It is advised to not render all the objects at the same   

 time but make groups, like all the walls of one room. See Figure 30 to set up  

 properties.

 

 General settings : with output you can enter a location that you prefer. It is  

 advised  to save the renders on the same place as you save the project file. 

 Render settings: from the drop down menu choose 3dsmax.scanline.lighting. 

 high. And press load. 

 Objects to bake: in the Table you see all the materials you have selected.   

 Change the padding to 8.  

 Mapping coordinates: enable “use automatic unwrap” and set the channel on  

 “3” (image 8)
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44. To  start  baking  in  3DSmax  we  need  to  use  the  function  “render  to  texture”  [0] 
Make sure your  render engine  is  set on Scanline  render as  seen  in step 11.  (You can also use 
mental ray renderer for baking but then you need different properties with the lights) 

45. Select the object you want to bake and press “0” to open the property menu “render to texture”  
It is advised to not render all the objects at the same time but make groups, like all the walls of 
one room. The properties should be as shown on figure 30.    
 
General settings : with output you can enter a location that you prefer. It is advised to save the 
renders on the same place as you save the project file.  

Render  settings:  from  the  drop  down  menu  choose  3dsmax.scanline.lighting.high.  as  seen 
below. And press load.  

Objects to bake: in the table you see all the materials you have selected. Change the padding to 
8.  

 

Figure 30 

 

 

 

Figure 30Mapping coordinates: enable “use automatic unwrap” and set the channel on “3” 

 

Image 8 

46. Now we are going to add a Light map. Light maps and Complete maps are the only maps that 
can be exported to Vizard. Here under the difference between the two maps will be explained. 
(Vizard guide, 2016 p.1) 

“Complete Map”   
A complete map is a new texture for the model created from the original textures and lighting 
information.  

Complete Map Pros:   
‐ Best overall results and blending of original textures with lighting.   
‐  Not  necessary  for  original  materials  to  be  Standard  as  long  as  the  new  baked  material  is 
Standard 

Complete Map Cons:   
‐Bake needs to be done at a high resolution to maintain texture detail. This can cause model size 
to increase substantially. Suitable for small scenes (e.g. room interior) rather than large scenes. 

“Light Map”   
Light maps  are  a  record  of  luminance  values.  These  values  are multiplied  against  the  diffuse 
textures to add lighting and shadows: 

Light Map Pros:  
‐ Optimization. Original texture resolutions are maintained. Map size only affects the quality of 
the shadows and light effects. Lighting is mostly composed of smooth gradients, so it does not 
need as much close‐up detail as a diffuse texture.   
‐ Versatility. Light maps keep lighting separate from surface color, allowing you to change diffuse 
maps without needing to re‐bake the scene. 

Image 8

 

46. Now we are going to add a Light map. Light maps and Complete maps are the  

 only maps that can be exported to Vizard. Here under the difference between  

 the two maps will be explained. (Vizard guide, 2016 p.1)

 “Complete Map” 

 A complete map is a new texture for the model created from the original   
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 textures and lighting information. 

 Complete Map Pros: 

-  Best overall results and blending of original textures with lighting. 

- Not necessary for original materials to be Standard as long as the new baked  

 material is Standard

 Complete Map Cons: 

- Bake needs to be done at a high resolution to maintain texture detail. This can  

 cause model size to increase substantially. SuiTable for small scenes (e.g. room  

 interior) rather than large scenes.

 “Light Map” 

 Light maps are a record of luminance values. These values are multiplied against  

 the diffuse textures to add lighting and shadows.

 Light Map Pros: 

- Optimization. Original texture resolutions are maintained. Map size only affects  

 the quality of the shadows and light effects. Lighting is mostly composed  of  

 smooth gradients, so it does not need as much close-up detail as a diffuse  

 texture. 

-  Versatility. Light maps keep lighting separate from surface color, allowing you to  

 change diffuse maps without needing to re-bake the scene.

 Light Map Cons: 

 - Less photorealistic than complete bake. 

 - Requires all source materials to be Standard

47. For this project I am going to use a light map because of better material   

 resolutions and better baking results. To determine which is the best for your  

 scene can achieved with try and error. Set up the properties from “render to  

 texture” further as seen on image 9. 

 Output : Add – Select lightmap. Target map slot – select self-illumination 

 then choose the map size for the rendered texture – the bigger the scale the  

 more detail you have but this also adds up to the file size. 
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48. Baked material : enable “save source” and enable “duplicate source to   

 baked” and enable “keep source materials”

 

Light Map Cons:  
‐ Less photorealistic than complete bake.   
‐ Requires all source materials to be Standard 

47. For this project I am going to use a light map because of better material resolutions and better 
baking results. To determine which is the best for your scene can achieved with try and error. 
Set up the properties from “render to texture” further as seen on image 9.  

Output : Add – Select lightmap. Target map slot – select self‐illumination  
then choose the map size  for the rendered texture – the bigger  the scale the more detail you 
have but this also adds up to the file size.  

 

Image 9 

48. Baked material : enable “save source” and enable “duplicate source to baked”   
and enable “keep source materials” 

 

Image 10 

Image 9

Light Map Cons:  
‐ Less photorealistic than complete bake.   
‐ Requires all source materials to be Standard 

47. For this project I am going to use a light map because of better material resolutions and better 
baking results. To determine which is the best for your scene can achieved with try and error. 
Set up the properties from “render to texture” further as seen on image 9.  

Output : Add – Select lightmap. Target map slot – select self‐illumination  
then choose the map size  for the rendered texture – the bigger  the scale the more detail you 
have but this also adds up to the file size.  

 

Image 9 

48. Baked material : enable “save source” and enable “duplicate source to baked”   
and enable “keep source materials” 

 

Image 10 
Image 10

49. Automatic mapping: set the spacing on 0.002 to make sure all the seams are  

 well put together. You get a more efficient spacing resulting in a higher   

 resolution render. 

 

 

49. Automatic mapping: set the spacing on 0.002 to make sure all the seams are well put together. 
You get a more efficient spacing resulting in a higher resolution render.  

 

Image 11 

50. For  the  last  step  you  can  press  the  render  button.  Now  all  objects  are  unwrapped  and  all 
materials  are  being  rendered.  This  looks  a  bit weird  but  everything will work  out  in  the  end.  
For example, a banana being rendered to texture,  image 12. You can see that different planes 
get a shadow rendered to them.  

 

Image 12 

51. You can check if an object is baked if “Automatic Flatten UVs” is added to the modifiers. As seen 
on figure 31 

Image 11
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50. For the last step you can press the render button. Now all objects are   

 unwrapped and all materials are being rendered. This looks a bit weird but  

 everything will work out in the end. 

 For example, a banana being rendered to texture, image 12. You can see that  

 different planes get a shadow rendered to them. 

 

51. You can check if an object is baked if “Automatic Flatten UVs” is added to the  

 modifiers. As seen on Figure 31

 Not all materials need to be baked only the materials where the shadows add  

 to the realm in the VR model. Also Glass textures do not need to be baked  

 otherwise they will not be transperant anymore. 

52. Here after we have completed the model. And we can export the model to  

 Vizard.  Vizard cannot read all sorts of file formats. We are going to use osgb.  

 to export the files. This is not a standard function in 3DSmax there for we first  

 need to download OSGB exporter from the Vizard site: 

 http://www.worldviz.com/virtual-reality-software-downloads/

 

49. Automatic mapping: set the spacing on 0.002 to make sure all the seams are well put together. 
You get a more efficient spacing resulting in a higher resolution render.  
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For example, a banana being rendered to texture,  image 12. You can see that different planes 
get a shadow rendered to them.  

 

Image 12 

51. You can check if an object is baked if “Automatic Flatten UVs” is added to the modifiers. As seen 
on figure 31 

Image 12

 

Figure 31 

Not all materials need to be baked only the materials where the shadows add to the realm in 
the  VR  model.  Also  Glass  textures  do  not  need  to  be  baked  otherwise  they  will  not  be 
transperant anymore.  

52. Here after we have completed the model. And we can export the model to Vizard. Vizard cannot 
read all sorts of file formats. We are going to use osgb. to export the files. This is not a standard 
function in 3DSmax there for we first need to download OSGB exporter from the Vizard site:  

http://www.worldviz.com/virtual‐reality‐software‐downloads/ 

53. After  installing we can  start  the exporting process.  Left  top  corner bottom – export –  save as 
type  –  OpenSceneGraph  exporter  (.osgb  .osg  .ive  .osgt)  –  presh  save  ‐  the  property  box  will 
open. Make sure the next discussed properties are enabled.  

Output : embedded in binary file – as seen on figure 32.   
I always disable the quick view scene. This option enables you to quickly view the file in Vizard 
Inspector.  

 

Figure 32 

Export Objects: Disable “lights” and “hidden notes” 

Figure 31
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53. After installing we can start the exporting process. Left top corner bottom –  

 export – save as type – OpenSceneGraph exporter (.osgb .osg .ive .osgt) – presh  

 save - the property box will open. Make sure the next discussed properties are  

 enabled. 

 Output : embedded in binary file – as seen on Figure 32.  

 I always disable the quick view scene. This option enables you to quickly view  

 the file in Vizard Inspector. 

 

 Export Objects: Disable “lights” and “hidden notes”

 

Figure 31 

Not all materials need to be baked only the materials where the shadows add to the realm in 
the  VR  model.  Also  Glass  textures  do  not  need  to  be  baked  otherwise  they  will  not  be 
transperant anymore.  

52. Here after we have completed the model. And we can export the model to Vizard. Vizard cannot 
read all sorts of file formats. We are going to use osgb. to export the files. This is not a standard 
function in 3DSmax there for we first need to download OSGB exporter from the Vizard site:  

http://www.worldviz.com/virtual‐reality‐software‐downloads/ 

53. After  installing we can  start  the exporting process.  Left  top  corner bottom – export –  save as 
type  –  OpenSceneGraph  exporter  (.osgb  .osg  .ive  .osgt)  –  presh  save  ‐  the  property  box  will 
open. Make sure the next discussed properties are enabled.  

Output : embedded in binary file – as seen on figure 32.   
I always disable the quick view scene. This option enables you to quickly view the file in Vizard 
Inspector.  

 

Figure 32 

Export Objects: Disable “lights” and “hidden notes” 

Figure 32

    

Figure 33 

Geometry  State: Disable  “Use  indices”  and  “Turn  off  lighting”  the  last  one  only  needs  to  be 
disabled if you used baked textures.  

    

Figure 34 

   Maps: enable all    
  Material state : enable all 

    

Figure 35 

Figure 33

   Geometry State: Disable “Use indices” and “Turn off lighting” the last one only  

 needs to be disabled if you used baked textures. 

    

Figure 33 

Geometry  State: Disable  “Use  indices”  and  “Turn  off  lighting”  the  last  one  only  needs  to  be 
disabled if you used baked textures.  

    

Figure 34 

   Maps: enable all    
  Material state : enable all 

    

Figure 35 

Figure 34
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  Maps: enable all 

 Material state : enable all

    

Figure 33 

Geometry  State: Disable  “Use  indices”  and  “Turn  off  lighting”  the  last  one  only  needs  to  be 
disabled if you used baked textures.  

    

Figure 34 

   Maps: enable all    
  Material state : enable all 

    

Figure 35 
Figure 35

 

Figure 36 

   Texture State: make sure all the properties are on default as shown below on the image.  

   

Figure 37 

   Optimize: disable all 

   

Figure 38 

Miscellaneous: set “convert units to” to “meters” This makes sure that the model in Vizard will 
be displayed in the correct scale.  

Figure 36  

Figure 36 

   Texture State: make sure all the properties are on default as shown below on the image.  

   

Figure 37 

   Optimize: disable all 

   

Figure 38 

Miscellaneous: set “convert units to” to “meters” This makes sure that the model in Vizard will 
be displayed in the correct scale.  

Figure 37

  Texture State: make sure all the properties are on default as shown below on  

 the image. 
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    Optimize: disable all

   Miscellaneous: set “convert units to” to “meters” This makes sure that the  

 model in Vizard will be displayed in the correct scale. 

 

 

Figure 36 

   Texture State: make sure all the properties are on default as shown below on the image.  

   

Figure 37 

   Optimize: disable all 

   

Figure 38 

Miscellaneous: set “convert units to” to “meters” This makes sure that the model in Vizard will 
be displayed in the correct scale.  

Figure 38

 

Figure 39 

Vizard Inspector  

1. After exporting the model to .OSGB you can import the model to Vizard. To check if the model 
works good without extra programming we are going to open the model in Vizard Inspector.  

2. Open Vizard 4.0 Inspector and import the file   
#file – open – choose your model.  

It  is  best  to  now  check  the  number  of  Polygons  and  keep  this  number  as  low  as  possible.  It 
depends on the strength of the computer how many polygons you eventually can have.  

Vizard 4.0 

1. Now we can open Vizard 4.0 we cannot just load in the .osgb file but we first need to write some 
script. The program language used by Vizard is python.  

2. First  lines add “import viz” “viz.go()” and  (Patientroom1 = viz.addChild  (‘name_file.OSGB’)  ) as 
seen in the script below.    
You  can  change  many  things  and  personalise  the  model  as  much  as  you  like.  Vizard  has  an 
excellent data base where you can find all different kinds of solutions.  

Make only sure that you disable the headlight. And then later on you can add your own lights in 
Vizard.  

Figure 39

VIZARD INSPECTOR 

1. After exporting the model to .OSGB you can import the model to Vizard. To  

 check if the model works good without extra programming we are going to  

 open the model in Vizard Inspector. 

2. Open Vizard 4.0 Inspector and import the file 

 #file – open – choose your model. 

 It is best to now check the number of Polygons and keep this number as low as  

 possible. It depends on the strength of the computer how many polygons you  

 eventually can have. 

VIZARD 4.0
1. Now we can open Vizard 4.0 we cannot just load in the .osgb file but we first  

 need to write some script. The program language used by Vizard is python. 

2. First lines add “import viz” “viz.go()” and (Patientroom1 = viz.addChild (‘name_ 

 file.OSGB’) ) as seen in the script on the next page.  



316

 

 

3. Now you can run the model and walkthrough the model by using the mouse.  
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 You can change many things and personalise the model as much as you like.  

 Vizard has an excellent data base where you can find all different kinds of  

 solutions. 

 Make only sure that you disable the headlight. And then later on you can add  

 your own lights in Vizard. 

 3. Now you can run the model and walkthrough the model by using the mouse. 
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