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ABSTRACT 

The introduction of the hospital courtyard garden (HCG) in Malaysia can be traced as early 

as the 1970s. To date, it is still incorporated in the current planning of newly built hospitals. 

However, their design quality is yet to be systematically evaluated and no specific 

framework or design guidelines or evaluation criteria exist to assess HCGs with a focus on 

the integration of the environmental and restorative functions. Therefore, this study aimed 

to investigate how the different types of courtyard gardens that have been included in the 

planning of Malaysian hospitals after 1998 are currently performing in relation to the 

environmental and restorative functions and how they are used and perceived by the 

intended users (i.e. patients, staff and visitors). This study also explored how the HCG can 

be improved to achieve an optimal HCG design to enhance the usersô experiences in the 

hospital.  

 

A representative sample of three different HCGs in three Malaysian public hospitals were 

selected to systematically evaluate them with a particular focus on usersô perceptions, 

preferences, experiences and level of satisfaction with the overall HCG design concerning 

the environmental and restorative functions. To achieve the aim and research objectives, 

this study employed a mixed methods and case study approach through the intervention 

of a diagnostic post-occupancy evaluation (POE) which included multiple methods, 

namely: i) field observation (site analysis and field measurement); ii) participant observation 

and behaviour mapping; iii) survey interview with the HCG users (n=120) and non-users 

(n=135); and iv) semi-structured interviews with the architects (n=2) and landscape 

architects (n=2).  

 

Regarding the environmental performance of the HCG, the findings revealed that a proper 

consideration of both environmental and restorative functions resulted in improved thermal 

comfort in the HCG and adjacent spaces. The findings also showed that the air temperature 

in the HCG were found to be several degrees lower than the corresponding air temperature 

outside the hospital during the day. In terms of restorative functions, this study found that 

the HCG with a proper combination of landscape elements (a ratio of 70:30 for softscape 

and hardscape) received a higher restorative score compared to the HCG with a lower 

percentage of softscape (less than 40%). HCGs also has a significant influence on usersô 

well-being; the study revealed that over 75% of the 120 users perceived a positive mood 

change and felt more relaxed and less stressed whilst spending time there.  
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Additionally, based on a total of 48-hours of the video-based and direct observation on both 

a weekend and a weekday, this study found that all the three HCGs were most used by 

visitors (72% adult and 22% children), followed by staff (4%) and patients (2%). A Chi-

square analysis on usersô satisfactions levels revealed the four most significant factors with 

the overall planning of the HCG: i) landscape elements (p<.000, C=.442); ii) wall conditions 

(p<.000, C=.429); iii) access from the main entrance (p<0.04, C=.393); and iv) visibility 

(p<.000, C=.382). 

 

Based on the overall research findings gathered from difference source of data, this 

research has contributed to the establishment of a comprehensive HCG framework for 

a Malaysian climatically context which comprised of four interrelated components; i) 

physical; ii) environmental; iii) social; and iv) operational aspect. The study also has 

successfully provided recommendations for policy and practice related to the 

functional and spatial arrangement of HCGs to assist in reviewing and updating the 

planning and design requirements for optimal HCG design in future. 

 

Keywords: Post Occupancy Evaluation, Hospital Courtyard Garden, Environmental 

Functions and Restorative Functions. 
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CHAPTER 1: 

Introduction  

1.1 Introduction 

This thesis investigates the current performance of the different types of hospital courtyard 

gardens (HCG) in Malaysian public hospitals built after 1998 and how they are used by 

intended users. Further, this thesis explores how they can be successfully designed to 

achieve a functional HCG that integrates both the environmental and restorative roles in 

the overall design and planning. This chapter starts with an overview of the research 

background. Then, it highlights the research problem and identifies the research gap, 

followed by the importance of the research. This chapter also presents the research aim, 

objectives of the research, the main research question and the sub-research questions. 

The scope of research and the overall research flow is outlined and followed by an 

explanation of the thesis structure. 

1.2 Research background  

During the British Colonial period (1874 -1957), there were two types of hospital forms built 

during that time, namely single stories with a pavilion type arrangement in rural areas and 

a type of a medium rise hospital in urban areas (Aripin, 2007). Then, in the 1960s, the new 

hospitals were built which followed the standard plans of a small-scale hospital (Nawawi et 

al., 2013). During this time, private consultants were not involved in the hospital design and 

courtyard gardens were yet to be implemented in hospital planning. Over the years, several 

improvements have been made by the Ministry of Health (MOH) regarding the quality of 

hospitals in Malaysia, including physical and social facilities. The medical approach keeps 

changing and being refined by the MOH to ensure that Malaysian hospitalsô environmental 

quality is able to cater for the changing environment and user expectations (Suleiman and 

Jegathesan, 2001). This has resulted in changes in hospital planning focused towards 

providing a greening and healing environment, as well as environmentally friendly buildings 

(Nawawi et al., 2013; Aripin, Othman and Nawawi, 2015).   

 

Moreover, concerning the importance of contact with nature with regard to the occupantsô 

well-being, in 1998 the Minister of Health made it compulsory that all hospitals in Malaysia 

under the MOH must incorporate gardens in the planning and design of hospitals (MOH, 
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2013 cited in Shukor, 2007). Since 1998, the integration of a courtyard garden in the 

planning of large or medium type hospitals have become common practice as a way of 

providing a passive cooling strategy by particular private consultants involved in hospital 

projects (This is elaborated further in Chapter 2, Section 2.2.3.2). Implementation of this 

practice continues in recent and newly built hospital projects (See Section 7.7.1). However, 

to date it remains unclear whether the space functions as intended either in providing a 

comfortable environment, as a positive experience or utilised well by the intended users 

(i.e. patients, staff and visitors).  

1.3 Problem statement 

The introduction of courtyard gardens in the design of hospitals in Malaysia can be traced 

back as early as the 1970s. However, their design and landscape quality are yet to be 

systematically evaluated. To this authorôs knowledge no previous systematic research on 

HCGs in Malaysia can be found. Further, no specific design guidelines and/or HCG 

framework of hospital courtyards in a Malaysian climatic context with a focus on both 

environmental and restorative roles has been produced to date. Starting with an open type 

plan courtyard, also known as a óleft over spaceô between building blocks in the 1970s, 

since 1998 this courtyard typology has been developed into different types of courtyard 

designs including the closed type courtyard, the interlinked type courtyard and the clustered 

type courtyard. These courtyards have been implemented in a majority of the recently built 

hospitals in Malaysia but embody the different perspectives and intentions of the particular 

architects and landscape architects involved in each project. 

 

Until now, only a few studies focusing on the environmental role of courtyard design, 

particularly in residential buildings in a hot humid climate like Malaysia could be found 

(Kubota et al., 2017; Jamaludin et al., 2014; Sadafi et al., 2011). Studies which focused on 

the courtyard design in hospital buildings remain scarce. Indeed, only one experimental 

study has been carried out using parametric simulation covering the environmental aspects 

of courtyard design particularly in hospital buildings (Almhafdy et al., 2015). Nevertheless, 

this study did not cover the perception of the users on the quality of the courtyard design. 

Apart from any environmental role, it has been argued that the quality of outdoor gardens 

in Malaysian hospitals are lacking in quality in terms of the restorative roles which lead to 

the underutilisation of the garden (Adnan and Shukor, 2015). However, this study primarily 

focused on all types of outdoor gardens in the hospital context and did not focus specifically 

on HCGs. To this authorôs knowledge, extant studies that focus simultaneously on both the 

environmental and restorative roles of courtyard design, particularly in Malaysian hospitals, 

are virtually non-existent. 
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1.4 Identifying a research gap 

A study by Almhafdy et al. (2013a) found that the courtyard is a common feature that has 

been incorporated in hospital buildings in Malaysia to improve the microclimatic condition 

of the courtyard space. A well-designed courtyard can promote cross-ventilation that 

eliminates warm air in the surrounding spaces whilst providing daylighting into the adjacent 

indoor rooms. In addition, it acts as part of a passive environmental cooling strategy by 

providing a comfortable environment to the occupants (Rajapaksha, Nagai and Okumiya, 

2003; Rajapaksha and Hyde, 2005). A recent study by Hussein and Jamaludin (2015) 

conducted in a residential college revealed that an enclosed courtyard has a significant 

impact on the perception and level of satisfaction of the residents. It found that a majority 

of the residents were satisfied with the overall building performance including the 

architectural elements, indoor air quality, thermal comfort, acoustic comfort, visual comfort 

and landscape elements. 

 

In the context of Malaysian hospital buildings, a number of studies cover the environmental 

aspects in the hospital building that emphasises the perceptions of users regarding their 

comfort level concerning daylighting (Ahmad et al., 2007 cited in Nawawi et al., 2013; 

Aripin, 2007) and thermal comfort in the ward (Kushairi et al., 2015; (Azizpour et al., 2013; 

Yau and Chew, 2014). Although studies by Ahmad et al. (2007) cited in Nawawi et al. 

(2013) and Aripin (2007) were conducted in a hospital with a courtyard design (e.g. 

clustered type courtyard and closed type courtyard), these studies placed more 

emphasises on the perceptions of the users regarding daylighting, particularly in the indoor 

area (i.e. ward area) and did not focus specifically on the user perceptions of the outdoor 

area (i.e. the courtyard garden) of the hospital. 

 

In fact, very few studies have focused on the microclimatic performance of courtyards in a 

hospital building. As mentioned previously, only one experimental study by Almhafdy et al. 

(2014; 2015) focused on the microclimatic performance of courtyard in the hospital building 

in the Malaysian hot humid climate. This study highlighted that the courtyard enhanced the 

microclimatic conditions of the courtyard in the hospital building with regards to certain 

design criteria such as courtyard configuration, orientation and height. Nonetheless, a key 

lack of this experimental study was that it did not focus on how the users perceived the 

courtyard spaces in relation to their environmental roles; in contrast, such focus will be 

conducted in this present study. Further critical reviews of these previous studies are 

provided in Section 2.3.3. 
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In addition to their environmental roles, outdoor gardens (i.e. courtyard garden, rooftop 

garden) has also been found to improve the well-being of hospital occupants and visitors 

(Ulrich et al., 2019; Cooper Marcus and Sachs, 2014; Ulrich, 1999) and contributes to their 

relaxation and a reduction in stress levels, hence improving their health and well-being 

(Ulrich et al., 2018; Amat, 2017; Gonzalez et al., 2011; Kim et al., 2009; Verderber and 

Reuman, 1987; Ulrich, 1984). Interaction with nature such as walking through nature or 

taking a break in nature have been shown to provide a positive impact in alleviating stress 

levels among adult patients in the hospital (Gonzalez et al., 2011; Kim et al., 2009) and 

family members of ICU patients (Ulrich et al., 2019). 

 

Several  studies have revealed that the courtyard garden not only provides a restorative 

and pleasant view but also act as a stress mitigation resource for the hospital users (Toone, 

2008; Naderi and Shin, 2008) (See Section 2.4.3.2). Toone (2008) reported that the parents 

of sick patients experienced stress relief when being in the courtyard garden of the hospital 

and when they looked at the views of nature, compared to being inside the hospital without 

a view of nature. Moreover, several post-occupancy evaluation studies recommended 

outdoor gardens as an effective restorative setting to ameliorate stress and bring positive 

change in the mood of hospital users including patients, staff and visitors during hospital 

garden visitation (Jiang et al., 2018; Sachs, 2017; Reeve et al., 2017; Pasha, 2013; 

Sherman et al., 2005; Cooper Marcus and Barnes, 1995). However, these studies focused 

on the outdoor garden in hospitals located in different climatic contexts and were not 

specifically focused on the hospital courtyard design in a Malaysian hot humid climate 

context. 

 

Despite the positive outcome of the garden on the well-being of garden users, the quality 

of outdoor gardens in Malaysian hospitals has been argued by several researchers as 

lacking consideration of their restorative roles (Adnan, 2016; Shukor, 2007). Many outdoor 

gardens in Malaysian hospitals do not fulfil the criteria of the restorative garden as the 

majority of hospital garden designs incorporate bare ground, simple paving and a lack 

plants and greenery (Shukor, 2007). However, the limitation of these studies was that it 

focused on all types of outdoor gardens in a single case study hospital and did not 

specifically focus on courtyard gardens. Yin (2014)  highlighted that having different case 

studies to compare multiple findings helped researchers produce an in-depth 

understanding of a case. It is important to avoid bias by depending only on data from a 

single case study and enhance the reliability of a study by demonstrating a proper case 

study protocol which can be repeated and replicated across multiple case studies in order 

to arrive at the same findings or conclusions  (Yin, 2014, p.47). Further critical reviews of 
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the Post-Occupancy Evaluation (POE) of restorative gardens in various countries including 

Malaysia are provided in Section 2.4.3. 

1.5 Importance of the research 

Following from the above discussion, this study is pertinent as there is a need to 

systematically evaluate the quality of courtyard designs in the Malaysian hospitals through 

the investigation of its uses and the perceptions of the courtyard users in terms of 

environmental and restorative roles. This study seeks to determine whether the provision 

of the courtyard in Malaysian hospitals is able to achieve an environmentally friendly design 

while avoiding compromising the aspect of a restorative setting. Thus, the outcome of this 

study aims to assist hospital planners, architects and landscape architects to review and 

update the planning and design requirements for optimal courtyard design for future 

hospital buildings and the hospital provider to improve the hospital project brief. 

1.6 Research aim and objectives 

This study aims to investigate how different types of HCG in Malaysian public hospitals that 

were built after 1998 are currently performing, used and perceived by the intended users 

in relation to the environmental and restorative roles.   

i. To identify the positive and negative aspects of the selected HCGs in Malaysian 

hospitals based on usersô perspectives.  

ii. To examine usersô perceptions, preferences and satisfaction levels with the overall 

design and planning of the selected HCG in Malaysian hospitals. 

iii. To assess microclimatic conditions in the selected HCG and usersô perceptions of 

outdoor thermal comfort.  

iv. To investigate the usersô space use pattern and their experiences in the selected 

HCG. 

v. To examine the designersô intentions, challenges, collaboration practices and their 

suggestions for future improvement in the design and planning of the selected 

HCGs. 

vi. To develop a framework for an effective HCG design for a Malaysian public hospital 

and to provide recommendations for policy and practice. 

1.7 Main research question and sub-research questions 

How are different types of HCG in Malaysian public hospitals that were built after 1998 

currently performing, used and perceived by the intended users in relation to the 

environmental and restorative roles?   
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In order to address the main research question, this research has outlined the following 

sub research questions: 

i. What are the positive and negative aspects of the current conditions in the selected 

HCGs based on usersô perspectives? 

ii. What are the usersô perceptions, preferences, and satisfaction levels with the 

overall design and planning of the selected HCGs in Malaysian hospitals? 

iii. What is the microclimatic conditions in the selected HCGs and how does it influence 

the usersô perceptions of thermal comfort? 

iv. What are the usersô space use patterns and experiences in the selected HCGs? 

v. What are the intentions, challenges, and suggestions from the architects and 

landscape architects for the future improvement of the design and planning of the 

selected HCGs? 

vi. What are the criteria for an effective HCG design in a Malaysian public hospital and 

what are the policy and practice recommendations? 

1.8 Scope of research 

The  scope of the research involved an investigation and evaluation of the performance of 

three representative samples of the case study HCGs related to their intended 

environmental and restorative functions based on usersô feedback. This is a critical step to 

assess the important components of an effective HCG design, and to further establish the 

HCG framework and provide recommendations for policy and practice (Discussed in detail 

in Chapter 8). Thus, multiple sources of data were employed to achieve the research aim 

and objectives including: interview surveys with HCG users and non-users; field 

investigation of the physical site conditions and microclimate; direct and video-based 

observation on the usersô space use patterns; and interviews with architects and lansdcape 

architects were employed to achieve the research aim and objectives. The data sources 

are elaborated further in Chapter 3.   

1.9 Research flow 

Research starts with understanding the issues and problems within the field, then 

identifying the research gap through a critical review of past research and understanding 

theories underpinning the research (Stress Reduction Theory (SRT) and Attention 

Restorative Theory (ART)). Following on from this understanding, an initial conceptual 

framework was developed which integrated both the environmental and restorative 

functions of the HCG (See Figure 1.1).  
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Figure 1.1: Flow of the research 
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Further, the process includes developing the research aim and objectives, conducting case 

study selection and applying for ethical approval. After obtaining ethical approval, the pilot 

and preliminary study were carried out to test the practicality of instruments and methods. 

After incorporating improvements, the actual on-site field work was carried out in three 

phases (See Section 3.4.6). The data analysis was conducted using a mixed method 

comparative case study convergence analysis. Based on the overall findings, the HCG 

framework was developed with four important components: physical, environmental, social 

and operational. Finally, specific recommendations for policy and practice were outlined 

based on the HCG framework. 

1.10  Thesis structure 

This thesis comprises nine chapters. Chapter 1 presents the introduction and the research 

background as well as context of the research. The chapter highlights the research 

problem, the research gap and the importance of the study. Further, it outlines the main 

research aim, research objectives and the research questions. It also describes and 

illustrates the research flow and thesis structure.  

 

Chapter 2 reviews the contextual and historical background of the study and highlights the 

origin of the integration of the environmental and restorative roles. This chapter also 

critically reviews previous studies on both the environmental and restorative functions of 

courtyard gardens, and presents the theories underpinning the current study which are 

SRT and ART. 

 

Chapter 3 presents the methodology of the study. This chapter describes the research 

approach which includes a mixed method and a case study research approach. Further, 

this chapter outlines the justification for adopting the multiple methods approach utilised in 

the current study namely: field investigation, survey interview, observation and interview 

with designers. This chapter also elaborates on the data collection procedures, the study 

population, data sampling and the analysis carried out in the current study. 

Chapter 4 presents the case study selection and the context description. This chapter 

elaborates on the selection of the representative case study hospitals and the final selection 

of the representative case study HCGs which were chosen for evaluation in the current 

study. Further, it provides an overview of the functional use and the characteristic of each 

courtyard garden in the hospitals. This chapter also presents the context of the selected 

representative case study HCGs including the site, space functions and landscape 

features. 
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Chapters 5, 6 and 7 present the results and discussion in response to sub-research 

questions 1,2,3 and 4. Chapter 5 mainly focuses on the physical and operational 

aspects of HCG design to answer sub-research questions 1 and 2. The chapter first 

presents the results on: i) usersô evaluation on the positive and negative aspects of the 

HCG; ii) usersô perceptions on the importance of the landscape elements and their 

preference of the HCG images; and, iii) usersô satisfaction levels with the design and 

planning of the HCG images. Following that, the chapter discusses and compares the 

results with the findings from previous research. 

Chapter 6 primarily concentrates on the results and discussion of the environmental and 

social aspects of HCG design to answer sub-research questions 3 and 4. This chapter 

describes the results and discusses the: i) microclimatic conditions of the case study sites 

and usersô perceptions on thermal comfort in the HCG; ii) Usersô perceptions of the 

importance of environmental design; iii) Usersô space use patterns in the selected case 

study HCGs; and, iv) Usersô experiences and perceived restorative scale while spending 

time in the HCG. 

Chapter 7 presents the views of the architects and landscape architects in terms of 

design intention, challenge and suggestions for improvement to answer sub-research 

question 5. This chapter also describes the development stage and collaboration practice 

between the stakeholders based on interviews with these designers. Further, the important 

findings in this chapter are also discussed. 

Chapter 8 is answers sub-research question 6. The chapter presents the final outcome of 

this research which is the generation of the HCG framework and the recommendation 

for the policy and practice based on the overall findings which are described and 

discussed in Chapters 5, 6 and 7, in relation to the literature review and theory 

underpinning this research. The chapter also presents the final HCG framework and 

implication of the study. 

Chapter 9 presents the achievement of this research in answering the main research 

question and sub-research questions and illustrates how these questions are linked to the 

findings and the thesis structure. It also concludes the key contributions to knowledge, 

limitations of the current research and recommendations for future research (See Figure 

1.2).   
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Figure 1.2: The research structure  
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CHAPTER 2: 

Literature review 

2.1 Introduction 

This chapter presents the research contextual background, the literature review of previous 

studies on both the environmental and restoratives roles of HCGs and the theory 

underpinning the field study of the current research. First, it starts by explaining the context 

of the research and defining the origin of the integration of environmental and restorative 

functions in hospital courtyard buildings. This chapter also discusses the significance of 

courtyard hospitals in medieval times regarding their dual roles in comparison to 

contemporary hospitals. Further, this chapter sets out the background study of the 

development of courtyard gardens in Malaysian public hospitals and illustrates the 

evolution of courtyard hospital typology over time. This chapter also discusses the roles of 

the architect and landscape architect in relation to the needs of the environmental and 

restorative functions in the HCG design.    

This chapter then critically reviews several previous studies related to the environmental 

roles of the HCG. This includes a review of the courtyard as a passive design strategy in a 

building, a review of the studies carrying out an environmental assessment of Malaysian 

courtyard hospitals, to highlight the gap in this study. This section also provides a review 

of the assessment of outdoor thermal comfort. Subsequently, this chapter also reviews 

previous studies on the enhanced microclimatic conditions in the courtyard buildings to 

understand the fundamental design criteria needed for improving microclimatic conditions 

within the courtyard space.  

Additionally, this chapter presents a critical review of earlier studies which focused on the 

restorative roles of the hospital courtyard garden. It provides an overview of the user groups 

in the HCG (i.e. patients, staff and visitors) and their needs. Then it presents the role of 

nature in reducing stress and improving health outcomes for different groups of users. This 

chapter also reviews and critiques previous studies on restorative gardens in Malaysian 

hospitals. Several examples of POE studies of outdoor gardens conducted in healthcare 

settings and their methods are also described and discussed. 



 

41 
 

2.2 The research context and background 

2.2.1 The definition of courtyard and its functions  

The word ócourtyardô is defined in The Cambridge University Dictionary (2016) as ñan area 

of flat ground outside that is partly or completely surrounded by the walls of a buildingò. 

Several scholars defined courtyards as an enclosed outdoor space surrounded by a 

building or wall and open to the sky (Abass et al., 2016; Almhafdy et al., 2013a). Reynolds 

(2002) described the courtyard as a unique space which can be considered as an outdoor 

space in between indoor spaces, open to the sky and commonly in contact with the ground. 

Additionally, a courtyard is viewed as not physically confined to the centre of the building 

with an enclosed wall but perhaps two walls formed around the space that are still 

considered as a courtyard; further, it is often integrated with subversive elements such as 

plants and water (Reynolds, 2002). For the current study, a courtyard garden is specified 

as a semi-outdoor space in a hospital enclosed by a wall and open to the sky which 

is intentionally functioned to be used by patients, staff and visitors and designed by 

both the architect and the landscape architect.  

 

As explained previously in Chapter 1, the focus of this study is to investigate how the 

different types of courtyard gardens in Malaysian public hospitals are currently performing 

in relation to the environmental and restorative functions and how they are used and 

perceived by different users. In this context of study, the environmental function can be 

defined as ability of the courtyard garden to environmentally function as a cooling strategy 

to provide thermal comfort to those in the HCG and the indoor spaces and maximise the 

use of the daylighting in the building by considering various architectural design parameters 

(e.g. orientation, aspect ratio, vegetation and wall enclosure). Moreover, it does not only 

avoid a deep plan nature of a large-scale hospital building (Short and Al-Maiyah, 2009) but 

also contributes to a lower energy consumption of the building (Jamaludin et al., 2014; 

Short and Al-Maiyah, 2009). 

 

The restorative function can be defined as the ability of the courtyard garden to support 

the physical environment of the HCG and to significantly enhance the usersô experiences 

in the HCG provided that several restorative features to support the functional needs of 

different types of users (i.e. patients, staff and visitors). These features include a 

combination of hardscape and softscape, a place to sit and relax, social interaction, 

physical movement and exercise. Providing a restorative environment can contribute to the 

renewal of psychological resources depleted in the surrounding environments and a 

reduction in stress levels (Ulrich, 2019; 1999). 
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2.2.2 The changing roles of courtyard hospitals from the medieval to 

contemporary time 

Looking back at the historical courtyard during medieval times in the West and the Middle 

East reveal that these courtyards in the early medical settings have similar characteristics 

and qualities that intentionally integrated the dual aspects of environmental and restorative 

roles in their setting (See Appendix 14). The elements of water, plants, flowers, fresh air 

and light were all interrelated design qualities practised in most of the historical courtyard 

gardens in the hospitals of that time (Tschanz, 2017; Ragab, 2015, p.23; Riva and Cesana, 

2013; Cooper Marcus and Sachs, 2014). The inclusion of courtyards in the built form of the 

hospital buildings were not only designed to provide comfort to the occupants by improving 

their microclimatic conditions (Almhafdy et al., 2013b; 2014) but also provided restorative 

ambiences to enhance their well-being (Cooper Marcus and Barnes, 1995; Naderi and 

Shin, 2008). 

Courtyards in early hospital settings had their own restorative qualities by providing a place 

of seclusion, meditation and peace for patients. Arcades surrounding courtyards in 

medieval hospitals were commonly used as waiting areas and places for patients to have 

a momentary escape from their hospitalisation (Lehrman, 1980, p.3). Providing views onto 

natural features such as water fountains, pools and plants at the centre of the courtyards 

added a soothing and pleasant restorative environment for the patients. In addition, the 

sound of running water and light instrumental music also played a role in the therapy 

commonly found in the courtyards of early Islamic medical settings (e.g. Al-Argun 

Bimaristan in Aleppo) by providing surroundings that calmed patients during treatment 

(Tschanz, 2017; Ragab, 2015). Moreover, the benefits of sunlight and fresh air were also 

practised in Sanatoriums in the West as part of the healing process for people who suffered 

from tuberculosis (Eylers, 2014). 

In addition to the restorative roles that promoted a contemplative and healing environment 

for patients, the use of courtyards in hospitals were found to improve their microclimatic 

conditions and enhanced physical comfort in the building (Almhafdy et al., 2013b; 2014). 

The courtyard, then, is part of an environmental passive design that utilises the natural 

elements including sunlight and fresh air for heating, cooling or lighting the building (Hyde, 

2013). Several hospitals based in the West (e.g. Santiago de Compostela in Spain, 

Ospedale Maggiore of Milan, Christopher Wrenôs Royal Chelsea Hospital in London and 

the Royal Infirmary Hospital in Scotland) and the Middle East (e.g.  Al-Sultan Qalawun 

Bimaristan in Egypt, Al-Nuri Bimaristan in Damascus (1154) and Bimaristan Al-Argun in 

Aleppo) (See Appendix 14 for a the illustrations of this hospitals), were found to have 

incorporated a central courtyard to provide light and fresh air within the courtyard itself and 
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the adjacent spaces as well as to provide shade within the courtyard area (Ragab, 2015, 

p.23; Cooper Marcus and Sachs, 2014; Riva and Cesana, 2013; Allen, 2003). 

When comparing historical hospitals to modern hospitals, the latter rely on air-conditioning 

particularly in large-scale hospitals in Malaysia (Moghimi et al., 2014). This technology has 

replaced the use of natural ventilation to provide cooling in the building. Although recent 

hospitals in the 21st century are found to have an incorporated courtyard in their design and 

planning to maximise the use of natural ventilation, the workability and effectiveness of the 

existing courtyards to promote comfort in the courtyard itself and the adjacent spaces is 

questionable because of the use of air conditioning in the hospital building (Moghimi et al., 

2014; Yau and Chew,  2014; 2009). 

The earlier óNucleusô type hospitals built during the 1980s were designed to maximise the 

use of natural cross ventilation in the wards. These hospitals were more environmentally 

friendly compared to todayôs contemporary large-scale hospitals that rely more on air 

conditioning for indoor comfort which resulted in poor indoor air quality (Aripin and Nawawi, 

2011; Nawawi et al., 2013). In fact, today, hospitals still rely on the artificial lighting 

throughout the corridor adjacent to the HCG and some windows in the adjacent 

rooms around the HCG are not opened to allow for ventilation, regardless of the 

intentions of the architects in implementing the courtyard as a strategy for maximising the 

daylighting strategy and ventilation strategy as observed in the current study. 

Understanding the context of the historical hospital in terms of their environmental and 

restorative roles as practised during medieval times provides a clear understanding that 

these dual roles are significant in improving the environmental and well-being aspects in 

hospital buildings. However, in todayôs contemporary world these interrelated dual 

roles have been forgotten in many of the modern conventional hospitals. It appears 

that many hospital designers have tried to implement these environmental and restorative 

roles in the planning of hospital buildings, but they tend to disjointedly look at these aspects 

as two separate aspects. Management and operational aspects also play fundamental 

roles to ensure the hospital functions with regard to the intended goal of achieving an 

energy efficient and environmentally friendly building as well as providing a positive 

experience to the hospital users. Thus, it is crucial to bring back these dual functions 

to be wisely integrated and implemented into the courtyard design for todaysô 

contemporary hospital buildings within the appropriate climatic context in a way that 

could effectively function to meet the needs of a variety of building users. 
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2.2.3 Development of hospital courtyard garden in Malaysian public 

hospital  

 

2.2.3.1 The development of Malaysian healthcare system 

i) Pre-independence 

In 1874 during the period of British colonisation, the development of the hospital in Malaysia 

was directed by the tin mining industries in which services were provided for the workers 

of the tin mines, the armed forces, the estate labourers and government servants. Before 

the time of independence in 1957, there were 10 major general hospitals and 50 districts 

hospitals in operation (Suleiman and Jegathesan, 2001). Some of these hospitals are still 

in existence and continue to operate until today. There were two types of hospital forms 

built during that time: single stories with a pavilion type arrangement which can be seen in 

rural areas and a type of a medium rise hospital in urban areas (Aripin, 2007).  

The built forms of the hospital in Malaysia has evolved significantly over the course of time. 

Changes in the physical and conceptual aspects of hospital designs are influenced by 

several factors including changes in technological advancement, medical practices and 

government guidelines (Nawawi et al., 2013). During the colonial period, the hospital built 

form was that of a type of pavilion arrangement and most of the hospitals are designed as 

a climate friendly building in which the arrangement of the spaces of these hospitals are 

mostly for the utilisation of natural ventilation and daylight. During that time, most hospitals 

were located close to the seaside and the hillsides which allowed views from the wide 

veranda and openable windows (Nawawi et al., 2013). Figures 2.1 (a) and (b) show two 

common types of hospital-built forms during the time of colonisation including the single 

storey and double storey built forms. 

 

  
(a) (b) 

  
Figure 2.1: (a) Single storey colonial hospitals, Balik Pulau Hospital, (b) Double storey colonial 

hospital, Taiping hospital. 
Source: Nawawi et al. (2013). 
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Figure 2.2 (a) shows a typical type of colonial single storey hospital, Tanglin hospital in 

Kuala Lumpur. This hospital successfully embraces climatic design considerations such as 

openable door panels, louvered doors and windows, high ceilings, a hot air ventilated 

roofing system with wide overhang and the use of local materials. Figure 2.2 (b) shows the 

multi storey pavilion hospital in Malacca which was designed with high ceilings, multi 

louvered timber windows and a concrete overhang.  

 

  
(a) (b) 

Source: Aripin (2007) Source: Nawawi et al. (2013). 
 

Figure 2.2: (a) Typical colonial single storey hospital. (Tanglin hospital, Kuala Lumpur), (b) Multi 
storey pavilion type hospital (Hospital Melaka, 1936). 

 

ii) Post-independence 

Malaysia gained independence from the British in 1957. In the 1960s, the Affordable Health 

Services for All policy was established by the Ministry of Health (MOH) in which the Rural 

Health Services has been developed which required the provision of new hospitals in all 

states (Aripin, 2007). During this time, the old hospitals were replaced with new hospital 

designs based on the standard drawing of either one or two storey buildings with a modular 

block arrangement (Nawawi et al., 2013). The standard plans which refer to a óJertih Type 

Planô and óKuala Berang Type Plansô was implemented and replicated in most of the new 

district hospitals of 50 to 150 beds (Aripin, 2007). Figure 2.3 shows a modular block 

planning of a Sikh Hospital in Kedah which implemented the óJertih type standard planô. 

 

 

 

 

 

 

 

Figure 2.3: Master plan and ariel view of Pavilion type hospital - Jertih type (Sikh hospital , Kedah) 
Source: Nawawi et al. (2013). 
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Figure 2.4 shows Baling hospital in Kedah which replicated the óKuala Berang typeô 

standard plan. These types of óJertih and Kuala Berang typeô hospitals were typically 

designed to have a shaded and open corridor attached to the outdoor gardens.  

 

 

 

 

 

 

 

Figure 2.4: Master plan and ariel view of Pavilion type hospital ï Kuala Berang type (Baling 
Hospital, Kedah) 

Source: Nawawi et al. (2013). 

 

In the late 1970s, some of the hospitals in several states in Malaysia were designed by the 

Public Work Department (PWD) or locally known as Jabatan Kerja Raya (JKR). Since then, 

the standard plan of Jertih and Kuala Berang type was no longer used. In total, six hospitals 

were built to replace the old general hospitals. These hospitals were designed with a 

podium and a tower configuration due to the constraint of land in urban areas. The first 

template of a podium and tower configuration plan hospitals was the Seremban hospital, 

with a capacity of 700 beds. These hospital types were constructed in six states in 

Malaysia. Figure 2.5 shows the typical state of General hospital design in the late 1970s. 

 

 

Figure 2.5: Typical state of general hospital design in the late 1970s 
Source: Nawawi et al (2013). 

 

In the 1980s, the World Health Organization (WHO)s óhealth for allô strategy was adopted 

into the Malaysian health development plan through a formal agreement with the British 

Government in line with the goal of the national policies: Towards Nation Building and 

Health for All. (Aripin, 2007). This resulted in a better improvement of healthcare services 

for the rural communities. During this time, the United Kingdom (UK) nucleus hospital 
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design concept was implemented in 12 district hospitals in all states throughout Malaysia 

through a turnkey system (Aripin, 2007; Nawawi et al., 2013). The nucleus hospital 

template from the UK, a country located in the temperate region, was adopted and modified 

to suit the Malaysian tropical climate in which it was built with additional perimeter corridors 

covered with an overhanging roof, covered and shaded skylights and equipped with a 

mechanised ventilation system in the ward areas (e.g. fans and exhaust fan). These 

hospitals were built either from a single storey design for 90-108 beds or a two-storey 

building for 300 beds depending on the health service requirements (Nawawi et al., 2013). 

Figure 2.6 indicates the layout plan of a nucleus concept hospital used in the 12 sites in 

Malaysia. 

 

 

 

 

 

 

 

 
Figure 2.6: Master plan and ariel view of the Nucleus concept hospitals 

Source: Nawawi et al. (2013). 

 

In the early 1990s, the óone-offô hospital design was built for the development of large 

district hospitals with a capacity of 300 to 500 beds. These hospitals were constructed to 

replace the existing state general hospitals and to establish new referral medical specialist 

hospitals or hospitals for teaching institutions. These hospitals also functioned as a second 

general hospital. During this time, most of these hospitals were designed by private 

consultants, with the PWD as the project manager.  

 

Moreover, the Malaysian government called for the buildings to be designed and 

constructed in an ecologically sustainable and environmentally friendly way (Nawawi 

et al., 2013; Aripin, Othman and Nawawi, 2015). This acted as the driver for the 

designers of these hospitals to implement this concept into their design planning 

with their individual aesthetic views and design considerations. This resulted in 

different styles and design concepts being implemented in each of these hospitals, either 

the vernacular, corporate, or resort and garden concept (Aripin, 2007; Nawawi et al., 2013). 

Figures 2.7 and 2.8 show the óone-offô design hospital: Jempol Hospital, Negeri Sembilan 

and Temerloh hospital, Pahang.  
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Figure 2.7: Master plan and ariel view of Hospital Jempol, Negeri Sembilan 
Source: Nawawi et al (2013). 

 

 

Figure 2.8:  Master plan and ariel view of Hospital Ampang, Selangor                                     
Source: Nawawi et al. (2013). 

 
 

2.2.3.2 Trends in healthcare practices in Malaysia 

Over the years, several improvements have been made by the Malaysian Ministry of Health 

(MOH) in improving the quality of hospitals in Malaysia, including the physical and social 

facilities inside the hospitals. A new strategic plan by the MOH (2016-2020) emphasises 

ópromotive and preventiveô healthcare by improving the quality of health delivery systems. 

As highlighted by Tong (2008), the trend in Malaysian hospitals had shifted towards 

promotive and preventitive approaches rather than curative healthcare as hospitals 

become more patient-focused which emphasises the needs and well-being of the users 

including patients, visitors and staff. In addition, these medical approaches keep changing 

and being refined by the MOH to ensure good quality of hospital services able to cater for 

the changing environment and usersô needs (Suleiman and Jegathesan, 2001). This is in 

line with the Malaysia Health Vision 2020: óMalaysia is to be a nation of healthy, individuals, 

families and communitiesô (MOH, 2004 cited in Merican, Rohaizat and Haniza, 2004). 

 

The healthcare facilities and services in Malaysia have been developed to cater for the 

needs of all communities since the independence. In the 1960s, the MOH established the 

Affordable Health Services for All policy. This led to the development of new hospitals in all 

the states throughout Malaysia to replace the old hospitals. These hospitals were built 
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based on the standard plan of the Jertih and Kuala Berang type. In the 1970s, a new type 

of hospital, of a podium and tower configuration-built form, were constructed to replace the 

old hospitals and as an alternative due to the issue of land constraints in urban areas. As 

mentioned earlier in Section 2.2.3.1, by the early 1970s, several hospitals had incorporated 

open type courtyard in the hospital planning. 

 

Trends in the medical approach, the types of healthcare services and hospital planning in 

Malaysia were all dynamically developed based on the agenda óHealth for Allô from the 

World Health Organization (WHO). This agenda has been popularised and was practised 

in Malaysia since the 1980s to the 1990s (Nawawi et al., 2013). The vision of this agenda 

was to secure the health and well-being of nations by promoting health and enhancing the 

quality of life through óhealthy hospitalsô. The design of hospital planning during this time 

was based on the UK type of nucleus hospitals which were adapted and modified to suit 

the local context and medical requirements in Malaysia with the aim to achieve a climate 

friendly hospital.  

 

i) The different types of Malaysian healthcare facilities 

There are two types of the healthcare provision in Malaysia which encompasses of the 

Public Health sector and Private Health Sector. According to the Ministry of Health Malaysia 

(2016), there were four types of hospitals in the public sector that encompass the state 

general hospitals, the district hospitals, national referral hospitals and special institutions. 

The Malaysian national healthcare referral system is comprised of the primary, secondary 

and tertiary level of care (See Figure 2.9).  

 

 

Figure 2.9: Diagram illustrate on the Malaysian National Healthcare Referral System. 
(Source: Aripin, 2007, modified by Author, 2020) 
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As defined by WHO, a referral system is a channel filtering system that refers the patients 

to the appropriate care (Aripin, 2007). In this system, the patients who receive a service 

from the primary care level will be referred directly to either the secondary or tertiary level 

of care depending on the urgency of the cases. These secondary and tertiary levels of care 

have a higher complexity in the hospital facilities and specialisations which can cater to the 

needs of the patients in urgent cases.  

 

ii) The provision of courtyard gardens in Malaysian hospitals 

From the 1980s to the 1990s, the Malaysian authorities also improved many aspects of the 

implementation of the hospital planning through the improvement in the regulations on the 

requirement for a passive design in order to fulfil the green agenda of the nation. In the 

early 1990s, there were several one-off type hospitals developed for large district hospitals. 

In 1998, the Minister of Health also stated that all government hospitals under MOH control 

must incorporate the outdoor garden in the hospital planning (MOH, 2013 cited in Shukor, 

2007). Since then, almost every hospital which was built since the 2000s has incorporated 

different types of courtyard garden into hospital planning. In line with the Malaysia Vision 

2020 óTowards a developed nationô, in the 2000s most of the project briefs for building in 

Malaysia had integrated green design requirement that aim to achieve environmentally 

friendly building as well as green healing environment. The brief for hospitals is under the 

non-residential type of buildings and is separately prepared to include the medical 

requirement brief, the architecture brief, the mechanical and the electrical brief.  

 

Today, the design of hospitals keeps changing according to the demands of physical 

facilities, medical requirements, green requirements and the provision of healing 

environments. In the 1990s, the Government of Malaysia called for ecologically sustainable 

and environmentally friendly building. Then, in 1998, the MOH urged that all hospitals in 

Malaysia under the MOH must incorporate gardens in hospital planning due to concerns 

over the importance of contact with nature and the improvement of occupantsô well-being. 

Over time, many hospitals integrated gardens and courtyards into the buildings to create a 

healing and restorative environment for the users.  

 

iii) The different types of courtyard garden in Malaysian hospitals and its function 

The various courtyard garden designs in Malaysian hospitals can be categorised into four 

types. These include cluster courtyards, closed courtyards, open courtyards and interlinked 

courtyards. The cluster courtyard is either spinal or multiple types of courtyard (Almhafdy 

et al., 2013a) (See Table 2.1). Since the 2000s, the healthcare facilities were designed by 

private consultants with different design concepts and approaches. The different outlook of 
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each hospital design can be seen with a different type of courtyard design implemented 

into the hospital building in which it was designed for different uses and purposes. Different 

architects will have their own views and design considerations during the design planning 

process of the courtyard hospital.  

 

Table 2.1: The types of courtyard design in Malaysian.  
(Source:  Almhafdy et al. (2013a) 
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2.2.3.3 The evolution of the hospital-built form in Malaysia from Pre-Colonial 

period to date 

Healthcare facilities have been dynamically developed to ensure the best facilities and 

health services provided for all Malaysian communities since the pre-independence days. 

Figure 2.10 shows the evolution of the built-form of hospitals in Malaysia since 

Independence Day and maps the time in which the provision of the courtyard was 

implemented in Malaysian hospitals. 

 

 

Figure 2.10: Timeline of the evolution of hospital-built form since pre-independence until to date. 
(Other hospital pictures. Source: Nawawi et al., 2013). Pictures of Banting hospital (Source: Yew, 

2017). Map of the master plan for the hospitals retrieved from https://www.google.co.uk/maps. 

https://www.google.co.uk/maps
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2.2.4 The separate role of the architect and landscape architect in 

designing gardens in hospitals  

Both the architects and landscape architects play an important role in designing the HCG 

so that it can effectively function according to their environmental and restorative roles for 

users to benefit from it. The architect needs to ensure that environmental aspects, such as 

daylighting, ventilation, comfort (e.g. acoustic comfort, visual comfort and thermal comfort) 

are carefully considered and functional to meet the needs of the intended users. 

Regardless of thinking on the complexity of the overall hospital masterplan, architects also 

need to consider the design and spatial planning of the HCG so that it functions well. This 

includes accessibility, wayfinding, views, and visibility of the HCG function well. The 

landscape architectsô roles are concentrated on delivering a well-designed courtyard 

garden in terms of spatial planning and a good combination of hardscape and softscape to 

achieve usersô restorative spatial experience.  

 

Verderber (2010, p.60) has raised criticism that ñtoo often landscapes are created as an 

afterthought and are not treated as part of the architecture compositionò. In addition, 

Cooper Marcus (2007) claimed that architects tended to focus more on the overall building 

layout and often overlooked the garden as a separate thing or óleft overô. In most cases, 

landscape architects often design the garden after the architect has finalised the spaces 

and specified the building configuration. As a result, the idea of having a well-planned 

courtyard tends to be separated or disconnected from the overall master planning and 

design process of the building. It is also important for the landscape architect to be involved 

at the start of the master planning process so that they can guide the design team on the 

design requirements for outdoor spaces such as location and accessibility as well as 

microclimatic aspects (Cooper Marcus, 2007). Therefore, investigating the design 

intentions of the architects and landscape architects form a crucial part of this study to 

examine the matters that they have taken into consideration that led to the inclusion of 

courtyards in hospital settings (This is discussed further in Chapter 7). 
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2.3 Environmental functions of a hospital courtyard garden 

 

2.3.1 Courtyard as a passive design strategy in a building  

The courtyard form is found to be utilised in many building typologies across different 

climates and regions including Iran, China and the Middle East (Edwards et al., 2006). 

Passive design is a design approach that utilises the natural elements including sunlight 

and fresh air for the purpose of heating, cooling or lighting in buildings (Hyde, 2013). It has 

been highlighted that the use of courtyards as a climatic control strategy results in the ability 

to minimise the need for a mechanical system in the building such as air conditioning and 

artificial lighting, for example to regulate the indoor temperature (Hyde, 2013, p.221).  

 

Courtyards have also been highlighted as a climatically responsive form that mitigate the 

cooling effect in the building of a hot humid climate and provide physical comfort to the 

building occupantsô by promoting cross-ventilation into the building which removes warm 

air away from the courtyard space and cools the heat sink within the adjacent spaces 

(Rajapaksha and Hyde, 2005). In addition, courtyards provide a microclimate or buffer zone 

between the outdoor and indoor spaces to encourage a comfortable environment as well 

as promoting better natural ventilation and daylighting in a building (Hyde, 2013). Moreover, 

it has been highlighted that courtyards in Malaysian hospitals not only function to promote 

ventilation and daylighting into the courtyard space and adjacent spaces, but also serves 

as a garden which provides opportunity to the building users to have a connection with the 

natural environment (Almhafdy et al., 2013a). 

 

2.3.2 Courtyard as one of the Urban Heat Island mitigation strategies 

Rapid urban development has contributed to an urban heat island impact in East Asian 

countries including Singapore, Malaysia and Hong Kong (Aflaki et al., 2017) and other 

countries; such as the United Kingdom (UK) (OôMalley et al., 2015); Australia (Imran et al., 

2018) and the United States of America (US) (Kim et al., 2018). Several strategies were 

suggested by previous studies to mitigate the urban heat island effect by increasing the 

amount of green space (e.g. the application of the green roof, green wall, courtyard garden)  

as a cooling strategy to improve the thermal comfort in semi-outdoor spaces or urban open 

spaces (Srivanit and Iamtrakul, 2019; Kim et al., 2018; Taleghani, 2018; Sharmin et al., 

2017; Morakinyo et al., 2016; Ghaffarianhoseini et al., 2015).  

 

Comfortable outdoor spaces in the hospital are fundamental to facilitate positive usersô 

experiences in the HCG because a majority of hospital users (e.g. the visitors and families) 

are found to stay outdoors as an alternative place away from  a congested indoor waiting 
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area and sterile hospital environment (Idris et al., 2018). Thus, and as discussed previously 

in Section 2.3.1, enhancing the thermal comfort in a semi-outdoor space such as the 

courtyard garden in a hospital is crucial as one of the urban island mitigation strategies 

regardless of its passive design strategy. 

2.3.3 Previous environmental assessment studies of courtyards in 

Malaysian hospitals 

Very few studies have been conducted in courtyard buildings in hot humid climates. Only 

several studies focused on residential buildings in Malaysia (Sadafi et al., 2012; Kubota et 

al., 2017). Sadafi et al. (2011) conducted a study in terraced housing in Malaysia focused 

on the interaction of outdoor and indoor thermal comfort. Sadafi et al. (2011) found that the 

inclusion of the internal courtyard in the terraced house significantly enhanced the thermal 

comfort of the adjacent spaces provided that an efficient opening to the outside 

environment promoted natural ventilation, as well as the implementation of appropriate 

shading devices. 

 

Moreover, a recent study conducted in a shophouse in Malaysia focused on the five types 

of courtyard design (Kubota et al., 2017). The parameter of the study included height, 

orientation, location of the courtyard, thermal properties, sky plant coverage, area of the 

water bodies and vegetation. Kubota et al. (2017) recommended that a closed, cross 

ventilated courtyard was preferable to be utilised in a shophouse in a hot humid climate to 

obtain optimum indoor thermal comfort and avoid excessive humidity within the courtyard 

area. This study also suggested that V-shaped roofs be implemented to increase the inflow 

of air from the roofs into the courtyard area during the night time.  

2.3.3.1 Assessment of the performance of courtyards through building simulation 

In the context of a hospital building in a hot humid climate, a building simulation study using 

computer modelling conducted by Almhafdy et al. (2013b) studied the microclimatic 

conditions of the hospital courtyard. This study highlighted the point that less consideration 

was given regarding the appropriateness of the courtyard design criteria impacts on the 

microclimatic performance of the building. In other words, the courtyard acted as a 

microclimatic modifier as it had the capability to improve microclimatic conditions by 

moderating the high temperature, controlling the amount of dampness and promoting air 

flow within the courtyard space (Almhafdy et al., 2013b). A related study revealed that 

improper consideration of the basic design criteria including the orientation, height and 

forms resulted in the uncomfortable courtyard conditions due to minimal shade, lower 
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airflow and higher temperature in the courtyard space and yet considerably contributes to 

the heat build-up inside the adjacent spaces (Almhafdy et al., 2014). 

 

Almhafdy et al. (2013a) showed that three physical environmental variables including air 

temperature, relative humidity and wind velocity (i.e. wind flow and direction) are 

significantly influenced by the design criteria of the courtyard including the form, height and 

orientation. In the related study (Almhafdy et al., 2014), it was found that a semi-enclosed 

courtyard (U-Shape) performed better than an enclosed type courtyard (O-Shape) provided 

that the courtyard is elongated along the east-west axis and open to the south for better 

natural ventilation and maximum shading (See Figure 2.11). This suggested that better 

comfort conditions of the courtyard can be achieved if the height, orientation and aspect 

ratio are carefully considered and appropriately designed. Additionally, this study provides 

insight for the current research in the preparation of the fieldwork, in terms of the selection 

of the tools used to measure the microclimatic conditions in the courtyard (Almhafdy et al., 

2014). 

 

 
Figure 2.11: Illustration of O-shape courtyard (Enclosed) and U-shape courtyard (Semi-enclosed) 

in the hospital building. 
Source: Almhafdy et al. (2014) 

2.3.3.2 Assessment of usersô perceptions of daylighting and visual comfort  

Apart from the experimental study of the microclimatic performance of courtyard in the 

hospital by Almhafdy et al. (2014), the evaluation study has been conducted by Aripin 

(2007) to investigate the usersô satisfaction levels on the quality of daylighting in the wards 

of three different hospitals in Malaysia. The result revealed that a courtyard type hospital 

provides a higher satisfaction level from the building occupant on the quality of daylighting 

in the four beds wards that are elongated to north-south direction. This courtyard type 

hospital (H3) provides essential amount of daylighting into the wards area and reduce the 

discomfort glare in the patientsô wards compared to another type of hospital design (H1 and 

H2) which almost 20 to 30% of the four bed wards are directly facing the east-west direction 

(Aripin, 2012) (See Figure 2.12).  Aripin (2007) highlighted the importance of obtaining 

feedback from users to suggest necessary improvements related to the enhancement of 

usersô experiences in the hospital setting. 
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Figure 2.12: Illustration of three case studies of the previous studies on the perception of users on 
the daylighting in the hospital wards.  

Source: Aripin (2012). 

 

Further, another study has been conducted in two Malaysian hospitals of a similar square 

plan with a clustered type courtyard (Ahmad et al., 2007 cited in Nawawi et al., 2013). The 

study investigated the optimal design for efficient daylighting in the wards (See Figure 2.13 

and Figure 2.14). Findings from this study clearly suggested that in order to achieve 

efficient daylighting, the most preferable ward-plan is to be elongated towards the north 

and south direction to receive maximum daylighting and ventilation. As such, it will reduce 

the solar radiation and heat received from the east and west Directions (See Figure 2.14). 

This study also suggested that the length for the wards area should be within or less than 

14 metres for better daylighting penetration from the courtyard. 

 

Although studies by Ahmad et al. (2007) cited in Nawawi et al. (2013) and Aripin (2007) 

are conducted in a hospital with a courtyard design (i.e. clustered type courtyard and closed 

type courtyard). However, these studies are not specifically focused on perception of users 

in the outdoor area (i.e. the courtyard garden) of the hospital. Instead, the emphasis of such 

studies was more on the perception of users on the daylighting particularly in the indoor 

area (i.e. ward area). In-depth studies on how the users utilise and perceive the 

different type of courtyard gardens in the hospital building remain rare in Malaysia.  

 

 

 

 

Figure 2.13: Illustration of the 2-case study site of a 
similar square plan with a clustered type courtyard.  
Source: (Ahmad et al., 2007 cited in Nawawi et al., 

2013). 

 Figure 2.14: Illustration of 
proposed design for an optimum 
daylighting in the wards area of a 

square type hospital plan.  
Source: (Ahmad et al., 2007 cited in 

Nawawi et al., 2013). 
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Courtyard garden is a common feature that has been incorporated in many of the hospital 

planning in Malaysia and several parameters have been studied to improve the 

environmental condition of the hospital building (Almhafdy et al., 2013a). However, a 

systematic evaluation of the quality of existing courtyard gardens within hospital 

buildings have not been studied in detail. Nonetheless, knowledge on the utilisation of 

the courtyard by the intended users and the perception of the users on the environmental 

and restorative roles of different types of courtyard design in Malaysian hospitals still 

remains scarce. 

 

2.3.4 Outdoor thermal comfort research  

Previous POE of restorative gardens research in healthcare facilities did not carry out a 

field measurement study to measure the important microclimatic parameters that can 

significantly influence usersô level of thermal comfort in the HCG (Discussed further in 

Section 2.4.3.4). Most discussion on the previous POE of restorative garden research 

presented information on the microclimatic conditions of the study sites based on direct 

observation during the site analysis on sunny or cloudy days and/or in shaded or unshaded 

areas (e.g. Jiang et al., 2018; Sachs, 2017; Pasha, 2013; Shukor, 2012; Davis, 2011; 

Cooper Marcus and Barnes, 1995). Therefore, it is fundamental to review the related 

research which focused on outdoor and semi-outdoor thermal comfort to understand how 

this research was carried out and to become acquainted with the earlier research findings 

related to the field. This will act as a basis to enhance the methodological approach of 

previous POE of restorative gardens in healthcare facilities which lack assessment of semi-

outdoor comfort (See Table 2.12, in Section 2.4.3.4).  

2.3.4.1 Definition of thermal comfort and the layers of thermal environment 

Based on the American Society for Heating, Refrigerating and Air-conditioning Engineers 

(ASHRAE), thermal comfort is defined as a state of mind that expressed satisfaction with 

the surrounding environment which can be varied across different individuals due to the 

different physiological and psychological factors of each person (ASHRAE Standard 55, 

2017). According to environmental engineering perspectives on the different levels of 

environmental control applied (See Figure 2.7), the thermal environment can be classified 

into three layers, which is indoor environment, semi-outdoor environment and outdoor 

environment  (Fong et al., 2019; Nakano, 2003, p.12) (See Figure 2.15). 

 
The outdoor environment is the outermost layer, which is beyond control and does not 

depend on any mechanical equipment to adjust the outdoor conditions. However, people 

would need to adjust themselves (e.g. move to a shaded area, drink cold water, or wear 
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different layers of clothing) to adapt to the outdoor conditions to achieve comfort (Fong et 

al., 2019; Nakano, 2003). 

 

 
Figure 2.15: Layers of thermal environments  

(Source: Modified from Fong et al., 2019 and Nakano, 2003) 

 

The middle layer is the semi-outdoor environment which is located between the indoor and 

outdoor layers or intermediate spaces, for example, lobbies, terraces, atriums, arcades and 

courtyard (Yang et al., 2013; Potvin, 2004; Nakano, 2003).  The environmental conditions 

of the semi-outdoor environment can be moderately controlled or modified using varying 

techniques. For instance, the use of simple shading and/or wind shielding in a terrace or a 

mechanical heating and/or cooling system in a closed atrium space (Nakano, 2003). The 

third layer is the indoor environment which is often located in an enclosed building and less 

affected by the wind and solar radiation. Indoor environmental conditions can be personally 

controlled by adjusting the cooling or heating system to provide the desired thermal comfort 

for the occupants within their occupied or personal zone. 

2.3.4.2 Environmental and personal factors 

Personal factors (physical and physiological) have been found to have a significant 

influence on thermal perception in the outdoor environment (Lindner-Cendrowska and 

BğaŨejczyk, 2018). Havenith et al. (2002) revealed that clothing properties and metabolic 

heat production are important parameters to define thermal comfort conditions. These two 

personal factors, namely clothing insulation (CLO) and activity level (MET) can be 

estimated based on ASHRAE Standard 55 (Azizpour et al., 2013). Additionally, other 

individual factors such as gender, age, health effects and adaptability to the surrounding 

environments also influence perceptions of thermal comfort in a hospital environment 

(Sattayakorn et al., 2017; Ferraro et al., 2015; Yau and Chew, 2009; Hwang et al., 2007). 

The current research focused more on environmental factors (e.g. air temperature, relative 

humidity, wind velocity and thermal radiation) in order to examine their influence on the 
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usersô perceptions of outdoor thermal comfort (Nikolopoulou and Lykoudis, 2006; Sharmin 

et al., 2018). If time was not a constraint in the current study, an in-depth analysis that 

considered both the environmental and personal factors is highly recommended as these 

factors are fundamental to determining peopleôs sensations of thermal comfort.  

2.3.4.3 The different categories of spaces in outdoor and semi-outdoor 

environment 

Thermal comfort in the outdoor and semi-outdoor environment is more complex than for 

the indoor environment because it involves different conditions and issues that might not 

be encountered in research on indoor comfort (Givoni et al., 2003; Spagnolo and de Dear, 

2003). People who stayed outdoors or semi-outdoors, The thermal comfort perceptions of 

people staying outdoors or semi-outdoors can be influenced by variability in the 

environmental factors: variation of sun and shade or the variation of the wind speed 

movement (c; Givoni et al., 2003; Spagnolo and de Dear, 2003).  

 

To the best of this researcherôs knowledge, no research on the assessment of thermal 

comfort using both the field measurement and subjective assessment has been conducted 

in a semi-outdoor environment such as a courtyard garden in a hospital in a hot humid 

climate. The attention of earlier research on the subjective assessment of thermal comfort 

in a semi-outdoor environment in a hot humid climate and other regions focused more on 

areas such as the atrium (Hien et al., 2017; Nakano and Tanabe, 2004), semi-open reading 

and dining areas (Oual and Hassan, 2018), terraces and semi-open auditoriums in a high-

rise building (Cao et al., 2018), arcades (Potvin, 2004) ) and courtyards found in 

educational campuses (Bakar and Gadi, 2016; Makaremi et al., 2012). Additionally, past 

research carried out thermal comfort assessment in various semi-outdoor spaces such as 

railway stations, bus stations, ferry terminals and parks  (Spagnolo and de Dear, 2003) and 

a cultural centre, national museum, art centre and university campus (Hwang and Lin, 

2011). 

 

Nakano (2003) defined the semi-outdoor environment as an architectural environment 

designed with the aim of integrating natural elements as part of the environmental control 

for the improvement of thermal comfort. The current study defines a semi-outdoor 

environment as a space in between the building or surrounded by a building or intermediate 

space which has some degree of enclosure and exposure to environmental factors such 

as wind flow and solar radiation (Wong et al., 2013;  Nikolopoulou, 2011; Spagnolo and de 

Dear, 2003). 
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Table 2.2 sets out the different categories of spaces and examples of the space for both 

outdoor and semi-outdoor environments. Types of semi-outdoor environments such as the 

semi-open library, semi-open auditorium, arcades, terraces, or atriums will have less 

exposure to the wind or sun because the top floor is covered by a concrete slab or roof 

skylight (i.e. atrium) compared to the enclosed courtyard garden which is opened up to the 

sky and thus receives more direct solar radiation, particularly in the afternoon.  

 

Table 2.2: The different categories of spaces in the outdoor and semi-outdoor environment 
(Source: Author, 2019) 

Categories Define Example of the 
spaces 

Sample sketch Related researches 

Outdoor 
environment 

It has the highest 
degree of exposure to 
the sun and wind flow. 

Open urban space 
Plaza 
Park 
Square 
Beach 
 

 

 

(Ghaffarianhosseini et al., 
2019; Yang et al., 2013; 
Nikolopoulou and 
Lykoudis, 2007;  Mayer 
and Höppe, 1987) 

It has a slightly high 
degree of exposure to 
the sun and wind flow. 

A space between 
the building 
 
A street canyon in 
between the 
buildings 

 

 

(Sharmin et al., 2018; 
Hoppe and Seidl, 1991) 

Semi-
outdoor 
environment 

It has no roof. 
 
It has a slightly high 
degree of exposure to 
the sun and wind flow 
compared to the 
arcades, balcony or 
atrium. 
 

An open space 
surrounding by a 
building and open 
to the sky: 
 
Enclosed or semi 
enclosed courtyard 

 
 

 

(Kubota et al., 2018; Bakar 
and Gadi, 2016; Almhafdy 
et al., 2013; Makaremi et 
al., 2012) 

The open space in a 
building which is 
covered by a roof 
skylight to provide the 
feeling of space and 
light. 

An open space 
surrounding by a 
building and 
covered by a 
skylight: 
Atrium 
 

 

( Hien et al., 2017; Nakano 
and Tanabe, 2004) 

It is covered by floor 
plate or roof. 
 
The outer wall is open, 
and the upper floor is 
supported by columns 
and arches. 
 
A space located close 
to the building wall and 
have some degree of 
openness. 

Intermediate or 
transitional or in 
between spaces: 
 
Arcades 
Passageway 
Terrace 
Loggia 
Lobbies 
Verandah 
Corridor 
Balcony 
 

 
 
 

 

(Cao et al., 2018; Oual and 
Hassan, 2018;  Hwang and 
Lin, 2011; Spagnolo and 
de Dear, 2003; Potvin, 
2004). 

 

2.3.4.4 Outdoor and semi-outdoor thermal comfort in hot humid climates and other 

climatic regions 

Most of the earlier research carried out an assessment on thermal comfort in the outdoor 

environment  (e.g. open park, urban open area, square, beach or street canyon) (Sharmin 

et al., 2019; Johansson et al., 2018; Sharmin et al, 2015; Yang et al., 2013; Krüger and 
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Rossi, 2011; Thorsson et al., 2007; Nikolopoulou and Lykoudis, 2006; 2007; Höppe and 

Seidl, 1991; Mayer and Höppe, 1987. The pioneering work on outdoor thermal comfort was 

conducted by  Mayer and Höppe (1987) who assessed the subjective responses of thermal 

comfort among people in three different urban outdoor spaces within the city of Munich, 

German.  Höppe and Seidl (1991) also carried out prominent research on outdoor thermal 

comfort in Italy, revealing that sunshine and weather are among the influential factors 

significantly impacting visitorsô preferences to choose the beach as their preferred 

destination. Another prominent research in the UK suggested the importance of the design 

of outdoor space because it can influence usersô thermal comfort and thus impact on the 

use of the space (Nikolopoulou, Baker and Steemers, 2001). This study found that the 

usage of outdoor spaces in different sites increased with increasing temperature. The 

details of the findings of these studies are presented in Table 1, Appendix 16. 

 

Today there is a growing body of recent research conducted in the outdoor environment in 

various regions (Johansson et al., 2018; Krüger and Rossi, 2011; Thorsson et al., 2007; 

Nikolopoulou and Lykoudis, 2006; 2007; Höppe and Seidl, 1991; Mayer and Höppe, 1987) 

and hot humid climates (Heng and Chow, 2019; Sharmin et al., 2019; Ali and Patnaik, 2018; 

Koerniawan and Gao, 2015; Yang et al., 2013; Ng and Cheng, 2012; Ahmed, 2003) (See 

Table 2, in Appendix 16). This far outweighs the research carried out on the semi-outdoor 

environment. Following on from the research on thermal comfort in the semi-outdoor 

environment, previous pioneering researchers in several countries started to focus on the 

semi-public environments (e.g. Japan (Nakano and Tanabe, 2004); UK (Potvin, 2004); and 

Australia (Spagnolo and de Dear, 2003). This research, with a focus on thermal comfort in 

semi-outdoor environments, has received increasing attention in the last decade in hot 

humid climate countries (Cao et al., 2018; Oual and Hassan, 2018; Hwang and Lin, 2011) 

(See Table 2.3). However, these studies are more focused on a different category of semi-

outdoor environment such as atriums (Nakano and Tanabe, 2004); arcades (Potvin, 2004); 

terraces or semi-open indoor spaces (e.g. auditorium, library) in different building 

typologies (Cao et al., 2018;  Oual and Hassan, 2018; Hwang and Lin, 2011; Spagnolo and 

de Dear, 2003). 

 

Table 2.3: A summary of the critical reviews on previous research in thermal comfort in semi-

outdoor environments in a hot humid climate and other region 

RESEARCH ON THERMAL COMFORT IN SEMI-OUTDOOR ENVIRONMENTS IN VARIOUS REGION 

AUTHOR 

(YEAR) 

CASE STUDIES METHODS AND NO 

OF CASE STUDIES 

FINDINGS AND CRITICS 

Cao et al. 

(2018) 

China 

 

Methods: 

¶ Field measurement 
9am to 6pm (case 1) 
8.45-10am (case 2) 
 

This study assessment thermal comfort of a semi-outdoor 

environment during a hot summer and warm winter zone. 
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Case 1 - Open 

terrace in a high-

rise office building  

 

Case 2 - Semi-

open auditorium  

 

 

¶ Subjective survey 
(ASHRAE 7-point 
scale) 

 
Microclimatic 
parameters: 
Air temperature 
Relative humidity 
Wind speed 
 
Instrument: 
PMV and PPD indices 
meter 
Self-recording 
thermometer and 
hygrometer 
 
Placed at 0.6 meter 
from ground 
 
Sample:  
N=75 (Case 1) 
N=149 (Case 2) 
 

Findings: 

¶ The study found that more than 70% of the respondent 
felt thermally comfortable in the three-sitting area in the 
semi-open auditorium. 

¶ The study found that 65% respondents perceived the 
open terrace as comfortable although the temperature 
close to 30ºC. 

¶ This study suggested that the presence of the wind flow 
in the terrace contributed to the increase of thermal 
comfort among the respondents in the open terrace 

 

Critics: 

There is possible bias in the data sampling in the open 

terrace where two third of the respondents are male.  

The height of the instrument was very low, which could be 

affected by the temperature surface. The suggested 

height for the environmental meter from the ground level 

is between (1.1m to 1.5 m) at the centre of gravity for an 

adult (Mayer and Hoppe, 1987) 

Oual and 

Hassan 

(2018) 

Malaysia 

 

3 case study sites 

Educational 

building 

 

Case 1 - Indoor 

reading room 

(air conditioned) 

 

Case 2 - Semi-

open library 

(natural 

ventilation) 

 

Case 2 - Semi-

open dining hall 

(mechanical 

ventilation) 

 

Methods: 

¶ Field measurement 
(8am to 11pm) 

¶ Subjective 
assessment 
(Survey). 

 
Microclimatic 
parameters:  
Air temperature 
Relative humidity 
Wind speed 
 
Instrument: 
Micro-meteorological 

instruments placed on 

a tripod at 1.0-meter 

height from the ground 

level. 

 

Sample: 

N=226 

 

Findings: 

Thermal comfort perception: The results showed that 

the Semi-open library with a natural ventilation perceived 

a higher comfort range followed by the air-conditioned 

indoor reading room and semi-open dining hall. 

 

Preferred temperature: This study also found that the 

international student preferred cooler air temperature 

compared to the local student. The observation also 

revealed that a higher number of foreigner studentsô study 

in the air-conditioned reading area, whereas more local 

student studied outdoor. 

 

Preferred cooling methods: The majority of the 

respondents preferred a natural ventilation with a 

mechanical fan (62.4%), followed by air conditioner and 

natural ventilation. 

 

Thermal adaptability: The results also showed a higher 

number of student consumed more cool drinks in a semi-

outdoor reading area. Whereas, the majority of students 

in the airconditioned library preferred to wear extra layers 

of clothing to adapt with the temperature and improve 

their thermal comfort.   

Hwang 

and Lin 

(2011) 

Taiwan 

Five semi-outdoor 

public places  

 

óExterior space 

that is sheltered 

and naturally 

ventilatedô 

 

¶ Railway station 

¶ Cultural centre 

¶ National 
museum 

¶ Art centre 

¶ University 
campus 

Methods: 

¶ Field measurement 

¶ Subjective 
assessment (survey) 
- ASHRAE 7-point 
scale and McIntyre 
3-point scale. 

Instruments: 

Micro-meteorological 

instruments placed on 

a tripod at 1.1m height 

above the ground level. 

 

Microclimatic 
parameters:  
Globe temperature 
Air temperature 
Relative humidity 
Wind speed 
Global radiation 
 

Microclimatic 

parameters: 

Air temperature 

Air relative humidity 

Findings: 

 

Tolerance to thermal comfort: The results showed that 

people in both semi-outdoor and outdoor environment are 

highly tolerant regarding thermal comfort compared to 

those who are in indoor environment. 

Preferred temperature: This study revealed that the 

preferred thermal temperature for semi-outdoor area in 

Taiwan was at 24.6ºC and for outdoor was at 26.9 ºC 

which both lower than neutral temperature at 1.2 ºC and 

0.3 ºC respectively. 

 

Wind sensation votes (WSV) and sun sensation votes 

(SSV): Based on linear regression analyses, respondents 

reported a significant association between WSV and SSV 

in which people reported that they felt warm when they 

felt the sun is too strong and the wind movement is too 

weak. 

 

Preferred change: People who experienced the 

discomfort (i.e. voted the extreme values outside the 

three central categories in the TSV) would prefer change 

to both the wind flow and the sun sensation. 
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Solar radiation 

 

Sample: 

N=877 

Semi-outdoor (N=3470) 

Outdoor (N=3027) 

Indoor (N=1580) 

 

Sun radiation vs wind movement: This study also 

concluded that the sun radiation was found to be the 

higher influential in people thermal sensation compared to 

the wind movement. 

Nakano 

and 

Tanabe 

(2004) 

Japan 

 

Four case studies  

four atria / terraces 

with different 

levels of 

environmental 

control 

 

¶ Atria with 
HVAC 
Case P (Closed 
atrium) 
Case B (Closed 
atrium) 

 

 

¶ Atria with no   
HVAC 
Case O (Arcade 
and sunken 
garden) 

   Case T 

   (Wooden deck) 

Methods: 

¶ Field measurement  

¶ Seasonal field survey 

¶ Observation 
(Occupancy and 
clothing adjustment) 
 

 
 

Microclimatic 

parameters: 

¶ Air temperature 

¶ Wind speed 

¶ Wind direction 

¶ Relative humidity 

¶ Solar radiation 

¶ Surface temperature 
Sample: 

N=2248 

Findings: 

Thermal sensation: People in a semi-outdoor can 

tolerate with a wider temperature range (two to three 

times higher) compared to the predicted temperature 

using the PMV-PPD model by Fanger. 

 

Duration of occupancy: The average time of occupancy 

of people who stayed in the atria with HVAC I longer (19 

minutes) compared to the atria without HVAC (11 

minutes). 

 

Clothing adjustment: People was found to dress 

differently to adapted with the different climate, in which a 

greater clothing insulation were observed for both the 

autumn and winter season compared to the spring and 

summer. 

 

Critics: There is a possible bias among the sample 

selection in which they were selected among those who 

voluntary to participate in the survey. Those who choose 

to not want to stay were not accounted in the survey and 

it does not apply to all visitors in the atria. 

Spagnolo 

and de 

Dear, 

(2003) 

Australia 

 

Semi-outdoor and 

outdoor 

environment 

 

Four case study 

sites: 

¶ Railway station 

¶ Bus station 

¶ Ferry terminal  

¶ Parks 
 

The sites have 

different surfaces 

(e.g. pavers, grass 

and asphalt) 

Methods: 

¶ Field measurement 

¶ Subjective 
assessment (survey) 
- Adapted from 
ASHRAE 7-point 
scale 

 

Microclimatic 

parameters: 

¶ Air temperature 

¶ Relative humidity 

¶ Wind velocity 

¶ Solar radiation 
 

Instruments: 

Micro-meteorological 

sensors mounted on an 

aluminum camera 

tripod. 

 

Surveyed Sample: 

N=1018  

Analysed sample:  

Summer (N=585) 

Winter (N=433) 

 

Findings: 

 

The study focused on comparing the outdoor and indoor 

results. 

 

Thermal neutrality: The study found that the thermal 

neutrality of the outdoor thermal comfort in the subtropical 

setting (Australia), based on the index OUT_SET (26.2ºC) 

is higher than the indoor SET counterpart (24 ºC). 

 

Preferences of sun/shade: The study found in the 

winter; the largest proportion of the respondents preferred 

more sun. Whereas in summers, a higher number of the 

sample voted óno changeô. 

 

 

Critics:  

There is a possible bias in the sample selection, because 

both the sample in the outdoor and semi-outdoor were 

combined in the analysis. These two different 

environments have a differ microclimatic conditions, 

which might has influenced on the results of people 

thermal sensation. 

(Potvin, 

2004) 

Cardiff, UK 

 

Arcades in  

Cardiff city centre. 

 

Three case 
studies: 
Case 1: Royal 
arcade 

Methods: 

¶ Field measurement 
(in the afternoon) 

¶ Subjective 
assessment 
(Summer and Winter 
survey) 

 

Microclimatic 

parameters: 

The study focused on the thermal transient when people 

move from the space between the indoor and outdoor 

(Arcades space - an intermediate spaces) by measuring 

the temperature difference of an outdoor and in the 

arcades space when people move between these two 

spaces. 

 

Findings: 

When people moved from the open street into the arcade, 

it was recorded a drop in the air temperature (0.9ºC in 
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Case 2: Morgan 
arcade 
Case 3: Castle 
arcade 

¶ Air temperature 

¶ Relative humidity 

¶ Wind velocity 

¶ Solar radiation 
 

Instrument: 

Portable sensors array 

attached to the 

respondentsô bodies 

 

Sample: 

Not reported 

 

Summer, 1.6 ºC in autumn, and 2.5ºC in winter) with a 

graduation decrease of two-thirds from the wind speed in 

the open street.  

 

Critics: 

The environmental monitoring was recorded using the 

portable sensors attached to respondents when people 

they from the indoor and outdoor. It is not based on a 

static monitoring system using the meteorological 

instruments or weather station fixed on a tripod in an 

outdoor or semi-outdoor environment. Thus, the accuracy 

of the wind speed reading can be argued as it was 

recorded when people move, which possibly had 

increased the reading of the actual on-site wind flow. 

 

 

2.3.4.5 Thermal comfort research in courtyards in other building typologies in 

Malaysia 

As mentioned earlier, numerous research on semi-outdoor comfort either in another region 

or a hot humid climate did not specifically focus on a courtyard building typology. Earlier 

research that focused on courtyard building typology in Malaysia were mostly carried out 

on educational campus. Very few were conducted in the hospital setting either in hot humid 

climates or in temperate regions. A possible reason for a lack of studies in the context of 

healthcare could be because of the complexity of the procedures and protocol of ethical 

approval acting to refrain the researcher to carry out studies in such environment. The 

thermal comfort studies in hospital buildings that do exist are mostly focused on the indoor 

wards (Khalid et al., 2019), medical and administration working spaces medical (Yau and 

Chew, 2014), and various indoor spaces in the hospitals (Azizpour, Moghimi, Salleh, et al., 

2013). Only one study was conducted in a semi-outdoor space (i.e. enclosed and semi-

enclosed courtyard) in a hospital (Almhafdy et al., 2013). However, this research is highly 

based on the parametric model and does not carry out any subjective assessment with the 

HCG users (See Section 2.3.3.2 and Table 2.4). 

 

Previous research found that the courtyard garden in a hospital was used as an alternative 

place for family members to sit and relax, for patients and families to socialise and meet in 

a comfortable atmosphere away from the congested waiting area in the indoor hospital 

(Idris et al., 2018). Further, it was found that the HCG was also utilised by the staff to sit 

and rest during the lunch hours under the pergola shaded area in the HCG (Idris et al., 

2018). Hence, ensuring a better thermal comfort in the outdoor areas or better microclimatic 

conditions in the courtyard garden in a hospital are crucial as not only affects HCG users 

but also influenced the indoor spaces or rooms adjacent to the HCG, which will in turn, 

affect the energy consumption of the hospital. This clearly show the importance of a thermal 

comfort study in a semi-outdoor space such as the HCG in the context of Malaysia. To the 

researcherôs knowledge, this current study is the first attempt conducted in a semi-outdoor 
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and semi-public area in the context of a Malaysian hospital. A critical review of the research 

of thermal comfort in a semi-outdoor environment in a courtyard building typology in 

Malaysia is presented in Table 2.4. 

 

Table 2.4: Summary of a review of thermal comfort research in a semi-outdoor environment in a 

courtyard building typology in Malaysia 

AUTHOR 

(YEAR) 

CASE STUDIES METHODS AND NO OF 

CASE STUDIES 

FINDINGS AND CRITICS 

SEMI-OUTDOOR ENVIRONMENT (COURTYARD GARDEN) 

Kubota et 

al. (2017) 

Commercial 
 
16 Shophouses 
in Malacca 
heritage sites 
A total of 25 
courtyards 
 
Clustered into 
5 types of 
enclosed 
courtyard. 

 

Type 1: Open 

and staggered 

Type 2: Small 

and staggered 

Type 3: Shallow 

and large 

Type 4: Deep 

and large 

Type 5: Deep 

and close 

Methods: 

Field measurement 

(10am to 5pm) 

 

Instruments: 

T&D TR-73U data logger 

Davis Vantage Pro 

Weather station  

The instrument was 

placed 1.5 meters above 

the floor level 

 

Microclimatic 

parameter: 

Air temperature  

Air relative humidity 

Wind direction and wind 

speed 

Solar radiation  

 

Sky views factors ï Used 

fish-eye lens photos  

 

Sample: NA 

Findings: 

¶ This study recommended that a closed, cross-
ventilated courtyard can enhance the indoor thermal 
comfort in the adjacent spaces around the courtyard in 
a hot humid climate. 

 

¶ This study revealed that a V-shaped roof highly 

influenced the increasing flow of cool air into the 

adjacent spaces around the courtyard during the night-

time. 

 

¶ The presence of the plants and water bodies in the 

courtyard contributed to a lower air temperature in the 

courtyard and to the surrounding spaces during the day 

and night-time. 

 

¶ Courtyard should be elongated towards the prevailing 

wind directions, particularly for a deep and narrow 

courtyard to improve cross ventilation into the building. 

 

¶ This study also found that the courtyard configuration 

(the space volume, openness and height) have a 

significant relationship with the air temperature. 

 

Critics:  

¶ No subjective assessment with the occupants were 

carried out or reported in this study. 

 

Bakar and 

Gadi 

(2016) 

Educational  

Campus 

(IIUM) 

 

A total of four 

case study 

sites: 

 

3 courtyard 

gardens: 

C1 (5,484 sqm)   

Fully paved 

C2 (2,500 sqm) 

Partially paved 

C3 (520 sqm) 

Turfed surface 

 

1 open 

recreational area 

at the residential 

area  

(18,211 sqm) 

 

Methods: 

¶ Field measurement 
    (9am to 6pm) 

¶ Subjective assessment 
(survey) with those who 
sit in shaded and under 
direct sunlight areas. 

 

¶ Shadow simulation 
   (Sketchup) 

 

Microclimatic 

parameters: 

¶ Air temperature  

¶ Radiant temperature 

¶ Air relative humidity 

¶ Wind velocity 

¶ Solar radiation  
 

Instruments: 

¶ Whirling psychrometer 
(measure dry and wet 
bulb temperature) 

¶ Globe thermometer 
(Globe temperature) 

¶ Digital anemometer 
(Wind speed) 

Findings: 

¶ Field measurement results: 

This study found that the higher the reading of the 

aspect ratio, the more the courtyard surface is exposed 

to the sun radiation. 

 

¶ The study revealed that the open area recorded a 

higher air temperature than for the semi-shaded and 

covered areas. This implies the importance of reducing 

solar radiation onto the courtyard surface to reduce the 

air temperature. 

 

¶ This study found that the courtyard with the turfed 

surface (C3) recorded the lowest surface temperature 

(the floor levels adjacent to the courtyard), compared to 

the fully paved and partially paved courtyards. 

 

¶ The study found that the use of black tarmac 

surrounding the periphery of the courtyard (C2) 

contributed to the high level of temperature surface of 

the adjacent floor around this courtyard. 

 

¶ Subjective assessment results: 

The results of the TSV showed that 70% of the 

respondent voted it as comfortable-neutral. Thermal 

sensation was not report in detail in the paper. 
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¶ Cole-parmer infrared 
thermometer (measure 
surface temperature) 

¶ Illuminance meter 
(measure lighting level) 
 
 
 

Courtyard parameter: 

Aspect ratio (W/H) 

The surface materials 

Orientation 

 

Sample:  

N=123 

 

Critics: 

¶ Thermal comfort assessment: This study only 

utilised the 7-point scale based on Banfort (Fong et al., 

2019) and did not integrated the 3-point Mc-Intyre scale 

which is fundamental to assess the preferred thermal 

sensation to validate the findings and enhance the 

accuracy of perception of the thermal comfort. This is 

because people who felt neutral did not necessarily 

want any changes or they may prefer cooler or warmer 

temperature (Shahzad et al., 2018). 

 

¶ Sample selection: There is the possibility of bias in the 

sample selection because it is not based on the sample 

that really spent time in the courtyard. The sample 

could be selected from passers-by or students who 

were recruited to be the participants for the study. 

There was also a bias in the data reporting.  

¶  

Almhafdy 

et al. 

(2014) 

Hospital 

building 

 

Out of 7 

courtyards, 2 

courtyards were 

selected for a 

simulation study 

 

U-form ï semi 

enclosed 

courtyard 

(Area: 893 sqm) 

Square form 

 

O-form ï 

enclosed 

courtyard 

(Area: 381 sqm) 

Rectangular 

form 

 

 

Methods: 

¶ Field measurement 
(10.00am to 6.00pm) 

¶ Parametric simulation 
 

Instrument: 
Three sets of weather 
station PortLog were 
placed at the centre of 
the courtyard 
 

(The instrument was 

placed 1.1m above the 

ground level ï Based on 

the average height of the 

centre of gravity of an 

adult) 

 

Microclimatic 

parameters: 

¶ Air temperature  

¶ Radiant temperature 

¶ Air relative humidity 

¶ Wind speed and wind 
direction 

¶ Solar intensity 
 
Courtyard parameter: 

¶ Form 

¶ Size  

¶ Orientation 
 
 

Sample: NA 

 

This study investigated the thermal and visual 

performance of the two courtyards of different shape (U-

shape and O-shape) based on three parameters (form, 

height and orientation). 

 
Findings: 

¶ The O-form (fully enclosed and no air flow) recorded a 
higher air temperature compared to the U-form 
(semi-enclosed and allowing air flow). 

 

¶ The U-shape HCG recorded a higher wind speed 

compared to the O-shape due to the orientation of the 

opening of the U-shape facing the prevailing wind. 

 

¶ This study reported a higher solar intensity recorded 

in the U-shape HCG (larger in size and not fully 

enclosed) compared to the O-shape (smaller in size 

and enclosed all around). 

 

¶ The study suggested that the O-form performed better 

than the U-shape form in reducing the amount of 

glare in the HCG (i.e. Based on the researchersô 

observations) 

 

Critics: 

The methods:  

No daily in-depth daily observations were carried out to 

investigate how people utilised the space. 

No report on the validation of the simulation study. 

 

The assessment of thermal comfort: No thermal 

assessment was carried out with the actual HCG users. 

The findings on thermal comfort and performance of the 

microclimatic conditions in the courtyards were solely 

based on the simulation software.  

 

Makaremi 
et al. 
(2012) 

Educational 
campus 
(UPM) 
2 case study 
sites: 

Case A: an 
enclosed 
courtyard 
surrounded by a 
3-storied 
building. 

Case B: At the 
open outdoor 
spaces 
surrounded by a 

Methods: 

Å Field measurement 
Å Subjective assessment 
 
Sample:  
Local and international 
students 
 
Thermal comfort scale: 
9-point thermal comfort 
sensation scale based on 
(Lin and Matzarakis, 
2008) 
 

This study assessed the actual thermal conditions and 
peoplesô perceptions of thermal comfort in a shaded 
outdoor space. 

Findings: 

¶ This study revealed a significant difference between the 
thermal perceptions of international students and local 
students which suggested that people from different 
cultures and regions have a different perception of 
outdoor thermal comfort. 

 

¶ This study found that the acceptable outdoor thermal 
comfort (less than 34°C) were only recorded in the early 

morning (9-10am) and late afternoon (4-5pm). 
 

¶ This study recommended that the use of vegetation and 
trees can improve the outdoor thermal comfort. The 
trees provided shade and filtered the solar radiation 
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one-storey 
building.  

 

and contributed to a reduction of the air temperature in 
outdoor spaces. 

 

¶ This study also found that those who stayed longer to 
sit and relax in the outdoor areas perceived the outdoor 
as comfortable compared to the passer by. 
 

 

2.3.5 The criteria used to assess the microclimatic conditions of courtyards 

in buildings 

It is crucial that the design criteria be considered when designing a courtyard space in a 

building as it not only impacts on the environmental performance of the courtyard space 

itself but also the adjacent spaces around the courtyard (Hyde, 2013; Rajapaksha et al., 

2003; Yang et al., 2012) The focus of this study will be on the assessment of the outdoor 

space of the hospital, specifically the courtyard garden and how the users perceived the 

intended environmental and restorative roles of the courtyard design.  

 

Accordingly, several design criteria used to assess courtyard design for improving 

microclimatic condition within the courtyard space has been adapted and developed from 

Almhafdy et al. (2013a) and other researchers (Kubota et al., 2017; Ghaffarianhoseini et 

al., 2015; Berkovic et al., 2012; Sadafi et al., 2012; Makaremi et al., 2012; Muhaisen, 2006;  

Safarzadeh and Bahadori, 2005) which include: (1) Form; (2) Aspect ratio; (3) Orientation 

(4) Opening; (5) Building Envelope; (6) Shading Devices; (7) Vegetation; and (8) Water 

bodies. These will be discussed below: 

2.3.5.1 Form 

Several studies have highlighted that the outdoor temperature and the amount of solar 

radiation received are influenced by the geometric form of the courtyard focusing on both 

semi-enclosed or enclosed courtyard of a hot humid climate (Almhafdy et al., 2014; 

Ghaffarianhoseini et al., 2015). Almhafdy et al. (2014) revealed that a semi-enclosed 

courtyard which is oriented along the east-west axis and opened towards the south 

provided a better microclimatic conditions compared to an enclosed courtyard of a similar 

orientation of a hospital building in Malaysia. Moreover, a recent study (Ghaffarianhoseini 

et al., 2015) found that a semi enclosed courtyard where the opening of the courtyard faced 

the northeast direction creates a slightly lower temperature within the courtyard compared 

to the enclosed central courtyard as the northeast wind is channelled through the opening 

of a semi-enclosed courtyard. This study also pointed out the importance of avoiding 

excessive solar exposure and the increased cooling effect from the natural breezes to 

achieve a thermally comfortable courtyard condition. 
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2.3.5.2 Aspect ratio 

The aspect ratio refers to the height, the length and the width of the courtyard. Several 

authors have evaluated that the height and dimension of the courtyard space also affects 

the microclimatic conditions of the courtyard in a hot humid climate (Ghaffarianhoseini et 

al., 2019; 2015; Alhamfdy et al., 2014; Muhaisen, 2006). Muhaisen (2006) found that a 

three-storey height enclosed courtyard performed efficiently in a hot humid climate (from a 

case study in Malaysia). It has been concluded that the optimum angle of the enclosed 

courtyard in a hot humid climate is at 30º and any additional increment over this value 

resulted in a reduction of the sunlit area within the courtyard.  

 

In addition, a study in a hospital building of a hot humid climate revealed that the increased 

height of the courtyard wall significantly increased the amount of shading in both semi-

enclosed (U-shaped) and enclosed courtyards (O-shaped) (Almhafdy et al., 2014). A 

related experimental study (Almhafdy et al., 2015) revealed that a semi-enclosed courtyard 

with a ratio (width: length) of 1:2 (i.e. rectangular shape) indicated a lower temperature and 

better ventilation than that of a courtyard with a ratio of 1:1 (i.e. the square shape), which 

resulted in better Predictive Mean Value (PMV) results with a gradient from 0.8 to 1.4 (See 

Figure 2.16 and Figure 2.17). 

 

 

 

 

 Figure 2.16: Result of the CFD simulation in U-
shape courtyard of a ration 1:2 (rectangular shape). 

 Source: Almhafdy et al. (2015). 

 

 
 

 Figure 2.17: Result of the CFD 
simulation in U-shape courtyard of 
a ration 1:2 (rectangular shape).  

    Source: Almhafdy et al. (2015). 

 

Additionally, further research conducted in Malaysia found that a semi-enclosed courtyard 

with a ratio (height: width) of 6:1 (6-storey) created a better thermal performance followed 

by a courtyard with ratios of 2:1 (3-storey) and 1:1 (1-storey) (Ghaffarianhoseini et al., 

2015). This study also revealed that an increase in the height of the wall of a semi-enclosed 

courtyard resulted in a reduction in wind speed within the courtyard area. 

2.3.5.3 Orientation 

Several studies in a hot humid climate highlighted that courtyard orientation was another 

crucial aspect of design criteria for the cooling effect in the courtyard and better 
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microclimatic performance (Almhafdy et al., 2014; Ghaffarianhoseini et al., 2015). In a hot 

humid climate, Almhafdy et al. (2014) found that the orientation of the semi-enclosed 

courtyard that is elongated in east-west axis and opened to the south allowed the wind flow 

to penetrate the courtyard and improve its outdoor thermal condition. A further study by 

Ghaffarianhoseini et al. (2015) revealed that a semi-enclosed courtyard with the opening 

facing North produced a slightly lower temperature and a higher level of relative humidity 

within the courtyard space due to the northeast wind that was channelled into the courtyard 

through the opening side and due to maximum shading generated within the courtyard. 

Aside from the importance of the orientation of the courtyard to improve ventilation within 

the courtyard space, it was determined that the orientation of the courtyard and the building 

also influenced the penetration of natural daylighting into the interior space. In contrast, 

Aripin (2007) and Ahmad et al. (2007) cited in Nawawi et al. (2013) suggested that the 

courtyard and the building should be elongated to the north-south axis to achieve better 

daylighting and visual comfort in the ward areas of hospitals in Malaysia.  

2.3.5.4 Opening  

In an enclosed courtyard, the opening refers to the upper side of the courtyard that is 

exposed to the sky. In a semi-enclosed courtyard, the opening is at one side of the 

courtyard; the other side of the courtyard is enclosed by the wall and is also open to the 

sky (Almhafdy et al., 2013a). The opening also refers to the degree of open area (e.g. door 

or window) on the courtyard wall that is opened to the outside environment that can be 

found in both enclosed and semi-enclosed courtyards.  A semi-enclosed courtyard is found 

to provide a better thermal condition compared to an enclosed courtyard in Malaysian 

hospital building (Almhafdy et al., 2014). In a study of an enclosed courtyard in a two-storey 

terrace housing in a similar country, Sadafi et al., (2011) suggested that an efficient opening 

to the outside environment within a courtyard area served to promote natural ventilation 

and enhance the thermal comfort within the adjacent spaces. Moreover, a recent study 

conducted in a shophouse in Malaysia revealed that the opening within the courtyard area 

enhanced the air flow and avoided excessive humidity (Kubota et al., 2017). 

2.3.5.5 Building envelope 

The building envelope of a courtyard refers to the type of wall material and type of glazing 

as well as the insulation within the boundary of the courtyard space. Sadafi, et al. (2011) 

studied the effect of materials on the indoor thermal performance of a terraced house in 

Malaysia. The results showed that the concrete wall contributed to a lower temperature 

than a brick wall at the living area from 8 am to 2 pm in March. In contrast, the temperature 

of a living area with a concrete wall recorded a slightly lower temperature from 11 pm until 
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5 pm compared to a brick wall.  Apart from that, a further study on a mid-rise house with 

an internal courtyard in Dubai revealed that the wall material including the type of glazing, 

the thickness of the wall and glazing as well as the type of the insulation influenced the 

amount of energy consumption (Al-Masri and Abu-Hijleh, 2012). 

2.3.5.6 Shading devices 

Apart from increasing the height of the courtyard wall to generate more shading within the 

courtyard, several studies suggested other means of shading that could also be utilised 

within the courtyard building such as roof shading, cantilevered roof and galleries. 

Sadafi et al. (2011) suggested that the use of a shading roof for the courtyard area in a hot 

humid climate could decrease the amount of solar radiation that penetrate the courtyard 

area and the adjacent spaces especially during the afternoon hours; further, this 

contributes considerably to the improvement of the indoor thermal condition.  

 

In another simulation study under a similar climatic context, Almhafdy et al. (2015) revealed 

that a courtyard with a cantilevered roof provided a better microclimatic performance 

compared to a courtyard without a cantilevered roof (See Figure 2.18 and Figure 2.19). 

Additionally, Berkovic et al. (2012) revealed that the use of galleries within the enclosed 

courtyard provided shading and significantly decreased the temperature within the 

courtyard space. As such, it considerably improved the outdoor thermal comfort in the 

space. 

 

  

Figure 2.18: Result on the CFD simulation on 
the U-shape courtyard with cantilevered roof.  

Source: Almhafdy et al. (2015). 

Figure 2.19: Result on the CFD simulation on 
the U-shape courtyard without cantilevered roof.  

Source: Almhafdy et al. (2015). 

2.3.5.7 Vegetation 

Several studies found that the inclusion of trees in a courtyard space provided a better 

outdoor thermal condition compared to a courtyard without any trees (Ghaffarianhoseini 

et.al., 2019; 2015; Makaremi et al., 2012; Berkovic et al., 2012). A study conducted in an 

educational building in a hot humid climate revealed that the trees and plants in a courtyard 

reduced the amount of direct solar radiation received and improved the outdoor thermal 
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condition (Makaremi et al., 2012). In addition, further research that used a simulation study 

in a similar climate revealed that the use of grass to cover the ground in the courtyard 

decreased the air temperature and produced only a little improvement in thermal comfort 

as grass does not provide shade. This study showed that covering the courtyard with 75% 

trees decreased the air temperature in the courtyard and increased the humidity compared 

to a courtyard without any vegetation. However, this study highlighted that the use of trees 

in a hot humid climate can increase the air temperature at certain times because the trees 

acted to block the wind flow into the courtyard space, thus considerably reducing the 

cooling effect during the night (Ghaffarianhoseini et al., 2015).  

 

Moreover, another simulation study of an enclosed courtyard in a hot dry climate showed 

that the inclusion of trees next to the north and south wall and at the centre of the enclosed 

courtyard significantly reduced the outdoor temperature as the trees provided shading 

within the courtyard space (Berkovic et al., 2012) (See Figure 2.20).  

 

 

  

With vegetation                  Without vegetation 

 

Figure 2.20: Result on courtyard with ratio (1:2) 
AT 13LT (Top row) and at 16 LT (Lower row). 

Source: Berkovic et al. (2012). 

Figure 2.21: Measurement of sky view 
factors in courtyards of shophouses  

Source: Kubota et al. (2017). 

 

Sky view factors is an effective visualisation technique and spatial analysis to show the 

percentage of coverage of the sky area or surface geometry of a courtyard space (Kubota 

et al., 2017) and various urban geometry (Charalampopoulos et al., 2013). Kubota et al. 

(2017) found a strong relationship between the SVF and the air temperature in the HCG in 

which the air temperature in the courtyard is found to be higher than the outdoors when the 

SVF exceed 14% (See Figure 2.13). Fish-eyes pictures can be captured using a wide-

angle lens camera, and the SVF can be calculated using a range of software; Rayman, Sky 

Helios, Arc View, Steyn and BMSky (Hämmerle et al., 2011). 

2.3.5.8 Water bodies 

It has been suggested that water bodies such as a pool in the middle of the courtyard 

created a pleasant space for the residents to spend their time in the courtyard garden in 
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summer (Safarzadeh and Bahadori, 2005).This study also highlighted that the use of pools 

and water features within the courtyard with other landscape elements such as trees, 

flowers, shrubs created a micro-environment which reduced air temperature and promoted 

a slightly higher humidity within the courtyard space. In addition, a study in urban courtyard 

blocks in Netherlands in a temperate climate revealed that the implementation of water 

pools provided a better microclimate because it provided a cooling effect from the 

evaporation process, thus reducing the air temperature within the courtyard area 

(Taleghani et al., 2014). Moreover, a previous study found that water bodies within urban 

areas in a hot humid climate have the ability to provide a cooling effect from the evaporative 

process as it absorbed the solar radiation during a hot day (Wong et al., 2012). 

Nevertheless, it is important to note that an adequate amount of water body coverage within 

an urban area or building should be properly proportioned to optimise the cooling effect 

from the evaporation process and to avoid excessive humidity in a hot humid climate (Thani 

et al., 2012). 

 

Based on the previous cited works, several design criteria used to assess courtyard design 

for improving microclimatic conditions within the courtyard space are illustrated in Figure 

2.22. To sum up, the understanding on the basic design criteria for optimum courtyard 

design acts as a basis for the formulation of the HCG framework and recommendation for 

policy and practice (Chapter 8). Table 2.5 summarises parameter of study by previous 

researchers on the criteria used to assess courtyard design in improving microclimatic 

conditions in a hot humid climate and other climate. Table 2.6  summarise parameter of 

study by previous researchers on the criteria used to assess courtyard design in improving 

microclimatic conditions in a hot humid climate and other climate. 

 

 
 

Figure 2.22: Design parameters that need to be considered to improve the microclimatic 
conditions within courtyard garden in hospitals 

Source: Author (2017). 
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 Table 2.5: Summary of the parameter of study by previous researchers in a hot humid climate and other climate on the courtyard design criteria. 
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Table 2.6: A summary on the results of the previous studies for improving the microclimatic 

conditions of courtyard in buildings in a hot humid climate. 
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2.4 Restorative functions of a hospital courtyard garden 

2.4.1 User groups of hospital courtyard gardens and their needs 

Spending long hours in a hospital can be a stressful experience for patients, staff and 

visitors. Thus, having access to natural settings in the hospital buildings can improve health 

outcomes and the ability to cope with stress (Ulrich et al., 2019; 2018; Cooper Marcus and 

Sachs, 2014). Cooper Marcus and Barnes (1995) highlighted that an outdoor garden in the 

healthcare setting, including the courtyard garden, was utilised by three distinct types of 

users including the patients, the staff and the visitors. Paine (1984) conducted observations 

at three different hospitals. These case studies showed that out of the three distinct types 

of users, staff utilised the outdoor space the most, either alone or in groups, with visitors 

who accompanied the patients utilising the space the second most, followed by the patients 

alone who used the space the least (Cooper Marcus and Francis, 1997, p.267). 

2.4.1.1 Patients 

The ability of patients to go outdoor is determined by their health condition. Patients who 

have the ability to walk and who are not attached to monitoring equipment, as well as long 

term care patients, are most likely to use the outdoor space (Cooper Marcus and Francis, 

1997, pp. 267-269). However, it is also important to note that besides being in the garden, 

the bedridden patient also can benefit from viewing the garden through the window 

(Ulrich,1984; Verderber and Reuman, 1987). The different patient groups may also have 

different requirements for the outdoor garden as they also use the garden for different 

purposes. The requirement of the outdoor garden for each patient is dependent on the 

length of stay, whether as short-term or long-term inpatients or as outpatients (Cooper 

Marcus and Francis, 1997, pp. 267-269). In addition, it also depends on the patient's 

disability, and their physical and psychological needs.  

 

The types of patients who are considered as physically healthy are those who have the 

capability to move independently and do not need continuous monitoring (Cooper Marcus 

and Francis, 1997). These groups of patients include the orthopaedic patients (those with 

broken leg or bones), maternity care patients (those who are either pre or postpartum) and 

rehabilitation patients (those who use an outdoor space to do physical exercise as part of 

a therapy process). Another special type of patient who needs access to the garden is the 

pediatric patient. For instance, it has been observed that child patients utilised the courtyard 

garden in the Kaiser Permanente Medical Centre in California which they used to play in 

the childrenôs maze provided in the courtyard area while waiting for their pediatric 

appointments: this provided them an opportunity for respite from the painful and stressful 

time of being hospitalised (Cooper Marcus and Barnes, 1995). 
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2.4.1.2 Staff 

The staff are the most critical user in the hospital who spend continuous 24 hours of working 

in the hospital environment to provide service and care to the patients. Thus, they need a 

space such as an outdoor garden to enable them to escape from their daily routine of 

working in the hospital (Cooper Marcus and Francis, 1997, p.271). A pre and post 

occupancy study of the preference and usage of courtyard gardens in the hospital building 

has been conducted among the nurses and revealed that the majority of the nurses felt that 

it was important to them to be in the outdoor spaces; further, they most likely went outside 

alone and used the courtyard as a place for privacy (Naderi and Shin, 2008).  

 

In addition, an observational study at the courtyard in the Novato Community Hospital in 

California recorded that the staff use the courtyard as a place for them to escape from the 

hectic indoor hospital environment. They mainly used the courtyard garden as a place for 

them to take a coffee break and have lunch with their colleagues (Cooper Marcus and 

Barnes, 1995). Paine (1984) also showed that the administrative staff are the most likely to 

use the outdoor space as they have enough free time during the lunch hour compared to 

physicians and nurses who rarely had the time to use the outdoor area because they were 

often busy providing service and care to the patients (Cooper Marcus and Francis, 1997, 

p.267). 

2.4.1.3 Visitors 

Although patients and staffs are the main building occupants and spent the longest time in 

hospitals compared to visitors, the visitors are also one of the hospital users who require 

access to the outdoor garden as a place for them to relieve their stress while waiting for 

their families who were being warded or have medical appointment. For instance, the 

courtyard in the Novato Community Hospital in California was utilised as a place for quiet 

outdoor respite by the visitors and serves as a waiting area for the family members of 

patients in surgery (Cooper Marcus and Barnes,1995).  

 

In addition, Toone (2008) conducted a study in the courtyard of the Dell  Childrenôs Hospital 

in Austin, Texas. In this study, he determined that the parents and family members of sick 

children experienced reduced stress levels after spending time in the courtyard garden 

while enjoying the view of nature instead of sitting and waiting in the interior spaces of the 

hospital (Toone (2008).  Moreover, the opportunity to receive visitation from family 

members and colleagues is important for most patients (Cooper Marcus and Francis, 1997, 

pp. 267-269). The patientsô rooms are often too small and do not have enough space for 
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visitors and family to gather there in comfort. Therefore, an outdoor garden is an essential 

place for social interaction for the patients and visitors (Cooper Marcus and Francis, 1997). 

 

For the present study, courtyard gardens in the hospitals which have been designed for all 

types of users including the patients, the staff and the visitors will be the focus of this 

study to examine the activities and space use patterns of the three types of users. 

Thus, it is important for the selection of the case studies for this study to select a hospital 

which has a courtyard garden that is utilised by all types of users. It is also important 

to note that the different users groups who utilise the courtyard space depend on the type 

and function of spaces that are clustered around the courtyard garden. In the selected case 

studies, these spaces include a pediatric ward, a rehabilitation centre, surgery wards, 

maternity wards, administrative offices, pharmacy, waiting area and cafeteria. 

2.4.2 The role of nature in reducing stress and improving health outcome for 

different users group  

There is substantial scientific evidence emphasising the role of being in contact with nature 

(either by having a view onto a garden or being in a garden) as having a positive influence 

on the recovery process of hospital patients, particularly as nature contributes to relaxation 

and the reduction of stress levels in humans, hence improving their health and well-being 

(Ulrich et al., 2018; Amat, 2017; Gonzalez et al., 2011; Kim et al., 2009; Verderber and 

Reuman,1987; Ulrich, 1984). For instance, a high percentage of ICU patientsô families 

reported a greater reduction in feeling of the ósadnessô and a higher reduction of stress 

while sitting in a garden compared to sitting in indoors (Ulrich et al., 2019). A recent study 

also revealed that a decrease in aggressive behaviour were reported from psychiatric 

patients who stayed in a new hospital that exhibited several stress reduction features (e.g. 

access to nature, nature window view, noise reducing design and daylight exposure) (Ulrich 

et al., 2018).  

 

Additionally, studies in the past have found that patients and staff provided with a window 

overlooking a garden evidenced a reduction in their stress levels and health related 

complaints (Ulrich, 1984; Verderber and Reuman, 1987). A study by Ulrich (1984) showed 

that the restorative effects of natural views provided a better health outcome by fostering 

the restoration from stress, reduced muscle tension, lowered blood pressure and increased 

pain tolerance. Ulrich (1984) also reported that surgical patients exposed to a view of trees 

through a window in their rooms experienced a shorter length of stay in the hospital, lower 

consumption of pain killers, fewer complications with surgery, and received fewer negative 

comments in their nursesô reports compared to those exposed to the view of a brick wall. 
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In another study, Verderber and Reuman (1987) concluded that patients who stayed in a 

windowed room that overlooked the natural environment experienced a better health status 

and shortened length of stay in the hospital compared to those who stayed in a windowless 

room and/or a window with unpleasant views. This study also reported that staff therapists 

who worked in windowless areas or areas with poor views reported a decrease in their well-

being. 

 

Additionally, interaction with nature either by being in a natural setting or walking through 

nature have a positive impact in alleviating stress levels amongst adult patients, as reported 

in several interventional studies (Kim et al., 2009; Gonzalez et al., 2011). Kim et al. (2009) 

conducted a study in a hospital in Seoul of 63 patients diagnosed with major depression 

which consisted of three groups. These included 19 patients in the hospital group, 23 

patients in the forest group and 21 patients in the control group. This study reported 

decreased cortisol levels (i.e. stress hormone level) in the forest group compared to the 

other two groups. The study by Kim et al. (2009) also highlighted that the forest group 

included various natural instruments that could enhance the effect of the psychotherapeutic 

intervention in reducing depression among participants. Another interventionist research 

revealed a positive effect of garden exposure therapy on some depressive patients (i.e. 

ordinary and easy gardening activities) (Gonzalez et al., 2011). Table 2.7 summarised a 

review of nature and its effect on stress reduction and health outcome by patients, staff and 

visitors in a healthcare setting. 

 

Table 2.7: A review of nature and its effect on stress reduction and health outcomes by patients, 
staff and visitors in a healthcare setting   

HEALTHCARE SETTING 

TYPES OF 
USERS 

AUTHOR 
(YEAR) 

TYPES OF 
EXPERIMENTS 

FINDINGS 

Patients Ulrich et al. 
(2018) 

Methods: 
Comparing data on two 
clinical markers in 3 
hospitals which exhibit 
different characteristics in 
terms of their stress 
reducing features 
 
Sample in 3 hospitals in 
Sweden: 

¶ New hospital 

¶ Old hospital  

¶ Control hospital  
 
The new hospital has 
nine out of ten stress-
reducing features and 
had an atrium and 
courtyard garden which 
provided access to nature 
 
 

¶ Psychiatric patients in the new hospital showed: 
- a decrease in the average number of injections 
needed 

        - required less physical restraint  
          compared to patients in the old hospital and  
          control hospital.   
 

¶ This study suggested that the psychiatric hospital 
designed with a variety of stress-reducing features 
showed that:  

 
i) a reduction of crowding stress, 
ii) a reduction of environmental stress, 
iii) stress reducing positive distraction, and 
iv) design for observation, 

 
contributed to low aggressive behaviour among the 
psychiatric patients and enhanced staff safety. 
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Visitors Ulrich et al. 
(2019) 

Methods: 
Based on a self-reported 
survey asking on their 
stress level. 
 
Case studies: 
Garden 
ICU café 
ICU Waiting room  
 
Sample: 
42 ICU patientsô families 
 

¶ The ICU patientsô families reported a greater 
reduction in the ósadnessô feeling and a greater 
reduction of stress while sitting in a garden 
compared to sitting indoors. 

 

¶ This study suggested that an unlocked garden with 
a high percentage of nature elements located 
close to the ICU can significantly contribute in 
lowering the stress level of the family members of ICU 
patients. 

 
 
 
 

Patients Amat (2017) Methods: 

Experimental study 

Observation 

 

Case study: 

A courtyard garden in 

an acute care hospital. 

(Note: similar sites to the 
current case study - H3-
C2) 
 
Sample: 

40 cardiac survivors 

 

¶ The results revealed a lower heart rate among 

patients when they exercised outdoor compared to 

exercising indoors. 

 

¶ A higher number of patients preferred outdoor 

exercise rather than indoor exercise due to the 

positive ambiance in the outdoor garden. 

 

 

Patients Kim et al. 
(2009) 

Comparing the amount of 

cortisol levels  

 

Sample:  

19 patients in the hospital 

group;  

23 patients in the forest 

group; and 

21 patients in the control 
group. 
 

¶ This study reported decreased cortisol levels (i.e. 

stress hormone level) in the forest group compared 

to the other two groups. 

 

¶ The forest group included various natural instruments 
that could enhance the effect of the 
psychotherapeutic intervention in reducing 
depression among participants 

Patients Verderber 

and Reuman 

(1987) 

Windowed room with a 

view of nature 

VS 

Windowless area and 

area with poor views. 

  

Sites: 6 hospitals in 

Chicago 

 

Sample: 137 staff and 

100 inpatients 

 

¶ Patients who stayed in a windowed room that 

overlooked the natural environment experience 

 

- a better health status and 

- shortened length of stay in the hospital  

 

compared to those who stayed in a windowless 

room and/or a window with unpleasant views.  

 

Staff ¶ The staff therapists who worked in windowless 

areas or areas with poor views reported a decrease 

in their well-being.  

Patients Ulrich (1984) View of nature  

versus (VS) 

View of a brick wall. 

 

Site: A suburban hospital 

in USA 

 

Sample:  

23 surgical patients 

 

 

¶ The restorative effects of natural views provided a 

better health outcome by fostering restoration from 

stress, reduced muscle tension, lowered blood 

pressure and increased pain tolerance. 

 

¶ The surgical patients exposed to a view of trees 

through the window in their rooms experienced: 

 

- a shorter length of stay in the hospital,  

- a lower consumption of pain killers, 

- fewer complications with surgery, and 

- received fewer negative comments in their 

nursesô reports 

 

compared to those exposed to the view of a brick 

wall. 
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Apart from the positive effects of the interaction with nature in reducing stress and 

improving patientsô well-being, as well as other hospital users within the hospital context, 

recent studies (Song et al., 2015; Honold et al., 2016; Thompson et al., 2012)  and several 

past studies (Ulrich et al., 1991; Ulrich, 1981) also found that viewing nature brought 

benefits to non-patients (See Table 2.8). 

 

Table 2.8: A review of nature and its effect on stress reduction and health outcome in a non-
healthcare setting. 

NON-HEALTHCARE SETTING 

TYPES OF 

USERS 

AUTHOR 

(YEAR) 

TYPES OF 
EXPERIMENTS 

FINDINGS 

Male participant 

walking in an 

urban park 

during fall 

(autumn) in 

Japan 

(Song et al. 

2015) 

Physiological and 

psychological measure: 

Compared heart rate 

variability and mood state 

level after walking in an 

urban park and city areas. 

Sample: 23 Japanese males 
(University students) 
 

¶ The participants who walked in an urban green 

space showed decreased heart rate level and 

perceived a lower level of negative emotion and 

reduction in anxiety compared to the results of 

walking in the city centre. 

 

 

 

 

People in a 

neighbourhood 

area in 

Germany. 

Honold et al. 

2016) 

Compared the amount of 

cortisol levels in participants 

who lived in a house within a 

neighbourhood area that has 

a higher amount and various 

types of greenery 

VS a lower amount and 
reduced variety of greenery. 

¶ The study revealed that a participant who lived in 

a house within a neighbourhood area that has a 

higher amount and various types of greenery had 

significantly lower cortisol levels (i.e. stress 

hormone level). 

 

¶ This study also reported that those participants 

who travelled along the vegetated routes and 

waterways during their daily commute reported a 

significant higher level of satisfaction than that 

reported by the less frequent user of this route. 

 

People in urban 

areas of 

Scotland 

(Thompson 

et al. (2012) 

Compared the amount of 

cortisol level in participants 

who have more interaction 

with greenery within their 

neighbourhood  

VS less interaction with 

greenery in their 

neighbourhood. 

¶ The results of this exploratory study revealed that 

people who lived in a greener neighbourhood 

reported a decrease in the amount of cortisol 

level and lower self-reported stress. 

Non-patients Ulrich et al. 

(1991) 

The participants first 

watched a stressful video 

followed by one of six videos 

set in either a natural or 

urban scenery. 

¶ This study revealed that viewing unthreatening 

nature fostered the restoration from stress 

among participants. 

 

¶ The results showed that those who viewed the 

natural scenery reported faster recuperation from 

stress compared to a video of urban scenery. 

 

Non-patients 

(University 

students) 

Ulrich 

(1981)  

The participants viewed sixty 

colour slides consisting of 

images of: 

(1) nature with water;  

(2) nature dominated with 

greenery; or 

(3) an urban environment 

without greenery and water. 

 

¶ The respondents who viewed nature with water 

and with greenery showed that they perceived a 

better reduction in their stress levels compared to 

when they viewed urban scenery without any 

natural elements. 
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2.4.3 Post-occupancy evaluation (POE) of an outdoor garden in a hospital  

POE is a systematic and comprehensive assessment of a building that has been built and 

occupied for a period of time which concentrated on the needs of the building occupants 

and learnt from the consequences of past design decisions and planned for a better 

building in the future (Preiser et al., 2015, p.3). The use of POE is not restricted to the 

evaluation of building performance (e.g. Stevenson, 2019; Jamaludin et al., 2014; Behloul, 

1991). The application of POE is also found as a common practice in the landscape field 

to assess the different types of outdoor gardens (e.g. courtyard garden, terrace garden, 

rooftop gardens, open type garden and park) in different buildings or urban contexts (e.g. 

Jiang et al., 2018; Davis, 2011; Sherman et al., 2005). POE can be used for a number of 

purposes, for example, in obtaining feedback for problem solving and assessing building 

performance, providing recommendations for correcting problems which involved 

systematic techniques, and varying processes and methods depending on the research 

subject (Preiser et al., 2015; Hadjri and Crozier, 2009; Bordass and Leaman, 2005).  

 

In the Malaysian context, POE is important in the planning and development process of 

government and public buildings to ensure the facilities are well maintained (Nawawi and 

Khalil, 2008). In 1997, the first POE was carried out by The Malaysian MOH and the Public 

Work Department (PWD) to evaluate the hospital building. The assessment is concentrated 

on the hospital facilities, including the medical laboratories, clinics and wards (Mastor and 

Ibrahim, 2010; Nawawi, 2011). However, there is no record of a systematic investigative 

POE conducted by governmental bodies or scholars specifically on the courtyard gardens 

of public hospitals which are used by different types of users (i.e. patients, staff and 

visitors). To this researcherôs knowledge, only one POE study was found in the existing 

literature (Ghazali and Abbas, 2012) which was carried out in Malaysian hospitals to assess 

the quality of the physical and healing environment in paediatric wards. However, this study 

did not systematically conduct a POE in the courtyard gardens of the hospitals and 

feedback was not obtained from users on outdoor comfort; also, no field measurements 

were carried out in the paediatric gardens. This implies that such studies remain scarce in 

the Malaysian hospital context. 

 

2.4.3.1 Level of POE and the application in the current research 

There are three levels of POE namely indicative, investigative and diagnostic (Preiser et 

al., 2015; Hadjri and Crozier, 2009; Behloul, 1991), as described and illustrated in Figure 

2.23. Indicative POE is the basic level of POE which can be completed in a short time span 

and usually involved activities such as walkthrough evaluations, inspections, as well as 

interviewing key people or end-users (Preiser et al., 2015 Investigative POE is a more 
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robust evaluation involving in-depth analysis. Interviews and questionnaires were also used 

in the data collection across several buildings of similar type (Hadjri and Crozier, 2009). 

Diagnostic POE is an in-depth and comprehensive investigation involving sophisticated 

methodologies and requires extensive work. It also usually has a wide focus of comparable 

facilities and involves a broad range of technological and anthropological research (Hadjri 

and Crozier, 2009). This in-depth investigation generates óa high validity and 

generalisability of data collected (that has) the potential of being transformed into 

guidelinesô  that is useful for the community (Preiser, 1995, p.53, cited in Hadjri and Crozier, 

2009). 

 

For the current study, the POE is a diagnostic POE as it employed a multi-methods 

approach in the data collection including survey, interview, field measurement, and 

observation to investigate a similar facility (HCGs) in comparable public hospital buildings. 

According to Preiser et al. (2015, p.57), a diagnostic POE is the most comprehensive and 

robust evaluation which involved multi-methods and is aimed not only to improve the 

facilities in the particular building but also the state of the art of that particular building. It is 

an in-depth investigation to evaluate multiple performance variables including technical, 

behavioural and functional performance to provide a greater understanding of the 

association between those studied variables (Preiser et al., 2015, p.17).  

 

 

Figure 2.23: The three levels of POE 
Source: Illustrated by Author based on Preiser et al. (2015, p.53), Hadjri and Crozier (2009), 

Behloul (1991) and Cooper Marcus and Sachs (2014). 
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Additionally, the present study also involved multiple fieldwork activities which can be 

categorised under a diagnostic POE as highlighted by Cooper Marcus and Sachs (2014); 

a diagnostic POE should include eight components: 1) Project context; 2) Site analysis; 3) 

Interviews with the designers and members of the team; 4) Interviews with the staff; 5) 

Observation of plant health and maintenance; 6) Behaviour traces; 7) Behaviour mapping;  

and 8) Interview with the users. Moreover, the evaluator should be an expert in landscape 

and have the skills necessary to conduct an evaluation. They should not be drawn from 

among those involved in designing the outdoor garden to avoid possible bias in the 

evaluation (Cooper Marcus and Sachs, 2013).  

2.4.3.2 POE studies on the restorative effects of outdoor gardens in hospitals 

Very little research on restorative gardens conducted in hospital courtyards focus on the 

different users groups (i.e. staff, patients and visitors). Two previous studies primarily 

focused on nursing staff in a regional healthcare hospital (Naderi and Shin, 2008), and 

parents of sick children in a paediatric hospital in the USA (Toone, 2008) (See Table 2.9) 

A recent study was conducted in a courtyard garden in a Malaysian hospital (Amat, 2017), 

but does not focus on different types of users. This study was an experimental study to 

assess the heart rate and blood pressure of cardiac survivor patients to compare the effects 

of outdoor exercise and indoor exercise. Hence, there still remains a paucity of research 

focused specifically on the restorative effect of different HCGs, particularly in the Malaysian 

hot humid climate. There are also no previous studies on the performance of different types 

of courtyard gardens in hospitals. 

 

Table 2.9: A summary of the review on the findings of POE research in the courtyard gardens of 
paediatric hospitals 

A POE RESEARCH CONDUCTED SPECIFICALLY IN THE COURTYARD GARDENS IN THE 

PAEDIATRIC HOSPITALS 

AUTHOR 

(YEAR) 

USERS 

GROUP 

CASE 

STUDIES 

METHODS AND NO OF 

CASE STUDIES 

FINDINGS AND CRITICS 

Naderi and 

Shin (2008) 

Staff 

(nurse) 

1 
courtyard 
garden in 
a  
regional 
healthcare 
setting in 
the USA 

Methods: 

Survey 

Ecological site design 

Sample: 

61 nurses 

 

Case study: 

1 courtyard garden 

surrounded by a three-

storey building   

 

This is a pre and post-occupancy 

evaluation study, evaluating the outcome of 

design and staff satisfaction levels.  

 

Findings: 

¶ The staff highly appreciated the nature 

and privacy in the HCG. 

¶ A survey from the nurses also reported 

that the most significant limiting factors 

for them to use the courtyard space is 

weather conditions such as rain or too 

much sun and high temperature.  

¶ The outcome of the revised design met 

the satisfaction of most of the nursing 

staff with their restorative spatial 

experience in the retrofitted courtyard 
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Old HCG design 

 

A proposal of new design 

 

Critic: 

This study was only limited to the courtyard 

which was utilised by the staff and thus 

only gained feedback from the group of 

nursing staff; it ignored the needs and 

preferences of other users such as patients 

and visitors. 

Toone  

(2008) 

 

 

 

 

 

 

 

 

 

Parents of 

the sick 

children 

1 

courtyard 

garden in 

a 

paediatric 

hospital in 

the USA 

Methods: 

Observational analysis 

Participant surveys 

Interview 

Sample: 

27 parents 

 

Case study: 

 

A newly built courtyard 

multi-level courtyard garden 

surrounded by a total of four 

floor levels.  

 

This is a pre-post measure POE study to 

assess the stress level among the parents 

of the paediatric patients. 

 

Findings: 

¶ Parents perceived a higher reduction in 

stress levels when sitting in the HCG 

compared to the indoor waiting area. 

 

Critic: 

This study evidenced a very small sample 

size and did not include staff and visitors. 

 

 

The majority of research on the POE of restorative gardens are mostly conducted in the 

various range of outdoor gardens (e.g. rooftop gardens, entry garden, terrace gardens and 

courtyard gardens) in various healthcare facilities: acute care hospital (Jiang et al., 2018; 

Sachs, 2017; Shukor, 2012; Davis, 2011; Asano et al., 2008; Naderi and Shin 2008; Cooper 

Marcus and Barnes, 1995); dementia care facilities (Shi et al., 2019; Guaita et al., 2011; 

Hernandez, 2007); and cancer centres (Van der Linden et al., 2016; Butterfield, 2014) and 

psychiatric centres (Belļ§kov§ et al. 2018; Erbino et al., 2015; Sachs, 1999). 

 

The first prominent research into the POE of restorative gardens carried out an extensive 

observation of 24 gardens in 19 hospitals in the USA (Cooper Marcus and Barnes, 1995) 
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(See Table 2.10). Five gardens were evaluated for the assessment of users: feedback on 

their experiences and preferences of garden features using survey interviews with patients, 

staff and visitors. However, it can be argued that there was no assessment of the non-

users and no interviews with the designers which is highlighted by Cooper Marcus and 

Sachs (2014) as an important aspect to be studied for a successful diagnostic POE. 

 

Another POE of restorative gardens was carried out in five acute care hospitals in Denmark 

which found that the location, surroundings and facilities are important factors that 

influenced the perceived restorative score (Shukor, 2012).  A major criticism of Shukorôs 

work is that the proposed Common Design Recommendation (CDR) tool, included some 

components that are lacking and missing which are identified in the current study. This 

tool only focused on the location and view, accessibility, layout and space, seating 

arrangement, planting, design details and practical services and did not include wayfinding, 

signage, the choice of pathway, the design of the wall enclosure, orientation and aspect 

ratio, all of which have been determined as important aspects for outdoor gardens (See 

Chapter 8). Moreover, environmental aspects, safety and maintenance were not examined 

in the proposed CDR tool as it concentrated highly on the landscape design. 

 

Additionally, several researchers carried out a diagnostic POE employing several methods: 

i) an indicative evaluation using GATE audit tools developed by Sachs (2017) (See Table 

2.10), ii) a semi-structured focus group with the staff; iii) on-site observation and behaviour 

mapping; and iv) an interview with the two landscape architects (carried out prior to the 

POE) to evaluate six gardens in two hospitals in the USA (Jiang et al.,2018). Based on the 

GATE score, all six gardens received a high score for the planting consideration, aesthetics 

and maintenance. Whereas the gardens that received a lower GATE score indicated lack 

of tables, water features, insufficient lighting, wayfinding and other facilities. This study also 

suggested that the location and the views are important factors in hospital garden design. 

In terms of the usability, this study found that locating the gardens close to the building 

entrance and traffic hubs resulted in a higher occupancy level  (Jiang et al.,2018).  

 

Nevertheless, one criticism of much of this research is the possibility of bias in data 

reporting because the data are solely based on the responses of the focused group 

respondents (n=21), mostly from among the staff and not involving the actual users of the 

gardens (i.e. patients, visitors). Moreover, a drawback of this previous research is that no 

field measurement was conducted to assess the outdoor thermal comfort in the gardens 

which is one of the methods utilised in the current study for further investigation to enhance 

the environmental aspects of the HCG design.  
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Table 2.10: A summary of the review on the findings of POE restorative gardens in healthcare 
facilities 

RESEARCH ON POE RESTORATIVE GARDENS IN THE ACUTE CARE FACILITIES  

AUTHOR 

(YEAR) 

USERS 

GROUP 

CASE 

STUDIES 

METHODS AND 

NO OF CASE 

STUDIES 

FINDINGS AND CRITICS 

Jiang et al. 

(2018) 

 

 

 

 

 

 

 

Patients 

Staff 

Visitors 

2 general 

hospitals in 

the USA 

 

 

 

13 gardens 

(courtyard 

gardens, 

dining 

gardens) 

Methods: 

Semi structured focus 

group with the staff 

(n=21) 

 

Interview with the 

landscape architects 

(n=2) 

 

On-site observation  

Behaviour mapping 

 

 

Case studies:  

Out of 13 gardens, 6 

gardens were 

evaluated. 

 

  

 

This research evaluated the quality of outdoor 

gardens in the two-case study hospitals in the 

USA using the GATE audit tools developed by 

Sachs (2017). 

Findings: 

¶ All 6 gardens showed a higher GATE-score 

in terms of the planting consideration, 

aesthetics and maintenance. The gardens 

that received a lower GATE score lacked 

tables, water features, insufficient lighting, 

wayfinding and other facilities.  

¶ A high amount of the green coverage and 

the hierarchical landscape realms 

contributed to stress reduction in the medical 

facilities. 

¶ Location and view are important aspects in 

the garden design. 

¶ This study found that the location of the 

gardens close to the building entrance and 

traffic hubs resulted in higher occupancy 

levels. 

Sachs 

(2017) 

Patients 

Staff 

Visitors 

 

11 gardens  

in 8 

hospitals in 

the USA. 

 

Methods: 

Evaluation by H-GET 

tools developed in this 

study (pilot testing) ï 

(online and paper 

pencil tools) 

 

 

Total sample survey: 

Staff (n=855) 

Patient/Visitors (n=96) 

Total usable survey:  

Staff: (n=729) 

Visitors: (n=95) 

81.3% (online survey) 

 

Interview with the 

stakeholders (n=10) 

(e.g. landscape 

architect, staff, facility 

manager) 

Observation 

Behaviour mapping 

 

Case studies:  

11 gardens  

in 8 hospitals in the 

USA. 

 

This study evaluated the gardens in 8 hospitals 

by using the H-Get tool adapted from the 

previous studies and proposed new evaluation 

toolkit GATE tools. 

 

Findings: 

¶ Staff used the space more than patient and 

visitors and they preferred to spent time in 

the gardens during the lunch time. 

¶ Garden that allows people to pass through 

or function to linked between two indoor area 

are found to have more activity. 

¶ The garden is well used when it is physically 

and visually accessible to the hospital users. 

 

Critics: 

There is a possible bias in data reporting due to 

majority of the survey were conducted by online 

and the sample are mostly among the staff and 

visitors. Some of them are not the actual users 

on-site and evaluate the gardens based on their 

previous experience whilst there.  

 

No systematic on-site observation and behavior 

mapping were conducted. The mapping is 

conducted by different evaluators, which tend to 

lead to a bias in data reporting because the 

consistency of the data collection protocol is 

crucial to ensure its reliability. 

Shukor 

(2012) 

Patients 

Staff 

Visitors 

 

5 hospitals 

in Denmark 

 

(5 gardens) 

Methods: 

 

Survey 

questionnaire 

Staff (n=183) 

Patients (n=149) 

Visitors (n=131) 

Semi structured 

interview 

Staff (n=15) 

This study developed a CDR evaluation tool and 

utilised it in the evaluation of the gardens.  

 

Findings: 

¶ This study found that the location, 

surroundings and facilities are the factors 

that contribute highly to a high percentage of 

restorative score in the green outdoor 

environment (GOE). 

¶ Staff are found to be the main garden users 

compared to patients and visitors. 



 

89 
 

 

Case studies: 

5 different types of 

gardens in 5 hospitals 

¶ They mostly favoured the natural elements 

in the gardens (e.g. fresh air, sunshine and 

vegetation).  

¶ The most frequent activities recorded 

included smoking, having lunch and sitting 

and relaxing. 

 

Cooper 

Marcus and 

Barnes 

(1995) 

 

 

 

 

 

 

 

Patients 

Staff 

Visitors 

 

19 hospitals 

in California, 

USA. 

 

(24 gardens) 

Methods: 

Visual analysis 

Behavioural 

observations, Survey 

interviews 

Staff (n=59) 

Patients (n=26) 

Visitors (n=15) 

 

 

 

Case studies: 

24 gardens were 

observed. 

In depth evaluation 

carried out in 5 

hospitals. 

The first prominent POE study in the research 

field. 

 

Findings: 

¶ The staff used the gardens more than the 

patients and visitors.  

¶ This study concluded that nearly all 

respondents (i.e. patients, staff, and visitors) 

reported a positive outcome on their ability to 

cope with stress because of their use of the 

hospital garden. 

¶ Patients reported that they felt better and 

evidenced a better tolerance for their medical 

procedures 

¶ Family members and friends of patients 

reported that they felt that the gardens 

provided relief from stress during their 

hospital visits. 

 

 

2.4.3.3 Previous research on restorative gardens in Malaysian hospitals 

Similarly, in the Malaysian context there is little research focusing specifically on courtyard 

design in Malaysian public hospitals (See Table 2.11). Most studies have focused on the 

general type of outdoor environment in a hospital with an additional focus on ill children 

(Samad and Abd.Rahim, 2014; Said et al., 2005; Shukor, 2007) again lacking feedback 

from the different user groups (patients, staff, visitors) which is the focus of this current 

research.  Another study by (Amat (2017), as explained in the previous section, was an 

experimental study on cardiac patients to assess heart rate and blood pressure after 

conducting outdoor and indoor exercise.  

 

Although some studies conducted in an outdoor garden in hospitals in Malaysia have 

claimed to utilise different types of users (Adnan, 2016; Ibrahim and Jer, 2014) these 

studies are not specifically focused on the different types of courtyard gardens in a 

Malaysian hospital that were built after 1998, and do not systematically evaluate the HCGs 

using a multiple methods approach or provide a holistic framework for the HCG. The 

research by Adnan (2016) is arguably biased in terms of the reporting data because the 

method is based on the response from a self-reporting survey with different users albeit 

dominated by the hospital staff compared to the visitors and patients. Moreover, no daily 

observation study was systematically done to clarify who the actual site users were. As will 

be examined in Chapter 6, Section 6.4, the current findings showed a disagreement with 

this study. Nevertheless, this study was only conducted in one case study hospital which 
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led to a bias in reporting the data of the selected hospital. Similarly, a study by Ibrahim and 

Jer, (2014) also showed a possible bias in reporting the results because it was based on 

the researchersô observations and did not involve any feedback from the users. 

 

Therefore, an evaluation of HCGs in Malaysian public hospitals is pertinent to be conducted 

to evaluate the performance of the different HCGs typology. Although it was found to be 

the common design practice by the architects to include the courtyard garden in the hospital 

planning since the 1970s, no systematic evaluation on different types of HCGs has been 

conducted so far. In fact, it was also found in the current study that this courtyard building 

typology is still be implemented in recent and newly built hospitals, as will be discussed in 

Section 7.71.  

 

Table 2.11: Summary of the review of POE restorative outdoor gardens in Malaysian hospitals  

RESEARCH ON RESTORATIVE GARDENS IN MALAYSIAN HOSPITALS 

AUTHOR 

(YEAR) 

USERS 

GROUP 

CASE 

STUDIES 

METHODS AND NO 

OF CASE STUDIES 

FINDINGS AND CRITICS 

Adnan (2016) Patients 

Staff 

Visitors 

19 Methods: 
Questionnaire Survey: 
Staff (n=230), 

Visitors (n=156), 

Patients (n=178), 

Other (n=36). 

 

Interview with staff 

(n=40) 

 

19 gardens in one 

hospital.  

(Rooftop garden, 

terrace gardens and 

courtyard garden) 

 

The garden evaluation was carried out based 

on the CDR tools developed by Shukor (2012) 

which is based on the case studies in 

Denmark. 

 

This study found that the staff reported as the 

main group who used the gardens, followed by 

visitors and patients. 

 

Critic: 

There is a bias in data reporting due to the use 

of a self-reported survey among the majority of 

the staff who were not on site. No observation 

was carried out to clarify who were the actual 

users on site. 

Ibrahim and Jer 

(2014) 

Patients 

Staff 

Visitors 

2  Methods:  
Informal interview 
Observation 
 
Outdoor garden in two 
small district hospitals 
(built before 1998). 
 
2 case studies: 
(Open type garden & 

courtyard garden) 

Sample: NA 

Based on the observation, the study reported 

that visibility, accessibility, quietness and 

comfortable condition significantly influenced 

garden usage..  

 

 

Critic: 

The results are based on the researchersô 

observations and does not included usersô 

responses which tended to bias the findings. 

No statistical analysis was conducted. 

 

(Shukor, 2007) Paediatric 

patients 

NA Methods: 

Interview with the 

mothers (n=58) of 

Down Syndrome 

children 

 

Behaviour observation 

 

This study suggested that a garden for Downs 

Syndrome children should provide a sense of 

security, a space for social interaction and 

facilitate easy supervision. 

 

Critic: This study was specifically focused to 

provide a garden recommendation for Downs 

Syndrome children and not the HCG for 

different user groups. 

 

Said et al., 

(2005) 

Paediatric 

patients 

2 Methods: 

Interview with the 

mother (n=320) of the 

children 

This study found that 94% of the mothers 

(n=360) reported that their ill children preferred 

to spend time in the outdoor garden rather than 

remain in the wards. 
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Behaviour observation 

 

2 case studies: 

2 open type gardens 

next to the paediatric 

wards in two hospitals. 

 

 

 

Critic: This study only focused on the 

perceptions of the paediatric patients. This 

study did not assess feedback from the 

experience of the staff and visitors. 

 

2.4.3.4 Methods used in previous research on restorative gardens in a healthcare 

facilities 

As explained in Section 2.4.3.1, a diagnostic POE in the landscape studies involves the 

use of various methods including a study of the project context, site analysis, interviews 

with the designers and members of the team, interviews with the staff, observations of plant 

health and maintenance, behaviour traces, behaviour mapping and interviews with the 

users to form a comprehensive and in-depth evaluation of the subject of the research area 

(Cooper Marcus and Sachs, 2014). However, it can be argued that the field measurement 

to assess the actual microclimates in the outdoor gardens are not included within the 

methods used in the POE restorative garden research (See Table 2.12 and Table 2.13). 

This method is crucial to assess usersô perceptions of outdoor comfort in the HCG to 

enhance microclimatic performance, especially in the courtyard building typology of a hot 

humid climate (Almhafdy et al., 2013, Makaremi et al., 2012, Kubota et al., 2017). None of 

the studies in Malaysia and very few in other regions carried out interviews with architects 

(e.g. Van der Linden et al., 2016; Butterfield, 2014). Another study in the US and Oregon 

interviewed the landscape architect but did not involve the architect and no surveys or 

interviews with the patients group occurred (Jiang et al., 2018; Sachs, 2017).  

 

Several methods have been utilised by previous studies in different types of outdoor 

gardens (e.g. rooftop garden, entry garden, courtyard garden and plaza) in healthcare 

facilities and few studies were conducted specifically in the courtyard garden (e.g. 

Toone, 2008; Naderi and Shin, 2008). Most of these researches employed the survey 

questionnaire method to gain feedback from the users, and very few studies conducted 

interviews with the users and non-users and designers. Furthermore, none of these 

studies conducted field measurements of the actual air temperature, wind flow and 

humidity level. In the current study, multiple methods were utilised with the aim to enhance 

the evaluation process of the HCG through a sophisticated data collection process and 

analysis process to ensure an accurate prediction of the performance of the studied area. 

Further justification of the selection of the methods of the current study is set out in Section 

3.3. 
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Table 2.12: A summary of the review on the methods used in previous studies of outdoor gardens 

in acute care hospitals 

Types of healthcare 
facilities 

ACUTE CARE HOSPITAL  

Author (Date) Author 
(2020) 
 

Jiang  
et al. 
(2018) 

Adnan 
(2016) 

Sachs 
(2017) 

Shukor 
(2012) 

Davis 
(2011) 

Asano 
et al. 
(2008) 

Naderi 
and 
Shin 
(2008) 

Cooper 
Marcus 
and 
Barnes 
(1995) 

 Countries 
 

Malay
sia 

USA Malay
sia 

USA Denm
ark 

USA Japan USA USA 

Courtyard gardens ṉ    ṉ ṉ    ṉ ṉ  

Rooftop gardens  ṉ ṉ ṉ ṉ ṉ ṉ  ṉ 

Open type gardens    ṉ ṉ  ṉ  ṉ 

Entry garden    ṉ ṉ  ṉ  ṉ 

Viewing garden   ṉ      ṉ 

Cafeteria terrace    ṉ      

Observed gardens 13 13 19 11 5 1 9 1 24 

Evaluated gardens 3 6 NA      8 5 1 9 1 4 

No. of site studies 3 2 1 8 5 1 1 1 24 

M
E

T
H

O
D

S
 U

S
E

D
 I
N

 T
H

E
 S

T
U

D
Y

 

O
B

S
E

R
V

A
T

IO
N

 

Project 
context 

ṉ ṉ ṉ ṉ ṉ ṉ ṉ ṉ ṉ 

Site analysis  ṉ ṉ ṉ ṉ ṉ ṉ ṉ ṉ ṉ 

Behaviour 
traces 

ṉ ṉ     ṉ   

Behaviour 
mapping 

ṉ ṉ  ṉ  ṉ 

 

ṉ ṉ  

Occupancy 
count  

ṉ      ṉ   

Video-based 
observation 

ṉ 

 

        

Direct 
observation 

ṉ ṉ ṉ ṉ ṉ ṉ ṉ ṉ ṉ 

Field notes 
(sketches) 

ṉ  ṉ   ṉ 

 

   

S
U

R
V

E
Y

 

IN
T

E
R

V
IE

W
 

Patients ṉ 

(n=16) 

     ṉ ṉ 

(n=99) 

ṉ 

(n=26) 

Visitors ṉ 

(n=84) 

      ṉ 

(n=35) 

ṉ  

(n=15) 

Staff ṉ 

(n=20) 

       ṉ 

(n=59) 

Non-users ṉ 

(n=135) 

        

S
U

R
V

E
Y

 

(P
a
p

e
r 

/ 
O

n
li
n

e
) 

Patients 
 

  ṉ 

(n=178) 

 ṉ 

(n=149) 

ṉ 

 

   

Visitors 
 

  ṉ 

(n=156) 

ṉ 

(n=95) 

ṉ 

(n=131) 

ṉ 

 

   

Staff 
 

  ṉ 

(n=230) 

ṉ 

(n=729) 

ṉ 

(n=183) 

ṉ 

 

 ṉ 

(n=389) 

 

Others 
 

  ṉ 

(n=36) 

      

Non-Users 
 
 

         

IN
T

E
R

V
IE

W
 

Architect ṉ 

 (n=2) 

        

Landscape 
architect  

ṉ  

(n=2) 

  ṉ 

 

 ṉ 

 

   

Facility 
manager 

   ṉ      

Staff  ṉ 

(n=21) 
Focus 
group 

ṉ 

(n=40) 

ṉ ṉ 

(n=15) 

    

Patient          

Visitors          

DESIGN BRIEF ṉ ṉ        

FIELD 
MEASUREMENT 

ṉ  
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Table 2.13: A summary of a review on the methods used in the previous study of outdoor gardens 

in paediatric hospitals, dementia care centres, cancer centres and psychiatric care centres. 

Types of healthcare 
facilities 

 PAEDIATRIC HOSPITAL  DEMENTIA 
CARE 

CANCER 
CENTRE 

PSYCHIATRIC 
CENTRE 

Author (Date) Reeve 
et al. 
(2017) 

Pasha 
(2013) 

Toone 
(2008) 

Shi et 
al. 
(2019) 

Hernan
dez 
(2007) 

Van der 
linden 
et al. 
(2016) 

Butterfi
eld 
(2014) 

(Belļ§k
ová et 
al. 
2018) 

Sachs 
(1999) 

 Countries 
 

Australi
a 

USA USA China USA UK UK Slovaki
a 

Canada 

Courtyard gardens   ṉ  ṉ ṉ ṉ ṉ ṉ 

Rooftop gardens ṉ ṉ  ṉ  ṉ    

Open type gardens ṉ ṉ  ṉ ṉ ṉ ṉ ṉ ṉ 

Entry garden ṉ ṉ   ṉ ṉ ṉ ṉ  

Viewing garden ṉ     ṉ ṉ   

Cafeteria terrace ṉ ṉ    ṉ ṉ   

Observed gardens 13 5 1 2 2 10 4 1 3 

Evaluated gardens 4 5 1 2 2 10 4 1 3 

No. of site studies 1 3 1 2 2 10 4 1 3 

M
E

T
H

O
D

S
 U

S
E

D
 I
N

 T
H

E
 S

T
U

D
Y

 

O
B

S
E

R
V

A
T

IO
N

 

Project 
context 

ṉ ṉ ṉ ṉ ṉ ṉ ṉ ṉ ṉ 

Site analysis ṉ ṉ ṉ ṉ ṉ ṉ ṉ ṉ ṉ 

Behaviour 
traces 

    

 

     

Behaviour 
mapping 

   ṉ 

 

ṉ 

 

    

Occupancy 
count  

   ṉ 

 

     

Video-based 
observation 

         

Direct 
observation 

ṉ  ṉ 

 

ṉ 

 

ṉ 

 

 ṉ 

 

ṉ ṉ 

Field notes 
(sketches) 

ṉ ṉ 

 

 ṉ 

 

ṉ 

 

 ṉ 

 

 ṉ 

S
U

R
V

E
Y

 
IN

T
E

R
V

IE
W

 Patients/ 
Residents 

   ṉ 

(n=37) 

     

Visitors / 
families 

  ṉ 

(n=27) 

      

Staff 
 

   ṉ 

(n=25) 

     

Non-users  ṉ        

S
U

R
V

E
Y

 
(P

a
p

e
r 

/ 
O

n
li
n

e
) Patients 

 

       ṉ 

(n=19) 

 

Visitors / 
families 

 ṉ 

(n=76) 

     ṉ 

(n=17) 

 

Staff 
 

 ṉ 

(n=70) 

     ṉ 

(n=41) 

 

Non-Users 
 

      ṉ 

(online) 

  

IN
T

E
R

V
IE

W
 

Architect     ṉ 

(n=5) 

ṉ 

(n=5) 

ṉ 

(n=4) 

 ṉ 

(n=1) 

Landscape 
architect  

 ṉ        

Admin Staff  ṉ  ṉ ṉ 

(n=28) 

   ṉ 

(n=2) 

Staff       ṉ 

(n=57) 

  

Co-founder      ṉ ṉ   

Key 
gardener 

      ṉ   

Patient/ 
Residents 

     ṉ 

 

ṉ 

(n=67) 

 ṉ 

(n=1) 

Visitors /  
families 

    ṉ 

(n=12) 

 ṉ 

(n=14) 

 ṉ 

(n=1) 

Visitorsô diaries ṉ         

Logbook       ṉ   

DESIGN BRIEF      ṉ ṉ   

FIELD 
MEASUREMENT 
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2.4.4 Theoretical background underpinning the concept of restorative   

environments 

A restorative environment refers to a setting that is capable to ópromote (rather than merely 

permit)ô restoration and recovery from the mental fatigue of a daily task and excessive 

demands, and leads to positive outcomes including positive moods, reduced stress levels, 

the renewal of cognitive functions as well as improving psychological well-being (Hartig, 

2004, p.273-274). As described previously, a lot of empirical and scientific research has 

revealed the benefits of interaction with nature to foster restoration from stress and the 

positive effect it can have on health outcome in either healthcare settings (Ulrich, 1984; 

Verderber and Reuman, 1987; Kim et al., 2009; Gonzalez et al., 2011) or non-healthcare 

settings (i.e. urban setting) (Ulrich, 1981; Ulrich et al., 1991; Thompson et al., 2012; Honold, 

et al., 2016). 

 

The theory of restorative environments which is associated with the restorative process, 

health related effects and its benefits on human outcome gain from the interaction with 

nature is traditionally referred to as the ñBiophiliaò concept (Wilson, 1984). This suggests 

that human beings tend to develop a positive response to nature (Wilson, 1984). This 

theory has been discussed further by Ulrich (1984) suggesting that a positive response 

also includes the restoration of the psychological aspects based on the stress reduction 

(Stress Reduction Theory ï SRT). Kaplan and Kaplan (1989) suggested that the positive 

response from nature improves the psychological restoration process through the recovery 

of direct attention (Attention Restorative Theory - ART). Several empirical researches have 

been done to support both SRT (Ulrich et al., 1991; Hartig and Staat, 2004) and ART (Berto, 

2005; Staats et al., 2003). 

2.4.4.1 Stress Reduction theory (SRT) 

The basic principle of SRT suggests that the potential of natural environments in improving 

health outcomes are linked to the ability of the individual to cope with stress and foster 

restoration for positive psychological well-being (Ulrich, 1984, 1991). This theory which also 

known as the ótheory of supportive gardensô (Ulrich, 1999) suggests that a garden in a 

healthcare setting can function as a stress mitigation resource provided that this outdoor 

garden fosters: (1) a sense of control; (2) social support; (3) physical movement and 

exercise; and (4) access to natural distractions. The conceptual model of the Theory of 

Supportive Gardens by Ulrich (1999) covers the effects of outdoor gardens in the 

healthcare setting on health outcomes in which it comprises of four qualities that have the 

capability to foster certain restorative and coping resources that lead to stress reduction 

and improve health outcomes (See Figure 2.24). 
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Figure 2.24: Conceptual model: Effect of garden on Health outcomes  
Source: Ulrich (1999) and re-illustrated back by Author (2017). 

 

i) Control 

The first component of SRT is a sense of control. Individuals who feel a sense of control 

refer to people who can determine their actions and decisions that they take in certain 

situations and determine on what others do to them (Gatchel et al., 1989 cited in Ulrich, 

1999). Research has shown that providing a sense of control can contribute to the reduction 

of stress levels and improve the ability to cope with stress in an individual (Evans and 

Cohen, 1987). People who feel a sense of control are found to be healthier compared to 

those who experience a lack of control (Evans and Cohen, 1987). SRT theory suggests 

that being in the garden or viewing nature through a window can provide a sense of control 

for patients, staff and visitors by having a temporary escape or being away from a stressful 

environment and situation. As such, it helps them to relieve their stress (Ulrich, 1999). 

 

ii) Social support 

The second component of SRT is social support, which refers to care, empathy and 

emotional, physical and material support that someone has received from other people 

(Ulrich, 1999). Ulrich (1999, p. 42) highlighted that people who received a higher level of 

social support experienced less stress compared to those who are often isolated and 

received low support from others. In addition, Cooper Marcus and Sachs (2014) described 

social support as also including expressing feelings to the people that they care about such 

as providing them with a sense of belonging to a group. 
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iii) Physical movement and Exercise 

The third component of SRT is providing opportunity for physical movement and exercise. 

Ulrich (1999) emphasised that physical movement and exercise including mild movement 

can contribute to positive stress-reducing effects for the gardenôs users in the healthcare 

setting. There is an abundance of studies highlighting that physical movement and exercise 

provide both physical and emotional benefits for the perceivers (Norris et al., 1992; 

Blumenthal et al., 1999; Nabkasorn et al., 2006). For instance, a study conducted with an 

impaired older adult (e.g. patient with chronic lung diseases) reported a positive effect on 

the reduction on their stress level and a positive outcome in terms of their psychological 

change (Blumenthal et al., 1999). Further research conducted by Nabkasorn et al. (2006) 

also revealed that adolescent females with depressive symptoms who practiced jogging 

exercise reported less stress and lower levels of depression and stress hormones. 

iv) Natural distraction  

The fourth component of SRT is natural distraction (Ulrich, 1999). SRT theory suggests 

that a natural distraction such as viewing the trees, water, flowers, being in nature and 

listening to the sounds of nature can promote a positive emotional state in the perceiver 

(Ulrich, 1999). There is mounting evidence that viewing a natural scene (Ulrich 1984; 

Verderber and Reuman, 1987) and being in nature (Kim et al. 2009; Gonzalez et al. 2011) 

can promote restoration from stress for patients in a healthcare setting. In addition, several 

experimental control studies revealed that viewing nature can positively contribute to a 

stress-reducing effect in non-patient groups compared to viewing urban scenery (Ulrich, 

1981; Ulrich et al., 1991). Moreover, further recent interventional studies have revealed that 

being in nature and viewing nature contributed to a lower level of stress hormone among 

the perceivers in a neighbourhood area (Thompson et al., 2012; Honold et al. 2016). 

Further studies also found that the sound of nature also promotes the restoration effect to 

its perceivers (Zhang et al., 2017; Payne, 2013;  Jahncke et al., 2011; Alvarsson et al., 

2010). 

2.4.4.2 Attention Restorative Theory (ART) 

Apart from Ulrich (1999) theory which focused more on the stress reduction in the 

healthcare setting (See Figure 2.25). ART suggested that the interaction with the natural 

environment can have positive effect in fostering recovery from the depleted directed 

attention capacity (Kaplan and Kaplan, 1989; Kaplan 1995). According to Kaplan and 

Kaplan (1989), ART focused on the two types of attentions that related to the humanôs brain 

function which include óDirect Attentionô and óIndirect attention (Cooper Marcus and Sachs, 

2014, p.28-29).  
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óDirect attentionô refers to a prolonged concentration in performing a demanding or stressful 

task which indirectly disturbs the sensory stimuli that leads to mental fatigue. This theory 

suggests that the restoration process from a prolonged mental fatigue can come from 

óindirect attentionô. Indirect attention is a state of mind that does not require effort to restore 

the mental fatigue in which (Kaplan and Kaplan, 1989; Kaplan, 1995) refer to the terms 

ósoft fascinationô that facilitates mental restoration to manage anxieties and reduce stress. 

Kaplan and Kaplan (1989) asserted that the interaction with nature, whether directly or 

indirectly (by viewing or being in the garden), can contribute to positive well-being (Cooper 

Marcus and Sachs, 2014, p.28-29). ART characterises four basic properties for restorative 

settings which include: (1) Being away; (2) Extent; (3) Fascination; and (4) Compatibility. 

 

 

Figure 2.25: Conceptual model diagram: component of restorative environment 
 (Source: Kaplan and Kaplan, 1989; Kaplan 1995). Diagram is illustrated by Author (2017). 

 

i) Being away 

Being away refers to escaping from a stressful environment or situation or any source of 

mental fatigue. Apart from having physical contact with nature such as walking in a forest 

or garden, it also includes changes in visual terms, such as viewing nature or images of 

nature or imagining nature in oneôs mind. 

ii) Extent 

Extent refers to the interrelated components within an environment that have all the 

elements that are related to one another to facilitates oneôs mind to feel that they are away 

in which it engages their mind to foster restoration. 
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iii) Fascination 

Fascination refers to the capability of a pleasant and aesthetical setting to hold oneôs mind 

without any mental effort. People not only tend to fascinate with the interesting things in a 

setting including the flora, fauna, water and the play of light but also through a process of 

thinking and imagining nature (Cooper Marcus and Sachs, 2014, p.28-29). 

iv) Compatibility 

Compatibility refers to the characteristics of the environment that have the capability to 

meet oneôs needs and inclination. For instance, the setting that allows one to have privacy 

and to fulfil their desire to be alone in that environment. Cooper Marcus and Sachs (2014) 

also described that incompatibility often happens when oneôs needs or desires to go outside 

and interact with nature are not met due to bad weather, inaccessible entrances as well as 

policy matters. 

 

To sum up, both SRT and ART theory are the major focus in this study because these 

theories are focused on the interaction of people with nature and the effects of the natural 

environment in promoting restoration from stress and contributing to positive feelings 

through fascination and reflection. Ulrich (1999) suggested several components of the 

restorative environment in a healthcare setting that improved the ability to cope with stress 

and the emotional state of the perceiver. Additionally, Kaplan and Kaplan (1989) also 

highlighted several factors of restorative environments which resulted in the positive 

emotional responses and satisfaction of the perceivers. Thus, these theories will be used 

in this study as part of the formation of the framework of this study. Overall, the criteria for 

restorative environments are illustrated as in Figure 2.26. 

 

 
Figure 2.26: Illustration indicate the criteria for restorative environment for outdoor garden in 

hospital. 
 (Source: Author, 2017) 
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2.5 Summary 

This chapter has reviewed the contextual and historical background of the study and 

highlighted the origin and significance of the integration of environmental and restorative 

roles in contemporary hospitals. This is useful for understanding the importance of this 

integration. It has also outlined the development and evolution of courtyard gardens in 

Malaysian public hospitals and the roles of the architect and landscape architect in the 

context of the current research. Further, this chapter has critically reviewed previous 

studies on both the environmental and restorative functions of courtyard gardens and 

presented the theories supporting the current study which are SRT and ART.  

 

Overall, the chapter serves as a basis for understanding the contextual background of this 

study and the state of the art of the research field. It also acts as groundwork in identifying 

the research gap, the research methods utilised in POE restorative research and the 

theories underpinning this current research.  
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CHAPTER 3: 

Methodology and research approach 

3.1 Introduction 

This chapter presents the methodology of the study which implemented a mixed methods 

and case study approach to achieve the main research aim and objectives. Next, the 

chapter outlines the four main research methods: i) Field investigation; ii) Survey interviews 

with users and non-users; iii) Participant observation; and iv) Interview with designers, 

followed by justification of the selected methods. The chapter subsequently explains the 

data collection process which included: desk study, exploratory survey study, case study 

selection, ethical approval and preparation of the research protocol, pilot study and 

preliminary study, and on-site fieldwork. The on-site fieldwork phase and its procedures are 

elaborated upon in detail in this chapter, and is categorised into: Phase 1: Site visit and 

visual analysis; Phase 2: Participant observation and on-site mapping, field measurement, 

survey interview with users and non-users; and Phase 3: Semi-structure interview with the 

architect and landscape architects. This chapter also outlines the study population and data 

sampling as well as the techniques of data analysis adopted for the purposes of this study. 

3.2 A mixed method and case study design 

For this study, a mixed methods and case study design was employed involving a 

combination of qualitative (personal views) and quantitative (statistical trends) data 

collection, in order to analyse and interpret both data sets to provide in-depth evidence for 

the case studies for comparative analysis (Creswell and Plano Clark, 2018, p.116). 

Adopting a mixed methods approach will facilitate further understanding of the prevalence 

of the phenomenon and responding to the research questions (Creswell, 2015, p.2); it has 

also been widely used in healthcare research (Östlund et al., 2011). A multiple cases study 

is examined together rather than individually to determine the reason(s) why certain 

phenomenon happens within each case study. This strengthens the findings and makes 

the research more robust than depending on a single case study (Yin, 2014, p.164). A close 

examination of each case by looking them from different perspectives is fundamental to 

achieving the research goal (Yin, 2014). Since this research required an in-depth 

understanding of the varying aspects of quality of three different case study HCGs, 

integration of both the objective and subjective data were necessary. In order to obtain 
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relevant answers to the research questions, a diagnostic POE (a type of mixed methods 

approach) was utilised in this study as explained previously in Chapter 2, Section 2.4.3.4. 

3.2.1 The methodological triangulation 

The mixed methods approach is of further relevance to case study research as the 

convergence of multiple sources of evidence will allow the triangulation of data that 

can enhance the overall quality, reliability of the information and validity of the results 

(Creswell and Plano Clark, 2018; Flick, 2018, p.23). For the current study, the triangulation 

technique was used to compare and check the quantitative and qualitative results to 

determine whether they can be integrated to support each other and provide a more in-

depth understanding on the phenomenon under study (Bryman, 2006). Figure 3.1 

graphically illustrates the methodological triangulation of this study which employed 

multiple methods in data collection to achieve the research aim and objectives.  

 

 
Figure 3.1: A methodological triangulation of the study.  

3.2.2 A mixed methods case study design with a convergence approach 

A mixed methods case study with a convergent approach (See Figure 3.2) was utilised 

in the current study (Creswell and Plano Clark, 2018, p.65). In the process of carrying out 

this method, some of the quantitative and qualitative data were collected concurrently, for 

example, participant observation and field measurement were conducted at the same time 
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as the survey interviews with the HCG users (See section 3.4.6 for further explanation on 

the phase of data collection). The interviews with the designers were done off-site at a time 

convenient to the participants. Following that, a separate analysis was carried out for each 

qualitative and quantitative data of the three case study sites. Further, the results were 

merged to determine to what extent the results contradicted or related with each other. 

Finally, the findings were interpreted in order to address the research question. 

 

 

Figure 3.2: Flowchart of the mixed methods case study design with a convergence approach 
utilised in the current study 

(Source: Author adapted from Creswell and Plano Clark, 2018, p.119) 
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3.3 Research methods and their justification 

For this study, several methods were employed which include: i) field investigation; ii) 

participant observation and behaviour mapping; iii) survey interview with users and 

non-users; and iv) interview with the architect and landscape architect. These 

methods were utilised for this study due to the relevance of answering the research 

questions, and have been developed and improvised based on the methods used by 

previous researchers in POE restorative gardens in healthcare facilities (As discussed in 

Section 2.4.3.4). 

3.3.1 Field Investigation: Site analysis and field measurement 

The first method is the field investigation which includes: the site analysis and a field 

measurement. A site analysis is pertinent to be conducted particularly in case study 

research as it facilitates the process of identifying, exploring and evaluating the physical 

characteristics of the case study site. This method is fundamental in defining the limits and 

parameters of the study. Site visual analysis has been utilised by numerous researchers in 

the landscape field as part of observational studies (e.g. Jiang et al., 2018; Sachs, 2017; 

Adnan, 2016; Shukor, 2012; Davis, 2011; Asano et al., 2008; Naderi and Shin, 2008; 

Cooper Marcus and Barnes, 1995). Several important aspects require special attention in 

conducting the visual analysis which includes: (1) Mapping of the physical design features; 

(2) Circulation and orientation; (3) Views into and out of the garden; (4) Microclimates within 

the garden; (5) Sensory qualities; (6) Opportunities for social interaction; (7) Opportunities 

for privacy; and (8) Aesthetic and spatial elements (Cooper Marcus and Barnes, 1995). A 

field-based site investigation also involves a sensory exploration of the site including a site 

visit, taking photographs and making notes on the physical condition of the site (Reid, 

2012).  

 

In addition, a field measurement of the microclimatic conditions of the site were also 

conducted in this study. Previous research in a hot humid climate highlighted the 

importance of recording the microclimatic conditions of the site in order to assess usersô 

perceptions on thermal comfort whilst in the outdoor garden (Ghaffarianhoseini et al., 2019; 

Kubota et al., 2017; Makaremi et al., 2012) and in the open space within an urban area 

(Sharmin and Steemers, 2018;  Yang et al., 2013). Several important parameters of 

microclimatic conditions highlighted by previous researchers studying courtyard typology 

buildings include: the air temperature, air relative humidity, and wind velocity (e.g. wind 

direction and speed) (Ghaffarianhoseini et al., 2019; Kubota et al., 2017; Makaremi et al., 

2012). 
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3.3.2 Participant observation and behavior mapping 

The second method utilised in the current study is participant observation which involved 

direct and video-based observation. In general, effective participant observation requires 

the researcher to have skills to attend to details and an impeccable memory capacity that 

is necessary in taking note of the spatial arrangement of the site, the atmosphere and the 

overall activities happening within the spaces (e.g. the occurrences of the specific activities, 

the movement of the people in a scene and peopleôs interactions within the site) (Spradley, 

2016; Kawulich, 2005). Nonetheless, in some cases, memorising and recording multiple 

activities that occur at the same time can be quite a challenge. Cooper Marcus and Barnes 

(1995) acknowledged that several activities have been missed out during behavioural 

observation studies because the fluctuation of the activities that occurred at the sites could 

not be captured by the researchers solely based on direct observation.  

 

Therefore, video-based field observation can be referred to as an effective solution to 

collect the data of the ongoing interactions between people in a specific context, suitable 

with the methodôs aims to overcome the limitation imposed by self-observation and 

therefore minimising the numbers of unrecorded activities. In addition, the solution of 

utilising video recording recording as a tool in conducting an observation of a particular 

scene also brings to light several advantages of the video (Jewitt, 2012, pp.5-8). In terms 

of durability, video data can be kept over a period of time, can be repeatedly viewed and 

the data can be revisited for further use and analysis in the future. Moreover, technical 

competencies in multi-tasking and handling the equipments are fundamental when carrying 

out observations using cameras or digital devices to avoid errors in the data collection 

process (Mason, 2018, p.177).  

 

In addition to video recording, other data collection techniques including on-site mapping 

and field notes, were used as part of the observation techniques here to monitor on-site 

activities that were unnoticed during filming because of the unexpected barrier triggered 

during the fieldwork. Whyte and Whyte (1984) highlighted the importance of mapping the 

physical and social scene in the observational study. This step is very crucial as this study 

does not only involve mapping the layout of the site and the on-going activities happening 

on site but it also trains the researcher to better focus on the details of the on-going activities 

which will eventually provide a better understanding of the social relations within the scene. 

In the environmental behaviour research field, observation and behaviour mapping are 

well-established techniques that are useful in examining peoplesô behaviours and 

interactions with the physical environment (Ng, 2016; Ittelson et al., 1970). In addition, field 

notes also act as a supplementary technique in the observation study. Furthermore, this 
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technique also develop important skills and serve as training for the researcher to improve 

their memory capacity and observational skills (DeWalt and DeWalt, 2011, pp.87-89). This 

is done by constantly taking note of the details regarding the nature of on-site activities and 

the behaviour of people involved throughout the fieldwork. 

 

3.3.3 Survey interview with the courtyard users and non-users 

The third method is interview survey with the users and non-users. The survey interview 

of HCG users includes those sitting and spending time in the HCG. A survey interview with 

the users was planned and carried out to facilitate answering research questions 1, 2, 3, 

and 4. The survey interview method was deemed the most suitable method as it has a 

proven ability to provide valid data, as evidenced by several researchers in the landscape 

field who utilised the survey method to assess the quality of restorative outdoor gardens in 

healthcare facilities (Cooper Marcus and Barnes, 1995; Whitehouse et al., 2001; Said, 

2005; Sherman et al., 2005; Shukor, 2012; Pasha, 2013).  

 

Survey research is essential for this study in order to understand peopleôs attitudes, trends, 

and opinions by studying a representative sample of the population; it also provides the 

necessary quantitative data as part of the case study evidence (Creswell, 2015). In 

addition, a survey research approach has two optional techniques for data collection: 

survey questionnaire and survey interview. A survey interview is also a part of a case study 

interview as the technique can be in the form of an open-ended survey (Yin, 2014, p.112). 

The type of questions are specifically designed to obtain the views and opinions of the 

respondents.  

 

Furthermore, it is also important to note that this study also collected data from non-users 

to avoid bias in the sample selection. This issue has been singled out by Cooper Marcus 

and Barnes (1995) and Shukor (2012) regarding the importance of the perceptions of non-

participants. Non-usersô participation is necessary to avoid any bias in the process of data 

collection and subsequent reporting.  

 

The photo elicitation technique was also utilised in the open-ended survey questions to 

enable users to provide an explanation on their perceptions and preferences of the 

landscape elements through the HCG photograph. This technique has been utilised by 

Butterfield (2014) in previous research of POE restorative gardens in which an interview 

using photo elicitation supplied the necessary opinion from the respondent about their 

feelings and perceptions of the outdoor garden in healthcare facilities. 
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3.3.4 Semi structured interview with the architects and landscape 

architects 

The fourth method is a semi-structured interview with architects and landscape 

architects. The interview with the designers of the HCGs is one of the techniques that will 

be implemented to address the fifth research question. In this study, a semi-structured face-

to-face interview will be used to interrogate the designers of the courtyard of the hospitals 

to examine their initial plan and matters that were taken into consideration in the process 

of designing the courtyard of the hospital. Yin (2014) highlighted that interviews are an 

important part of the case study evidence. Conducting interviews results in the ability to 

generate meaningful knowledge in understanding the issues studied; this involves several 

engaging tasks: observing, listening, and recording (Mason, 2018, p.125). A semi-

structured interview is an interrogation method in which the questions are predetermined 

by the researcher (Yin, 2014).  

 

The structure of the research however can be modified, and the designed question can 

also be removed or changed during the interview session as appropriate (Yin, 2014; 

Silverman, 2014). The flexibility given to researchers in handling and manipulating the 

questions allows more freedom of discussion when interacting with the interviewee to 

explore the relevant issues of the study. For example, several researchers conducted 

interviews with the designers including the architects and landscape architects involved in 

the garden design of healthcare facilities to understand their design intentions and gain 

insight into the design of the respective gardens (Jiang et al., 2018; Sachs, 1999; Naderi 

and Shin, 2008; Davis, 2011; Butterfield, 2014). 

3.4 Process of data collection  

The process of preparing and commencing data collection involved several stages. Initially, 

the research started with the preparation of the fieldwork which involved several stages: i) 

desk study on the literature review and secondary data; ii) Exploratory case study survey; 

iii) Case study selection; iv) Ethical approval and research protocol; and v) Pilot study (UK) 

and preliminary study (Malaysia) (See Figure 3.3). After improvement of the instruments 

and research protocol were made, the on-site data collection phase were carried out which 

divided into three phases: Phase 1: Site visit and visual analysis; Phase 2: Participant 

observation and on-site mapping, field measurement, survey interview with users and non-

users; and Phase 3: Semi-structure interview with the architect and landscape architects. 

This is elaborated further in the following subsections. 
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Figure 3.3: Flowchart of a data collection process 

3.4.1 Desk Study: Literature review and secondary data 

The first stage of the data collection included conducting a desk study comprised of a 

literature review and secondary data. Extant (past and recent) studies were critically 

reviewed to look at the research context, research gaps and methods of study used by 

previous researchers in related fields of study. This was carried out to build up an 

understanding of the issues pertaining to the provision of courtyard gardens in Malaysian 

hospitals and to find out what improvements can be made. 

 

Moreover, understanding and critically reviewing the different methods used by previous 

researchers in similar studies facilitated establishing the research framework and methods 

for this study. The literature review ranged from building and environment, environmental 

psychology, environmental health and landscape studies. In addition to the desk study, 

secondary data from the MOH, including a list of all hospitals in Malaysia, were collected 

and reviewed to identify the potential case study hospitals designed with courtyard designs. 

Furthermore, architectural drawings from architects were collected for a preliminary spatial 

analysis of different types of courtyards and the type of functional spaces that are clustered 

around them. 
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3.4.2 Exploratory case study survey 

During this stage, an exploratory survey was completed to explore a number of government 

hospitals in Malaysia which incorporated a courtyard in the hospital planning. A total of 142 

government hospitals in Malaysia including district hospitals, state general hospitals, 

national referral hospitals and special institutions had were studied to examine their overall 

layout and to identify the related characteristics that are necessary to this study (MOH, 

2016). Based on the exploratory survey analysis, several hospitals built between 1990 and 

1998 were determined to contain a similar type of open type courtyard which is not the 

focus of the current study. This type of open courtyard was excluded for the case study 

selection because it was an old type hospital, a low rise and a small-scale hospital which 

adapted the UK Nucleus hospital template (See Appendix 7). Moreover, these hospitals 

were built by the contractor through a turnkey project and managed by the PWD. As such, 

no landscape architects were employed to design the hospital garden.  

 

After examining the HCG typology in 142 hospitals, the researcher limited the selection of 

the case study to 10 government funded public hospitals in Malaysia (See Appendix 8) 

with courtyard gardens that were built from 1998 in response to a new regulation (still in 

place) making gardens a compulsory component in the planning of the hospital (MOH, 

2013 cited in Shukor, 2007). Furthermore, these hospitals were designed by private 

architects and landscape architects through a design and build procurement process, 

which is an important aspect for the current study to examine their design intentions and 

assumptions regarding HCG design and planning in Malaysia (this will be further discussed 

in Chapter7). Out of 10 potential case study hospitals, three case studies have been chosen 

according to the selection criteria which are listed and described further in the next section.  

3.4.3 Case study selection 

The selection of the case studies was based on making sure that all types of closed 

courtyard gardens configurations are represented in the sample of hospitals. 

Considering the feasibility of the case study sites, time constraints and budget, the research 

focus was restricted to the geographic area of Peninsular Malaysia and to State 

Government hospitals with the number of beds ranging from 500 to 700. This type of 

hospital was categorised as a State Specialist Hospital. The selection of the three case 

studies is geographically spread, ranging from the Northern, Central and Southern parts of 

Peninsular Malaysia. The three case study hospitals are: H1-hospital, H2-hospital and H3-

hospital (See Figure 3.4). 
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Figure 3.4: Location of the three case study hospitals: H1, H2 and H3. 

 

The case study hospitals have been selected according to the following criteria: 

¶ Courtyard design configuration; 

¶ Size and location of the courtyard within the building; 

¶ Year of operation;  

¶ Function of the spaces clustered around the courtyard; and 

¶ Height of the wall surrounded the courtyard. 

 

Table 3.1 presents a summary of the selection criteria for the three case study hospitals. 

Out of a total 13 HCGs in the three case study hospitals, three representative samples of 

the case study HCGs were selected (H1-C1, H2-C3 and H3-C2) based on several criteria: 

the accessibility; types of users; level of occupancy; feasibility for the subjective 

assessment study; the character of the sites; location and space function. These criteria 

will be elaborated further in Chapter 4.   

 
Table 3.1: The matrixes and criteria selection for the case study hospitals 

CASE STUDIES H1- HOSPITAL H2 - HOSPITAL H3- HOSPITAL 
 

Types of HCG A large central courtyard 
garden 
 

An interlinked type 
courtyard garden 

A clustered type 
courtyard garden 

Year of 
operation 

2007 2005 2007 

Site area 50.58 acres 60 acres 40 acres 

Total floor area 
(hospital block) 

105,417m² 129,000m² 77,940m² 

No. of beds 704 620 550 

Floor plan 

  
 

Total no. of 
HCGs 

1 enclosed courtyard 
1 semi-enclosed courtyard 

4 enclosed courtyards 
3 semi-enclosed courtyards 

4 enclosed courtyards 
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Selected case 
study HCGs 

H1-C1 

 

H2-C3 

 

H3-C2 

 
Total area of 
the case study 

 
  

Height of the 
wall from the 
HCG ground 
 
 

9 floors 

 

2, 3, 6 floors 

 

3 and 7 floors 

 
Location 
 
 

¶ Level 2  

¶ Main hospital street 

Level 2 

¶ Next to the main hospital 
street 

Level 2 

¶ Next to the main lobby 

Space function ¶ Cafeteria 

¶ Specialist clinic 

¶ Auditorium 

¶ Clinical research centre 

¶ Visitorsô centre 

¶ A & E department 

¶ Imaging department 

¶ Forensic department 
 

¶ Rehabilitation centre 

¶ Dialysis centre 
 

¶ Main lobby 

¶ Specialist clinic 

¶ Cafeteria 

¶ O&G department 

¶ Paediatric department 

¶ Admission office 

¶ Pharmacy unit 

3.4.4 Ethical approval and preparation of study protocol 

The UK pilot study and the actual study in Malaysia were carried out after obtaining an 

approval from the Research Ethics Committee of the School of Architecture in April 2017 

(See Appendix 5). Approvals from the Medical research ethic committee (MREC) 

committee board under the Malaysian MOH, the Economic Planning Unit (EPU) committee 

board and the respective hospital directors were also obtained prior to starting the actual 

fieldwork (See Appendix 6). Preparation for the research protocols dealing with the ethical 

boards and discussion with the respective hospital directors were conducted prior to the 

commencement of the preliminary pilot study in H3 hospital and the fieldwork in all the three 

case study hospitals. Fieldwork was first conducted in the H3 hospital followed by H2 and 

H3 between January to March 2018 (i.e. H3-hospital received earlier approval from the 

hospital manager). 

Additionally, the researcher also applied for approval from the MREC for two alternatives 

case study hospitals (H4 and H5) while waiting for confirmation for access approval from 

the H1 hospital managers. Approval for the alternatives hospitals was obtained in February 

2018 (See Appendix 6). Following discussion with the deputy hospital manager explaining 

the research protocol, access clearance was obtained in March 2018 and the fieldwork 

carried out prior to gatekeeper approval. An extensive amount of time was involved in the 
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process of getting approval from several bodies in Malaysia (e.g. MREC boards, EPU 

boards, the Clinical Research Centre (CRC) and the hospital managers).  

3.4.5 Pilot study and preliminary study  

A pilot study and a preliminary study were conducted prior to the actual fieldwork. The pilot 

study was conducted in the Firth Court building, Sheffield, in order to familiarise and check 

the practicality of the equipment for video-based observation (2 hours recording time) and 

to pilot test the survey questions. Several issue and problems were encountered in the pilot 

test of the video recording and an improvement in the techniques for video-recording and 

the survey questions were made (See Appendix 10).  

 

A preliminary study was conducted at the H3 hospital with the aim to test all the methods 

utilised in the current study before the actual fieldwork were carried out. This included 

testing the practicality of the video-based observation (98 hours of recording time from 9 

am to 5 pm) and the equipment for the field measurement as well as improving the survey 

technique and survey questions. Several improvements were made to the protocol for 

video-based observation, the technical issue of the field measurement, and enhancing the 

surveys questions and techniques of inquiry information from the participant (See Appendix 

11). 

3.4.6 Actual fieldwork phase and procedures 

The data collection process was divided into three phases (See Figure 3.5).  

 

 
Figure 3.5: Fieldwork phase 
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The first phase (Phase 1) is field investigation. In the second phase (Phase 2), the field 

measurement, participant observation and the video recording as well as the interview 

surveys were run simultaneously from 9 am to 5 pm for two weekends and two weekdays. 

The third phase (Phase 3) is the interviews with the designers. 

3.4.6.1 Phase 1: Site visit and visual analysis 

Phase 1 of the study focused on the initial fieldwork which involved the preparation of the 

technical procedures in each of the case study sites to ensure the practicality of the 

instrument to be used with the representative sample of the case study population. 

Therefore, several walkthrough observations and site analysis in all of the HCGs in the 

three hospitals were conducted in order to set the limits and parameters of the study. As 

explained earlier in Section 3.4.5, the H3 hospital was the first hospital visited, followed by 

H2 and H1 after obtaining access permission from the hospital manager. All 13 HCGs in 

the three case study hospitals (H1, H2 and H3) were observed in terms of usage, 

accessibility and the practicality to conduct the field measurement study, which should be 

taken into consideration before deciding the best representative case study HCG for an in-

depth diagnostic POE.  

 

During the site visit to all three sites, the procedures and protocols for video recording were 

discussed further with hospital management to ensure it followed the requirements set by 

the hospital and MREC ethical approval. Carrying out a site analysis provides the 

researchers with the ability to familiarise themselves with the sites (i.e. the space function, 

physical barriers on-site and hospital operation hours) to further plan fieldwork procedures 

including video-based observation, field measurement and survey interviews. Additionally, 

the physical conditions of the sites (e.g. aspect ratio (W/H), orientation, location and 

landscape features) were also observed and recorded in the checklist of HCG 

specifications (See Appendix 12). Field notes and sketches of the layout plan of all thirteen 

HCGs were also carried out during the fieldwork (See Table 3.2). 

 

Table 3.2: Field notes and sketches during the on-site fieldwork 
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3.4.6.2 Phase 2: Participant observation and behaviour mapping 

During the initial on-site fieldwork, an 8 hours observation (9 am to 5 pm) was carried out 

in all 13 HCGs in the three case study hospitals. Video-recording and field measurement 

were also conducted in these HCGs. However, after examining the initial results from the 

observation of all sites (e.g. level of occupancy, courtyard form, accessibility and physical 

features) (Discussed further in Chapter 4), and considering the time constraint and 

limitation of the resources, an in-depth investigation and data analysis were only conducted 

at three selected representative case study HCGs (H1-C1, H2-C3 and H3-C2).  

 

i) The in-depth investigation at the three representative sample of HCGs  

The fieldwork in the three representative HCG samples spanned approximately one week 

for each of three case study sites, from 9 am to 5 pm per day. Video recording and field 

measurement were conducted simultaneously during two weekends and two weekdays. It 

is important to note that, due to the extensive amount of time required to analyse the video 

data, only one weekday and one weekend daily data (a total of 16 hours in each case study 

HCG) were analysed and discussed further in the study.  

Another two sets of daily video data in each case study HCGs were excluded due to time 

constraints. Further, some of the excluded data were the long raining hours which highly 

affected the normal pattern of on-site activities. Due to the limitations of time, budget 

restrictions for accommodation and travel expenses as well as the short period of access 

permission granted in each of the case study sites, video recording and field measurement 

could not be rescheduled to obtain another set of data (i.e. the data without the raining 

time). However, an in-depth analysis of a total of 48 hours observation in all three sites, 

and additional information related to usersô activities gathered from the survey interviews 

with the HCG users, achieved research objective 2 (See Chapter 6, Section 6.4). 

ii) Procedure of the video-based observation and direct observation. 

Both video-based observation and direct observation were utilised in the current study to 

ensure robust and accurate observational data. The purpose of the participant observation 

was to investigate the space use pattern among the different types of users: patients, staff 

and visitors. The usersô observations were conducted during a total period of two weekdays 

and two weekend days listed as follows:  9 am-11 am (2 hours), 11 am-1 am (2 hours), 1 

pm-3 pm (2 hours) and 3 pm-5 pm (2 hours). During the study, two video cameras fixed on 

a tripod were placed at the corner of the courtyard area to capture the whole scene of the 

usersô activities in the courtyard (See Table 3.3). These video cameras were run 

simultaneously at similar recording time of a total 8 hours per day. At the same time, direct-

observation and mapping of the hidden activities (out of video coverage areas) were 
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conducted by the researcher. These also included activities such as taking photographs 

and fieldnotes. 

Table 3.3: The procedures of the direct and video-based observation 

 

 

It is important to note that the investigator needs to be on-site at all times and this was 

discussed and agreed with the hospital manager to ensure the safety of the research 

equipment. One research assistant was hired and trained to safeguard the video camera 

and to ensure the workability of the video observation throughout the fieldwork. The task of 

the research assistant included changing the battery (at two hour intervals) and transferring 
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the video data onto the laptop (at four hour intervals) to ensure the effectiveness of the 

video cameras in capturing the on-site activities.  

 

iii) Ethical concern of the video-based observation and direct observation. 

Concerning the ethical issues in video recording, the researchers notified the HCG users 

via a poster notice which was placed in the HCG regarding their participation that they have 

been video recorded for the purpose of the current study. Moreover, the video cameras 

were placed at a certain distance from the subjects, in order to prevent unintentionally 

capturing identifiable images of the participants and thus preserving their anonymity (Wiles 

et al., 2008). Additionally, snapshots of the video data used in the current study were 

masked and blurred to protect the identity of the HCG users.  

 

iv) On-site behaviour mapping  

For the H1-C1, which is four times larger than the other case study sites, some of the area 

in H1-C1 (at the centre and periphery of the HCG, behind the large trees and column) could 

not be captured by the video cameras (See Figure 3.6). Therefore, the hidden usersô 

activities which lay outside the coverage of the video camera were mapped manually by 

the researcher. Each symbol representing the activities were mapped onto the floor plan 

printed on A4 paper (at two hour intervals) according to different types of users (patient, 

staff and visitors). The graphical symbol of activities used in the on-site mapping were 

adopted from Goliļnik and Ward Thompson (2010) (See Table 3.4). 

 

 

 Figure 3.6: The area for video-based observation and direct observation carried out in H1-C1  

 

Additionally, the photo of the activities (i.e. recorded with the date and time) were also taken 

during the direct observation for further references during the analysis stage. The process 

of analysis and integration of the on-site mapping and Geographic Information System 

(GIS) mapping techniques and analysis were explained further in the following Section 

3.6.3. 
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Table 3.4: Graphical symbol of usersô activities used in behaviour mapping  

 
(Source: Author, 2018 adopted from Golicnik and Ward Thompson, 2010) 

3.4.6.3 Phase 2: Field measurement 

Additionally, in Phase 2, the field measurement were carried out simultaneously during the 

survey interview with the HCG users and video recording. The environmental data in the 

HCG is fundamental in order to further compare the microclimatic conditions between the 

three case study HCGs (See Section 6.2.1). The reason for this was to examine the 

association between the usersô perceptions of thermal comfort in the HCG with the 

microclimatic conditions of the case study sites (See Section 6.2.2). The Aercus WS3083 

Professional Wireless Weather Station was used to record air temperature (TA), air relative 

humidity (rh), and wind velocity (AV) (e.g. wind speed and wind direction). It was fixed on 

a tripod 1.1m above the ground in the HCG. It also was set to record every 15 min between 

9.00am and 5.00pm over a period of two weekdays and two weekends.  Additionally, a 

portable environmental meter was used to record TA and rh around the participants. The 

measured data was recorded on the survey paper preceding the survey interview with the 

HCG users (See Figure 3.7).  

 

 
Figure 3.7: The location of the Aercus WS3083 Weather Station in H2-C3 

 


























































































































































































































































































































































































































































































































































































































































