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8Chapter
General discussion

In this thesis, the influence of the hospital environment (i.e., building complexity, 
nature, sound environment, and patient room) on the patients’ physical and psychosocial 
well-being was investigated considering different aspects in a patient journey. First, 
the influence of building complexity and simulated physical ageing on wayfinding 
performance was studied during the arrival at the hospital. Second, the influence of 
nature projection on the patients’ well-being during diagnostics was investigated. Third, 
the influence of the sound level on the well-being of patients in an outpatient infusion 
center was examined. Fourth, a broader perspective of the patients’ experience of the 
physical, social, and privacy aspects was studied in the outpatient infusion center. Finally, 
the physical and psychosocial aspects in multi-bedded patient rooms in an oncology 
ward were studied.

This final chapter begins with the theoretical implications of the findings (Chapter 8.1), 
followed by the practical implications of the present research (Chapter 8.2). Moreover, 
several methodological considerations (Chapter 8.3) and suggestions for future research 
are discussed (Chapter 8.4). This chapter ends with a brief conclusion (Chapter 8.5). 
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8.1 Theoretical implications of the findings
This section discusses four theoretical models that are widely used such as quality of 

health care, services, and spaces. The results of this dissertation are in accordance with 
these models. However, the results also suggest the unjustified absence of a number 
of important variables with an impact on patients. The following section discusses the 
theoretical contribution of this dissertation to the literature on the built environment 
of hospitals with regard to (1) the role of the hospital environment and (2) the role of 
individual patient characteristics. This section concludes by discussing the alignment 
between the hospital environment and individual patient characteristics, resulting in a 
visual summary of the theoretical implications.

8.1.1 The hospital environment and patients’ experiences and well-being
The studies in this thesis contribute to scientific knowledge with regard to the hospital 

environment and the influence on patients’ experiences and well-being. This dissertation 
showed the influence on patients of building complexity, nature, sound, and the size 
of patient rooms and also the mediating and moderating effects in the relationship 
between the hospital environment and patients’ physical and psychosocial well-being. To 
understand the patient’s experience, four relevant theoretical concepts on spaces, services, 
and health care were relevant: Quality of care, environmental psychology, servicescapes, 
and evidence-based design. Figure 8.1 presents the four theoretical concepts, and the 
axes divide the concepts into four sections: The x-axis expresses the focus of the theories 
(i.e., service-oriented versus space-oriented), and the y-axis expresses the generalizability 
of the theories (i.e., universal versus health care). In the upper right section, the theory of 
environmental psychology begins with a focus on space, and this theory is applicable in 
different settings (i.e., universal). In the upper left, the theory of servicescapes stands from 
service management and, therefore, is service-oriented, and this theory is also applicable 
in different settings (i.e., universal). The lower left section presents the theory of quality 
of care, which is service-oriented (i.e., health care processes) and intended for health care 
settings. Finally, the lower right section presents the evidence-based design theory that is 
space-oriented and intended for health care settings.

 
  

Space-oriented Service-oriented 

Universal 

Health care 

Servicescape Environmental 
psychology 

Quality of Care Evidence Based 
Design 

Figure 8.1 Four relevant theories on spaces, services, and health care with, on the x-axis, the focus of the 
theory (service-oriented versus space-oriented) and, on the y-axis, the generalizability of the theory (universal 
versus health care setting)
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The theory of quality of health care introduced the basic concept of the role of 
the hospital environment but had not yet emphasize the importance. Donabedian 
(1966, 1988) argued that structure influences health care processes which may have 
implications for the quality of care. Donabedian contended that structures involve the 
setting in which the care occurs. Structure includes material resources (e.g., facilities, 
equipment, and money), human resources (e.g., number and qualifications of personnel), 
and organizational structure (e.g., medical staff organization). Even though facilities are 
a mere sub-attribute of material resources, the model of Donabedian can be confirmed 
by emphasizing the important role of the hospital environment for improving patients’ 
physical and psychosocial well-being. For instance, patients who received treatments in 
a shared room where they are exposed to health-related conversations can emotionally 
isolate themselves and even withhold medically relevant information from staff. 

Coherence between the hospital environment and services can positively influence 
patients’ physical and psychosocial well-being. This also accords with Bitner’s servicescape 
model in which she added the connection between spaces and services. She argued that 
a holistic experience of the physical environment that corresponds with the material 
resources in Donabedian’s model influences responses of staff and customers as well as 
their social interaction. For instance, the nature of conversations at a reception desk may 
depend on a(n) (un)successful wayfinding task. Her framework is primarily focused on 
commercial settings; however, it can be stated that an application in health care also works 
well. In a health care context, and even more specifically in a hospital, the environment 
can influence medical interactions between patients and health care staff. 

In environmental psychology, it is argued that humans respond emotionally and 
behaviorally to the environment (Mehrabian & Russell, 1974). For instance, if a room 
is too noisy, people can become irritated and decide to leave the room. In addition to 
the direct effect of the hospital environment on patients’ well-being, it is important to 
consider mediating and moderating effects in this relationship. Building on the work of 
Mehrabian & Russell (1974), Bitner (1992) included the mediating role of the perceived 
servicescape in the relation between environmental variables and responses of customers 
and employees. The perceived pleasantness of the hospital environment is an essential 
mediator in the relationship between the hospital environment and patients’ well-being 
and is in line with other studies (Campos Andrade et al., 2013; Dijkstra et al., 2008b). For 
instance, nature in a diagnostic room is perceived as pleasant which subsequently reduces 
the patients’ level of anxiety. It is most likely that a greater number of affective or cognitive 
mediating variables – such as feelings of fear or surprise – may play a crucial role in how 
patients perceive the hospital environment, which influences well-being.

Beyond emotional and behavioral responses, evidence-based design research argues 
that the hospital environment can even influence health care outcomes. Evidence-
based design is rigorous research linking health care environments to health care 
outcomes (Ulrich et al., 2008). Studies show that physical surroundings can potentially be 
transformed into healing environments and can even improve patients’ well-being and 
outcomes (Ulrich et al., 2008; Ulrich et al., 2010). The relevance of physical surroundings 
on patients’ perceptions and experiences such as wayfinding, nature, sound, privacy, and 
room size can be confirmed. 

The conceptual framework of evidence-based design should be extended with the 
introduction of the social perspective with regard to the hospital environment. Bitner’s 
(1992) servicescape framework also addressed the impact of the physical environment on 
the quality of social interactions between customers. In a hospital setting, this framework 
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can be extended with the influence of the hospital environment on the social interactions 
among patients.

To conclude, the hospital environment contains different health care specific design 
variables that, in coherence with (health care) services, can have a significant impact on 
patients’ physical and psychosocial well-being. 

8.1.2 Individual patient characteristics, needs, and preferences
The influence of the hospital environment on patients is complex, and there appear to 

be differences between individual patients. The theoretical models would better accord 
with reality when considering (1) the individual characteristics of patients and (2) the 
patient needs and preferences with regard to the hospital environment. Different patient 
groups should be defined for each journey step in order to improve patients’ well-being 
in hospitals. 

It can be stated that the impact of the hospital environment is, in fact, more complicated 
than the previous theoretical models supposed (Bitner, 1992; Donabedian, 1988; 
Mehrabian & Russell, 1974; Ulrich et al., 2010). Coyle and Battles (1999) also argued that 
the model of Donabedian lacked the inclusion of individual characteristics. They contend 
that personal characteristics of patients influence the quality of care and, subsequently, 
the patient outcomes (Coyle & Battles, 1999). In environmental psychology (Mehrabian 
& Russell, 1974), the individual factor of personality was included but only focused on 
personality traits that are associated with emotions. In the servicescape model of Bitner 
(1992), she also adds situational factors such as the plan and purpose for being in the 
environment, mood state, and expectations of the environment next to personality traits. 
In the evidence-based design framework, demographics were included as moderators 
such as age, gender, ethnicity, and diagnosis. 

 

Physical 
factors 

Age 

Gender 

Physical ageing 

Psychosocial 
factors 

Personality 

Individual affective state 

Medical 
factors 

Global health status 

Medication use 

Length of stay 

Individual 

patient 

Figure 8.2 Individual factors influencing patients’ physical and psychosocial well-being
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The theoretical models would better fit with reality when considering the individual 
characteristics of patients in hospitals, which can be subdivided into three individual 
main factors: Physical factors (i.e., age, gender, physical ageing), medical factors 
(i.e., health condition, medication use, length of stay), and psychosocial factors (i.e., 
personality, individual affective state) (Figure 8.2). For instance, there is an influence of 
physical ageing. Older people with physical limitations perform less rapidly in terms of 
speed during a wayfinding task (Chapter 2). From a medical perspective, an example is 
the impact of medication use. For instance, patients who use sleep medication perceive 
higher levels of anxiety during hospitalization (Chapter 6). An illustration of a psychosocial 
factor is, for instance, the initial affective state. It can be suggested that the influence of 
the individual initial affective state of patients affects the patient’s perception of hospital 
environments. This is in line with the framework of Mehrabian and Russell (1974); they 
discussed the impact of the internal state of an individual on emotions, such as hunger, 
sleep, fatigue, pain, or sickness. According to the psycho-evolutionary theory of Ulrich 
(1983), the individual’s affective state that is derived from a person’s present and history 
direct and sustains the person’s attention. The findings of the studies in this thesis accord 
with these two models that the state in which individuals enter the hospital influence the 
experienced quality of health care.

Moreover, patients’ well-being is related to their individual needs and preferences. For 
example, the study in Chapter 5 showed that patients with different preferences perceived 
the relation between the physical environment and social environment differently in an 
outpatient infusion center. Patients desired different degrees of physical enclosure; those 
who preferred non-talking required physical disclosure in terms of single rooms while 
those who preferred talking desired shared rooms. Donabedian (1988) argued that it is 
difficult to include patient preferences in the assessment of quality of care. However, Pine 
II and Gilmore (1998) contend that the individual needs are essential for the experience 
of customers (Pine II & Gilmore, 1998). The alignment of spatial structures with patient’s 
needs appears to be essential for their well-being in hospitals. In fact, these individual 
characteristics may even be part of the structure (Donabedian, 1988) that – together with 
buildings and organization – define the experienced quality of health care. 

8.1.3 Aligning the hospital environment with individual patient characteristics
The theoretical implications above show that the experience and well-being of 

patients is both context and person specific. The contextual aspects, for instance, building 
complexity, nature, sound environment, and patient rooms influence patients’ well-being 
(i.e., physical, emotional, and cognitive). Moreover, the findings of these studies indicated 
that a wide variety of patients visit a hospital and experience their hospital visit very 
differently. This variety relates to individual patient characteristics such as needs and 
preferences.  

The results of this thesis demonstrated that a combination of the aforementioned 
theories can provide improved insight into the impact of the hospital environment on 
patients during the patient journey since universal theories are too generic for a hospital 
context compared to other types of organizations. A health care oriented model such as 
that of Donabedian (1988) does support the basic idea that the structure of a building 
influences hospital processes and outcome but disregards the need to align a hospital 
environment with patient characteristics. Moreover, the universal framework of Mehrabian 
and Russell (1974) does combine personal and environmental characteristics but neglects 
patients’ well-being (i.e., physical, emotional, and cognitive) and organization structures. 
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Similarly, the universal model of Bitner connects the environment with user responses and 
behaviors in a dominantly commercial context and even includes interaction between 
customer and staff but also omits the relation with patient outcomes. The best fit may be 
with the evidence-based design model; however, this lacks the inclusion of interaction 
between fellow patients and organization structures. 

In conclusion, Figure 8.3 presents the most important associations found in this 
dissertation. The results in this dissertation support the direct influence of the hospital 
environment on patients’ well-being. The well-being of patients in hospitals can be 
improved by aligning the hospital environment with individual patient characteristics, 
needs, and preferences. Moreover, the mediating role of the perceived pleasantness of 
the environment and social interactions between patients and health care staff as well 
as interactions among patients play an essential role in the relationship between the 
hospital environment and patients’ well-being. 

 

8.2 Practical implications of the findings
Although it seems obvious that the hospital environment has an important role in 

improving patients’ well-being, the practical challenges for creating hospital buildings 
with a positive influence on patients are surprisingly ample. First, the practical implications 
of evidence-based design will be elaborated. Second, the integration of a focus on 
patients’ well-being in the hospital design process will be discussed. Thirdly, the need for 
an integrated approach among stakeholders will be examined. 

8.2.1 Evidence-based design
To build a better hospital environment, it is important to move from an intuitive 

design towards an evidence-based design. An optimal hospital environment facilitates 
the patients’ physical, mental, and social well-being and can subsequently even improve 
the organization’s financial results (Berry et al., 2004; Ulrich et al., 2010). The findings of this 
thesis extended this scientific knowledge and confirmed that the hospital environment 
has an important role in the well-being of patients during the entire patient journey 
from arrival, diagnosis to treatment. This thesis identified four areas that are within the 

 

Patients’ physical and 
psychosocial well-being  

Perceived pleasantness 

Individual patient 
characteristics, needs, and 

preferences 

Hospital environment 

Social interaction between 
patients and health care staff 

and among patients 

Figure 8.3 Summary of associations between the hospital environment and patients’ physical and psychosoci-
al well-being
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parameters of the domain of evidence-based design and will be further elaborated: (1) 
wayfinding system, (2) sound environment, (3) view on nature, and (4) options and choices.

8.2.1.1 Wayfinding system
Existing evidence argued that the wayfinding system can hinder or improve patients’ 

well-being. The findings of this thesis present the importance of better alignment between 
the building structure, signage, and services to help prevent patients from becoming lost 
and increasing their autonomy. More specifically, evidence in this thesis showed that 
the number of building and floor changes during the patient journey should be limited 
in order to improve wayfinding performance (e.g., fewer errors and delays). Hospital 
buildings should be easy to ‘read’ and understand. To make a building easy to understand, 
two architectural features are important (Passini, 1996):

1. To structure distinctive units 
2. To create an identifiable setting 

 - apply geometric laws (e.g., symmetry or hierarchy)
 - use simple geometric forms (e.g., T-form or L-form)

The building indirectly influences the choices that patients make, also known as 
nudging (Thaler & Sunstein, 2008). For example, patients will choose the route that is 
the most obvious and requires the least effort. However, they will always make mistakes, 
therefore, it is important to expect errors and to create foolproof designs. Hospitals 
should include routes that require fewer patient decisions (e.g., whether to go left, right, 
or straight ahead) which will result in better wayfinding performance (e.g., fewer errors 
and delays). To create a more patient-centered hospital environment, it is important to 
identify, group, and link the most common patient journeys (including the different ways 
that patients arrive, such as by car, bus, taxi, bicycle, or walking). By doing so, hospitals 
are able to locate departments in an easy and efficient manner around patient needs 
instead of around doctors, specialties, or medical interventions. Such an approach can 
increase the logic from a patient’s perspective and decrease density by creating a clear 
vision of the building’s logic and structure. This can be accomplished, for example, by 
locating departments that belong together from a patient’s perspective in the same 
area: outpatient clinics (e.g., consultation rooms for oncologists, oncology nurses, 
psychologists), diagnostic clinics (e.g., CT-scan, MRI-scan, blood test, biopsy rooms), and 
inpatient clinics (e.g., chemo treatment rooms) around the patients’ medical condition or, 
for example, by separating the flow of patients, staff, and logistics (e.g., onstage versus 
backstage). To enable integrated care around the patient journey, hospitals should pay 
attention to the physical relocation of departments and alignment of location with patient 
logistics and perspectives.

Moreover, evidence showed that simulated older people consumed more energy 
during a wayfinding task. Therefore, it is important that hospitals prioritize patient groups 
by taking into account the physical capabilities (e.g., which patient groups are able to walk 
the longest distances). For instance, hospitals could move clinics with a focus on older 
people nearer to the parking lots, bus stops, or taxi pick-up areas in order to make clinics 
more accessible by foot for them. 

Facility managers should employ wayfinding support systems with similar properties. 
In this context, two implications are of particular importance: signage and services. 
Signage is important to support patients in wayfinding and can compensate for complex 
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building situations. Important aspects of wayfinding signage are (Mijksenaar, 1997):

 - Clarity – the message must be clear; 
 - Continuity – repeat the information until the destination is reached;
 - Conspicuity – signs should be eye catching; 
 - Consistency – use the same terminology constantly.

For example, when patients and visitors enter a building, a complete representation 
of a multiple building setting should immediately be made clear by using wayfinding 
design such as well-located and clearly visible wayfinding signage (Hölscher et al., 2006). 
Wayfinding signage needs to be located continuously at decision points so patients can 
proceed from decision point to decision point until the destination is reached (Passini, Pigot, 
Rainville, & Tétreault, 2000). To make signage conspicuous, it is important to provide high 
contrast signage, clear color schemes, readable font type and size, sufficient illumination, 
and clear pictograms (Rousek & Hallbeck, 2011). Moreover, it is important that signs are 
positioned facing the patient and views on signage are not obstructed. Additionally and 
last, it is important that the same terms are consistently used in wayfinding signage. 

Manned service points and/or reception desks can also support wayfinding, for 
instance, if patients face difficulties repeatedly at specific locations. It is important that 
the staff of service points are positioned well and can help patients that are lost or, more 
optimally, support patients even before they ask for help (Huelat, 2007). Evidence showed 
that the number of service points did not influence wayfinding performance. However, 
alignment between service points and decision points is important for facilitating 
effective use. For instance, patients who enter a hospital building should immediately 
encounter a service point or employee that can support in making wayfinding decisions 
to improve wayfinding performance. Therefore, the design of services such as the staffing 
and staff behavior at receptions should always match with the building design in terms of 
the location of the reception. 

In conclusion, alignment between different wayfinding system variables and individual 
patient characteristics can improve the wayfinding performance and autonomy of (older) 
people.

8.2.1.2 Sound environment
Evidence of research shows that noise is an environmental stressor that can cause 

induced awakening, sleeplessness, and increased heart rates (Baker et al., 1993; Joseph, 
2009). The findings of the study in this thesis showed that the sound levels at the outpatient 
infusion center exceed the WHO guideline of 35 dB(A) in a patient room. Despite a non-
talking behavior rule during treatment, sound levels were still too high, and patients 
specifically complained about the sound of infusion pumps. 

This thesis indicated evidence for different patient needs of the sound environment 
with regard to the sound of talking; some patients preferred the sound of talking while 
others preferred non-talking or had no preference. Hospitals should always inquire about 
the patient’s preferences and create alignment with the sound environment and the 
planning system to come up with solutions that work well for all patients. The planning 
system should take into account the different preferences of patients with regard to the 
sound of talking. For example, patients with the same preferences for talking should be 
grouped in treatment rooms, patients with preferences for non-talking should be planned 
in single-person enclosed rooms, and patients with the same treatment duration should 
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be placed together (e.g., preventing unrest). 
The evidence of this thesis demonstrated that hospitals should not merely search 

for architectural solutions (e.g., layout, sound-absorbing ceilings, walls, or floors) and 
organizational solutions (e.g. inquiry of patient’s preferences, planning systems) but 
also for technological solutions. It is especially important to find solutions in avoiding 
unnecessary sounds for patients, such as alarm sounds, to improve patients’ well-being in 
hospital settings, for instance, by replacing sounds with a vibration function for nurses or 
eliminating redundant beeps. Some patients suggested visual alarms instead of acoustic 
alarms. Other examples of dominant unnecessary sounds are the sound of footsteps, 
passing trolleys, or creaking doors. Since sound levels often exceed the WHO guideline, 
and hospital environments change over time, it is important to continuously monitor the 
sound environment with, for example, smart systems. This enables hospitals to evaluate 
the WHO guideline and measure the effect of a single intervention (e.g., behavior rule, 
visual alarms instead of acoustic alarm, sound-absorbing floor, other footwear, wheels) as 
well as continuously improve the sound environment. 

In conclusion, alignment between architectural, organizational, and technological 
solutions regarding the sound environment can improve patients’ well-being.

8.2.1.3 View on nature
A growing body of evidence indicates that views on nature can positively influence 

people (Malenbaum et al., 2008; Monti et al., 2012; Tanja-Dijkstra et al., 2014; Vincent et 
al., 2010). The findings in this thesis confirmed this and showed the positive influence of 
nature projection on psychological anxiety and physiological arousal. 

The study in this thesis at the diagnostic clinic showed that it is beneficial for hospitals 
to design pleasant imaging rooms by including views on nature - in this case, a beamer - in 
the imaging room to reduce psycho-physiological anxiety. By providing pleasant imaging 
rooms, the well-being of patients can be significantly improved. It is expected that an 
increased exposure to pleasant distraction will increase the positive effects on patients 
(Andrade & Devlin, 2015). Therefore, it is advisable that hospitals put nature projection 
on walls in view of patients (e.g. when entering a hospital room or when lying at a scan 
table). In addition, patients may experience even greater benefits when they are exposed 
to nature with virtual reality glasses (Depledge et al., 2011). 

Views on nature can be considered as universally effective for reducing anxiety. Since 
many patients experience anxiety during the entire journey in hospitals, other settings 
such as waiting rooms, treatment rooms, or patient rooms should also include positive 
distractions such as views on nature. Since different natural environments can elicit 
various reactions, it is important that hospitals provide appropriate views of nature in 
the correct places. Those that contain the following visual characteristics are generally 
perceived as pleasant and, therefore, are important for creating pleasant distraction and 
reduce anxiety (Ulrich, 1983):

 - Complexity: Moderate to high number of elements in the scenery (e.g., trees, 
plants, flowers)

 - Structural properties: Focal point and order of patterning (e.g., grouping or a line 
of trees)

 - Depth: Moderate to high level of depth (e.g., openness in the scenery)
 - Ground surface texture: Homogenous ground surface and make it possible to 

move (e.g., forest landscapes or smooth grass ground)
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 - Deflected vista: Curved scenery (e.g., curving lines as pathways or rivers) 
 - Threats: No or minor appraised threats (e.g., no high cliffs or wild sea) 
 - Water: Low complexity and restricted depth (e.g., calm lake or river)

In conclusion, the evidence of this thesis indicates that even an inexpensive and 
simple solution such as a beamer that projects nature can mitigate anxiety in spaces 
where daylight and views of real nature outside are impossible. 

8.2.1.4 Options and choices
Evidence also shows that patients in hospitals often experience loss of control of every 

aspect of their daily lives (Andrade & Devlin, 2015). For instance, patients have limited 
possibilities to leave patient rooms and are limited in their activities (e.g., what and 
when to eat, shower, get dressed, and receive visitors). The findings in this thesis showed 
that various patients experience their hospital visit very differently. These differences 
in experiences between individual patients emphasize that one size does not fit all in a 
hospital environment. 

The findings in this thesis presented evidence that individual patient characteristics, 
needs, and preferences require different environmental and organizational solutions. 
From an environmental perspective, hospitals should inquire and fulfill the different needs 
of patients. For instance, choice options that respect preferences for talking or non-talking 
by offering different types of treatment places and patient rooms (i.e., private and shared 
rooms) and individually adjustable places (e.g., dynamic glazing solutions) where patients 
have the opportunity to withdraw to rest or socialize with others. From an organizational 
perspective, to improve patient autonomy, hospitals should offer patients the possibility 
to choose between different types of treatment places and patient rooms. For instance, 
patients should have the knowledge and opportunity to indicate their preference for 
each treatment/hospitalization because their preference might depend on their current 
mood and health condition. Before patients enter the hospital, at a minimum, nursing 
staff should determine these patient preferences. Patients should be informed in advance 
about the advantages and disadvantages of private and shared rooms. Patients could be 
matched regarding their individual characteristics. However, hospitals could also allow 
self-selection by patients of places or rooms. Subsequently, planning departments should 
schedule patients regarding their personal preferences and could take into account the 
duration of the treatment in the new planning system (i.e., match patients by length of 
stay). However, self-planning of patients may even be better. By doing this, patients have 
the opportunity to benefit from the most appropriate place that best fits their personality, 
current mood, and physical condition which will enhance autonomy and patients’ well-
being. 

From a social perspective, evidence in this thesis and the pandemic in 2020 (i.e., 
COVID-19) has shown both the importance of physical isolation to avoid infection risks 
but also the extremely distressing situations emerging from social isolation in hospitals 
(van Verschuer, 2020; Yardley & Rolph, 2020). To avoid this, hospitals should also and 
foremost consider creating alternative opportunities to enhance socialization such as, for 
instance, safe shared social rooms, connected areas, technology, or activities (e.g. meal 
together, playing games). 

In conclusion, the autonomy and well-being of patients can be significantly improved 
when the hospital environment allows for spatial and organizational flexibility and 
adaptability by creating options and offering choices. By doing so, hospitals could create 
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an alignment of the hospital environment with different individual patient characteristics 
and improve well-being. 

8.2.1.5 Evidence-based design methodology
Hospital environments change rapidly, and the individual needs of patients are not 

static and can shift radically, for example, in the presence of other hospital or health care 
developments. It is of major importance to learn from the design decisions on the level of 
the hospital as well as on the national and global levels.

The evidence-based design methodology is based on a set of principles to (re)design 
a better built environment of humans, specifically, (1) the real-world design process, and 
(2) the design methodology to frame research activities (Mobach, 2019). The real-world 
design process begins with the current situation and ends with the future situation. 
The design methodology makes the methodology cyclical and, in each round, the 
cycle creates a better future design. The continuous process of evidence-based design 
consists of seven phases and is illustrated in Figure 8.4. The first step of the learning cycle 
of evidence-based design is to identify the current (undesired) situation. In the second 
step, it is important to acknowledge the advantages and disadvantages of the current 
situation and conduct a premeasurement. The third step is the process to re(design) a 
future situation continued by the fourth step to implement the (re)design. In the fifth step, 
the future (desired) situation is created. To measure the actual impact of a (re)design of the 
hospital environment on patients, the cycle continues with the sixth step. In the sixth step, 
it is important to acknowledge the advantages and disadvantages of the future situation 
by conducting a post-measurement. In the final step (step 7), it is time to evaluate and 
compare the performances of the undesired and desired situation. The findings of this 
evaluation can be used to learn from design decisions and develop new (re)designs, 
according to Mobach (2019). 

Accordingly, the hospital environment is continuously improving and creating 
extraordinary designs that improve patients’ well-being. Hospitals and the construction, 
real estate, and facility management industries should begin to seriously support such 
research. It will help them to perform more effectively. Hospital buildings are never 
finished; their design and redesign must be considered as a continuous learning process.
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Figure 8.4 Phases in learning cycle of evidence-based design research
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8.2.2 Integrate patients’ needs in building design process
Despite the current evidence, it is still often unknown how building decisions precisely 

affect the patients’ well-being and outcomes and what patients require. The patients 
should be the focus in hospitals and, therefore, it is a matter of concern that patients 
themselves are barely involved in the building design process in hospitals. Hospital 
employees and managers are often involved as ‘users’ in the design process, however, the 
key is to involve a wider range of users. In order to understand patients and provide better 
healthcare, patients and their perspectives should be integrated into the building design 
process. 

Patients should be involved from the beginning in the decision-making process for 
new hospital environments or modifications to existing designs. In the initiation phase, 
the concept for the project is explored and attention should be paid to the patient’s needs. 
It is important to ask and learn from the experience of patients in the current situation. In 
doing so, it is crucial not only to inquire about their needs because many of them may not 
able to articulate this question. They may be unaware of possibilities. As Henry Ford, one 
of great innovators of the world, quoted: “If I had asked people what they wanted, they 
would have said faster horses.” Therefore, asking and measuring patient experiences is of 
great interest for improving patient outcomes, however, it is not enough. The experiences 
of patients should be turned into data, and this data should be turned into relevant 
information for the design process. This means that their experiences and needs must be 
channeled through other independent stakeholders to bring ‘the voice of the patient’ into 
the design process and allow for better-informed decision-making. 

During the design process, it is important that patients remain involved as active 
partners. Design teams create design solutions, moving from rough sketches towards a 
final design. It is essential that these solutions are presented and discussed with patients. 
Architects often present floor plans and 3D impressions but, in an optimal situation, 
patients should have the opportunity to experience potential future designs in advance, 
for instance, in a virtual environment. A virtual environment provides an optimal spatial 
experience, and patients can experience the new design more realistically. In this way, 
patients can better discuss the design and appearance of the hospital environment. For 
example, they can experience the distance to other patients, the visibility of health care 
staff, or the exposure to daylight in a virtual environment.

8.2.3 Need for an integrated approach among stakeholders in the design process
It is important that, beyond patients, all relevant stakeholders are involved in the 

design process and collaborate to successfully improve hospital environments and 
positively influence patients’ well-being and outcomes. At the primary level, the inclusion 
of patients was discussed in the previous paragraph (8.2.2). Subsequently, an integrated 
approach among other relevant stakeholders (i.e., internal and external stakeholders) will 
help to gain a greater understanding of the influence of the hospital environment and can 
create a valuable contribution to its design in order to improve patient outcomes. 

The design process of a hospital should involve a large group of stakeholders, 
specifically, patients, internal stakeholders, and external stakeholders (see Figure 8.5). 
In the internal organization, it is essential to build support from the important decision 
makers in the hospital, to encourage collaboration among the different functions, and 
to advance the potential positive effect of the hospital environment. The involved 
stakeholders should be committed to evidence-based design and related enhancement 
of patients’ well-being and outcomes. 
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In the internal organization, the facility manager is responsible for the effectiveness 
of the hospital facilities and, therefore, should play an essential role in decision-making in 
the design process. He or she is responsible for the building operations, therefore, these 
professionals know to what extent the building works or not. So, it is important to involve 
facility managers and make them prioritize evidence-based design decisions for health 
care facilities to ensure high quality in hospital designs and improve patients’ well-being 
and outcomes. They are especially useful as a linking pin between the design team and the 
users (i.e., patients, families, and staff). By facilitating and coordinating multidisciplinary 
design teams and monitoring decisions, they are able to achieve an effective facility that 
improves patients’ well-being and outcomes. 

In addition to patients, health care professionals are another important group of 
users. To begin with, it is important that they become aware of the effect of the hospital 
environment on patients’ well-being and outcomes. They are experts in the healthcare 
process and are exceptionally knowledgeable in the medical procedures and patient 
outcomes. This knowledge of health care professionals can support the health and well-
being of both patients and health care professionals. Raising awareness among these 
professionals is important for the quality of the design process. New knowledge and 
better designs can be generated by combining the knowledge of health care professionals 
with existing evidence-based design knowledge. By raising awareness, they can have an 
active role in continuously improving buildings and healthcare by looking beyond their 
current expertise. For example, after completing a treatment or patient appointment, it is 
important that health care professionals should not only ask questions about the patient’s 
health but also ask for the holistic experience of the individual patient. How did the 
patient perceive their hospital visit? This information leads to a better understanding of 
the patient needs. Although the time of health care professionals is a critical resource, the 

 

Primary level 
- Patients (families) 
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- Health care 
- ICT 
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- Logistical planning 
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External stakeholders 
- Architects 
- Engineers 
- Suppliers 
- Insurance companies 
- Public authorities 

Figure 8.5 Map of stakeholders in hospital design
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input of healthcare professionals is also important for better building designs. Obtaining 
this information is crucial for fulfilling the needs and improving the well-being of future 
patients and healthcare professionals of hospitals. In addition, health care professionals 
usually have better control over the hospital environment than patients because the 
patients are often vulnerable and out of control due their state of health and dependence 
on professionals. When health care professionals are aware of this phenomenon, they 
can enable patients to experience more autonomy by providing, for example, different 
options for them (e.g., 1-person room or 4-person room, curtains open or closed, lights 
on or off) and allow patients to make choices (e.g., using verbal communication, self-
selection of places/rooms, remote controls for doors or lights). 

Moreover, important external stakeholders in the design process are architects and 
engineers. Therefore, it is important that these professions acknowledge and understand 
the significant impact of design decisions on patients’ well-being and outcomes. Architects 
and engineers should pay attention to the effects of the hospital environment on patients 
and cooperate with other stakeholders and researchers to apply evidence-based design 
knowledge in their design decisions. Moreover, they should return to the buildings they 
have created, debate its use with user groups, reflect and learn, adopt emerging topics 
in their subsequent designs, and disseminate these learning experiences within relevant 
communities.

To create awareness among the future decision makers, an effective solution would 
be that the role of the physical environment on patients’ well-being and outcomes should 
be integrated in architectural, facility management, medical, nursing, business, and 
psychological schools of prospective healthcare professionals and practitioners. 

8.3 Methodological considerations
The studies were conducted in a real-life hospital setting, and the findings should be 

interpreted with some strengths and limitations in mind. In this section, these strengths 
and limitations will be discussed regarding study design and measurements

8.3.1 Study design
The studies in this thesis were field experiments and were not randomized. In 

randomized control trials (RCTs), participants are randomly allocated to a control or 
intervention group. An RCT is often not possible in a real hospital setting in which patients 
depend on clinical diagnosis and treatment. 

One of the advantages of a naturally occurring field experiment is that we were able 
to link research to current healthcare processes and procedures. In the study at the 
diagnostic clinic, for example, the radiographers already measured some physiological 
outcomes of patients such as heart rate and blood pressures. By linking this information 
to the experiment, we took advantage of existing operational processes and avoided 
unnecessary burdening of healthcare staff or patients.

In our studies, we also faced some difficulties during naturally occurring field 
experiments. Hospitals face capacity problems and, consequently, we faced limitations in 
conducting interventions. An example is the limited number of available treatment places 
or beds. The initial intention in the day care setting was to provide patients the freedom 
of choice between a non-talking or talking condition based. However, due to capacity 
problems and the current design, we were forced to allocate patients to treatment places 
according to the existing procedure.
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Health care systems in the Netherlands also face major capacity problems in staffing. 
Therefore, health care professionals have only limited time, even for their own work 
processes. Consequently, all additional research activities are a burden for health care 
staff and should be conducted by researchers or research assistants/students. This can 
be advantageous because patients can provide answers without considering socially 
desirable answers (e.g., patients depend on health care professionals and can attempt 
to answer as ‘good’ patients do). However, contact with research(ers) (assistants) is also 
an additional point of contact with patients which is sometimes undesirable or even 
impossible due to potential risks of infection. Health care professionals, and not merely 
doctors, should have the opportunity to be more research-oriented to continuously 
improve their processes and patient outcomes, also beyond their own field of knowledge. 

Moreover, a researcher is vulnerable since the individual is highly dependent on 
unpredictable real-life situations and/or building processes. For example, we faced a 
considerable amount of time loss in setting up studies that were cancelled at the last 
moment. Due to changes in management at the last moment and a complex chain of 
hospital managers, it is not always clear who owns the research process, therefore, in that 
respect, we faced some unexpected barriers. To prevent this and avoid misunderstandings, 
future studies should require pre-approvals at the highest levels of the organization. 
Furthermore, delays in the building process are not uncommon due to the complexity 
and numerous involved parties. Consequently, this is a great risk for evidence-based 
design researchers. 

In conclusion, despite the different challenges that field experiments provoke, the 
major strength of this study design is the strong representativeness for hospital settings. 
The experiments in this dissertation were conducted in a natural setting, and these 
naturally occurring field experiments are essential for demonstrating that interventions 
actually work in the field (Leichsenring, 2004). 

8.3.2 Combining objective and subjective measurements
The well-being of patients contains objective and subjective aspects, and both have 

their own advantages and disadvantages to improve the understanding of the patients’ 
experiences and well-being as well as hospital designs.

Some objective patient outcomes are collected during medical procedures in 
hospitals since health care services are focused on patient outcomes, for instance, 
simple measurements such as heart rate, blood pressure, and body temperature but also 
more complicated medical outcomes such as results of diagnostic scans, blood levels, 
infection occurrence, symptoms, or disease progression. It is a significant advantage for 
patients, health care professionals, and researchers when no additional measurements on 
patients are required. Moreover, by linking research to existing measurements, relevant 
information regarding the patients’ well-being can be collected. Nevertheless, in some 
cases, supplementary objective measurements may also be relevant for improving the 
understanding of patients’ well-being, for instance, being aware of the potentially highly 
relevant information that can be extracted from blood levels, urine samples, or saliva 
samples. 

In addition to the objectivity of physiological well-being, the subjective psychosocial 
well-being of patients also determines their health status such as perceived anxiety, 
quality of life, or sleep quality. These subjective psychosocial measurements are often 
collected from questionnaires or qualitative interviews. Qualitative studies are essential in 
a field where limited existing studies are applicable and much is not yet well understood. 
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The results of qualitative studies enable future studies to focus on the pertinent patient 
outcomes. A disadvantage of qualitative studies in science is that they are currently 
still underappreciated and difficult to publish in international peer-reviewed scientific 
journals. Nevertheless, conducting qualitative studies is very important for gaining 
deeper and additional thorough understanding of the interactions between the hospital 
environment and patients’ experiences and well-being. 

To gain a greater understanding of the well-being of patients in hospitals, it is important 
to combine objective and subjective measurements. This combination not only requires 
close collaboration between researchers and health care professionals but also sincere 
curiosity and courage to explore the internal workings of a hospital building that is only 
limitedly understood. 

8.4 General conclusions
In conclusion, this thesis emphasizes the relations between the hospital environment 

and the psychosocial and physical well-being of patients. It is of great importance to 
listen carefully to patients’ experiences and needs when designing a hospital as many 
of our results showed individual differences with patients that emphasize that one size 
does not fit all. The well-being of patients in future hospitals can be improved by aligning 
the hospital environment with individual patient characteristics, needs, and preferences. 

As such, the findings of this dissertation have important implications for the 
designers and policy makers of hospitals. It is necessary to better understand 
current interactions between hospital environments and the people that use it. 
A hospital environment does have a significant impact on patients’ well-being. 
Therefore, it is important to evaluate practical design changes allowing decision 
makers to better understand its effectiveness and apply its latent positive impact on 
patients. In a wider context, better targeting building-related investments have great 
potential for saving money and receiving return via improved patients’ well-being.

This current thesis has increased insights into the possibilities and pitfalls of design 
interventions and connected different but strongly related fields such as architecture, facility 
management, psychology, real estate, business, medicine, and nursing. This thesis calls on an 
urgency and willingness to collaborate, study, and improve future hospital buildings which 
subsequently enables us to improve experiences and well-being of patients in hospitals.
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