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ABSTRACT 

This research is based on the challenge in the field of thermal comfort between the 
steady state and adaptive comfort theories. It challenges the concept of standard 
‘comfort zone’ and investigates the application of ‘adaptive opportunity’ in the 
workplace. The research question is: ‘Does thermal control improve user 
satisfaction in cellular and open plan offices? Norwegian vs. British practices’. 
 
Currently, centrally controlled thermal systems are replacing individual thermal 
control in the workplace (Bordass et al., 1993, Roaf et al., 2004) and modern open 
plan offices are replacing traditional cellular plan offices in Scandinavia (Axéll and 
Warnander, 2005). However, users complaint about the lack of individual thermal 
control (Van der Voordt, 2003), which is predicted as an important asset to the 
workplace in the future (Leaman and Bordass, 2005). This research seeks users’ 
opinion on improving their satisfaction, comfort and health in two environments 
with high and low levels of thermal control, respectively the Norwegian and British 
workplace contexts. Two air conditioned Norwegian cellular plan offices which 
provide every user with control over a window, blinds, door and the ability to 
adjust the temperature are compared against two naturally and mechanically 
ventilated British open plan offices with limited thermal control over the windows 
and blinds for occupants seated around the perimeter of the building. 
Complimentary quantitative and qualitative methodologies are applied, with a 
particular emphasis on grounded theory, on which basis the research plan is 
formulated through a process of pilot studies. Occupants’ perception of their 
thermal environment within the building is recorded through a questionnaire and 
empirical building performance through thermal measurements. These traditional 
techniques are further reinforced with semi-structured interviews to investigate 
thermal control. A visual recording technique is introduced to analyse the collected 
information qualitatively regarding the context and meaning.  
 
The ASHRAE Standard 55-2010 and its basis do not apply to the case study 
buildings in this research. This thesis suggests that thermal comfort is dynamic 
rather than fixed. Occupants are more likely to prefer different thermal settings at 
different times, which is in contrast with providing a steady thermal condition 
according to the standard ‘comfort zone’. Furthermore, the occupants of the 
Norwegian cellular plan offices in this research report up to 30% higher 
satisfaction, comfort and health levels compared to the British open plan offices, 
suggesting the impact of the availability of individual thermal control. This 
research suggests that rather than providing a uniform thermal condition according 
to the standard ‘comfort zone’, office buildings are recommended to provide a 
degree of flexibility to allow users to find their own comfort by adjusting their 
thermal environment according to their immediate requirements. 
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Instructions 

When a gender-neutral singular pronoun is required or an unknown person is 

discussed instead of ‘he/she’, in the thesis ‘they’ and ‘their’ have been used with a 

singular antecedent. ‘He’ or ‘she’ is only used when a particular individual is 

discussed, such as in an interview. In addition, ‘satisfied respondents’ refers to 

either ‘satisfied’ or ‘very satisfied’ participants. The same instruction applies to 

‘comfortable respondents’. 
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CHAPTER 1 

INTRODUCTION 

  



CHAPTER 1 2

1. Introduction 

This thesis is based on the challenge in the field of thermal comfort between steady state and 

adaptive comfort theories. It seeks to challenge the view that the ‘comfort zone’ is universally 

applicable, and explores users’ options on what would improve their satisfaction, comfort, 

health, and productivity. The key research question being examined is ‘Does thermal control 

improve user satisfaction in cellular and open plan offices? A comparison of Norwegian and 

British practices’.  

 

This research questions the application of the ‘optimum temperature’ that satisfies everyone, 

and investigates the application of ‘individual thermal control’ in the workplace. These are 

the two distinct views of, respectively, steady state and adaptive comfort approaches. In this 

chapter, the research approach is outlined and summarised. 
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1.1. Research Significance 

A constant characteristic in the history of the workplace is that users require access to a 

window, which allows an outside view, natural light and ventilation, as well as the ability to 

adjust the temperature (Van Meel, 2000). Based on contrasting views regarding these 

demands, Northern European and Anglo-Saxon countries followed two separate paths in 

designing office layouts (Van Meel, 2000). However, recent office designs are moving away 

from these demands as organisational goals tend to replace workers’ rights (Van Meel and de 

Jonge, 2006) and centrally controlled thermal systems replace user control (Bordass et al., 

1993, Roaf et al., 2004). Climate change, technological advances, economic challenges, 

organisational changes and goals are the main drivers of office design replacing users’ 

demands and workers’ rights. As a result, the Workers’ Council in Northern Europe is losing 

its influence (Van Meel and de Jonge, 2006) and Scandinavian countries are moving away 

from the design of personal offices based on users’ requirements (Axéll and Warnander, 

2005, Gadsjö, 2006).. Duffy explains that office design is disconnected from the user, as it 

has ‘little to do with what the man at his desk really needs’ (Duffy, 1966a). The future of 

applying users’ requirements in the workplace is under debate. Harris claims that in the future 

these demands will not be necessary as flexibility will replace fixed workstations (Harris, 

2006). In contrast, Katsikakis suggests that attracting a talented workforce will be the main 

concern for organisations, therefore providing a pleasant work environment for the user will 

be essential (Katsikakis, 2006). This thesis attempts to make a contribution in improving user 

satisfaction, comfort, health, and productivity in the workplace through understanding users’ 

needs and their application in the workplace. 
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1.2. Themes 

This section discusses the two themes of the thesis: 

  

 Norwegian cellular vs. British open plan workplace contexts 

 Individual control over the thermal environment in the workplace 

 

The Norwegian vs. British theme is inspired by the history of the workplace and the influence 

of users’ demands on office design. In the 1970s and 1980s Norway and the UK followed 

separate paths regarding office design. In the UK, organisational goals are the main criteria in 

designing the workplace. Thus, an open office layout is preferred in order to increase 

communication, efficiency and flexibility. In contrast, the design of Norwegian offices is 

based on users’ demands and workers’ rights. Therefore every occupant is provided with the 

ability to adjust their personal environment. 

 

In the second theme, which is individual thermal control, users’ demands and comfort are 

investigated in more detail, particularly users’ comfort regarding the thermal environment of 

the workplace. There is a challenge in this field between setting a uniform temperature in the 

office to satisfy everyone and passing the responsibility for adjusting the thermal environment 

to the occupant. This thesis investigates the merits of the latter in the form of ‘individual 

thermal control’.  

 

This research compares the Norwegian cellular plan offices with high levels of thermal 

control and the British open plan office layouts with low levels of thermal control in 

investigating occupants’ health, comfort, satisfaction, and productivity. 
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1.3. Research Question and Objectives 

The aim of the research is to contribute to the debate of improving occupants’ satisfaction, 

comfort, health, and productivity in the workplace. Based on these two themes, which are 

discussed in Chapters Two, three and four, the research question is formulated as follows: 

‘Does thermal control improve user satisfaction, comfort, health, and productivity in open 

plan and cellular plan offices? A comparison between the British and Norwegian Practices’. 

 

Pilot studies, which are set up in Chapter Six, allow the research objectives to be finalised. 

This thesis challenges the concept of ‘comfort zone’ and examines ‘individual thermal 

control’ in the workplace. The former concept tends to present comfort to everyone by 

providing an ‘optimum temperature’ according to comfort standards in an endeavour to 

satisfy everyone. In contrast, the latter view is based on allowing occupants to adjust their 

thermal environment through the building design and facilities so that they find their own 

comfort. The standard ‘comfort zone’ is examined through the followings: 

 

 The applicability of the ASHRAE comfort zone, as the most widely used comfort 

standard 

 The application of the ‘neutral thermal sensation’ as the basis of the thermal comfort 

standards 

 The consistency of the overall thermal preference of every user throughout the day 

 

The application of ‘individual thermal control’ is investigated through examining the 

following: 

 

 The impact of thermal intention of the user on their satisfaction and comfort 

 User satisfaction, comfort and health in comparison between two office layouts, the 

Norwegian cellular plan with high and the British open plan with low levels of 

thermal control 
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1.4. Research Approach 

In order to research the thesis question, two office layouts with high and low levels of thermal 

control are compared. The Norwegian cellular plan offices provide every user with a high 

level of thermal control, including an openable window, blinds, a door, and a thermostat. In 

contrast, the British open plan layout provides limited thermal control, such as openable 

windows and blinds, only for users around the perimeter of the building. However, the 

majority of the occupants, who sit further from windows and closer to the centre of the open 

plan, have no control over the thermal environment. 

 

Complimentary quantitative and qualitative methodologies are applied, with a particular 

emphasis on grounded theory as the qualitative methodology. In grounded theory, research 

objectives and plan are refined through a process of testing, analysing and planning. 

Therefore through an initial process of pilot studies, research methods and analysis are 

formulated as the research plan. Users’ perception of their thermal environment is recorded 

through a questionnaire and empirical building performance through thermal measurements. 

These traditional techniques are further reinforced with semi-structured interviews to 

investigate thermal control.  

 

The appropriate criteria for selecting case study buildings are framed based on the research 

question and objectives, literature and findings of the pilot study. Overall, four case studies 

are selected: two Norwegian cellular plan layouts and two British open plan office. The 

research plan was applied on the selected buildings successfully and valuable observations in 

support of the argument were made. The collected data is analysed through quantitative and 

qualitative methods. An innovative visual recording method is applied to qualitatively analyse 

the subject in its context.  
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1.5. Thesis Outline 

The research method, which informs the layout of the thesis, is organised in four major 

sections. They present a review of the literature, followed by methodologies, data from the 

fieldwork and analysis, and finally thesis discussion. 

 

1.5.1. Section I: Literature Review 

Following the introduction to the thesis, the literature and established experience are 

reviewed: 

 

 Chapter 1: Introduction 

 Chapter 2: The Workplace 

 Chapter 3: Thermal Comfort and Control 

 Chapter 4: Cellular vs. Open Plan Offices 

 

The first section of the thesis is laid out as the foundation, on which the thesis operates. It 

includes a literature review of the history of workplace design, and the previous research in 

the field of thermal comfort and thermal control. Chapter four combines these two bodies of 

knowledge with a focus on thermal control in Norwegian cellular and British open plan 

offices. 

 

The first part is an introduction to the thesis, which includes the research question, objectives, 

approach, and outline. It also explains the significance of this research. This is followed by 

the history of the workplace from the ancient to modern periods and predictions for the future 

of the workplace in the next chapter. The focus of this section is the impact of users and 

organisations on office design. Based on these two distinct objectives, separate paths in 

Scandinavia and the UK, respectively cellular and open plan layouts are identified as 

exemplary. This development is continued by the role of the users, their requirement and 

influence. These are particularly important in finding criteria and office layouts that 

occupants consider ‘satisfactory’, such as allowing privacy and the ability to adjust the 

thermal environment.  

 

In Chapter Three, the research and design practice is reviewed in the literature on thermal 

comfort and thermal control. The debate in the field between steady state and adaptive 

comfort theories is studied, which is followed by two separate approaches, respectively the 

standard ‘comfort zone’ and ‘adaptive opportunity’. The research focuses on the latter and its 

impact on users’ satisfaction, comfort, health, and productivity. The next chapter combines 
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the essential parts of the previous two chapters, including the Norwegian vs. British 

workplace layouts as well as individual thermal control. Norwegian cellular plan offices with 

high levels of thermal control and British open plan offices with limited thermal control are 

compared, in terms of design, culture and regulations. Finally, the debates on the future of 

thermal control are discussed.  

 

1.5.2. Section II: Research Approach 

This section contains methodologies and research plan: 

 

 Chapter 5: Research Methodologies 

 Chapter 6: Pilot Studies and Research Plan 

 

This section of the thesis presents the research approach. It includes the formulation of 

appropriate methodologies and methods. In Chapter Six, these methods are examined in pilot 

studies in order to formulate the research plan. 

 

In Chapter Five, the research aim and question are clarified. Accordingly, the appropriate 

methodologies, methods and analysis techniques are selected through studying traditional and 

non-traditional approaches in the field. A combination of quantitative and qualitative 

methodologies is applied with a particular emphasis on grounded theory. Post Occupancy 

Evaluation and field studies of thermal comfort are studied and relevant methods are selected 

for examination in a series of pilot studies, presented in the next chapter. Finally, an 

innovative visual recording technique is presented. In the next chapter, based on grounded 

theory and through a process of pilot studies, the research objectives, methods and approach 

are refined and finalised in this chapter. A series of pilot studies, including a process of 

examining, analysis and retesting, are discussed. The research objectives are modified based 

on the findings of the pilot studies, which include challenging the concept of the ‘comfort 

zone’ and investigating ‘individual thermal control’ in the workplace. The final research plan 

is formulated accordingly. Users’ perception of their thermal environment is recorded through 

a questionnaire and empiric building performance through environmental measurements. 

These traditional techniques are further reinforced with semi-structured interviews to 

investigate user behaviour and satisfaction. The chapter ends with a discussion on the criteria 

used to select the case study buildings. 
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1.5.3. Section III: Fieldwork Analysis 

This section is the fieldwork analysis: 

 

 Chapter 7: Building Performance 

 Chapter 8: Stage I: Comfort Zone 

 Chapter 9: Stage II: Individual Thermal Control 

 

This section of the thesis includes an introduction to the selected Norwegian and British case 

study buildings and their building performances. It is followed by interpretation of the 

collected data at the site, which includes challenging the standard ‘comfort zone’ and 

investigating the application of ‘individual thermal control’ in the case study buildings. 

 

Chapter Seven introduces the case study buildings and analyses their building performance. 

This research is based on good practice examples of workplaces with high and low thermal 

control. Two air conditioned cellular plan offices are selected in Oslo, in which every 

individual has access to an openable window, blinds and a control device to adjust the 

temperature. In contrast, two open plan offices with natural and displacement ventilation in 

Scotland are selected, in which only occupants sitting around the perimeter of the building 

have access to a window and blinds. The majority of the occupants are allocated to 

workstations at the centre of the open plan with no means of control. The building 

performance of these offices is compared against the benchmarks and standards.  

 

Chapter Eight focuses on the research objective in regard challenging the notion of ‘comfort 

zone’. This is mainly the result of the steady state theory to provide comfort in an office 

building, which is applied through centrally controlled systems that are regulated based on the 

standard comfort zone. In order to challenge the view of ‘comfort zone’, this research 

examines the accuracy of predictions of ‘comfort zone’ defined by the ASHRAE Standard 

55-2010, the application of ‘neutral thermal sensation’ as the basis of thermal comfort 

standards and the consistency of the users’ thermal preference throughout the day. 

Participants’ responses towards the measured thermal environment in all four case study 

buildings are compared with the ASHRAE comfort zone. Qualitative and quantitative 

analysis methods are applied in this section, with the emphasis on an innovative qualitative 

method as visual recording technique. Chapter Nine interprets the collected data in the field in 

order to investigate the application of ‘individual thermal control’ in the workplace. Adaptive 

opportunity is the solution of adaptive comfort theory to provide user comfort. This research 

examines the impact of users’ desire to apply thermal control on their satisfaction and 
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comfort. In addition, two office layouts with high and low levels of thermal control are 

compared. User satisfaction, comfort, health, and productivity of the two Norwegian cellular 

plan offices with high levels of thermal control are compared against the two British open 

plan layouts with limited thermal control. Quantitative analysis is applied for this comparison 

and it is combined with qualitative interviews for further clarification.  

 

1.5.4. Section IV: Discussion 

This section contains the discussion and conclusion of the thesis: 

 

 Chapter 10: Discussion 

 Chapter 11: Conclusion 

 

This section of the thesis includes the main discussion on the challenge between ‘comfort 

zone’ and ‘individual thermal control’ as identified in the survey and analysis of the case 

studies. It also presents an innovative analysis method based on a comparison between 

quantitative and qualitative analysis techniques. Finally, the thesis conclusion is presented. 

 

Chapter Ten is the main thesis discussion regarding the application of ‘individual thermal 

control’ in the workplace. It links the findings of the research to the previous research in the 

field and the challenge between steady state and adaptive comfort theories. The main findings 

suggest the inconsistency of occupants’ desire for a thermal condition throughout the day and 

comparison between the Norwegian and British workplace contexts regarding the application 

of individual thermal control. The new qualitative analysis method is compared with 

traditional quantitative analysis. Finally, the limits of the study and the wider context are 

discussed. Chapter Eleven is the summation of the project that ties together the field research 

and the strategies that are derived from its findings. The thesis investigates how to improve 

thermal comfort conditions for occupants in the workplace. It suggests that rather than 

searching for a ‘comfort zone’ that satisfies all, it recommends buildings to provide a degree 

of flexibility to allow users to adjust their thermal environment to their needs. Further 

research is encouraged through the application of qualitative methodologies such as 

ethnographic survey to research users’ behaviour in context.  
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2. The Workplace 

This research seeks to improve comfort conditions for occupants in the workplace. Therefore 

the history of the workplace design is studied in this chapter in order to understand users’ 

demands and to find office layouts that provide them with high levels of comfort and 

satisfaction. The Anglo-Saxon and Northern European countries have played an important 

role among developed countries in improving office buildings to meet technological, 

economical and organisational changes in every period of modern workplace history. The 

Anglo-Saxon and Northern European countries followed two separate paths according to their 

distinct objectives in designing office layouts, including organisation and user demands. 

Therefore in this chapter, office designs which were introduced by the UK, North America 

and Scandinavia are studied. The chapter ends with predictions for the future of the 

workplace.  
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2.1. Definition of the Office Building 

Different cultures define the office in different ways. In the UK, emphasis is on the business 

aspect of an office, while in Northern Europe, individual employees influence the workplace 

and its definition. In the UK, Harris explains that ‘the principal role of the workplace is to 

provide a physical environment, in which organisations configure themselves efficiently and 

effectively to support operational imperatives’ (Harris, 2006). Worthington explains that the 

new workplace environment is where the culture of the organisation is shaped. It is an 

environment for training, relaxing, meeting, and discussing ideas (Worthington, 2006). Duffy 

states that ‘the average office building has been designed from structural, technical and 

economic considerations that have little to do with what the man at his desk really needs; or, 

for that matter, what the company needs’ (Duffy, 1966a). Becker mentions that ‘rather than 

thinking of the office as a place primarily for solitary activity from which one occasionally 

breaks out in time and space to settings intended for social setting, the office is designed 

primarily as a social setting, from which one occasionally seeks out more private places for 

contemplation, concentration and confidentiality’ (Becker and Sims, 2001). Van Meel 

indicates that ‘office buildings are the materialisation of norms and values about issues such 

as hierarchy, interaction and privacy. They reflect ideas about the meaning of work and 

opinions about how work should be performed. As these ideas change over time, so does the 

office’ (Van Meel, 2000). 
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2.2. History of the Workplace 

This section includes key transformations in the history of the workplace, such as industrial 

and digital revolutions, since they had a major influence on office development. 

 

In ancient times, work was not done in an office. Only during the past century was the ‘office 

building’ introduced as a place dedicated to work (Harrison et al., 2004). The use and design 

of office buildings developed to an extent that work and workplace became united (Harrison 

et al., 2004). Duffy states that ‘you cannot get good work out of bad offices’. It is easy to 

point out a ‘bad’ office, though difficult to define a ‘good’ one (Duffy, 1966a). Based on 

distinct qualities and advances in technologies, different office layouts were introduced, 

including the cellular plan, Bürolandschaft, Combi office, open plan, Hive, Den and Club 

layouts. Some of these concepts are based on organisations’ requirements and advantages, 

whereas the others are designed according to individual users’ rights and benefits. There is an 

argument in regard to the future of the workplace. Marmot seeks the solution in the ‘open 

plan’ layout (Marmot and Eley, 2000), while Van Meel suggests a combination of cellular 

and open plan layouts according to the nature of the organisation (Van Meel et al., 2010). 

Duffy explains ‘no one building, no single form of layout can possibly accommodate all 

users. There is no such thing as the ideal office building’ (Duffy, 1992). Advances in 

information technology provide an opportunity to work anywhere at anytime (Duffy, 1992). 

Currently a nomadic work style is booming, including working anywhere in the office as well 

as at home, a café, hotel lobby, train, and airport lounge (Breure and Van Meel, 2003). So 

now once again work is separated from the workplace.  

 

2.2.1. Agricultural Revolution: Home & Public Offices 

Klein describes how ‘the earliest “offices” can be dated to the moment one person crouched 

down and bartered with another for goods or services and some kind of record was made of 

the exchange, like at home, a shelf in the kitchen, a desk in the front room’ (Klein, 1982). In 

the Roman Empire, people worked in public forums and basilicas (Uffelen, 2007). In 1560s, 

the Uffizi building in Florence was designed by Giorgio Vasari for Medici governmental 

administrative work (Klein, 1982). In the 14th century in the UK, Inns of Court in London 

were used for barristers to train and practise. Generally over a century ago, office buildings as 

experienced today did not exist, so office work took place mainly in palaces and industrial 

buildings (Harrison et al., 2004). 
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2.2.2. Industrial Revolution: Factories & Insurance Offices 

In the late 18th and 19th centuries, work was separated from home. After the industrial 

revolution, factories accommodated workers. New materials, energy systems, machines, 

communication, and management systems greatly influenced the workplace and it became 

equipped with new machinery and technology (Klein, 1982). Trade systems expanded 

globally through the new developments, such as telegraphs, posts and train, which influenced 

the expansion of the new workplace (Mumford, 1938, Klein, 1982). Paperwork and clerical 

professions were introduced (Leffingwell, 1925). Finally in the late 19th century, the invention 

of the telephone made it possible for the office to be separated from the factory. In insurance 

office buildings, such as the Sun Fire Insurance Office designed by Cockerell in London in 

1842, administrative and paperwork were the main activities (Klein, 1982). 

 

2.2.3. Administrative Revolution: Open Floor Offices 

Harrison indicates that ‘only in the late nineteenth century, with the increasing bureaucracy 

associated with governing nation states, or running large corporations, did office buildings 

emerge as a specialised type’ (Harrison et al., 2004). Although ‘office’ work has been done 

since olden times, the association of work and office building is relatively new (Harrison et 

al., 2004). New economy, high-rise buildings, new technologies and managerial concepts 

changed the way work was done and the shape of office buildings in the early 20th century in 

America. New construction techniques, such as the steel skeleton frame, made it possible for 

Chicago to boom with high rise office buildings (Klein, 1982, Harrison et al., 2004). 

Technological advances, such as the typewriter and the telephone, provided the opportunity to 

‘work together’ (Marmot and Eley, 2000). Financial developments caused the administrative 

revolution (Van Meel, 2000). The number of people working in offices processing 

information, the ‘white-collar factory’, was greater than the number of people working in 

factories producing goods (Klein, 1982). Women also started working as knowledge workers 

(Van Meel, 2000). Ford (Myerson, 2008) and Taylor’s mass production concepts were 

introduced in America (Taylor, 1915, Klein, 1982, Myerson, 2008) and offices with large 

open floors with rows of desks were designed (Van Meel, 2000). Le Corbusier described 

office furniture and equipment as objects of ‘our modern life’ (Corbusier, 1927, Hart, 1993). 

Harrison explains that ‘the dominant ideology of the time was based on a mechanistic view of 

office workers as units of production, to be housed in a unified and controlling space’ 

(Harrison et al., 2004). Mies Van der Rohe describes workers as ‘machines for working’ 

(Myerson, 2008). 
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Figure 3: Seagram Building designed by Mies Van Der Rohe in 1954 (image source: http://lebbeuswoods.wordpress.com/) 

 

Duffy explains that although the Seagram Building in 1954 seemed revolutionary, Mies van 

der Rohe was ‘more interested in the formal possibilities of reflective glass than any real 

organisational requirements or actual developmental possibilities’ (Duffy and Tanis, 1993). 
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Figure 5: Office Landscape (Van Meel, 2000). 

 

The ease of paper flow and communication in the landscape office encouraged a deeper 

layout with no walls, such as Bertelsmann Publishing Company (Van Meel, 2000). 

Occupants’ ability to open the windows and light switches were eliminated (Knobel, 1987). 

 

2.2.4.2. The Workers’ Council 

The Workers’ Council in Germany protested and ruled out the landscape office because of 

workers’ rights in 1968 (Hookway, 2009). Employees complaints included the ‘unpleasant 

temperature variations, draughts, low humidity, unpleasant noise levels, poor natural lighting, 

lack of visual contact with the outside, and lack of natural ventilation’ (Van Meel, 2000). 

Myerson explains that landscape office allowed the ‘Big Brother to watch over’ (Myerson, 

2008). In Scandinavia in particular, the landscape office was unsuccessful due to cultural 

differences, including the close contact between occupants and the openness of the landscape 

office (Van Meel, 2000). Duffy explains that in Northern Europe, ‘when users have power the 

provision of windows and close proximity to windows for everyone becomes tremendously 

important’ (Duffy, 1992). Although British employees had similar complaints, employers’ 

power and their unity in opposition overruled the workers in the 1970s. Therefore general and 

vague work regulations of the 1960s were followed in the UK, and organisational goals took 

over workers’ rights (Van Meel, 2000). Although the landscape office was abandoned in the 

UK, this was not for the sake of employees. It was mainly due to insufficient communication 

and lack of a hierarchical organisational system, which was not beneficial for organisational 

goals (Laing, 2006). 
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2.2.4.3. Francis Duffy 

Duffy has played an essential role in promoting the design of the Bürolandschaft and open 

plan office layouts as well as ‘the changing workplace’ and new ways of working. He has 

introduced and developed these ideas in the Anglo-Saxon world. In the 1960s, Duffy visited 

several Bürolandschaft offices in Germany. In 1964 he wrote an article on teamwork, free 

communication and the flow of work in the Bürolandschaft office (Duffy, 1964). Duffy was 

amazed by the large non-hierarchical office floor with ‘the screens and the random 

disposition of desks’ (Duffy, 1992). The social area at the centre of the landscape office 

encouraged staff to have an informal break in a less hierarchical manner (Hookway, 2009). 

Every workstation had a different set up, which showed ‘individuality’ and there was a high 

level of visual comfort. Duffy concludes that ‘‘landscaped’ offices not only protect the 

individual and allow him more comfort and the freedom to work in the way that he wants, but 

they are also designed for the good of the organization, ensuring that work flow is an easy 

manner and that formal and informal communications are uncomplicated and unobstructed’ 

(Duffy, 1992).  

 

In 1966, Duffy published ‘Office Landscaping’ (Duffy, 1966b). He wrote his Masters and 

PhD theses (Duffy, 1974) on this subject (Hookway, 2009) Duffy applied the practical 

methodologies of social science to architecture in researching the office landscape, 

questioning the influence of buildings on users’ behaviour (Hookway, 2009). He researched 

the relationship between the nature of organisation and office layout (Duffy, 1974). Duffy 

expected the office to be a ‘framework for a changing variety of behaviour’ (Handy, 1992). 

However, he discovered that layouts of landscape offices were very similar. So he questioned 

their application of following users’ communication and behaviour. He proposed that ‘no one 

building, no single form of layout can possibly accommodate all users. There is no such thing 

as the ideal office building’ (Duffy, 1992).  

 

2.2.4.4. The Open Plan Office 

The concept of landscape office was introduced in North America and it was developed into 

the open plan office layout. Although management preferred their personal offices, the 

majority of workplaces were designed with an open plan layout (Laing, 2006). Based on 

technological advances in earlier decades, such as air conditioning in the 1930s and florescent 

lights in the 1940s (Van Meel, 2000), there was no longer the requirement for natural 

ventilation and light. Therefore, deep open plan offices were designed in the 1960s in North 

America (Klein, 1982), which was considered to be a flexible solution in the 1970s. However, 
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practical difficulties of the deep open plan layout started to emerge, such as user 

dissatisfaction (Leaman, 2006). 

 

In the 1970s, the North American open plan office was introduced in the UK. In this period, 

the majority of offices in the UK were rented (Van Meel, 2000). However, the custom 

designed offices led to new concepts, such as group spaces in the open plan layout to increase 

teamwork. Laing describes this as ‘a self-regulating structural grid within which working 

groups grow and change’ (Laing, 2006). In 1975, Norman Foster designed an office layout 

similar to the ‘controlling’ office layouts in the 1920s. Van Meel describes it as ‘a very 

‘controlled’ and ‘clean’ work environment with very rigid arrangement’ of workstations. This 

workplace had raised floors, as it was driven by technological advances (Van Meel, 2000).  

 

2.2.4.5. The Action Office 

Robert Probst, who was working for Herman Miller in the 1960s, worked on the furniture 

design for open plan offices to balance communication and privacy. Users were able to move 

their furniture in their workstation to a setting that was suitable for them (Laing, 2006).  

 

Figure 6: Herman Miller, action office (Laing, 2006) 

 

2.2.4.6. The Cellular Plan Office 

After World War Two, the majority of European offices had a cellular plan layout resisting 

the American managerial system. In the 1960s in Scandinavia traditional personal offices 

were re-designed (Van Meel, 2000). Although air conditioning and florescent lights were 
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costly, the main reason for keeping the traditional personal offices was the cultural difference 

between European countries and North America (Laing, 2006). The ‘social democratic office’ 

(Myerson, 2008) in Northern Europe and Scandinavia was more concerned about providing a 

pleasant environment rather than higher salaries and mass production concepts (Forty, 1986, 

Myerson, 2008). In the 1970s, the Workers’ Council in Scandinavia gained power to 

influence the design of the workplace based on users’ demands (Hookway, 2009). According 

to these new regulations, cellular plan offices were designed with much higher standards of 

indoor environment, such as access to an outside view, natural ventilation and light, which 

occupants found satisfactory (Van Meel, 2000). 

 

2.2.4.7. The Combi Office 

In 1978, the Combi office was introduced in Sweden by Åke Beijne to design Canon’s 

headquarters in Stockholm (Van Meel, 2000). This office layout is a combination of cellular 

and open plan layouts (Axéll and Warnander, 2005), mixing the private personal rooms with 

an open area as the ‘living room’ in the middle to encourage communication (Van Meel, 

2000). In this layout, every occupant has a personal room, as privacy is highly valued (Laing, 

2006). Harrison describes a Combi office as ‘private cells group around a common space’ 

(Harrison et al., 2004). The personal rooms are located around the perimeter of the building in 

order to access a window, while the social and facilities area are located in the centre, 

including copy rooms and archives (Laing, 2006). The personal office is connected to the 

shared area by a glass wall (Axéll and Warnander, 2005).  

 

2.2.4.8. Centraal Beheer 

In order to avoid the difficulties of the landscape office, such as lack of privacy and identity, 

other office layouts were introduced in Northern Europe. The Centraal Beheer office building 

designed by Herman Hetzberger in 1972 is a successful example (Laing, 2006), presented in 

Figure 7. This office design had a balance of communication and privacy, called ‘work 

islands’ (Myerson, 2008). Although it included open spaces to increase the communication, it 

had local group working areas that gave a sense of identity to occupants (Myerson, 2008, 

Laing, 2006). This was a user-driven design, in which occupants could decorate and furnish 

their own workstation to promote a sense of ownership and autonomy. Myerson calls it 

‘intellectual modernism with a human face’ (Myerson, 2008). 
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2.2.4.10. Non-Territorial Office 

In 1970 in North America, IBM introduced the new concept of a ‘non-territorial office’, 

which was a very flexible office layout with different functional spaces (Van Meel, 2010). 

Although this layout improved the communication level, at that time researchers explained 

that such an advanced idea ‘can provoke a good deal of fear among those who have not yet 

experienced it’ (Allen and Gerstberger, 1971). 
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2.2.5. Digital Revolution: New Ways of Working 

In the 1980s, two factors influenced the design of the workplace, including economic 

challenges and advances in information technology (IT) (Harrison et al., 2004). In 1980, IBM 

introduced personal computers to the world and revolutionised the workplace. Individual 

computers appeared on desks in offices and changed the way work was done. This was 

followed by a change in the nature of the workplace from a ‘data processing factory to a 

centre for the creative application of ideas and information’ (Laing, 2006). Information 

technology, globalisation and organisational changes required new offices (Harrison, 2006). 

Space, building use and design of offices were questioned (Duffy, 1992, Laing, 2006). For the 

first time, the idea that people could work out of the office with a computer and communicate 

with other colleagues was considered (Duffy, 1992). 

 

2.2.5.1. The ORBIT & HVAC 

In the 1980s, a Swedish furniture company called DEGW started to design furniture based on 

computer use (Laing, 2006). As the founder of the DEGW in early 1980s, Duffy applied a 

study called ORBIT (Organisations, Buildings and Information Technology) to research the 

impact of information technology on the design of offices in the UK (Duffy and Chandor, 

1983). In North America, Becker et al researched a similar subject (Becker, 1985, Duffy, 

1996, Harrison et al., 2004). They researched the relationship between information 

technology, user and office layout, so called ‘intelligent buildings’. Harrison explains that ‘an 

‘intelligent building’ was defined as that which contained a collection of technologies able to 

respond to organisational change over time’ (Harrison et al., 2004). They discovered that 

electronic equipment, such as computers and cables, produce extra heat that created difficulty 

of overheating in offices. Therefore a new requirement for heating, ventilation and air 

conditioning (HVAC) was introduced (Becker et al., 1996).  

 

2.2.5.2. Skyscrapers 

As the primary city in Europe, London was quickly transformed by the design of new offices 

and skyscrapers in the 1980s. London offices, particularly skyscrapers in Canary Wharf, were 

greatly influenced by the American style of offices (Van Meel, 2000). They had open plan 

layouts and were designed to maximise flexibility and efficiency (Laing, 2006), as they were 

based on occupancy of multiple or unknown users (Harrison et al., 2004). In the mid 1980s, 

Sick Building Syndrome studies in the US and the UK influenced public’s opinion in regard 

to the open plan office (Van Meel, 2000). 
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2.2.5.8. New Ways of Working 

In the 1990s, advances in information technology and communication provided the possibility 

for a nomadic work style (Gillen, 2006). These ‘new ways of working’ transformed ‘cultural, 

social, technological and construction processes’ (Harrison et al., 2004). Occupation of the 

workstations in an office decreased to 50% to 80% (Kern et al., 1999). Several terminologies 

were introduced to the workplace, such as job sharing, nomads and team workers 

(Worthington, 2006). Virtual communication was efficient, sustainable, with less travelling 

and time wasting (Gillen, 2006). Offices became flexible as they were connected to other 

places around the world (Laing, 2006), making global competition between organisations 

possible (Klein, 1998). 

 

2.2.5.9. Communication vs. Autonomy: Hive, Den, Cell & Club 

In 1997, the DEGW researched the building typologies that are suitable for modern 

organisations and transformations (Harrison et al., 2004, Laing, 2006), which led to a new 

typology for the workplace called ‘design logic in the new office’ (Harrison et al., 2004). This 

is based on the nature of organisations, which is diverse (Klein, 1998) so that a particular 

office layout does not suit this diversity (Laing et al., 1998). The office layout is subject to 

change as the business transforms over time (Harrison et al., 2004). Figure 14 shows the 

transformation in the nature of the organisations. 

They have changed how they work 

From To 

Routine processes Creative knowledge work 

Individual tasks Greoup, teams and projects 

Alone Interactive 

They have changed where they work 

From To 

Places Networks 

Central Dispersed 

Transport Communication 

Office Multiple locations incuding the home 

They have changed their use of information technologies 

From To 

Data Knowldege 

Central Distributed 

Mainframe PC, video, telecomms, e-mail, Intenet 

One place Mobile, personal, nomadic, virtual 

Big Palmtop, pocket, laptop 

They are using space over time in new ways 

From To 
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One desk per person Shared group and individual settings 

Hierarchical space standards Diverse task based space 

9 to 5 at one place under-occupancy Anywhere, anytime, varied patterns of high density use 

Owned Shared 

Figure 14: DEGW: Changes in the nature of office organisations (Laing et al., 1998) 

  

In addition, users ‘will want more and more control over their own comfort’. Hence centrally 

controlled thermal systems faced a challenge (Laing et al., 1998). Laing and Duffy produced 

models for office layouts, including den, club, hive, and cell (Laing et al., 1998). 

Communication and autonomy were the main criteria in creating these models.  

 

 The hive has low levels of both communication and autonomy, which is suitable for 

administrative and information operations. This is an open plan layout, which is deep, 

highly screened and impersonal, designed for full time occupancy. The hive is 

suitable for call centres and financial operations. 

 The den has high communication and low autonomy, which is suitable for team 

working. It is designed for ‘owned workstations’ close to team members with shared 

facilities to apply short term tasks and group process functions. The den is suitable 

for design, research and media organisations. 

 The cell has low communication and high autonomy. This is the same as the 

Scandinavian cellular plan offices and it is designed for irregular occupancy hours. 

The cell is suitable for lawyers, academic and consultancy occupations. 

 The club has high levels of both communication and autonomy, which is suitable for 

knowledge work in a team as well as applying individual tasks. It includes various 

spaces offering different facilities for a short term use. The space occupation is based 

on instant requirements of an individual or a team. It is flexible to facilitate out of 

office work styles, such as home and tele-working. The club is suitable for 

management, advertising and IT companies. 

 

The cost of environmental systems for these models from low to high demand is as follows: 

hive, den, club, and cell. 
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Figure 15: The DEGW’s patterns of work: four major types (Laing, 2006) 

 

Figure 16: The DEGW’s patterns of space occupancy (Laing, 2006) 

 

2.2.5.10. The Club 

Laing and Duffy predict that in the 21st century most of the organisations will move towards 

the club model, in which communication and individual autonomy are highly valued (Laing, 

2006). The ‘Club’ is an efficient and effective office that is flexible enough to hold variety of 

settings for different individual and social tasks like the traditional ‘Gentleman’s Club’ 

(Laing, 2006). Turner clarifies that employees need to play by the rules of the club, which 

depends on ‘individual behaviour rather than corporate procedures or structures. Club is 

informal and unhierarchical, because it is not based on precedent or territory’ (Turner and 

Myerson, 1998). The club is a concept with the qualities of both the expensive customer-

based Northern European cellular plan and the efficiency of the Anglo-Saxon open plan 

offices (Duffy, 1997, Laing, 2006). It contains the best characteristics of both models, 

including interaction and autonomy (Duffy, 1997). The design of a club is based on the nature 

of the organisation that occupies the building. Open plan offices with medium depth and an 

atrium are flexible, able to accommodate this transformation to functioning as a club layout. 

However, deep open plan and shallow layouts are not flexible enough to accommodate 

organisational changes (Laing et al., 1998).  
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2.2.6. Current Offices: Task Oriented, Flexi & Virtual Offices 

In the early 21st century, information technology, such as mobile systems, computing and the 

Internet, is already well established and has revolutionised the way of working (Harrison, 

2006). It provides a new opportunity for people to choose the location of their work, such as 

home, hotels, trains, airports, cafes, and clients’ offices (Worthington, 2006). However, it also 

creates some difficulties, such as work-life balance (Kurland and Bailey, 1999).  Currently, 

knowledge workers are the dominant 97% of the workforce (Katsikakis, 2006) and most of 

them spend only 45% of the office hours working at their workstations (Nathan and Doyle, 

2002). The tradition of office workers at their desks no longer applies, as they are no longer 

bound to their desks in the office (Duffy, 1996). Working full time (i.e. five days a week nine 

to five) is questioned (Harris, 2006), which inspires flexible and new office designs in 

addition to new work pattern opportunities (Laing, 2006). Although flexibility seems 

necessary (Gillen, 2006, Harris, 2006), today most organisations are still committed to fixed 

tenancy (Gillen, 2006) and buildings are not occupied efficiently. In 2004, the vacancy rate of 

the office buildings in London increased by up to 15%. Workstations were occupied up to 

45% and the whole building up to 70% of the time (Harris, 2006). This was not a sign of 

economic downturn, as for three years the economy and employment were booming. Harris 

suggests that this change is structural and it demands flexible properties and services (Harris, 

2006). Gillen suggests that the use of space per workstation could be more efficient leaving 

room for other useful services and spaces (Gillen, 2006). Mobile workers require high 

technologies rather than physical space at the office (Gillen, 2006). There is a challenge to 

accommodate the constant change in the workplace with new ways of working, and also to 

make physical and virtual environments work side by side. In order to respond to this 

challenge, architecture and technology must join in the creation of a new environment 

(Worthington, 2006). 
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Figure 17: Long term change in offices (Harris, 2006) 

 

2.2.6.1. Organisational Changes 

Organisations are becoming less hierarchical and more horizontal networks (Turner and 

Myerson, 1998, Harris, 2006). Turner explains that as a result of advances in information 

technology, ‘young people are much less obsessed with status and security than their parents’ 

generation, and much more focused on the interest of the work and its financial rewards’ 

(Turner and Myerson, 1998). In the past, workstations were based on employees’ status, now 

they are based on tasks and efficiency (Harris, 2006). There is a contradiction in the new 

organisational culture, as efficiency and effectiveness are sometimes two opposite incentives 

of the workplace that require a fine balance. Efficiency is in regard to costs, reducing the use 

of space and facilities. It is about quantity and ‘achieving more with less’ (Worthington, 

2006). In contrast, effectiveness is about quality, through a support system and 

accommodating change to encourage motivation and productivity (Worthington, 2006).  

Flexible ways of working are expected to have higher levels of user satisfaction and 

productivity with lower costs (Van der Voordt, 2003). Hill reports that telework and virtual 

communication improves productivity (Hill and Weiner, 2003). Scandinavia, UK, Germany, 

and the Netherlands have higher numbers of teleworkers compared to the rest of Europe 

(Harrison et al., 2004), presented in Figure 18.  Organisations require social, financial and 

environmental sustainability (Worthington, 2006). Leaman explains that there is a basic 

paradox between ‘economic development and the new agenda of sustainability’ (Leaman and 
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Bordass, 1996). In order to reduce costs and improve quality, they share facilities such as a 

gym, restaurant, library and meeting spaces. The cutting edge organisations seek flexibility, 

mobility, multiple and intensive use of space as well as providing individual control 

(Worthington, 2006). Van Der Voordt reports user complaints in new offices regarding the 

lack of privacy and individual thermal and lighting control (Van der Voordt, 2003, 

Gorgievski et al., 2010).  

 

Figure 18: Home working (Van Meel and de Jonge, 2006) 

 

2.2.6.2. Open vs. Cellular Plan Solutions 

Marmot focuses on the design of an open plan office. According to Marmot, an open plan 

office is no longer a modern idea. It has been accepted as a better and more flexible way of 

working. She mentions that this layout increases employees’ communication and productivity 

(Marmot and Eley, 2000). Although she recognises that noise and concentration are 

difficulties in an open plan office, she strongly suggests the open plan as the layout for new 

workplaces. She even discourages management from having a personal office as they gain 

much more by sitting with their staff in the open plan office. They are more involved with 

their team, more aware of their decision making and they require fewer formal meetings. 

Even confidential phone calls and meetings can be predicted and arranged in advance to take 

place in a quiet room or meeting rooms (Marmot and Eley, 2000). In contrast, Van Meel has a 

more moderate and flexible solution to design current offices. He produces guidelines for 

different types of workplaces based on the nature of organisations on a European model. He 

combines cellular and open plan layouts based on the nature, culture and requirements of an 
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organisation (Van Meel et al., 2010). Harrison explains that no particular settings or solution 

suits everyone or every organisation (Harrison et al., 2004). 

 

2.2.6.3. The Creative Workplace 

Although it seems that in the future there will be less need for a physical workplace and more 

need for a virtual workspace, Worthington states that ‘organisations still require buildings but 

with a change in emphasis’ (Worthington, 2006). Although collaborative work is essential for 

companies, users still spend over 60% of their time on solitary tasks (Harrison et al., 2004). 

Creativity is an important issue for organisations and it should be considered in the office 

layout, such as particular spaces to encourage users to be more creative as a team as well as 

individually (Harrison et al., 2004). By providing various spaces and conditions to work, 

knowledge workers are more likely to be creative (Stegmeier, 2008). Gillen calls this kind of 

design ‘Piazza’ (Gillen, 2006). There are different approaches to improve creativity, for 

instance some organisations, such as Google and Pixar, provide an excellent environment that 

attracts the most talented people in the field so that they prefer to spend their whole day in the 

office. 

 

2.2.6.4. The Task Oriented Space 

The office is a combination of different spaces for different activities according to the 

requirements of the organisation (Harrison et al., 2004). Harrison’s categories of office spaces 

and activities are as follows: 

 

 ‘Small rooms or booths for concentrated work, or confidential telephone calls 

 Open areas for informal meetings 

 Quiet open plan areas 

 Touch-down desks for ad-hoc or short-term users’ 

 

The company’s location and how they treat their staff is becoming more important. Many 

offices move to the edge of cities because of rental costs and working hours (Gillen, 2006). 

The way a company treats the staff shows how the company handles the business (Gillen, 

2006) so the image or design of the office is important for getting better contracts. This 

design directly influences these two aspects, location and community (Gillen, 2006). 30% of 

offices are given to service systems such as meeting rooms and the canteen (Gillen, 2006).  
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2.2.6.5. The Flexi-Office 

In Northern Europe, more offices are moving away from cellular and open plan offices with 

fixed workstations towards the ‘flexioffice’ with shared desks (Van der Voordt, 2003). In 

Scandinavia, economy and rental prices drive offices away from cellular layout towards open 

plan offices (Axéll and Warnander, 2005). In Sweden, companies that are located in areas 

away from centre with lower prices may hold on to the cellular layout. In contrast, companies 

that are located closer to the city centre with higher prices prefer to have a combination of 

open and cellular layout (Axéll and Warnander, 2005). Users prefer cellular offices while 

working on individual tasks and shared spaces for meetings, teamwork and interaction (Van 

sprang et al., 2013).  

 

2.2.6.6. The New Business Park 

In the UK, government regulations to reduce energy use, pollution and traffic congestion 

encouraged new forms of offices (Becker et al., 1996). Some workplaces, such as Chiswick 

Park in London, are designed to provide the best work environments to attract the best staff to 

improve the productivity. The Park’s slogan ‘enjoy work’ demonstrates this aim. The more 

people enjoy their work, the more productive they are and the more successful the business is 

(Katsikakis, 2006). These large companies, which are not located in the centre of the city, 

have a social street or a ‘street cafes’ in the middle of the building with activities such as 

cafes, restaurants, dry cleaners and groceries. On the one hand, in these streets staff meet 

informally and unexpectedly, which is beneficial for communication in the company (Gillen, 

2006). On the other hand, this design provides a better work-life balance for the staff 

(Katsikakis, 2006). Employees have reported high levels of satisfaction regarding their work 

environment at Chiswick Park (Katsikakis, 2006).   

 

2.2.6.7. The Virtual Office 

Some organisations have gone so far as to be completely disconnected from place: they have 

no physical appearance as an office for staff (Harrison et al., 2004). This new kind of 

organisation is called ‘virtual’. Although their requirement for individual workstations has 

been eliminated, virtual companies still require ‘technology, support and usually a meeting 

place’. The virtual company is usually the expansion of the main company, while the parent 

organisation usually has a physical headquarters. Harris explains that such new virtual 

companies demand ‘new management skills and working practices to manage an 

organisation, which is ‘not there’’ (Harris, 2006). 
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2.2.6.8. Face to Face Meetings 

Still many current workplaces are designed as fixed settings for full time employees. This is 

due to rapid change and there is a need to adjust to this transition period from the predictable 

to the unknown territory of a variety of physical and virtual locations. The new office is 

important as a place to hold in-person meetings (Gillen, 2006). Although all sorts of voice 

and video meetings are possible, the main business contracts take place through personal 

meetings (Breure and Van Meel, 2003), called ‘Workscape’ (Gillen, 2006). An actual meeting 

is a more effective way to negotiate and read people’s reactions. Therefore management 

prefer to take a flight to other cities to negotiate large business matters (Breure and Van Meel, 

2003). As Breure explains ‘None of them thought that technology could overtake the need for 

face to face contacts’, ‘personal meetings such as sharing a meal or a drink are highly 

important for creating a basis of trust and bonding. So, real-life contact, and not technology, 

is the main reason why these mobile workers are mobile’ (Breure and Van Meel, 2003). In 

addition, virtual meetings need to be scheduled in advance rather than occurring 

spontaneously. They eliminate the possibility of informal meetings and casual face-to-face 

conversations, which are very beneficial for knowledge transfer within an organisation 

(Gillen, 2006). Woodling states that ‘the more people communicate, the more they want to 

meet’ (Woodling, 2006). 

 

2.2.6.9. Working in the Office 

As Davenport explains, knowledge workers ‘like flexibility and they like to work at home 

occasionally. However, they know that to be constantly out of the office is to be ‘out of the 

loop’, unable to share gossip, exchange tacit knowledge, or build social capital’ (Davenport, 

2005). Marmot explains that working at home is beneficial for some people allowing a better 

life-work balance. However, for others the balance is in separating where they work from 

where they live. Many people look at their work as a place to hide from their real life, 

families and difficulties at home, such as a crying baby or a challenging teenager (Marmot 

and Eley, 2000). If they have to work at home they struggle to find a quiet place to 

concentrate, in the basement or under the stairs. Paying expensive bills such as electricity, 

heating and phone calls are additional difficulties. Working at home benefits a sustainable 

society mainly in reducing pressure on the transport system rather than benefiting the actual 

organisation (Marmot and Eley, 2000). 
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2.2.6.10. New Office Models 

Most of the revolutionary workplaces with new working methods and technologies are built 

without professional assistance for their design, such as the Digital Office in Finland and 

Sweden. They were inspired by the relaxed environment of a ‘home’, efficiency and 

flexibility of ‘hotels’, and communication of a ‘gentlemen’s club’ (Laing, 2006). Laing 

demonstrates the ‘characteristics of new ways of working’ as mobile and nomadic patterns, 

shared group spaces, task-based workspaces, long hours of work, shared spaces and fewer 

long term allocated spaces, teleworking and homeworking (Laing, 2006). Different models of 

offices are as follows:  

 

 Work palace: a workplace with extra facilities to support the user’s life such as 

entertainment, child and granny care units (Marmot and Eley, 2000). These 

environments encourage staff to spend as much time as possible in the building to 

improve their creativity and productivity. Google and Pixar offices are examples of 

the work palace. 

 Project rooms or collaborative team office: an office to be used by a team for the 

period of their project (Becker et al., 1996). This is similar to the ‘group address’, 

which a term to specify staff in a particular group who work on a specific project 

(Becker et al., 1996). 

 Non-territorial office: staff don’t have a particular assigned workstation, instead they 

use the activity zones and workstations in a ‘first-come, first-served’ basis (Becker et 

al., 1996). 

 Shared assigned: a desk to be used by two employees based on agreement or 

allocated by a computer software (Becker et al., 1996). 

 Desk sharing: a particular workstation is used by different staff over a period of time 

(Becker et al., 1996). 

 Hot desking: no one has a particular assigned desk, similar to non-territorial office 

(Becker et al., 1996). This term is originally used in the Navy, which means the bunk 

is still warm when the next sailor occupies it (Becker et al., 1996, Marmot and Eley, 

2000). 

 Drop-in: a workstation which is available for a very short period of time such as a 

few hours, usually used by visitors or visiting employees (Becker et al., 1996). 
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 Club: a relaxed lounge with refreshments that allows discussions between employees. 

Similar to the old Lloyds Coffee House in London (Marmot and Eley, 2000). 

 Technoemporium: small offices with advanced and exotic equipment that is used in 

short periods when large and expensive equipment are required (Marmot and Eley, 

2000). 

 Call centres: they act like a help desk offering different services such as information, 

advertising and selling goods. Sometimes different groups use a call centre day and 

night (Marmot and Eley, 2000). 

 Business centre: a desk or a team space is rented for a short or long period of time. 

These offices are mainly used for new businesses or expansion of a business. 

 Client location: individual or groups are located at the client’s office in order to 

compete to sell goods or services (Marmot and Eley, 2000). 

 Home office or home-based telecommuting: employees work at home and 

communicate with the office and colleagues when necessary (Becker et al., 1996). 

The employees use a room or a corner of their house, which is equipped with mobile 

computers, phones and possibly other equipment. This corner may be the kitchen, 

under the stairs or study room (Marmot and Eley, 2000). 

 Satellite office or telework centre: a work environment in occupant’s local 

neighbourhood equipped with advanced technological equipment (Becker et al., 

1996, Marmot and Eley, 2000). Organisations use a satellite office either close to 

employees’ homes for their convenience or as an expansion of their business in a new 

location (Marmot and Eley, 2000). 

 Cybercafe or Internet café: a café with an easy access to computer and Internet 

(Marmot and Eley, 2000). 

 Airport lounge or hotel lobby: a peaceful space with a table and access to power, 

telephone and fax where travellers work on their mobile computers in between their 

activities (Marmot and Eley, 2000). 

 Non-traditional work settings: any place that productive work and communication 

can take place, such as vans, cars and hotel rooms (Becker et al., 1996). 
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 Virtual office: a term used to disassociate the office from time and place, in other 

words ‘your office is where you are’ (Becker et al., 1996). 

 

Marmot explains that most offices are a mixture of some of the above mentioned office 

forms, based on the nature and requirements of the organisation. Various combinations result 

in various outcomes (Marmot and Eley, 2000). These new offices are designed to 

accommodate more users over a longer period to apply tasks that cannot take place in other 

places (Marmot and Eley, 2000). 

 

  



CHAPTER 2 43

2.2.7. Future Offices: Flexible & Mobile 

Although during the 1970s, 80s and 90s the demand for physical office space was increasing, 

many researchers predict that in the future this demand will decrease (Harris, 2006, Duffy, 

2008). Duffy predicts that quality of the workplace will be more important than its quantity 

(Duffy, 2008). However, some researchers such as Gillen argue that in the future 

organisations will require different settings rather than less space (Gillen, 2006). The amount 

of space may remain the same, but a variety of spaces will be required for different tasks and 

services (Gillen, 2006). Buildings will be used at almost full capacity (Katsikakis, 2006). 

Gillen predicts that designers will be more involved with occupant organisations, users and 

space management (Gillen, 2006). Design of workplaces will become more important as they 

influence the ‘business strategy’, nature and culture of the organisations (Gillen, 2006). 

Woodling predicts a change in the nature of organisations so that hierarchy will be replaced 

by ‘flat organisational structures’ (Woodling, 2006). He argues that organisations should be 

adjusted to the process of work and collaboration between individuals. Katsikakis confirms 

this, as the design of workstations will be based on tasks and the work process rather than 

status and hierarchy (Katsikakis, 2006). The evidence shows that large headquarters are being 

replaced with small organisations and self-employed people (Woodling, 2006). New 

organisations prefer to rent rather than own the office building for more flexibility in 

organisational changes, such as the growth of their business (Klein, 1998). In contrast, in 

order to attract talented workforce, ‘the driving force for change in the provision of space’ 

will be more important than ever to increase user satisfaction (Woodling, 2006). Katsikakis 

questions the future of contrasting values, such as productivity versus best staff, competition 

versus sustainability, and central office versus distributed collaboration (Katsikakis, 2006). 

She argues that ‘increased demand for space to support collaborative activities that can 

typically be accommodated in deep plan space will be balanced against increasing demand for 

spaces that stimulate, and have access to views, and natural light and provide aesthetic and 

sensory variability’ (Katsikakis, 2006).  

 

The workplace is moving in new directions ‘such as distributed work, shared space and new 

partnering arrangements’ (Worthington, 2006). Van Meel predicts that standardising uniform 

workplaces will end and a variety of innovative offices will be introduced (Van Meel and de 

Jonge, 2006). Harris explains that ‘the relationships between employers and their employees, 

between workers and their places of work, and between occupiers and suppliers will become 

increasingly important in determining the form and function of the emerging office 

environment’ (Harris, 2006). The management of people, technology and space becomes 

essential for organisations (Harris, 2006).  
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2.2.7.1. Flexible & Mobile 

The workplace will be a flexible environment that can accommodate various tasks (Harris, 

2006). Communication and cooperation will be even more essential for organisations 

(Katsikakis, 2006). Individual tasks will be replaced by teamwork tasks. Machines will take 

over routine jobs, such as documenting, monitoring, controlling, and following rules. In 

contrast, people will undertake tasks such as innovating, communicating, judging, and caring. 

Individually owned workstations will be replaced by mobile ways of working inside and 

outside the office (Katsikakis, 2006). Information technology will advance further than before 

(Katsikakis, 2006) leading to further mobility and flexibility (Harris, 2006) to provide mobile 

services for individuals as well as groups to work innovatively regardless of time and place 

(Katsikakis, 2006). Therefore location is no longer essential to maintain communication or 

work. There will be a greater demand for efficiency and ‘low cost locations’. Replacing the 

‘fixed’ systems with portable systems allows organisations to grow in a new way that was not 

possible before. Quality of private life combined with management’s desire to reduce costs 

encourages more employees to work from home or away from the office (Harris, 2006). 

 

2.2.7.2. Hotel Facilities 

In the history of workplaces during the past century, this is the first time there has been a 

separation between the demand for space and business output. This new way of working 

requires ‘hotel facilities’ that allow employees to book a space, technology and required 

support services by a ‘concierge’ system. This kind of workplace is flexible, based on the 

nature and requirements of the organisation. It may be only partially hot desk for visiting staff 

or completely non-territorial in that no one claims to own a space. Time, location and space 

will no longer limit a business or organisation, as they can be easily distributed (Harris, 

2006). Gillen explains that ‘an organisation’s accommodation needs may be met by a 

combination of four types of space (Gillen, 2006): 

 

 ‘Iconic’, reflecting the long term values of the company 

 ‘Event’, high quality space for hire 

 ‘Home base’, flexible, pragmatic space for back office functions 

 ‘Serviced office’ on short lease to match sudden change in demand’  
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Figure 19: Workplaces to support requirements of a variety of organisations (Katsikakis, 2006) 

The new ways of working that are presented in this chapter do not apply all over the world. 

Gillen states that they only refer to a small part, which includes developed countries with high 

standards (Gillen, 2006). Many people in the world still struggle to cover the basics of life, 

such as food and shelter, and they do not have access to any technologies, such as the 

Internet. Even in Southern Europe, the virtual office is not as common as it is in Northern 

Europe and America, due to the quality of technical infrastructure (Van Meel and de Jonge, 

2006). 
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2.3. Summary 

The history of the workplace shows that Anglo-Saxon and Northern European countries 

followed separate paths for different reasons. Business and economy are the main initiatives 

in the former, while user satisfaction is important in the latter. Control over a window, 

thermal environment and light, which influences the office layout, is much more important in 

Scandinavia compared to the UK. In addition, workers in both places demand environmental 

control. Therefore, thermal comfort and environmental control are investigated in Chapter 

Three. Furthermore, environmental control in Scandinavian and British practices is studied in 

detail in Chapter Four. 

 

Based on the technological advances after the World War Two and particularly after the 

1960s, two distinct office layouts emerged. These layouts include North American open plan 

and Northern European cellular plan layouts. In the 1970s, the gap between Anglo-Saxon 

open plan office layout and Northern Europeans cellular plan office layout became clear. 

Workers’ rights, regulations and organisational goals in Scandinavia and the UK followed 

two separate paths, which highly influenced their office design (Van Meel, 2000). For 

instance, landscape office was ruled out in the UK and Scandinavia, but for two very different 

reasons. In Scandinavia, the Workers’ Council and workers’ rights were the main reason 

(Hookway, 2009). In contrast, in the UK organisational goals, such as insufficient 

communication and hierarchical organisational system, were the main objectives (Laing, 

2006). In the 1980s, this gap between Northern Europe and the UK became ever clearer, as 

they continued their separate paths in office design, which were respectively business and 

user oriented paths. However, in the 1990s, this gap started to narrow. Although the main 

driver of the British offices was still cost and efficiency, they became more user-friendly with 

shallow plan layouts, openable windows and natural light. In Northern Europe, the cellular 

office layout could not keep up with the globalisation criteria so that new office layouts were 

introduced (Van Meel, 2000). 
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3. Thermal Comfort and Control 

Chapter Two showed the history of office design and users’ demand in applying control over 

the thermal environment (e.g. control over a window and thermostat) as well as privacy in 

Scandinavia and the UK and the two separate paths on this basis. This chapter investigates 

thermal comfort and thermal control in depth, including human thermal reception, thermal 

comfort, challenge in the field, thermal control and its impact. The main part of this chapter is 

based on occupants’ ability to adjust the thermal environment. 
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3.1. Thermal Comfort 

3.1.1. Human Thermal Reception 

This section explores the physical relationship between the human body and the thermal 

environment. The human body receives feelings such as touch, pain and thermal sensation 

through the skin. This is the largest organ in the body, as its surface area is approximately 1.7 

(Nicol et al., 2012) or 1.8 square metres  (Karim et al., 1967, Bluyssen, 2009). The skin has 

separate receptors for cool and warm feelings (Hensel, 1974). The former responds to 

temperatures between 15°C to 34°C, while the latter reacts to 38°C to 43°C (Bluyssen, 2009). 

Human sensory organs constantly send reports to the brain through the nervous system to 

confirm health. When there is a difficulty with health related issues, the affected organ sends 

a report to the brain. The latter processes the report and sends back a message to the affected 

organ on how to react accordingly. The section of the brain that deals with temperature issues 

is called the hypothalamus, which has separate sections to analyse cool and warm sensations 

(Bluyssen, 2009).  

 

The overall thermal sensation, which is processed in the brain, (Nicol et al., 2012) is a 

combination of the temperatures of the inner organs and the skin (Bluyssen, 2009). Thermal 

sensation depends on the previous status of the body (Nicol et al., 2012), clothing, the thermal 

environmental conditions and the intensity and period of temperature change in the 

surrounding environment (Nicol and Humphreys, 1973b). For example, a cool thermal 

sensation is uncomfortable when the body is already cold. However, it may be comforting 

when the body is overheated (Nicol et al., 2012). The thermal sensation of different parts of 

the body may vary (Nicol et al., 2012). The skin temperature of a comfortable person is 

around 33°C to 34°C (Fanger, 1967, ASHRAE, 2009) and the normal internal brain 

temperature is roughly 36.8°C (ASHRAE, 2009). Skin temperatures below 18°C and above 

45°C cause pain (Hardy et al., 1952, ASHRAE, 2009) and internal body temperatures out of 

the range of 28°C to 46°C, particularly in the brain, may cause brain damage (ASHRAE, 

2009). Internal organs such as the brain require a consistent temperature level. If the 

temperature of the brain falls out of the acceptable range, the body reacts in a physical way to 

retain the comfort temperature (Nicol et al., 2012).  

 

In a warm environment, more blood is transported to the skin to increase the skin temperature 

and maximise the heat loss. In addition, the body loses heat through sweating and evaporative 

cooling effect of the sweat on the skin (Nicol et al., 2012). The body is capable of thermal 

storage, which is the ability to cope with heat for a short period of time. However, if this 

period increases, it affects health (Bluyssen, 2009). In a cold environment, in order to 
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maintain a constant temperature in the central organs of the body, the blood circulation 

towards the outer parts of the body, such as hands and feet, is reduced, presented in Figure 20. 

When the body temperature drops, muscular tension increases and leads to shivering, which 

releases heat through the metabolic system to keep the body warmer. In the majority of 

workplaces, moderate heat and cold stress are expected, since severe hot or cold conditions 

are not usually the case (Nicol et al., 2012). 

 

 

Figure 20: Body heat (Image source: http://www.bbc.co.uk/schools/gcsebitesize/science/) 

 

3.1.2. Heat Balance 

The human body releases heat mainly through the metabolic rate, physical activities and 

muscle tension, while it gains heat from the surrounding environment (Olgyay, 1992). 

According to Olgyay, the body gains heat through the following (Olgyay, 1992): 

 

 Producing heat, such as activity, digesting and muscle tension 

 Radiation, such as the sun and radiators 

 Conduction, such as warm air or objects close to skin 

 Condensation of atmospheric moisture, which is rare 
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The body loses heat through the followings (Olgyay, 1992): 

 

 Radiating heat from the skin to the sky and colder environment 

 Conduction to the cold air or objects in contact with the skin 

 Evaporation through respiration and skin 

 

Through the metabolic system in the body, the main part of consumed food converts into heat 

(Bluyssen, 2009, Nicol et al., 2012). This heat maintains the body temperature at a normal 

rate (Bluyssen, 2009) and it produces energy for muscular activities. Every activity, such as 

running and thinking, also produces heat. Blood transports the produced heat all over the 

body, to the heart, the skin and colder tissues (Nicol et al., 2012). The activity level has 

reverse impacts on the temperature of the internal organs and the skin. When the activity level 

is increased, the temperature of the internal organs increases, while the skin temperature 

drops. Low levels of metabolic rate result in body cooling or hypothermia and high levels of 

metabolic activity result in overheating or hyperthermia (ASHRAE, 2009). When the body is 

warmer than the environment, it gives off the extra heat to the environment and when it is 

cooler, it receives heat from the environment (Nicol et al., 2012). In order to sustain thermal 

balance between the body and the surrounding environment, the produced heat should be the 

same as transmitted heat (Bluyssen, 2009).  

 

3.1.3. Definition of Thermal Comfort 

The definition of ‘a good indoor climate’ is necessary to increase occupant comfort as well as 

to reduce energy consumption (Humphreys and Nicol, 2002a). Thermal comfort has been 

interpreted in different ways. Olgyay defines thermal comfort as ‘the point that minimum 

expenditure of energy is needed to adjust himself to his environment’ (Olgyay, 1992). He 

explains that the perception of thermal comfort varies according to age, sex, activity and 

climatic region (Olgyay, 1992). Limb describes thermal comfort as ‘a condition of 

satisfaction expressed by occupants within a building to their thermal environment. The 

thermal comfort condition is a subjective feeling of satisfaction, building designers attempt to 

satisfy as many of the occupants as possible, usually 80% or more’ (Limb, 1992). Hawkes 

describes thermal comfort as an ‘intermediate point, when neither cold nor hot’ (Hawkes, 

2002). The ASHRAE handbook has a similar description that ‘comfort occurs when body 

temperatures are held within narrow ranges, skin moisture is low, and the physiological effort 

of regulation is minimised’ (ASHRAE, 2009). The ASHRAE Standard 55-2004 defines 

thermal comfort as ‘that condition of mind that expresses satisfaction with the thermal 

environment’ (ASHRAE, 2004). So far the comfort definition described by the ASHRAE 
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Standard55-2004 is most widely used. This definition is very flexible and does not draw a line 

to limit comfort. 

 

3.1.4. Discomfort Threshold 

Bordass defines comfort as ‘lack of discomfort’ (Bordass et al., 1994). Thermal discomfort is 

the main driver of user behaviour (Nicol and Roaf, 2005). A sudden change in the 

temperature results in a change in thermal sensation. It takes roughly 15 minutes for the body 

to properly respond to the change. Based on the previous comfort condition, this change may 

be welcoming or bothering. For example, if previously a person has been uncomfortably 

warm, an extreme cold condition may be welcoming for a few minutes (Oseland and 

Humphreys, 1994). Occupants feel more comfortable when the indoor thermal condition does 

not fluctuate and is closer to a steady state (Humphreys, 1977). When the temperature 

fluctuates, it feels cooler or warmer than a steady state temperature that is equal to the mean 

temperature of the fluctuating condition (Sakurai et al., 1991). If the changes in temperature is 

less than 0.6°C per hour, it does not affect the state of thermal comfort and it is considered to 

be a steady state thermal condition. During the period that the temperature is changing, there 

is an inconsistency between thermal sensation and perceived comfort. This is dependant on 

the speed and extent of change (Oseland and Humphreys, 1994). For instance, the reaction of 

an individual to a cold condition is not only to the temperature, but also to the perception and 

duration of exposure to the cold condition (Berglund, 1984). In addition, the person’s 

response to increasing and decreasing temperature changes is different (Oseland and 

Humphreys, 1994).  

 

The temperature of the body changes roughly one degree during the cycle of day and night. 

This variation is half a degree during the waking period. Therefore a similar change in the 

temperature of the surrounding environment that is experienced during that cycle is expected 

to maintain comfort (Oseland and Humphreys, 1994). Nicol explains that ‘temperature drifts 

within ±1K of the customary temperature would affect little notice; ±2K could cause mild 

discomfort among a small proportion of the occupants’ (Nicol et al., 2012). 

 

3.1.5. Thermal Comfort Factors 

The nature of comfort is indeed very complicated, as Hawkes explains. It cannot be ‘implied 

by simple prescriptions’ (Hawkes, 2002). Research in thermal comfort is criticised due to the 

complexity of numerous variables that influence user’s comfort, such as contextual and 

psychological factors (Nicol et al., 2012). Most studies isolate a few variables and investigate 
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their influence on user’s comfort, however the impact of other factors cannot be denied. The 

ASHRAE demonstrates that thermal comfort is a cognitive process, influenced by many 

different factors influence it, such as environmental, physical, physiological, psychological, 

and other factors (ASHRAE, 2009). Auliciems has three categories of comfort factors: 

environmental, personal and contributing factors (Auliciems and Szokolay, 1997). 

Environmental factors include air temperature, air movement or velocity, humidity and 

radiation or mean radiant temperature (ASHRAE, 2009). They have a direct influence on 

comfort (Bluyssen, 2009). Personal factors include metabolic rate, activity and clothing 

(Auliciems and Szokolay, 1997, ASHRAE, 2009). Contributing factors include food and 

drink, acclimatisation, body shape, subcutaneous fat, age, gender, and state of health 

(Auliciems and Szokolay, 1997). The ASHRAE categorises thermal comfort factors into main 

and secondary factors. The main factors are similar to environmental and personal factors. 

However, the secondary factors include ‘nonuniformity of the environment, visual stimuli, 

age, and outdoor climate’, which influence thermal comfort (ASHRAE, 2009). Nicol 

identifies other factors that influence thermal comfort, such as climatic region, social and 

cultural aspects (Nicol et al., 2012). For instance, people living in warm or cool climatic 

regions have different thermal expectations and comfort levels.  

 

Figure 21: Thermal comfort factors (Image source: www.diamondenv.wordpress.com) 
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Auliciems indicates that air temperature is the most important factor with the greatest 

influence on thermal comfort (Auliciems and Szokolay, 1997). Although air velocity and 

humidity also influence comfort, their impact is not as significant as air temperature . Thermal 

comfort studies have been criticised for not accurately including humidity and air velocity in 

outlining comfort conditions (de Dear et al., 1991b, Nicol et al., 2012). De Dear found that 

‘high humidity may reduce the range of comfort temperature rather than shifting it up or 

down’ (de Dear et al., 1991a, Nicol et al., 2012). Givoni explains that people who live in hot 

and humid regions are used to a moist skin. However, people who are not used to these 

conditions are often uncomfortable with a feeling of a moist skin (Givoni et al., 2004, Nicol et 

al., 2012). Although very high humidity levels are dangerous for health, normal humidity 

levels are actually beneficial for the body. In hot humid conditions, increased air movement 

improves comfort levels (Nicol et al., 2012). 

 

The ASHRAE defines radiant temperature as ‘the temperature of an exposed surface in the 

environment’ (ASHRAE, 2009). A combination of different surface temperatures in an 

environment is the mean radiant temperature (ASHRAE, 2009). In a normal situation, the 

heat loss from the body to the environment through convection and radiation is the same 

(Bluyssen, 2009). However, if someone is sitting next to a window (Bluyssen, 2009) or fire 

(Nicol et al., 2012), they may feel the radiation in the form of a radiation draught. Nicol 

explains that in wintertime when a person is sitting next to a window, they feel the cold due to 

the ‘radiation heat loss to a large cold surface’. However, most people confuse this with a 

‘draught’ (Nicol et al., 2012).  

 

Humphreys exposed the relationship between indoor comfort conditions and outdoor 

temperature (Humphreys, 1977, Humphreys, 1978, Humphreys and Nicol, 1995). He found 

that neutral thermal comfort is dependant on the outdoor mean temperature (Humphreys, 

1979b). He explains that ‘comfort occurs when the current level of the varying microclimate 

equals the current level of the varying requirement of the person exposed to it’ (Humphreys, 

1977). The closer the real environment and person’s desired environment are, the more 

comfortable the person feels. Outdoor and microclimatic conditions have a direct impact on 

comfort. It is easier to cope with a steady microclimatic condition or a gentle gradual change 

rather than a sudden change (Humphreys, 1977). People change their clothing based on the 

microclimatic conditions, but they tend to keep the same clothing layers if the microclimate is 

steady (Humphreys, 1977). Clothing impacts the heat exchange and therefore heat balance of 

a person (Bluyssen, 2009). Clothing factors such as fabric, thickness and colour influence 

thermal sensation. For instance, wool, viscose and silk allow the individual to tolerate the 

humidity changes better than polyester or acrylic clothes (Oseland and Humphreys, 1994). 
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The ASHRAE has 0.5 and 1 clo for seasonal or different clothing to define the comfort zone 

based on clothing. A winter business suit is considered 1 clo of insulation while a short sleeve 

shirt is considered 0.5 clo (Bluyssen, 2009). 

 

3.1.6. History of Thermal Comfort 

The earliest written evidence of environmental design and comfort studies goes back to the 

first century BC (Hawkes, 2002). Marcus Vitruvius Pollio published his famous ten books 

entitled De Architectura during the Roman period (Pollio, 1968). Vitruvius explained how 

buildings are designed based on climate to provide comfort for occupants. In his sixth book, 

he presented the Vitruvian model of environment and comfort (Pollio, 1968, Hawkes, 2002), 

presented in Figure 22.  

 

Figure 22: Vitruvian Tripartite model of environment (Hawkes, 2002) 

 

At the end of the 19th century, thermal comfort was introduced as simply one of the 

environmental variables that influence comfort (Bluyssen, 2009). Bedford was one of the first 

researchers who actively investigated thermal comfort in context in several factories in the 

UK in 1936 (Bedford, 1936). Dufton applied experiments to measure surface temperature 

(Dufton and Marley, 1936) and heat exchange between the body and the indoor environment 

of a room, mainly the walls (Dufton, 1930). Houghten studied the effect of radiation on 

thermal sensation (Houghten et al., 1941) and ‘thermal exchange’ between the body and 

environment (Houghten et al., 1931). Yaglou researched thermal comfort and worked on 

‘thermal standards in industry’ (Yaglou et al., 1950). Gagge and Hardy ran experiments to 

discover thermal sensation and comfort in response to different ambient temperatures (Gagge 

et al., 1967). Olgyay explained thermal comfort in his book, entitled Design with Climate, in 

1963 (Olgyay, 1992). He introduced the ‘climate balance’ based on adjusting the building to 

the natural forces. He recommended using those potential forces to provide users with 

comfort and better living conditions. Olgyay suggested that architecture should ‘work with 
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the climate and not against it’ (Olgyay, 1992). He resisted the belief common at the time that 

technological advances were the only solution. He highlighted the importance of designing 

the orientation, shape and arrangement of openings of the building (Olgyay, 1992). Banham 

held a similar view, as he considered architects mainly responsible for health and comfort of 

the occupant, rather than engineers or specialists. In fact, he recognised a contradiction 

between technological advances and the occupants’ health and comfort (Banham, 1984).  
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3.2. Challenge: Steady State vs. Adaptive Comfort Theories 

There is a challenge in the field of thermal comfort between the steady state and adaptive 

comfort theories. Although this challenge started in the early 20th century (Bluyssen, 2009), 

Fanger and Humphreys’ findings in the 1970s clarified the gap between these two distinct 

approaches. In 1970, Fanger introduced the steady state theory. He experimented with the 

‘heat balance’ process in order to find an ‘optimum temperature’ that would indicate comfort 

(Fanger, 1970). The steady state theory is based on the heat exchange between the human 

body and the surrounding thermal environment (Dufton and Marley, 1936, Houghten et al., 

1941, Fanger, 1970) therefore it is also called the ‘heat balance’ theory (Fanger, 1970, 

Bluyssen, 2009). This is a scientific view of comfort generated from experiments in the 

laboratory (Fanger, 1970). In 1973, Nicol and Humphreys challenged the steady state theory 

and introduced the adaptive comfort theory (Nicol and Humphreys, 1973b). They criticised 

the experimental chambers for defining an optimum thermal condition and for ignoring the 

context (Nicol and Humphreys, 1973b). The adaptive comfort theory is based on the adaptive 

nature of the human. When the thermal environment changes, the person adapts to the change 

(Humphreys and Nicol, 2002a). This natural tendency, which influences user behaviour and 

their active role, is the basis of adaptive comfort theory. This approach is mainly researched 

in the actual building in order to investigate the natural behaviour of the occupant towards the 

thermal environment in a real life context (Bedford, 1936, Humphreys and Nicol, 2002a).  

 

3.2.1.1. Steady State Theory and Experimental Chambers 

This concept came to life mainly after the invention of the refrigerator, which was aimed at 

keeping food products fresh. The same principle was experimented and applied to building 

occupants to improve their comfort condition (Nicol et al., 2012). Fanger published the 

Thermal Comfort book in 1970 after five years of experimenting in a laboratory (Fanger, 

1970). He introduced thermal comfort as a product in his book stating that ‘in all cases 

thermal comfort is the ‘product’, which is produced and sold to the customer by the heating 

and air conditioning industry’ (Fanger, 1970). He aimed to find an ‘optimum’ temperature for 

thermal comfort and introduced the ‘steady state’ theory (Nicol and Humphreys, 1973b). This 

theory is based on keeping the thermal conditions steady in order to achieve thermal comfort. 

For instance, air conditioning systems are very good examples of this theory. They are usually 

designed to keep the temperature within a narrow and limited range, usually 22 ±2 °C 

(McCartney and Nicol, 2002). Fanger’s approach focused on the physical reaction of the 

human body towards changes in the thermal environment of a given condition in a laboratory. 

Through the experimental chambers, he acquired knowledge of the relationship between the 

body and environmental factors, such as the temperature and humidity (Fanger, 1970). He 
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applied a scientific approach to measure the heat exchange between the body and its 

immediate thermal environment. Fanger’s heat balance equation is as follows (Fanger, 1973): 
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According to Bluyssen, this is the most simple heat balance equation among the other existing 

models (Bluyssen, 2009). She simplifies Fanger’s heat balance equation as follows (Bluyssen, 

2009): 

 

ݕ݈݌݌ݑݏ	ݕ݃ݎ݁݊ܧ ൅ ݀݁ܿݑ݀݋ݎ݌	ݕ݃ݎ݁݊ܧ ൌ  ݀݁ݒ݋݉݁ݎ	ݕ݃ݎ݁݊ܧ

 

The ‘energy supply’ is the impact of the immediate thermal environment on the body, when it 

receives energy through radiation, convection, conduction and evaporation. The ‘energy 

produced’ is the energy that is released based on metabolic rate. The ‘energy removed’ is the 

energy that is released by physical activities as well as body heat loss by radiation, 

convection, conduction and evaporation to the surrounding environment. When the immediate 

air temperature is less than the skin temperature and no significant radiation is available, 

energy supply is eliminated from the equation (Bluyssen, 2009). Although this simplified 

equation seems easy, many variables including clothing, metabolic rate, temperature, 

humidity, air velocity and mean radiant temperature that are included in Fanger’s equation are 

not presented in Bluyssen’s simplified model.  

 

Through calculating these variables, the overall thermal sensation of a person is calculated 

(Bluyssen, 2009). When thermal sensation of a large group of people is calculated, it is called 

the ‘predicted mean vote’ or PMV (Fanger, 1970). The seven point scale that ranges from 

cold to hot is used for this survey. In addition, Fanger’s heat balance equation is used in many 

studies to investigate occupants’ ‘predicted percentage of dissatisfaction’ or PPD in a given 

environmental condition (Fanger, 1970, Bluyssen, 2009). Fanger discovered that ‘for practical 

purposes the neutral temperature is invariant’. For instance, age, sex, obesity and 

acclimatisation do not have a significant impact on it (Oseland and Humphreys, 1994). 

 



CHAPTER 3 59

The ‘oversimplifications of person-environment interactions’ of the experimental model is 

criticised and the practical application of its findings has been questioned (de Dear et al., 

1991b). In order to highlight the importance of context, Nicol and Humphreys introduced 

field studies of thermal comfort where the research takes place at the actual building so that 

the context of real life is reflected in the study. They questioned the application of optimum 

temperature in different workplace contexts (Nicol and Humphreys, 1973b). Through the 

field studies, they discovered that building occupants are comfortable at a wider range of 

thermal conditions, which was predicted through experimental models (Humphreys and 

Nicol, 2002a). These experiments overestimate the feelings of warmth and coldness in 

temperatures outside the predicted range of comfort (Oseland and Humphreys, 1994). 

Oseland reports that Fanger’s predicted mean vote (PMV) model is not accurate for activities 

that are not deskbound (Oseland and Humphreys, 1994). In the context of daily life, 

occupants’ perception and the time of exposure to that condition influence their comfort level 

(Berglund, 1984).  

 

3.2.1.2. Adaptive Comfort Theory and Field Studies of Thermal Comfort 

Based on the field studies of thermal comfort, Nicol and Humphreys introduced the adaptive 

comfort theory in contrast with the steady state theory. Adaptive comfort is based on the fact 

that people adapt to the changes of the thermal environment outside the steady state comfort 

zone by adjusting themselves to the environment (McCartney and Nicol, 2002). The adaptive 

comfort principle indicates that ‘if a change occurs such as to produce discomfort, people 

react in ways which tend to restore their comfort’ (Nicol and Humphreys, 1973b, Nicol et al., 

2012). This approach considers users active rather than passive, as they actively change their 

behaviour to restore their comfort (Ackerly and Brager, 2013). According to the climatic 

conditions of the buildings, occupants change their behaviour and adapt to the conditions 

(Nicol and Humphreys, 1973b, Humphreys and Nicol, 2002a). A simple example of 

behaviour is putting on or off layers of clothing to adjust body temperature to the thermal 

environment. The adaptive model allows occupants to identify and respond to the building 

failure. It recognises people’s desire and their effort to regain comfort and satisfaction and 

applies this knowledge to understanding thermal comfort (Hawkes, 2002). 

 

Based on contextual studies, Humphreys demonstrated how people’s tolerance of the indoor 

conditions is related to the outdoor conditions (McCartney and Nicol, 2002), climatic region 

(Nicol et al., 2012) and time (Nicol and Humphreys, 1973b). Time is an important factor in 

changing behaviour, as it has an adverse impact on the behaviour. For instance, if the air 

temperature changes over a short period of time, the changes of clothing layers may not be 
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sufficient. In this case, the person is more likely to change their activities in order to restore 

the previous thermal sensation (Nicol and Humphreys, 1973b).  

 

Bluyssen considers the steady state PMV model in air conditioned buildings ‘remarkably 

successful’ (Bluyssen, 2009). In contrast, predicting the satisfaction and comfort of occupants 

of naturally ventilated buildings is difficult as many parameters, such as psychological 

adaptation, influence comfort. The adaptive comfort theory was criticized for being too 

complicated (Bluyssen, 2009). 

 

3.2.2. Comfort Zone vs. Adaptive Opportunity 

The steady state and adaptive comfort theories present different solutions to the problem of 

how to provide thermal comfort for the occupant. The steady state model presents the 

universal or standard ‘comfort zone’ based on the ‘optimum temperature’. In contrast, the 

adaptive comfort model introduces the ‘adaptive opportunity’ based on the active role of the 

user. 

 

3.2.2.1. Standard Comfort Zone 

Thermal comfort standards are useful in building design so that the indoor thermal 

environment is closer to the acceptable range (Humphreys and Nicol, 2002a). Olgyay 

describes the comfort zone as ‘a range of climatic conditions that physical and mental activity 

is on the peak’ (Olgyay, 1992), presented in Figure 23. The standards to assess thermal 

comfort originated from the steady state or heat balance theory, which are examined in 

experimental chambers (de Dear and Brager, 1998, ASHRAE, 1992, ISO, 1994). However, 

recent thermal comfort standards consider both approaches. They introduced the ‘adaptive 

comfort standard’ for naturally ventilated buildings (ASHRAE, 2004, CEN, 2005, Nicol and 

Humphreys, 2005, Bluyssen, 2009). Therefore the impact of outdoor thermal conditions is 

considered in the new thermal standards (CEN, 2005, ASHRAE, 2010).  
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Figure 23: Bioclimatic chart (Olgyay, 1992) 

 

Although Nicol and Humphreys do not agree with all aspects of thermal standards, they 

explain that ‘thermal comfort standards are required to help building designers to provide an 

indoor climate that building occupants will find thermally comfortable’ (Humphreys and 

Nicol, 2002a). They explain that workplaces should be designed according to the thermal 

comfort standards (Humphreys and Nicol, 2002a). The further indoor thermal conditions are 

from the standard comfort zone, the more likely it is that occupants will be uncomfortable 

(Nicol and Humphreys, 2005). They stress the benefit of a good comfort standard for 

buildings as ‘indoor comfort conditions to help decide on the design and the sizing of heating 

or cooling systems or passive strategies’ (Humphreys and Nicol, 2002a). In their view, a good 

comfort standard indicate the following (Humphreys and Nicol, 2002a): 

 

 ‘The indoor environments most likely to provide comfort 

 The range of acceptable environments 

 An acceptable rate of change’ 

 

There are different comfort standards, such as the CEN Standard 15251, the ISO Standard 

7730, and the ASHRAE Standard 55. However, the majority of the worldwide thermal 

comfort studies, such as recent Chinese, Indian, Asian, European, Canadian, and American 

studies, discuss the ASHRAE thermal comfort standard (Fanger, 1973, Whittle, 1986, Schiller 
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et al., 1988, de Dear et al., 1991a, Fountain et al., 1994, Humphreys, 1996, Bauman and 

Arens, 1996, de Dear and Brager, 1998, Fanger et al., 1998, Bauman, 1999, Raw et al., 2001, 

Brager and De Dear, 2001, de Dear and Brager, 2002, Toftum, 2002, Chao and Wan, 2004, 

Zagreus et al., 2004, Olesen and Brager, 2004, Melikov, 2004, Haves et al., 2004, Rutman et 

al., 2005, Nicol and Roaf, 2005, Huizenga et al., 2006b, CIBSE, 2006b, Huizenga et al., 

2006a, Fard, 2006, van Hoof and Hensen, 2007, CIBSE, 2008, Moujalled et al., 2008, 

Poirazis et al., 2008, Brager and Baker, 2008, Kosonen et al., 2008, Nicol and Humphreys, 

2009a, Brager and Baker, 2009, Joo-Young et al., 2009, Kang et al., 2010, Orosa and 

Oliveira, 2011, Singh et al., 2011, Nicol and Wilson, 2011, Nicol, 2011, Zhang et al., 2011, 

Chan, 2011, Humphreys et al., 2011, Humphreys, 2011, Sourbron and Helsen, 2011, 

Emmerich et al., 2011, de Dear, 2011, Moezzi and Goins, 2011, Cigler et al., 2012, Halawa 

and van Hoof, 2012, Cole et al., 2012, Wang et al., 2013, van Marken Lichtenbelt and 

Kingma, 2013, Schellen et al., 2013, Schiavon et al., 2013). The ASHRAE uses the seven 

point scale system to survey thermal sensation, comfort and satisfaction as follows 

(ASHRAE, 2009): 

 

 Thermal sensation; cold, cool, slightly cool, neutral, slightly warm, warm, and hot 

 Thermal comfort; very uncomfortable, uncomfortable, slightly uncomfortable, 

neutral, slightly comfortable, comfortable, and very comfortable 

 Thermal satisfaction; very dissatisfied, dissatisfied, slightly dissatisfied, neutral, 

slightly satisfied, satisfied, and very satisfied 

 

This scale considers -3 as the feeling of ‘cold’, 0 as ‘neutral’, and +3 as ‘hot’ (ASHRAE, 

2004). The ASHRAE seven point thermal sensation scale to assess thermal comfort is widely 

used and discussed in thermal comfort studies (Auliciems and Szokolay, 1997, Palmer and 

Rawlings, 2002, Charles, 2003, Nicol and Humphreys, 2005, Zhang et al., 2005, Arens et al., 

2006, Humphreys and Nancock, 2007, Cheong et al., 2007, Arens et al., 2010, Liu et al., 

2012, Bos and Love, 2013, Leyten et al., 2013). Based on the research on the ‘neutral thermal 

sensation’, the ASHRAE Standard 55-2010 has introduced the standard ‘comfort zone’, as 

presented in Figure 24. In order to evaluate the thermal condition of a room, the thermal 

measurements of the room are compared with the graph in Figure 24. Relative humidity, air 

velocity and operative temperature are required. The latter is a combination of the dry bulb air 

temperature and mean radiant temperature. The calculations are further explained is section 

7.2.3, using the ASHRAE Thermal Comfort Tool. 
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Figure 24: ASHRAE Standard 55-2010, comfort zone (ASHRAE, 2010), calculated based on operative temperature 
(combination of dry bulb air temperature and mean radiant temperature) and relative humidity 

 

Comfort standards have been criticised (Humphreys and Nicol, 2002b). The ASHRAE 

Standard 55-2010 is not based on the active role of the user. However, the ASHRAE admits 

that comfort ‘depends on behaviours that are initiated consciously or unconsciously and 

guided by thermal and moisture sensations to reduce discomfort’. For instance, people may 

change their clothing layers, activity, location, posture, thermostat or they may open a 

window, complain or leave (ASHRAE, 2009). The comfort standards claim to apply to a 

worldwide context of different regions, cultures and building types (de Dear and Brager, 

1998). Brager explains that ‘these biophysical relationships have been assumed to be 

universally applicable across all building types, all climate zones, and all populations’ 

(Fanger, 1970, Brager and De Dear, 2001). Bluyssen explains that for the occupant an ideal 

workplace is where everybody is satisfied (Bluyssen, 2009). The ASHRAE Standard 55-2004 

aims at satisfying 80% to 90% of the occupants (ASHRAE, 2004). However, many 

researchers claim that no fixed temperatures are universally accepted (Humphreys, 1972, 

Baker and Standeven, 1995, Nicol, 1995, Humphreys, 1996, Baker and Standeven, 1997, 

Humphreys, 1995) . Humphreys explain that ‘people differ in the room temperatures they 

desire’ (Humphreys and Nancock, 2007). Olesen argues that comfort standards should not be 

used worldwide, but rather should be based on contextual differences in perceiving the 

thermal environment (Olesen, 2004). 

 



CHAPTER 3 64

Baker indicates that ‘in spite of the adoption of laboratory-derived comfort criteria for 

international standards, such as ISO 7730, there is growing evidence that occupant 

satisfaction with the thermal environment in real buildings is only poorly correlated with 

adherence to these standards’ (Baker and Standeven, 1995). Although the experimental 

equations to predict comfort are widely used by different standards, their results do not 

probably apply to the actual buildings (Humphreys and Nicol, 2002a, Humphreys and Nicol, 

2002b). Other researchers also report the inaccuracy of the comfort standards (Baker and 

Standeven, 1997, de Dear and Brager, 1998, de Dear and Brager, 2001, Borgeson and Brager, 

2011, Schellen et al., 2013). Schellen reports that operative temperature, which is used in the 

comfort standards, is not sufficient to evaluate thermal comfort (Schellen et al., 2013). Nicol 

and Humphreys explain that thermal standards have ignored the sustainable criteria. They 

recommend that future standards assess ‘the characteristics of a building, in terms of controls 

and building management, in relation to the local climate’, rather than ‘specifications of the 

indoor thermal climate’ (Humphreys and Nicol, 2002a). 

 

Meir explains that the ASHRAE has a contradiction in presenting the comfort zone and 

defining thermal comfort. The latter is a state of mind and satisfaction, but ASHRAE leaves 

this open to interpretation (ASHRAE, 2009). However, the comfort zone is very precise with 

clear boundaries. Meir suggests that comfort is not so ‘clear cut’ (Meir et al., 2009). Other 

studies show that comfort is more complex than is suggested by comfort standards (Pati et al., 

2006) Meir’s recommendation is to ‘bring thermal comfort out of what has been assumed in 

recent decades to be the task of HVAC engineers’ (Meir et al., 2009).  

 

3.2.2.2. Neutral Thermal Sensation 

Zhang states that ‘the comfort literature tends to focus on neutral and optimal temperatures’ 

(Zhang et al., 2011). Hawkes’ definition of thermal comfort is based on the ‘neutral thermal 

sensation’ (Hawkes, 2002). The ASHRAE seven point scale to assess thermal comfort is 

based on the ‘neutral thermal sensation’ (ASHRAE, 2010), presented in section 3.2.2.1. All 

the measurements, calculations and assumptions of thermal comfort are on this basis, such as 

Figure 25. The ASHRAE states that ‘acceptability is determined by the percentage of 

occupants who have responded neutral or satisfied (0, +1, +2, or +3) with their thermal 

environment’ (ASHRAE, 2009). 
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Figure 25: ‘Scatter of neutral temperature and the prevailing mean outdoor temperatures in buildings in free-running mode. Data 
collected from field surveys since 1978’ (Nicol et al., 2012) 

 

Humphreys questions the application of the ‘neutral thermal sensation’, as he askes: ‘Do 

people want to feel neutral?’ (Humphreys and Nancock, 2007). De Dear also explains that 

using the ‘neutral thermal sensation’ on the PMV seven point scale ‘says nothing about 

whether the occupants are actually going to like it’ (de Dear, 2011). Humphreys reveals that 

‘the data contain 868 comparisons of the actual and the desired sensation. On 57% of 

occasions the desired sensation was other than “neutral”’. He reports that ‘there were 

significant differences among the respondents in the thermal sensations they desired, 

confirming that some characteristically preferred to feel warmer than others’. He concludes 

that ‘if there is sufficient adaptive opportunity, people who feel ‘slightly warm’ perhaps 

desire at that time to feel ‘slightly warm’, while people who feel ‘slightly cool’ perhaps desire 

to feel ‘slightly cool’, and so on’. Han demonstrates that ‘people in hot climates may prefer 

thermal state as ‘slightly cool’, while people in cold climates may use the words ‘slightly 

warm’ to denote their thermal preference’ (Han et al., 2005). Finally, Humphreys questions 

the accuracy and application of the findings in the field of thermal comfort that are on the 

basis of the ‘neutral thermal sensation’, such as comfort standards (Humphreys and Nancock, 

2007).  

 

Some new scales are introduced to cover the difficulties of the ASHRAE seven point scale, 

such as ‘much too cool, too cool, comfortably cool, neutral, comfortably warm, too warm and 

much too warm’ (Nicol and Humphreys, 2009b). Humphreys explains ‘the need to ascertain 

more precisely the desired thermal sensation on the scale led researchers to supplement it with 
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a scale of thermal preference, which asked people whether they would prefer to feel warmer 

or cooler, or whether they desired no change’ (Humphreys and Nancock, 2007). With the 

supervision of Humphreys, Nicol or de Dear, recently advanced research in thermal comfort 

is shifting away from the ‘neutral thermal sensation’ (Rijal et al., 2009, Lee et al., 2009, 

Arens et al., 2010, de Dear, 2011, Humphreys et al., 2011, Bos and Love, 2013). However, 

the majority of research is still based on thermal neutrality (Liu et al., 2012, Cigler et al., 

2012, van Marken Lichtenbelt and Kingma, 2013, Schellen et al., 2013, Indraganti et al., 

2013).  

 

3.2.2.3. Adaptation 

The history of mankind starts from a naked human who lived in nature by adapting to it 

(Banham, 1984). Mankind survived the harsh conditions of the environment, from deserts to 

the ice age. The key reason for this survival is the ability to adapt to the changes of the 

environment (Roberts, 2009). This adaptation to natural forces led to success in the process of 

biological natural selection (Hawkes, 2002). People learned to build tents to shelter from the 

rain and the cold (Banham, 1984). After some time they succeeded in constructing more 

permanent structures such as houses. Vernacular architecture often shows environmental 

adaptation in the form of buildings and cities (Hawkes, 2002). Finally in the modern period 

people went so far to adjust the indoor thermal environment to their needs by applying control 

systems (Banham, 1984). 

 

3.2.2.4. Expectation 

Although the early human survived because of the ability to adapt, is the situation still the 

same? Do people adapt to the environment because they like it or because they have to? Do 

people still want to adapt to the indoor environment or do they expect the environment to be 

comfortable in the first place? Do people expect the thermal environment to be adjusted 

according to their needs? Has people’s expectation increased? Moezzi questions whether this 

is just a simple expectation or whether it has become the reality? Currently the problem in 

advanced societies is no longer basic requirements, such as food and shelter, but rather 

quickly becomes ‘about nearly everything’ (Moezzi, 2009).  

 

Goins explains that ‘when a mismatch occurs between users’ expectations and operations 

processes, then complaints can arise’ (Goins and Moezzi, 2013). Hellwig recognises different 

categories of user expectation regarding the building (Hellwig and Bux, 2013). Indraganti 

states that thermal acceptability is related to user expectation (Indraganti et al., 2013). Moezzi 
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states that people’s expectations for a refined and controlled thermal environment is 

increasing. Based on Parkhurst’s article on cars (Parkhurst and Parnaby, 2008), Moezzi 

explains that ‘after the lack of the control of the physical environment and other stresses of 

office life, it seems very human that office workers will enjoy the thermal, acoustic, and 

physical control afforded by the personal car and learn to use high levels, because they can 

and because it is pleasurable’ (Moezzi, 2009). Recent cars provide a high degree of control 

over the thermal environment, such as the ability to adjust the air temperature, air velocity 

and seat temperature separately for individual passengers and to warm up the seat. Moezzi 

explains that after a day of working in an office at the mercy of external controls, finally the 

individual finds comfort in their car with personal thermal settings (Moezzi, 2009). As 

discussed in section 3.1.4, Nicol and Oseland explain that a change of one or two degrees is 

not expected to cause discomfort, but anything beyond that may do (Oseland and Humphreys, 

1994, Nicol et al., 2012). 

 

3.2.2.5. Adaptive Opportunity 

The adaptive comfort principle is about the occupant adapting to the changes of the thermal 

environment (Nicol et al., 2012). However, adaptive opportunity is about the building 

adjusting its thermal environment to meet occupants’ needs (Baker and Standeven, 1995). 

Adaptive opportunity is the flexibility of a building to provide control for users so that they 

can adjust the environment to their needs (Humphreys, 1996, Leaman et al., 1998). ‘An 

environment with high adaptive opportunity is likely to prove more comfortable than one 

with low opportunity, because people will take advantage of the actual and potential 

variations in room temperature’ (Baker and Standeven, 1995, Humphreys, 1996).  

 

What is the relationship between adaptive comfort, adaptive opportunity and ventilation 

systems? Although never precisely explained, whenever Nicol and Humphreys mention 

‘adaptive comfort’ it is followed by naturally ventilated buildings and the ability of the 

occupant to adjust to the natural thermal changes in these buildings (Nicol et al., 2012). 

Humphreys criticises the older ASHRAE standards as being relevant only to air conditioned 

buildings, rather than naturally ventilated and sustainable buildings. Such buildings adjust the 

indoor climate to the outdoor conditions (Humphreys and Nicol, 2002a). On this basis, the 

ASHRAE Standard 55-2004 introduces adaptive comfort only for natural ventilated buildings 

(ASHRAE, 2004). Is adaptive comfort only relevant to naturally ventilated buildings? 

 

The description of adaptive opportunity is broad. It explains how buildings provide the 

opportunity for occupants to adjust the thermal environment (Baker and Standeven, 1995, 
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Humphreys, 1996), which may apply to naturally as well as mechanically ventilated 

buildings. Generally the aim of mechanical ventilation, particularly air conditioning, is to 

provide a uniform and steady thermal environment for the building (Nicol et al., 2012). 

However, these systems can be adjusted according to occupants’ needs, such as in the 

Scandinavian personal offices. Humphreys states that standards ‘need to specify the 

adjustment potential of the controls, for range, speed and stability’ (Humphreys, 1996). 

Leaman recommends the use of effective natural ventilation with the opportunity to use 

mechanical ventilation when required (Leaman et al., 1998). Leaman reports that users are 

more satisfied with naturally ventilated buildings, because they can apply control and 

immediately feel the change although the overall quality may not be so different from the air 

conditioned buildings (Bordass et al., 1994, Leaman and Bordass, 1996). He explains that 

complex systems, such as air conditioned buildings, usually have a better performance, but 

lower user satisfaction (Leaman et al., 1998). 
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3.3. Individual Thermal Control 

Melikov highlights individual differences in perceiving the thermal environment. He explains 

that ‘the heating, ventilation and air conditioning (HVAC) of buildings today is designed to 

provide a uniform room environment. However, large individual differences exist between 

occupants in regard to physiological and psychological response, clothing insulation, activity, 

air temperature and air movement preferences, etc. Environmental conditions acceptable for 

most occupants in rooms may be achieved by providing each occupant with the possibility to 

generate and control his/her own preferred microenvironment’ (Melikov, 2004). Arens reports 

the relationship between occupants’ individual thermal control and ‘acceptance of their state’ 

(Arens et al., 2010). Kroner reports high user satisfaction when individual thermal control is 

applied (Kroner, 2006).  

 

Nicol and Humphreys suggest that workplace design should focus on thermal control systems 

and their operation rather than on providing an optimum thermal environment (Nicol and 

Humphreys, 1973b). When buildings are designed to provide adaptive opportunities for their 

users, people tend to accept a wider range of thermal conditions, simply because they can 

adjust the environment (Baker and Standeven, 1997). Although building management may 

prefer automatic systems to make the thermal system easier, with no user interfering with it. 

However, in practice the opposite happens as occupants complain. ‘Less local control, more 

discomfort, and more management time to respond to complaints’ (Bordass et al., 1993). 

Hitchings argues that ‘instead of talking about what temperatures feel neutral in particular 

places when we have already accepted this to be dynamic, the ambition may now be to reveal 

which techniques people are willing to employ to get through particular periods more 

sustainably’ (Hitchings, 2009). Hawkes includes providing ‘users of buildings with the 

maximum opportunity to exercise control over their environment’ as one of the main 

principles of the ‘selective’ approach. The environmental control is based on automatic and 

manual means to control the environment through a mixture of artificial and natural features. 

Hawkes explains that the manual control is only for ‘fine-tuning’ in case of a system failure 

(Hawkes, 2002).  

 

Bauman reports demands for temperature control from workplace tenants and their 

dissatisfaction when this feature is not provided (Bauman, 1999). Bordass explains that users 

require comfort and individual control with a quick response to adjust the thermal 

environment when they feel uncomfortable (Bordass et al., 1993). Baker recommends that 

buildings ‘provide adaptive opportunity by environmental variety and user friendly building 

controls, and allow visual access to outdoor climatic conditions and a simple ‘readable’ 
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architectural design’ (Baker and Standeven, 1995). Leaman states that ‘perceptions of good 

control are often associated with better comfort and satisfaction’. Responsive, accessible, 

simple and user friendly environmental control systems increase user satisfaction (Leaman, 

1993, Leaman, 1996). He discusses the idea that the ‘“comfort” perception is dependant on 

the speed of building response to the perceived discomfort condition’ (Leaman, 1996). He 

reports that ‘buildings which are both thermally comfortable and have “rapid response 

systems” are almost invariably well-liked by occupants, even if the buildings themselves are 

scruffy or architecturally undistinguished’ (Leaman, 2003).  

 

3.3.1. Different Types of Environmental Control 

The CIBSE Guidance Handbook on control systems explains that ‘“controls” is a more 

generic term, used for a collection of individual control elements, from sensors, valves and 

timers to control panels. It is often also used to mean a control system’ (CIBSE, 2005). It 

indicates that ‘controls are needed for all the various services and systems within the 

building’ (CIBSE, 2005), although mainly ‘automatic control operation’ systems are 

considered: 

 

 Heating 

 Cooling 

 Ventilation 

 Lighting 

 Building electrical services 

 Fire fighting and alarm systems 

 Security systems 

 Transport systems 

 Water supply systems 

 

In this research environmental control over heating, cooling, ventilation, noise, and lighting 

are discussed. However, many researchers report that temperature is the main factor that 

influences user comfort (Leaman and Bordass, 2005, Auliciems and Szokolay, 1997, 

Bauman, 1999, de Dear et al., 1991b, Nicol et al., 2012). Therefore particular emphasis is 

given to thermal control, which includes heating, cooling and ventilation. Various control 

systems exist, such as openable windows, thermostats, fans and switches. 
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3.3.2. Impact of Thermal Control 

Bluyssen indicates that thermal control ‘has positive effects far beyond just thermal comfort’ 

(Bluyssen, 2009). In this section, the impact of thermal control on user satisfaction, comfort, 

health, and productivity as well as energy use of the building are explained. 

 

There is a distinction between the meaning of comfort and satisfaction. Comfort refers to 

physical and psychological (Kolcaba and Kolcaba, 1991) ease and lack of pain, while 

satisfaction is mainly the psychological aspect of fulfilling one’s wishes and expectations. 

Satisfaction is a more general term, as a person is already at ease and happy to accomplish 

their expectations. Satisfaction is defined as the ‘pleasure or positive emotional state resulting 

from the appraisal’ of one’s experience (Locke, 1976). In addition, Meir explains that 

productivity and health should be distinguished, as management are concerned with 

productivity while occupants are concerned about health (Davara et al., 2006, Meir et al., 

2009). 

 

3.3.2.1. Satisfaction 

Researchers report that environmental control, (Leaman, 1996, Bauman, 1999, Huizenga et 

al., 2006a, Wagner et al., 2007) in particular access to a window, increases user satisfaction, 

due to an outside view and natural light (Newsham et al., 2009). Brager describes when users 

have direct control over the windows in offices with a combination of natural and mechanical 

ventilation systems they have higher satisfaction levels (Brager and Baker, 2009). Lee also 

reports that personal environmental control increases job satisfaction (Lee and Brand, 2005). 

 

3.3.2.2. Comfort 

Researchers report that individual thermal control increases user comfort (Leaman, 1996, 

Melikov, 2004, Arens et al., 2010). Bordass suggests that modern environmental control 

systems are more likely to increase user comfort (Bordass et al., 1993, Bordass et al., 1994). 

He explains that ‘individual occupants require systems not only to provide comfortable 

conditions, but also to respond rapidly to alleviate discomfort when it is experienced’ 

(Bordass et al., 1993).  

 

3.3.2.3. Health and Sick Building Syndrome 

Marmot explains that control and health are related (Marmot, 2010). Rollins and Swift report 

that lack of environmental control causes building related symptoms. They highlight the 
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importance of control as ‘to be in control and not to be at the mercy of external forces’ 

(Rollins and Swift, 1997). Marmot reports the relationship between control, demand and 

support at work (Marmot, 2004). He explains that low control at work and lack of support 

from supervision and co-workers have a high risk of so called ‘metabolic syndrome’, which is 

a precursor to diabetes and potentially heart diseases (Marmot, 2010). Rayner reports that 

‘people with most symptoms have least perceived control over their environment’ (Rayner, 

1997). The next section explains sick building syndrome and its relationship with the thermal 

environment.  

 

3.3.2.3.1. Sick Building Syndrome 

In the 20th century, new science and technology on the one hand improved the quality of the 

workplace in terms of lighting, acoustics, electricity, heating, and cooling. On the other hand, 

the new material and mechanical improvements introduced diseases such as Legionnaires’ 

desease, formaldehyde and other building related diseases to the workplace (Bluyssen, 2009). 

In the 1980s difficulties with the health related issues in office buildings increased and the 

term sick building syndrome (SBS) was introduced. Sick building syndrome is commonly 

used to describe poor indoor air quality in office buildings (Niemela et al., 2006). However, 

different factors influence sick building syndrome, such as physical and psychological factors 

as well as age, sex, working position and social status (Bluyssen, 1992, Bluyssen, 2009). It 

may cause mild symptoms (Carnevale and Rios, 1995) such as tiredness, lose of 

concentration and depression. In addition, infections and allergic reactions such as irritated 

skin, sore throat, dry or watery eyes are possible bodily responses to an unhealthy 

environment as well (Bluyssen, 2009). In extreme cases sick building syndrome is responsible 

for Legionnaires’ diseases, cardiovascular problems and cancer, and in the worse cases it 

causes injury and death (Carnevale and Rios, 1995). The common symptoms include 

lethargy, headaches, dry skin, nasal, eye and mucous symptoms (Finnegan et al., 1984). Sick 

building syndrome not only affects the employees’ wellbeing, but also influences the 

productivity and efficiency of the organisation (Eaton, 1997), since it increases  ‘absenteeism, 

hospitalisation and in severe cases long term health issues’ (Meir et al., 2009).  

 

In the developed countries, people spend over 80% of their time in buildings living, working 

and studying (Meir et al., 2009). Therefore their health is dependant on the indoor condition 

of the buildings they occupy (Pearson, 1989, Meir et al., 2009). Meir states that ‘health is 

often taken for granted by architects when designing a glamorous building, eventually it 

receives insufficient consideration, such as poor indoor air quality and indoor environment 

quality’ (Meir et al., 2009). Toftum reports that the thermal environment affects building 
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related symptoms (Toftum, 2002). When the indoor environment is considered unhealthy, the 

body parts react to the source, such as light, heat, cold, and draught (Bluyssen, 2009). 

Although ASHRAE Standard 55-2004 does not indicate any lower limit for the humidity 

level, it mentions that low humidity, when dew point is less than 0°C, makes the skin and 

mucus surfaces dry, and eventually causes dry nose, throat, eyes, and skin (ASHRAE, 2009).  

 

There is a debate about whether air conditioning is responsible for sick building syndrome, as 

the latter was introduced right after the application of the former. The relationship between 

the type of ventilation and sick building syndrome has been reported as contradictory by 

different researchers (Mendell and Smith, 1990). “Although researchers have compared air 

conditioned buildings to naturally ventilated offices in respect of building related symptoms 

(Jaakkola and Miettinen, 1995), any such findings concerning the relationship between 

ventilation typologies and sick building syndrome have been contradictory (Mendell and 

Smith, 1990). Many report a higher risk of building related symptoms in air conditioned 

buildings (Finnegan et al., 1984, Jaakkola et al., 1991, Rollins and Swift, 1997, Brasche et al., 

2001)” (Shahzad, 2013a). Jaakkola reports that mechanical ventilation without air conditioned 

offices have higher risk of ocular, nasal, pharyngeal symptoms and lethargy (Jaakkola and 

Miettinen, 1995). Brasche reports that many employees in air-conditioned office buildings 

complain about the skin, mucous membranes and the nervous system (Brasche et al., 2001). 

Recirculation of the air on a large scale might cause sensory confusion and strain on the 

system (Jouni et al., 1994). “However, others argue that energy efficient buildings may suffer 

more from Sick Building Syndrome due to the high level of insulation to maintain 

temperature allied to a lack of ventilation (Rayner, 1997). The World Health Organization 

identifies buildings that ‘are energy efficient, kept relatively warm and have homogeneous 

thermal environment’ as having a higher risk of Sick Building Syndrome (Rayner, 1997, 

Chan, 2011)” (Shahzad, 2013a). 

 

“Several studies show lower symptoms in naturally ventilated buildings (Jaakkola and 

Miettinen, 1995). However, there is a hazard in having an automatic expectation assuming 

that naturally ventilated buildings have a reduced incidence of sick building syndrome. 

Jaakkola’s research in Scandinavia reveals that air conditioned buildings do not increase 

symptoms ‘when functioning properly’ (Jaakkola et al., 1991)” (Shahzad, 2013a). Jaakkola 

reports lower rates of building related symptoms when ventilation rate is increased in 

mechanically ventilated buildings (Jaakkola et al., 1991). Rayner claims if air-condition 

systems are designed properly, they can be the best option with lowest rates of building 

related symptoms (Rayner, 1997).  

 



CHAPTER 3 74

3.3.2.4. Productivity 

Thermal comfort affects mental and physical performance (Oseland and Humphreys, 1994). 

Many researchers indicate the relationship between the thermal environment and productivity 

(Olgyay, 1992, Carnevale and Rios, 1995, Seppänen and Fisk, 2004). Black reports that 

decision making increases productivity level (Black, 2006). Studies show that increasing 

individual control improves health and productivity (Wilson and Hedge, 1987, Bordass et al., 

1993, Hawkes, 2002, Martens, 2011). Marten explains that ‘creative thinking leading to 

insight is more likely with a prepared mind in a mentally relaxing environment where 

freedom, security and control are deeply experienced’ (Martens, 2011). Bordass reports that 

temperature has the highest impact on the productivity level (Bordass et al., 1993) and Figure 

26 shows the imcapt of temperature control on productivity. 

 

Figure 26: Productivity vs. degree of control (Bordass et al., 1993) 

 

Although most researchers report the relationship between productivity and thermal control, 

there are contradictions in assessing productivity. Maarleveld reports that ‘satisfaction about 

the work environment has a fairly limited effect on the perceived productivity, when 

measured as the percentage of time that people think they are really productive’ (Maarleveld 

et al., 2009). In contrast, Kroner reports that occupants’ overall satisfaction with their 

workplace and individual control over the thermal environment improve their productivity up 

to 16% (Kroner et al., 1992, Kroner, 2006). In a study, Kroner investigated the impact of a 

high level of individual control over the thermal environment on productivity in the real life 

context of an office. Productivity was constantly measured by management before and after 

the move to the new building. Occupants were not aware of being monitored for productivity. 
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Environmentally Responsive Workstations (ERWs) in this study provided individuals with 

control over their thermal environment. For instance, every workstation included individual 

control over ‘the temperature, velocity and direction of air delivered to the desktop through 

two air diffuser towers; a radiant heat panel located below the desk top; a desk mounted task 

light; and a sound masking device’. This system proved to increase users’ productivity. When 

the system was purposefully turned off for duration of a week by the researcher, productivity 

decreased between 2% to 13%. He revealed that because of the high quality of control over 

the thermal environment and user satisfaction with the thermal environment, employees 

refused to work in other companies that would not offer the same control systems (Kroner, 

2006).  

 

3.3.2.5. Energy Consumption 

In the developed countries, buildings consume 40 to 50% of their energy through thermal 

performance including lighting, heating, cooling and ventilation (Meir et al., 2009). In 

selective principle, Hawkes proposes that control systems that are properly designed can 

reduce the gap between users’ thermal requirements and the physical thermal environment. 

Such control systems can be efficient (Hawkes, 2002). Bordass states that ‘modern control 

and energy management systems offer the potential to improve individual comfort and reduce 

energy consumption at the same time’ (Bordass et al., 1993). Kroner reports that individual 

control reduces energy consumption although it is not quantified (Kroner, 2006). Bordass 

explains that buildings which have problems with controls have low user satisfaction and 

energy efficiency (Bordass et al., 2001b). Hawkes mentions that energy consumption is 

reduced when individual environmental control is increased (Hawkes, 1982, Bluyssen, 2009). 

Nicol recommends the application of adaptive opportunity in the building design in order to 

tackle climate change, energy and economic challenges (Nicol and Stevenson, 2013). 
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3.4. Summary 

This chapter discussed the challenge in the field of thermal comfort between the steady state 

and adaptive comfort theories, which is the main platform on which this thesis operates. 

These two views follow two separate approaches in achieving thermal comfort, respectively 

the universal ‘comfort zone’ and ‘adaptive opportunity’.  

 

This research is based on the adaptive opportunity. A body of knowledge exists on 

environmental control, such as the pattern of use of lights (Mahdavi and Proglhof, 2008) and 

windows (Brager et al., 2004, Tuohy et al., 2007, Rijal et al., 2007, Huizenga et al., 2006b) as 

well as the influence of environmental control on users’ comfort and satisfaction (Bordass et 

al., 1993, Bordass et al., 1994, Leaman and Bordass, 1996, Leaman and Bordass, 2005, 

Bordass et al., 2007). Nevertheless, Cole reports that investigating individual control over the 

thermal environment and its impact on user satisfaction is complicated (Cole and Brown, 

2009). The comparison between environments with high and low levels of individual control 

over the thermal environment has not been studied in the field of thermal comfort. This thesis 

focuses on the impact of individual control over the thermal environment on user satisfaction, 

comfort, health, and productivity. Chapter Four combines Chapters Two and Three regarding 

the individual thermal control in the Anglo-Saxon open plan and Scandinavian cellular plan 

offices. 



 

 
 

 

 

 

 

 

CHAPTER 4 

CELLULAR VS. OPEN PLAN OFFICES  
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4. Cellular vs. Open Plan Offices 

This chapter combines the previous two chapters, regarding the workplace and thermal 

control. Chapter Two explained the history of office design. It showed that Anglo-Saxon and 

Northern European countries followed two separate paths based on organisational goals and 

user demands respectively. The latter includes control over the temperature, an openable 

window, outside view, natural ventilation and light. Chapter Three discussed the challenge in 

the field of thermal comfort between the steady state and adaptive comfort theories. It showed 

their distinct approaches, respectively ‘comfort zone’ and ‘thermal control’.  

 

This chapter focuses on the practical application of these two approaches in the Norwegian 

cellular and British open plan workplace contexts. The two contexts are compared regarding 

their design, culture and regulations. Finally, the role of architecture and the future of 

individual thermal control in the workplace are discussed. 
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4.1. Two Approaches in Office Design 

After World War Two, the UK and Scandinavia followed two separate paths in office design. 

The UK followed North American office design, modern technological advances and 

organisational changes. Therefore open plan offices were the main office design in the UK. In 

contrast, Scandinavians resisted the North American style and their office design was based 

on workers’ rights, which included thermal control. Therefore full autonomy was given to 

every individual employee and the cellular plan office layout was reintroduced with much 

higher standards. Figure 27 and Figure 28 show the historic development of the cellular and 

open plan offices. 

 

Office Concept Office Philosophy Period of Time Number of People 

Cellular Office Representative arrangement 1950s 1-2 persons (Up to 4-6 persons) 

Open Plan Office Organisational flexibility Mid 60s >20 workstations 
Group Office /  
Office Landscape 

Ergonomic work 
environment Late 60s 6-20 workstations 

Combi Office 
Communicative space 
structure 1980s 

1 person cellular office + 
multifunctional zone 

Figure 27: Development of office philosophies and office concepts in Europe (Harrison et al., 2004) based on (Gottschalk, 1994) 

 

 

Figure 28: North American, British, and Northern European office layouts (Laing, 2006) 
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4.2. Culture and Regulation 

This section is a comparison between cellular and open plan offices in terms of office 

regulations and culture. 

 

4.2.1. Office Culture 

Van Meel indicates that the Anglo-Saxon and Northern European office cultures are very 

different (Van Meel and de Jonge, 2006). He states that the British are very ‘class-conscious’ 

(Van Meel, 2000). The hierarchical system in the UK (Johnson and Moran, 1993) is reflected 

in the organisational culture and office design, which is based on organisational goals. In the 

UK, individual employees and their comfort are considered less important compared to 

Scandinavian countries, due to high rents and expenses, shareholder capitalism, hierarchical 

system, regulations and lack of adequate rights for workers (Van Meel, 2000). In contrast, in 

Scandinavia a democratic and less hierarchical culture, called the ‘Social Democratic Office’, 

is dominant (Myerson, 2008). Scandinavian culture is more concentrated on users’ demands 

so that they can influence the decision making of their organisation. For instance, employees 

have a representative in the senior board meetings (Van Meel, 2000). The employment 

culture is based on providing more pleasant environments rather than higher wages (Forty, 

1986, Myerson, 2008), explained in section 2.2.4.6. This is reflected in Scandinavian office 

design. The traditional personal offices developed into a modern cellular plan layout with a 

high quality of indoor environment, such as the SAS Headquarters, presented in section 

2.2.5.4.  

 

Anglo-Saxon organisations are interested in creating a uniform ‘standard’ for office design 

(Van Meel and de Jonge, 2006). Similar offices in the form of air conditioned glass 

skyscrapers are constructed everywhere. They are quick, cheap and similar in design and plan 

layout. In addition, American engineers standardised the indoor thermal environment of 

offices (Nicol et al., 2012). Furthermore, the financial situation affects the workplace design 

to a high degree. Rent levels influence the design efficiency, space per person and social 

facilities. Global financial capitals, such as London, have very high rents, therefore space per 

person is very limited. In contrast, custom build offices are more common in Northern 

Europe. These offices are less space efficient and standardised, since the organisation’s 

culture and users’ requirements are the main drivers of their design (Van Meel and de Jonge, 

2006). Duffy highlights the significant difference in ‘the quality of the working environment 

between the Anglo-Saxon developer-based offices and custom-built Northern European 

offices’ (Duffy, 1992). 
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Figure 34: Rent levels in different cities in 2003 (Van Meel and de Jonge, 2006) 

 

Figure 35: Space use per person in different countries in 2002 (Van Meel and de Jonge, 2006)  

 

Figure 36: Survey of employees ranking their offices in different cities in 2002 (Van Meel and de Jonge, 2006) 

 

4.2.2. Workplace Regulations 

Van Meel demonstrates the differences in regulations between Northern European and Anglo-

Saxon countries (Van Meel and de Jonge, 2006). In the 1970s in Northern Europe, the 
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Workers’ Council played an important role in passing regulations to protect workers’ rights, 

including privacy, health, access to a window, personal offices, and ‘personally controllable 

environments’ (Harrison et al., 2004). These work regulations influenced the design of the 

workplace to ensure a high quality of indoor environment (Hookway, 2009). In contrast, 

Anglo-Saxon organisations value their business over their employees so that staff’s 

requirements are valid only within the organisation’s framework (Van Meel and de Jonge, 

2006). In the 1970s, although British employees had similar demands to the Scandinavian 

workers regarding the quality of the indoor environment, they were overruled by the 

opposition of the British employers. Van Meel explains that ‘the regulations concerning the 

design of the working environment remained largely unchanged as the British continued to 

use their Offices, Shops and Railway Premises Act of 1963, which gave relatively general 

requirements for the design of work spaces’ (Van Meel, 2000).  

 

In Scandinavia, employees sit up to 6 meters away from a window, in the UK up to 10 meters 

and in the US up to 16 meters. The majority of the Scandinavian countries have a regulation 

for the minimum size of a workstation, but the UK legislation only mentions ‘sufficient floor 

area, height and unoccupied space for purposes of health, safety and welfare’, which is vague 

and does not specify the minimum sizes (Van Meel and de Jonge, 2006). 

 

4.2.2.1. Norwegian Regulations 

Based on the Norwegian Employment Act, the employer’s responsibility is to provide ‘good 

lighting, minimise noise and vibrations and ensure that the indoor air quality meets a certain 

standard’ (Wiersholm, 2008). There is an emphasis on providing a ‘satisfactory work 

environment’ (Wiersholm, 2008). Norway Environment Act 4-4 states that the workplace 

should provide satisfactory indoor air quality with fresh air excluding air contaminants 

(Arbeidstilsynet, 2003). Effective ventilation with a clean and fresh outdoor air supply is 

required, with a ventilation rate between 7 to 10 litres per second per person. Air movement 

in occupied zones should not exceed 0.15 m/s. The CO2 concentration should be under 1000 

ppm. Mechanical ventilation is recommended but the use of ‘natural’ ventilation, in which 

fans are not included, is obligatory. Workplaces should have ‘openable’ windows in addition 

to the available ventilation system (Arbeidstilsynet, 2003).  

 

If the workplace is exposed to direct sunlight, blinds are required. External blinds are more 

effective in reducing the solar gain. Blinds should be user friendly to be adjusted easily and 

they should not prevent visibility. The indoor thermal climate depends on physical activity 

and clothing. It is recommended that the indoor temperature be kept below 22oC. For a light, 
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medium-heavy and heavy work respectively, temperatures between 19-26oC, 16-26oC, and 

10-26oC are required. Daily temperature fluctuations over 4oC temperature as well as 3-4oC 

temperature differences between head and foot causes thermal discomfort. Relative humidity 

between 20 to 60% is acceptable. Individual control over the heating or temperature is 

required (Arbeidstilsynet, 2003). 

 

4.2.2.2. British Regulations 

Based on the Health and Safety Executive workplace regulations (HSE, 1992), reasonable 

temperature, ventilation and light should be provided for workplaces. Effective and sufficient 

ventilation for every workstation is required, fresh air supply is necessary, and draughts are 

avoided. The fresh air supply rate above 5-8 litres per second per person is required. The 

focus of the UK regulations is mainly on the safety of the openable windows rather than the 

necessity of natural ventilation. As explained: ‘it should be possible to reach and operate the 

control of openable windows, skylights and ventilators in a safe manner’. Natural light is 

recommended, but not necessary. As explained: ‘people generally prefer to work in natural 

rather than artificial light. In both new and existing workplaces workstations should be sited 

to take advantage of the available natural light. Natural lighting may not be feasible where 

windows have to be covered for security reasons or where process requirements necessitate 

particular lighting conditions’ (HSE, 1992). 

 

The Health and Safety Executive website states that in the UK ‘law does not state a minimum 

temperature, but the temperature in workrooms should normally be at least 16oC, or 13oC if 

much of the work is physical’ (HSE, 2013). Health and Safety Executive handbook explains 

that ‘the temperature in workrooms should provide reasonable comfort without the need for 

special clothing’ (HSE, 1992). ‘The temperature in workrooms should normally be at least 

16oC unless much of the work involves severe physical effort, in which case the temperature 

should be at least 13oC. These temperatures may not, however, ensure reasonable comfort, 

depending on other factors such as air movement and relative humidity. These temperatures 

refer to readings taken using an ordinary dry bulb thermometer, close to workstations, at 

working height and away from windows’. ‘A sufficient number of thermometers should be 

provided to enable persons at work to determine the temperature in any workplace inside a 

building’ (HSE, 1992). The British law does not state the maximum temperature for 

workrooms or workstations.  

 

Overall, Norwegian workplace regulations are more specific and comprehensive regarding 

worker’s rights compared to the UK regulations. In addition, individual environmental control 



CHAPTER 4 88

is valued in Norwegian regulations, while it is hardly mentioned in the British regulations. 

According to the Norwegian workplace regulations (Arbeidstilsynet, 2003), the use of 

openable windows, natural ventilation, user friendly blinds, and individual temperature 

control are requirements for workplaces. However, according to the British regulations (HSE, 

1992), every workplace should have sufficient light, ventilation and comfortable temperature. 

This is vague and left open to interpretation. Although natural light is recommended, it is not 

obligatory. It should, ‘so far as is reasonably practicable, be by natural light’ (HSE, 1992). 

 

4.2.3. Differences and Interests 

This section describes the main factors that set apart the Scandinavian cellular plan and 

British open plan office layouts, based on the previous information. Scandinavian 

organisations are user oriented, while the British organisations are business oriented. 

 

In Scandinavia, users’ main interests, which influences the design of the Scandinavian 

workplace, are as follows: 

 

 Privacy and confidentiality 

 Individual environmental control, including temperature, light and ventilation 

 Satisfaction 

 Health 

 Ownership of their workstation 

 Socialising 

 Less distraction from noise 

 

These factors drive the design of the workplace towards a traditional highly cellularised office 

layout. Two of these factors, privacy and individual environmental control, are the main 

demand of personal offices. The latter is met through providing every individual occupant 

with an openable window, blind, thermostat, and door. In recent years, in order to improve 

communication and visual interaction between occupants, a glass wall is used to separate 

every personal office and the corridor. However, in order to maintain privacy, some 

companies provide a blind on the glass wall. The Scandinavian cellular plan layout is 

expensive and it lacks efficiency, communication and adaptability to meet new ways of 

working that the open plan layout offers. Recently the Workers’ Council is losing its impact 

in Europe (Van Meel and de Jonge, 2006). Godsjö explains that in Scandinavia there is a 

move from the cellular to the open plan layout, although there is resistance from employees 

and the public sector (Gadsjö, 2006). 
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The UK has more modern organisations trying to keep up with the new advances in 

technology as well as organisational changes, both locally and globally. Duffy has played an 

important role in encouraging new ways of working. This is reflected in the design of the 

British office layout, as the main driver is the organisations’ goals as follows: 

 

 Cost efficiency 

 Productivity, get the job done 

 Communication and knowledge transfer 

 Teamwork 

 Space efficiency 

 Shared facilities 

 Health, less absenteeism 

 

The open plan layout meets most of these criteria, particularly efficiency and communication, 

although the health and productivity of individuals in the open plan layout are unclear. 

 

Although the different approaches that led to these two distinct office layouts are mentioned 

above, some organisational and individual factors are shared between them. For instance, 

health is important for the individual as well as the organisation, as it means less absenteeism. 

Satisfaction is also important for both parties, as it is related to individual’s rights as well as 

productivity (Van der Voordt, 2003) and it attracts a better workforce (Van Meel, 2000). 

However, sometimes there is a contradiction between the organisation and the individual’s 

interests. For instance, organisations want to reduce the space use per person for economic 

reasons. However, users desire more space for comfort as well as status (Zalesny, 1987). 

Another example is individual control over the thermal environment. Organisations prefer to 

centralise systems so that individuals cannot tamper with the system (Roaf et al., 2004), while 

individuals prefer to be able to adjust it based on their requirements in order to be more 

comfortable (Melikov, 2004, Arens et al., 2010, Leaman, 1996). 
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4.3. Uniform Comfort Zone vs. Individual Thermal Control 

The Anglo-Saxon open plan offices are based on standardising the layout (Laing, 2006) as 

well as providing a uniform and standard thermal environment (Nicol et al., 2012). The main 

thermal system is centrally controlled to ensure the indoor air quality. For instance, in a 

naturally ventilated office, occupants may not open the windows in the winter, which 

increases the carbon dioxide level. In this system, thermal control is provided as a secondary 

option so that if occupants are uncomfortable they have the ability to adjust the thermal 

environment (Bordass et al., 1993). In contrast, in Scandinavia individual thermal control is 

the main source of adjusting the thermal environment. Here centrally controlled mechanical 

ventilation with adequate air exchange operates in the background to ensure the temperature 

and indoor air quality are within the acceptable range (Arbeidstilsynet, 2003). 

 

4.4. Architecture and Individual Thermal Control 

Hawkes states that ‘in environmental design, prevention is better than cure’ (Hawkes, 2002). 

Banham recommends including comfort and environmental factors in architecture (Banham, 

1984, Bluyssen, 2009). He complains that modern architecture is handed over to specialists to 

provide comfort for occupants and architects no longer consider environmental criteria in 

their design. His criticism is that building facades have been more important than the quality 

of their indoor environment (Banham, 1984). Nicole explains that architects have passed the 

responsibility of providing thermal comfort in their designed buildings to engineers (Nicol et 

al., 2012), while the building envelope and design of thermal control for occupants has a 

significance influence on the thermal environment as well as user satisfaction. The 

Scandinavian cellular plan offices presented in this thesis are good practice examples of 

providing individual thermal control for every occupant through the architectural design and 

office layout. The architectural design provides every occupant with an openable window for 

an outside view, natural light and ventilation, in addition to blinds, a door and a thermostat to 

adjust the temperature. The Scandinavian cellular office layout respects individual differences 

and allows all users to adjust the thermal environment based on their individual requirements 

without interfering with other occupants’ thermal settings. 
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4.5. Future of Individual Thermal Control 

Recently trade unions and Workers’ Councils are losing their impact in Europe (Van Meel 

and de Jonge, 2006). In addition, office layouts with high levels of individual thermal control 

are being replaced by office designs with limited thermal control, as the Scandinavian cellular 

plan offices are being replaced by modern open plan offices (Axéll and Warnander, 2005). 

Marmot postulates that the open plan office is an old office layout, which is the only solution 

for the future (Marmot and Eley, 2000). However, Van Meel argues that today all forms of 

office design coexist, simply based on organisational requirements (Van Meel et al., 2010) 

‘representing different basic options for office design’ (Harrison et al., 2004).  

 

In practice, modern architecture is moving away from individual control over the thermal 

environment. Many modern and large organisations remove the users’ direct environmental 

control and replace it with a facilities management service (Roaf et al., 2004). Furthermore, 

building management prefers automatic systems to eliminate users’ impact on the system to 

make handling the thermal system easier for management (Bordass et al., 1993). Van Der 

Voordt reports user complaints in new offices regarding the lack of privacy and individual 

thermal and lighting control (Van der Voordt, 2003). Harris predicts that environmental 

control will be no longer required, and he explains that the future of the workplace will be as 

flexible as possible in terms of workstations, information technology, communication and 

services (Harris, 2006). However, Katsikakis predicts that in the future, computers and robots 

will take over routine jobs, while people are required for creative and caring positions. 

Therefore attracting a talented workforce will be the concern of future organisations 

(Katsikakis, 2006). In addition, the global economy increases competition between 

organisations to attract more talented workforce. Therefore organisations need to provide 

pleasant environments for workers. Moezzi states that ‘occupants read organisational values 

into physical systems and care not only about doing their work, but also about how they are 

treated’ and ‘so many occupants find that their workspaces lacking and/or failing to meet 

expectations’ (Moezzi and Goins, 2011). The workplace history in the past century shows that 

users value individual thermal control as one of the most important aspects of their 

workplace. For instance, work environments, such as SAS and NMB Headquarters, have been 

successful in attracting a talented workforce because of providing pleasant work 

environments and individual thermal control, presented in sections 2.2.5.4.  

 

Leaman explains that in a world, where production and outcome is becoming increasingly 

important, productivity is highly influenced by thermal control (Leaman and Bordass, 2005). 

Furthermore, facilities and services are improving and people’s expectations are increasing 
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over time. An inflexible thermal environment is unlikely to satisfy new generations even over 

a short period of time. Moezzi states that ‘comfort quickly becomes about nearly everything’. 

He also explains that people’s expectations of a refined and controlled thermal environment is 

increasing (Moezzi, 2009). Based on Parkhurst’s article on cars (Parkhurst and Parnaby, 

2008), Moezzi explains that ‘after the lack of the control of the physical environment and 

other stresses of office life, it seems very human that office workers will enjoy the thermal, 

acoustic, and physical control afforded by the personal car and learn to use high levels, 

because they can and because it is pleasurable’ (Moezzi, 2009). Researchers are investigating 

the application of the ‘Personal Control System’ (Bauman et al., 1993, Zhang et al., 2008, 

Zhang et al., 2010), which provides individual thermal control in open plan offices. Clients 

request a flexible environment for their building and architects try to design a responsive 

environment that is adapted to the occupants’ needs (Leaman et al., 1998). Currently, the 

‘cutting edge’ organisations provide individual thermal control (Worthington, 2006). Bordass 

explains the complexity and lack of research in the field of thermal control. He indicates that 

‘the ways in which controls in buildings are actually perceived and used by people, both 

management and individuals, although vital to performance and to human comfort, has been 

little researched and is usually treated only incidentally’ (Bordass et al., 1994).  
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4.6. Summary 

This chapter combined the previous two chapters regarding individual thermal control and 

separate approaches in office design based on users’ demands and thermal control. This 

chapter compared the Norwegian cellular and British open plan offices more intensively 

regarding their design, culture, regulations, and the application of ‘individual thermal 

comfort’ in them. Furthermore, the future and necessity of individual thermal control is 

discussed.  

 

Based on this chapter, the research question is refined as ‘does thermal control improve user 

satisfaction in cellular and open plan offices? A comparison of Norwegian and British 

practices’. User satisfaction, comfort, health, productivity is compared in the Norwegian 

cellular plan offices with high levels of individual thermal control and the British open plan 

offices with limited control over windows and blinds.  
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5. Research Methodologies 

This chapter presents the research aim and question as well as the appropriate research 

approach, including methodologies, methods and analysis.  

 

5.1. Research Aim 

The main research question is ‘does thermal control improve user satisfaction in cellular and 

open plan offices? Norwegian vs. British practices’. This research investigates the application 

of thermal control on users’ satisfaction, comfort, health and productivity through a 

comparison between two office layouts with high and low levels of thermal control. 

Norwegian cellular plan offices provide high levels of environmental control for every 

occupant, including control over an openable window, blind, light, and door, in addition to 

the ability to adjust the heating or cooling. In contrast, British open plan offices provide 

limited thermal control over windows and blinds only for occupants seated around the 

perimeter of the building.  

 

As explained in Chapter Four, Scandinavia and the UK followed two separate paths in 

designing office layouts. Workers’ satisfaction is the main factor in the design of the 

Scandinavian workplace. Therefore there is a great emphasis on providing individual control 

over the thermal environment for every Scandinavian occupant. This demand influenced the 

office design particularly in 1970s and 80s, so that the traditional cellular plan layout was 

improved to respond to the requirements of the time. In contrast, in the design of the British 

open plan layout there was much more emphasis on organisational goals rather than 

individual comfort and environmental control. Therefore, occupants of the British open plan 

office are provided with limited or no environmental control. This research compares the 

Norwegian cellular plan and the British open plan office layouts to investigate occupants’ 

health, comfort, satisfaction, and productivity. 
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5.2. Approach 

This section discusses the research approach, including the appropriate methodologies, 

methods and analysis. In this study, the research objectives are refined through a process of 

literature review and pilot studies. Therefore, an appropriate and flexible approach is required 

to allow the development of the theory through the research process. Grounded theory is the 

main methodology, combined with a traditional quantitative methodology. Interview, 

questionnaire and environmental measurements are applied as methods. A quantitative 

analysis as well as an innovative qualitative visual recording technique are the analysis 

methods.  

 

5.2.1. Methodology 

Miller and Brewer explain that the methodology ‘connotes sets of rules and procedures to 

guide research’ (Miller and Brewer, 2003). Traditionally, quantitative methodologies have 

been used to research thermal comfort. The main methodologies in the field are experimental 

chambers and field studies of thermal comfort. However, Hitchings recommends the use of 

qualitative methodologies to achieve new results in thermal comfort (Hitchings, 2009). In this 

section, traditional methodologies as well as other relevant methodologies are investigated. 

Finally, appropriate methodologies are formulated, a combination of quantitative and 

qualitative methodologies with a particular emphasis on grounded theory.  

 

5.2.1.1. Traditional Methodologies of Thermal Comfort 

It is essential to recognize the methodologies that researchers are using in the field of thermal 

comfort and environmental control. This knowledge is an essential platform to build up a new 

methodology. An innovative approach is possible by combining mainly the existing 

methodologies and a new one. In Chapter Three, the challenge in the field of thermal comfort 

was introduced. This is the debate between steady state and adaptive comfort theories. These 

two theories are followed by two separate approaches although they are both quantitative. The 

steady state theory is investigated through experimental chambers (Fanger, 1970), while field 

studies of thermal comfort are applied to research the adaptive comfort theory. Experimental 

chambers are based on measurements of the physical environment in laboratories, whereas 

adaptive comfort studies are surveys at the actual building. Both of these methods include 

data collection techniques, such as measurements of the physical environment (Fanger et al., 

1974, Fanger et al., 1998, Brager and de Dear, 1997, Humphreys and Nicol, 2002a) and 

survey questionnaires (Fanger et al., 1974, Fanger et al., 1998, Humphreys, 2005, Tuohy et 

al., 2007, Rijal et al., 2009) to record individuals’ responses. The main difference between 
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these two methodologies is the context. In the experimental chambers, context and its 

complexities are removed in order to have more control over the variables. However, in the 

field studies of thermal comfort, the context of real life is considered as an essential 

component of the research. Nicol explains that because experimental chambers have been 

overly simplified, their results do not apply to the real world context (Nicol et al., 2012). In 

contrast, he explains that although the context in the field studies of thermal comfort creates 

complexities, the results are more accurate. However, the results of one building may not 

apply to another building due to diverse contexts and cultures. Therefore he suggests more 

research in the field in various contexts to clarify and understand the complicated subject of 

thermal comfort (Nicol et al., 2012). 

 

5.2.1.1.1. Experimental Chambers 

In an experimental methodology, the theory becomes valid through a process of 

experimenting and testing (Groat and Wang, 2002). This is a scientific approach to measuring 

the physical environment and people’s responses to it (Fanger, 1970, Rohles et al., 1986, 

Sakurai et al., 1991, Arens et al., 2006). In an experimental chamber, experiments take place 

in a room or laboratory that is specifically designed to apply different thermal conditions 

(Limb, 1992) in order to research their impact on a person’s body and comfort. This method 

is very useful in investigating conditions and extreme cases that are difficult to measure at the 

actual site (Limb, 1992). For example, in a study on heating and cooling systems, the scholars 

built a small-scale model of a building or a room in order to measure its temperature in 

different conditions (Groat and Wang, 2002). The variables of the study are manipulated or 

controlled by the scholar in specific ways (Groat and Wang, 2002). For instance, Fanger 

investigates the physical reaction of human body towards the changes of the thermal 

environment. Factors are controlled and some, such as social, emotional and work-related 

influences, are eliminated. The end result of Fanger’s research is a series of equations and 

graphs to predict comfort conditions and human response. For instance to achieve the heat 

balance equation, the person’s activity and clothing are given, then the physical 

environmental factors of the lab changes such as temperature, humidity and radiation. 

According to these changes, the person’s skin temperature and sweat are measured constantly 

to achieve the heat balance equation (Fanger, 1973). These complicated equations are 

discussed in section 3.2.1.1, Fanger’s simplified heat balance model is as follows (Bluyssen, 

2009): 

 

Energy supply + energy produced = energy removed. 
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These experiments and equations are useful in exploring physical and psychological aspects 

of thermal comfort (Nicol and Humphreys, 1973b) and in understanding the human body in 

general and its reaction to the changes of the surrounding thermal environment (Fanger, 1970, 

Fanger et al., 1974, Fanger et al., 1998). Their approach is ‘directed towards the definition of 

optimum indoor climates for different levels of clothing and activity’ through heat exchange 

calculations (Nicol and Humphreys, 1973b). 

 

Experimental chambers are useful for conditions that are difficult (Rutherford and 

Withington, 2001) or dangerous to experience in the real life context, such as the case of fire 

(Rutherford, 1997). In addition, due to controlling and limiting the variables, the results of the 

experimental chamber are often quite accurate (Bluyssen, 2009). However, the disadvantage 

of this methodology in thermal comfort studies is the absence of context (Nicol and 

Humphreys, 1973b). The context is complicated and active; it includes ‘time, climate, 

building form, social conditioning, economic and other factors as well as the immediate 

physical environment’ (Nicol et al., 2012). However, to ignore the context is to overlook 

valuable information that the context holds, which highly influences the occupants’ comfort. 

For instance, people change their clothing according to seasonal changes. Thus, to ignore the 

context is to overlook the impact of the outdoor conditions on the occupants’ comfort, which 

is the basis of the adaptive comfort theory (Nicol and Humphreys, 1973a, Humphreys, 1978, 

Humphreys, 1979a, de Dear, 1994). Another difficulty with this methodology and lack of 

context is the difference between the participants’ short and long term experiences. The 

participants’ immediate response towards a new situation may differ from their response 

when they have experienced that situation on a long term basis. For instance, they may feel 

excited at the time of the survey and feel positive about an issue, while after experiencing the 

same thing on a daily basis, they may identify some concerns. In contrast, some participants 

may experience difficulties in adjusting to a new environment, but in the long term they may 

get used to that condition and have no particular concerns. This is the main reason that in 

many studies of thermal comfort, where the occupants move to a new building, the researcher 

investigates users’ satisfaction after several months to allow occupants some time to settle in 

(Brennan et al., 2002, Kroner, 2006). De Dear demonstrates that results of experimental 

chambers based on thermal comfort conditions of ANSI/ASHRAE 55-1992 do not apply to 

real situations in offices (de Dear, 1994). 

 

5.2.1.1.2. Field Studies of Thermal Comfort 

According to Fidel, ‘field studies are investigations of phenomena as they occur without any 

significant intervention of the investigators’ (Fidel, 1984). Usually the aim of thermal comfort 
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studies is to improve the comfort standards and prediction models (Nicol and Roaf, 2005), to 

find the conditions that the majority of people find comfortable (Nicol, 2004). Nicol explains 

the importance of the subjective response as ‘the aim is often to predict the subjective 

impression from a knowledge of the physical environment’ (Nicol, 2004). The context and 

time play an important role in thermal comfort studies, so that they rely on instant 

environmental measurements and reports. Users report their ‘short term memory’ such as 

their instant thermal sensation at the time of environmental measurements (Nicol and Roaf, 

2005). Participants are researched in the context of their familiar everyday life, with their 

normal choice of clothes and behaviour (Nicol, 2004).  

 

Field studies of thermal comfort is very close to case study methodology, which investigates a 

phenomenon or setting in its real-life context. Case study methodology is useful when the 

boundaries between the object of study and its context are not clear and there is limited 

control over the event (Yin, 1994). This methodology is useful when the subject is 

explanatory and the research question is ‘how’ or ‘why’ (Yin, 1994, Bickman and Rog, 

1998). It is a suitable way to explain the causal links, theory and development of meanings 

and generalizing the theory through using multiple sources. Yin believes the best method to 

develop a theory or hypotheses is the case study method (Yin, 1994). However, Stake 

explains that ‘case study is not a methodological choice, but a choice of object to be studied’. 

A case study can be quantitative or qualitative (Stake, 2003). In an exploratory research with 

poor basic knowledge, a pilot study is recommended (Bickman and Rog, 1998). A case study 

methodology has multiple sources of evidence, including direct observation and systematic 

interviewing, and it can rely on a mixture of qualitative and quantitative evidence (Yin, 

1994). It includes ‘the nature of the case, historical background and context, such as 

economic, political, legal and aesthetic aspects’ (Stake, 2003). Stake presents the following 

steps as the process in a case study method (Stake, 2003): 

 

 Hypothesis regarding the object of study 

 Research question including issues and theme 

 Looking for patterns of occurring the phenomenon 

 Triangulating data collection techniques such as observation and interview 

 Interpretation 

 Generalising 

 

Yin describes a case study researcher as a detective, who arrives on a scene after a crime has 

occurred. The researcher must be sensitive, flexible, adaptive to change, a good listener and 

able to interpret the information (Yin, 1994). Sometimes a case study methodology is used to 
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generalise a theory (Campbell, 1975), however this generalisation should not reduce the 

importance of the aspects of the particular case in hand (Stake, 2003).  

 

Many researchers have applied the case study methodology to examine the complexity of 

context (Bedford, 1936, Merriam, 1988, Stake, 1995, Gillham, 2000). Bromley defines the 

case study methodology as ‘a systematic inquiry into an event or a set of related events, 

which aims to describe and explain the phenomenon of interest’ (Bromley, 1990). Johansson 

defines it as ‘the case study should have a ‘case’, which is the object of study. The ‘case’ 

should be a complex functioning unit, be investigated in its natural context with a multitude 

of methods, and be contemporary’ (Johansson, 2003). Stake explains that ‘the power of case 

study is its attention to the local situation, not in how it represents other cases in general’ 

(Stake, 2006). Meyer criticises the case study methodology, as it is overly open to 

interpretation and there is no particular guidance on how to formulate and apply this 

methodology. This makes this methodology vulnerable and open to criticism particularly 

regarding the quantitative results (Meyer, 2001). However, its flexibility and tailor-made 

aspects allow the researcher to formulate methods that suit the research question (Meyer, 

2001). Zucker explains the advantage of this methodology in ‘its evidence base for 

professional applications’ (Zucker, 2009). 

 

5.2.1.2. Non-Traditional Methodologies 

In order to achieve new results, it is useful either to revise the traditional methodologies and 

combine them with other methodologies or to choose a completely different approach. 

Although Hitchings recommends the use of qualitative methodologies in the field of thermal 

comfort, he warns against losing the connection with previous studies. Therefore he suggests 

a gentle move towards the qualitative methodologies rather than completely flipping over 

(Hitchings, 2009). In this research, in order to be innovative in approach, other methodologies 

are investigated. Grounded theory is selected as the main qualitative methodology, therefore it 

is explained in detail in section 5.2.1.2.1. The other methodologies that have been researched 

are briefly mentioned in section 5.2.1.2.2. 

 

5.2.1.2.1. Grounded Theory 

Grounded theory was introduced by Glaser and Strauss (Glaser and Strauss, 1967, Glaser, 

1992, Glaser, 2007). In this methodology, there is no certain theory to prove (Glaser and 

Strauss, 1967). Instead, there are several hypotheses to research (Groat and Wang, 2002). The 

researcher begins with an area of study and allows the theory to emerge from the data (Groat 
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and Wang, 2002, Hunter and John, 2008). It refers to real life situations and people (Star, 

2007). Grounded theory is useful for generalising a theory and applying it in many settings 

(Groat and Wang, 2002). Grounded theory includes the constant comparative method. The 

latter is a back-and-forth act between comparing, redesigning and retesting (Glaser and 

Strauss, 1967). This approach generates the theory in a systematic way, including 

simultaneous data collection and analysis, to test the hypotheses (Charmaz and Bryant, 2007). 

The goal of this methodology is not to prove the cause or universality. It is useful when it is 

not possible to clarify the object of the study completely ‘on the first take’. This methodology 

is designed for temporary testing. It is a reformation of some hypotheses and redefinition of 

the phenomena. It is a cycle between data collection, analysis and theory building. Through 

this process the theory emerges (Glaser and Strauss, 1967) and irrelevant information are 

eliminated (Hood, 2007). The stages of constant comparative method are as follows (Glaser 

and Strauss, 1967): 

 

 Comparing incidents applicable to each category 

 Integrating categories and their properties 

 Delimiting the theory 

 

Grounded theory is very flexible and relevant to this research as the research does not start 

with a certain theory, instead several hypotheses are included. In addition, a new approach is 

desirable in this research through combining different techniques rather than relying solely on 

existing methods that have already been applied in the field. Therefore several pilot studies 

are applied to test different data collection techniques and analysis methods in order to 

improve the techniques, redesign the approach and apply it again. Through this testing cycle, 

the exact research plan is formulated for the actual fieldwork. In addition, analysing the 

collected data from different pilot studies is useful to refine the research question. Regarding 

the evaluation of a building, Baird explains ‘the task of developing and deciding on a method 

is probably best thought of as an iterative exercise-start with a possible method, and return to 

it from time to time as other tasks are addressed and further ideas occur’ (Baird et al., 1996). 

Pilot studies and the research plan are discussed, respectively in sections 6.1 and 6.3. 

 

5.2.1.2.2. Other Methodologies 

In this section, other quantitative and qualitative methodologies, which are not traditionally 

used in the field of thermal comfort, are studied in order to formulate and improve the 

approach. 
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5.2.1.2.2.1. Qualitative Methodologies 

Qualitative methods illuminate ‘behaviour in context’ (Jick, 1979) in a systematic way 

(Huberman and Miles, 1994). They are the way to investigate how people make sense of their 

environment in everyday life. These methodologies study and interpret phenomena in their 

natural settings. Thus, the phenomena should not be removed from their actual context (Groat 

and Wang, 2002). Nevertheless, qualitative methods have some weaknesses. Results of a 

qualitative strategy are not easily generalised. Furthermore, the interpretive and descriptive 

nature of qualitative research means the credibility of the documentation depends on accuracy 

of recorded data (Groat and Wang, 2002), explained in Figure 37. 

Strengths Weaknesses 

Capacity to take in rich and holistic qualities of real life 
circumstances 

Challenge of dealing with vast quantities of data 

Flexibility in design and procedures allowing adjustments 
in process  

Few guidelines or step-by-step procedures established  

Sensitivity to meanings and processes of artifacts and 
people's activities 

The credibility of qualitative data can be seen as suspect with 
the postpositivist paradigm  

 

Figure 37: Strengths and weaknesses of the qualitative research (Groat and Wang, 2002) 

 

According to Groat and Wang, in addition to the grounded theory, other qualitative 

methodologies include interpretivism and ethnography. Interpretivism methodology is ‘the 

understanding of understanding’, which means trying to understand the meaning of social 

events in the way that others see them, but not from the researcher’s point of view (Geertz, 

2000). Ethnography methodology emphasises on ‘discourse-in-context’, so observations and 

spontaneous conversations that occur in the context are essential (Denzin and Lincoln, 2003, 

Denzin and Lincoln, 1998, Hammersley and Atkinson, 2007). The subject of an ethnographic 

study is generally the meaning, function and behaviour of human action in everyday life 

(Groat and Wang, 2002). Bluyssen recommends ethnographic methodology in researching 

environmental control, as it gives more insight and an in depth understanding of user 

behaviour and their use of environmental control (Bluyssen, 2009). Nevertheless, this 

methodology is very qualitative, while quantitative methodologies are mainly used in thermal 

comfort studies. Although researchers are encouraged to use qualitative methodologies, 

loosing the connection to the previous studies is not recommended either (Hitchings, 2009). 

Limited access to the necessary data is usually a difficulty in this methodology (Hammersley 

and Atkinson, 2007). A long period of observation is required, since there is no control over 

the situation, as it is uncertain when the particular phenomenon or behaviour under the study 
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5.2.1.3. Selected Methodologies 

Methodology is very important as it clarifies the research approach and directly influences the 

findings. Therefore, there has been a particular emphasis on selecting the approach and 

innovation in combining traditional and non-traditional methodologies in thermal comfort 

studies. A multi-methodology, which is dominant/less dominant, is selected for this research 

with a combination of quantitative and qualitative methodologies. Field studies of thermal 

comfort as the traditional quantitative methodology and the grounded theory as the innovative 

non-traditional qualitative methodology are combined, with a particular emphasis on the 

latter. Field studies of thermal comfort highlight the importance of context and apply specific 

methods to collect data in the field. The grounded theory emphasises the importance of the 

research process and how to refine the research question and plan through this process. In 

addition, the grounded theory is a flexible qualitative methodology that allows a tailor made 

approach that suits this particular research. The grounded theory is the overriding 

methodology in this research. 

 

5.2.2. Methods 

Schwandt explains that method ‘denotes a procedure, tool, or technique used by the inquirer 

to generate and analyse data’ (Schwartz, 2001, Adams, 2007, Beadle, 2008). In order to 

formulate appropriate methods for this research, the relevant fields of study are studied. These 

subjects include field studies of thermal comfort, Post Occupancy Evaluation and sick 

building syndrome. 

 

According to Nicol, the difference between the field studies of thermal comfort and post 

occupancy evaluation is their aim and objectives (Nicol, 2004, Nicol and Roaf, 2005). The 

former focuses on the occupant and aims at refining the ‘optimum temperature’ or ‘comfort 

zone’ to satisfy occupants. In contrast, the objective of the latter is the building performance 

and its aim is to improve this performance (Nicol, 2004) or direct recommendations and 

reports for a particular organisation (Preskill and Russ-Eft, 2004). In both of these studies, 

similar methods are applied, but with some modifications based on different objectives. For 

instance, they both apply a questionnaire to record occupant’s view. However, in the Post 

Occupancy Evaluation, occupant’s ‘long term memory’ is used and considered as the 

‘building’s memory’. For instance, questions like ‘how often’ the thermal environment of 

their building is uncomfortable are asked. In contrast, in the field studies of thermal comfort, 

this questionnaire records user’s ‘short term memory’ for investigations, such as to 

understand which temperatures occupants find comfortable (Nicol and Roaf, 2005). 
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5.2.2.1. Field Studies of Thermal Comfort 

This research is based on the field studies of thermal comfort, which is also considered as part 

of the methodology. Therefore its methods and objectives are particularly important. 

Different techniques have been applied to measure user’s comfort and satisfaction with the 

thermal environment in the field studies of thermal comfort. In 1936 Bedford applied a 

thermal comfort survey in several factories. He used measuring devices such as a globe 

thermometer and katathermometer. In addition to measurements of the thermal environment 

he even measured the skin temperature of occupants’ feet, hands and head and at the same 

time he records individual’s responses about their thermal sensation and comfort. He used 

statistical methods to analyse the data. He concluded that the skin temperature was not as 

useful as predicted (Bedford, 1936). In the early 1970s Nicol and Humphreys introduced the 

field studies of thermal comfort. In this approach the research takes place at the natural 

environment (Nicol and Humphreys, 1973b). Humphreys uses mean monthly outdoor 

temperature for the adaptive comfort research (Humphreys, 1978).  

 

In the ASHRAE Standard 55-2010, operative temperature and relative humidity are used as 

the main factors to measure the thermal environment, presented in section 3.2.2.1. Operative 

temperature is the mean of dry bulb temperature and mean radiant temperature (ASHRAE, 

2010). The ASHRAE seven point scale question regarding occupant’s thermal sensation is 

widely used in thermal comfort studies, explained in section 3.2.2.1. These seven scales 

represent the followings (ASHRAE, 2010): 

 

 -3 is ‘cold’ 

 -2 is ‘cool’ 

 -1 is ‘slightly cool’ 

 0 is the ‘neutral thermal sensation’ 

 +1 is ‘slightly warm’ 

 +2 is ‘warm’ 

 +3 is ‘hot’ 

 

When users’ response is ‘0’ or the ‘neutral thermal sensation’, the occupant is considered to 

be thermally comfortable (ASHRAE, 2010). 

 

The traditional measurements and data collection techniques in thermal comfort studies are 

manually done. In this way, the collected data is presented in spreadsheets or is used in 
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computer softwares. The labour and possible mistakes during this process are the difficulties. 

The traditional parameters of thermal comfort studies include (McCartney and Nicol, 2002): 

 

 Air temperature (°C) 

 Radiant temperature (°C) 

 Relative humidity (%RH) 

 Air velocity (ms-1) 

 

In a study, McCartney and Nicol measure air and radiant temperature, relative humidity, air 

velocity, CO2 levels, noise level and light level. A questionnaire was used to record users’ 

satisfaction with these environmental factors (McCartney and Nicol, 2002). Brager applies 

similar measurement and questionnaire, in addition to recording ‘clothing and metabolic 

estimates’ (de Dear and Brager, 2001). 

 

Nicol explains that in the field studies of thermal comfort, three levels of survey are usually 

applied (Nicol, 2004): 

 

 ‘Simple measurements of temperature’ 

 ‘Measurements of the thermal environment and subjective response to it’ 

 ‘Surveys, which include all factors needed to calculate the heat exchange between a 

person and the environment, together with subjective response’ 

 

Overall, different methods are used in the field studies of thermal comfort, including: 

 

 Transverse questionnaire 

 Longitudinal questionnaire 

 Measurements of the environment, including dry bulb air temperature, mean radiant 

temperature, relative humidity, outdoor temperature, air velocity, carbon dioxide, 

light, and sound levels 

 

In these studies, the longitudinal questionnaire and instant measurements of the thermal 

environment are applied simultaneously at every workstation under the study. The most 

important question is occupant’s thermal sensation, which is based on the ASHRAE seven 

point scale. Then thermal condition and user’s thermal sensation are compared in order to 

refine the ‘optimum temperature’ or thermal comfort zone that satisfies over 80% to 90% of 

the occupants. 
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5.2.2.2. Post Occupancy Evaluation 

In this thesis in order to record the building performance of the case study buildings, Post 

Occupancy Evaluation techniques are studied. Although these methods are very useful, the 

purpose and audience in an evaluation is different from this research. For instance, the results 

are often used in a different way, such as direct recommendations and reports for a particular 

organisation (Preskill and Russ-Eft, 2004). In order to understand this difference and its 

applications as well as to select suitable methods for this research, the Post Occupancy 

Evaluation definition, brief history and methods are explained in this section. 

 

The systematic investigation of a building performance after it is constructed and occupied is 

called Post Occupancy Evaluation (POE) (Nicol and Roaf, 2005, Meir et al., 2009). The aim 

of a POE is to improve occupants’ quality of life, to increase the knowledge about the 

interrelation between occupants and their environment (Shibley and Schneekloth, 1996), to 

improve building performance of new and old constructions (Derbyshire, 2001, Meir et al., 

2009), and reports for the occupying organisation (Preskill and Russ-Eft, 2004). According to 

Nicol and Roaf, POE reflects ‘the changing nature of the relationship between people, the 

climate and building’ (Nicol and Roaf, 2005). This evaluation is a systematic process that is 

purposeful and planned in advance, it questions everyday issues in a building (Preskill and 

Russ-Eft, 2004) after it has been occupied (Meir et al., 2009). Usually the physical aspect of 

the environment is emphasised, such as indoor air quality and thermal performance. However, 

more subjective aspects can be the subject of study as well, such as space use and user 

satisfaction (Meir et al., 2009, Nicol and Roaf, 2005). 

 

The history of the Post Occupancy Evaluation starts after the Second World War. At this 

time, dissatisfaction and inefficiency of the building production increased. This situation 

required research to discover difficulties of existing constructions in order to improve their 

quality as well as to produce guidelines for further development (Derbyshire, 2001, Meir et 

al., 2009). The importance of the POE was highlighted after the crisis in 1970s and the global 

warming issue. Furthermore, when the building related ill health in 1980s was revealed, 

research in this field became unavoidable. Bill Bordass started the Probe project, which was a 

systematic research on POE, and his efforts influenced this field to a great extent  

(Derbyshire, 2001). The aim of these studies is to improve energy efficiency, user comfort, 

productivity and health in new developments (Derbyshire, 2001, Nicol and Roaf, 2005). An 

evaluation helps establishing criteria, standards, measurements, benchmarks and 

recommendations (Preskill and Russ-Eft, 2004).  After a great data set is collected and 

analysed the results of different POE studies, a databases is created as a benchmark in order 
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to produce design protocols (Meir et al., 2009). By increasing the quality of the buildings, the 

need to demolish and refurbish buildings is more likely to reduce (Meir et al., 2009). 

 

Researchers use various methods of Post Occupancy Evaluation in evaluating a building. 

Baird divides the evaluation of a building into two categories (Baird et al., 1996): 

 

 Exploratory: broad and shallow 

 Focused: precise and deep 

 

Exploratory evaluations are broad and shallow, they do not seek any solution to the problems 

of a building, rather they discover opportunities and difficulties of the building performance 

or facilities in general (Baird et al., 1996). This kind of evaluation may investigate a few 

aspects in a wide sample of buildings (Meir et al., 2009). In contrast, the focused evaluation is 

an in depth analysis of particular aspects in an individual or a small group of buildings (Meir 

et al., 2009). POE includes quantitative and qualitative methods. The quantitative techniques 

include measurements, monitoring the indoor environment and air quality, while qualitative 

methods contain observations, walkthrough and questionnaires (Meir et al., 2009). Baird 

states that in post occupancy evaluation, ‘quantitative information is preferable because it 

allows a more precise and specific performance evaluation’ (Baird et al., 1996). He explains 

that buildings are complicated and the interrelation between user and their building increases 

this complexity. Accordingly, a combination of relevant techniques are required to evaluate a 

building based on the research objectives (Baird et al., 1996). For instance, in some studies 

regarding the thermal performance of a building, measurements of heating and ventilation are 

combined with a thermal comfort survey (Meir et al., 2009). Different categories of tools are 

presented as follows (Baird et al., 1996):  

 

 Background and review of published research (Bordass and Leaman, 2004)  

 Observation tools, such as notes, photographs, video recording (Baird et al., 

1996) and checklists (Bordass et al., 2001a, de Dear and Fountain, 1994)  

 Survey tools, such as questionnaire (Wagner et al., 2007, Langston et al., 2008, 

Menzies and Wherrette, 2005, Baird, 2010), online questionnaire (Abbaszadeh et 

al., 2006, Kosonen et al., 2008, Zagreus et al., 2004), walkthrough (Bordass et al., 

2001a, Meir et al., 2009, Morhayim and Meir, 2008, Baird, 2010), focus groups, 

energy surveys (Bordass et al., 2001a, Bluyssen, 2009), structured and semi-

structured interviews (Buhagiar, 2004, Davara et al., 2006, Shibley and 

Schneekloth, 1996, Baird, 2010) 
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 Physical measurement tools, such as temperature, relative humidity, air velocity 

(Baird et al., 1996), smoke (Bordass et al., 2001a), carbon dioxide, light and 

noise levels to monitor the thermal performance, indoor air and environment 

qualities (Meir et al., 2009) 

 Data analysis tools, such as computer software to analyse the collected 

information (Baird et al., 1996) and plan analysis (Meir et al., 2009) 

 

Although this list is very helpful to acknowledge different techniques, some methods are not 

precise or relevant and some of them are too demanding or time-consuming (Bordass et al., 

2001a). Roaf explains that it is important to carefully select quick and efficient techniques 

that do not require too much time and patience from the participants (Roaf et al., 2004). The 

techniques must be relevant and reliable so that when used by other researchers, similar 

results are achieved. In addition, the possibility for cross comparison of the results with 

similar cases is useful. To rely too much on environmental measurement and justifying its 

results should be avoided, since the data is often difficult to interpret (Roaf et al., 2004).  

 

Individual and institutional motivations in a building evaluation provide the context, in which 

knowledge and information are produced. Motivation of an evaluation leads to formulation of 

relevant methods suitable for that particular evaluation. For example, when the aim of a POE 

is to increase the boundaries of knowledge, data collection techniques, such as environmental 

measurement, observation, interview and questionnaires are usually applied (Shibley and 

Schneekloth, 1996). In order to research how occupants perceive newly developed sustainable 

workplaces, Baird applies a combination of interview, seven point scale questionnaire, 

walkthrough and measurement (Baird, 2010). The questionnaire includes two pages and it is 

based on BUS questionnaire, including the following questions to evaluate the building 

performance (Baird, 2010): 

 

 Background information; such as age, sex, period of time at the building and 

‘whether or not they see personal control of their environmental conditions as 

important’ 

 Operational information; such as required space and relevant facilities 

 Environmental information; such as overall comfort level, light, noise, seasonal 

temperature and air quality 

 Individual control; over ‘heating, cooling, ventilation, lighting and noise’ 

 Satisfaction; over their workplace design, requirements, health and productivity 
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5.2.2.3. Sick Building Syndrome Research 

The most relevant method to study building related symptoms is a questionnaire to collect 

relevant information regarding users’ health and the indoor environment. Raw et al uses the 

‘Office Environment Survey’, which is a questionnaire to research building related 

symptoms. It includes ‘dry, itchy or watery eyes, blocked, stuffy or runny nose, dry throat, 

headache, tiredness or lethargy, flu-like symptoms, difficulty breathing and chest tightness 

(Raw, 1995). Leaman applies a questionnaire as well to record occupant’s health symptoms. 

It includes skin irritation or rash, flu-like, runny nose, dry or itchy eyes, dry skin, blocked 

nose, dry throat, headache and lethargy (Leaman, 1996). Bluyssen’s survey has a section on 

the sick building syndrome for occupants who worked more than four hours at a time in the 

office. It has similar questions to Raw’s questionnaire, such as dry or watery eyes, blocked or 

runny nose, dry or irritated throat, chest tightness, dry or irritated skin, headaches, lethargy or 

tiredness, pain in neck, shoulders or back. She asks how often the occupant experiences the 

symptoms and some options are available such as often, regularly, sometimes and never 

(Bluyssen, 2009). 

 

5.2.2.4. Selected Methods 

In this section, selected methods are presented and explained, including background, 

walkthrough, questionnaire, measurements, and interview.  

 

5.2.2.4.1. Background 

Information regarding the site, construction, energy use and maintenance are essential. This 

sort of information is collected through building owners, the architect, the technical engineer, 

the management of the company, the facilitator manager and employees (Kernohan et al., 

1992). Furthermore, building certificates, any existing building report such as Probe, thermal 

comfort studies and BSRIA Energy Assessment are valuable. Based on the collected data on 

history of the building possible causes of discomfort and the indoor difficulties are predicted 

(Baird et al., 1996). 

 

5.2.2.4.2. Walkthrough 

A walkthrough is a common technique in a Post Occupancy Evaluation (Roaf et al., 2004), 

such as the evaluation of the Brass High School in Falkirk (2005). The walkthrough or 

touring interview is designed to understand the building performance as a whole (Baird et al., 

1996). Kernohan explains walkthrough or ‘touring interview’ as a conversation on the move 
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or a combination of observation and interview. The researcher asks simple questions, listens, 

and takes notes and photos (Kernohan et al., 1992). Becker suggests to collect organisational, 

technological and design information regarding the office building during the walkthrough 

(Becker et al., 1996). Roaf recommends to involve building management in a ‘real-world 

approach’ instead of simply investigating technical aspects of a building (Roaf et al., 2004). 

In order to understand the building performance, it is required to collect the knowledge and 

judgement of an expert, who has been trained to address the technical aspects (Baird et al., 

1996). Therefore the key person for the walkthrough is the facilities manager, who holds 

extremely useful and valuable information regarding the building performance and its 

difficulties. 

 

5.2.2.4.3. Questionnaire 

Bluyssen explains that questionnaires are useful to investigate user’s satisfaction with the 

surrounding environment. People can evaluate and prioritise different aspects (Bluyssen, 

2009). A questionnaire usually covers comfort, health, satisfaction, age and sex (Roaf et al., 

2004). In thermal comfort studies, questionnaire is the most commonly applied method (Rijal 

et al., 2009, Bluyssen, 2009). The ASHRAE seven scale thermal sensation question is widely 

used, explained in section 3.2.2.1. Humphreys uses a questionnaire to record occupant’s self 

assessment productivity level compared to their normal status (Rijal et al., 2009). Oseland 

applies a sophisticated questionnaire to measure productivity (Oseland, 2004). In Post 

Occupancy Evaluation Studies, the Probe recommends a brief questionnaire as the most 

effective way to collect users’ information on their building (Roaf et al., 2004). Bordass 

explains that a questionnaire includes user’s background information, such as age and sex, the 

building overall and how it responds to requirements, individual control over the thermal 

environment, health, productivity, occupant’s comfort regarding temperature, air velocity and 

quality, lighting, noise and overall comfort (Bordass et al., 2001a). Bordass recommends not 

to change the basic questionnaire (Bordass et al., 2001a) in order to create a database with the 

ability to cross comparison between different office buildings (Leaman, 1996). Probe’s basic 

questionnaire has eight categories, including thermal comfort, sick building symptoms, 

satisfaction with facilities, productivity and time spend in the building and at the workstation 

(Leaman, 1996). 100 to 125 occupants answer this Probe questionnaire in every building 

(Bordass et al., 2001a). Similar questionnaires are used in other POE studies as well (Baird et 

al., 1996, Becker et al., 1996). In the sick building syndrome studies, questionnaires are the 

most common method as well, explained in section 5.2.2.3. 
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5.2.2.4.4. Measurements 

Schiller explains two types of measurements of the thermal environment, including general 

and local (Schiller et al., 1988). The general measurement investigates the performance of the 

building as a whole and to distinguish different thermal zones. In contrast, the local 

measurement focuses on the instant interior condition and occupants response to the situation. 

This reading includes measuring the following in a rough priority order: temperature, 

humidity, CO2, radiant temperature, light and noise levels (Schiller et al., 1988). In thermal 

comfort studies, different instruments are used, such as thermocouple, globe thermometer, 

anemometer, have been used for thermal comfort studies (Oseland and Humphreys, 1994). 

Melikov applies environmental measurements very close to the occupant’s seat to record the 

thermal condition that they experience. In addition, measurements are applied at different 

levels, such as floor, desk and above the head of a standing person (Melikov et al., 2005). 

 

5.2.2.4.5. Interview 

When the topic of the research is occupants and their issues, the ‘voice’ of occupants becomes 

very important (Shibley and Schneekloth, 1996), and it need to be reflected in the methods 

and research plan. Kernohan highlights the importance of user participation in evaluating 

buildings, since people’s knowledge about their building is an important source of 

information (Kernohan et al., 1992). Although experts’ judgement in a building evaluation is 

important, documentary evidence reveals that building occupants, who are non-experts, are 

more aware of every day issues. They report problems such as how to use the building, air 

quality and temperature more accurately (Baird et al., 1996). Although the only way to 

investigate users’ ‘voice’ is through asking the occupants, careful scientific methods should 

be applied to record their knowledge (Shibley and Schneekloth, 1996). Occupants’ 

knowledge is often contradictory (Roaf et al., 2004), unstructured and informal, therefore 

scientific methods are required to record and analyse these data (Shibley and Schneekloth, 

1996).  

 

5.2.2.5. Triangulation 

Smith describes that triangulation is mainly used in military and navigation. Triangulation is 

to locate the exact position of an object through multiple reference points (Jick, 1979). In 

research, triangulation is to combine different methods ‘in the study of the same 

phenomenon’ (Denzin and Lincoln, 1998). Jick explains that ‘researchers can improve the 

accuracy of their judgments by collecting different kinds of data bearing on the same 

phenomenon’ (Jick, 1979). According to Guion, triangulation increases the validity of 
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findings of qualitative research. Validity ‘refers to whether the findings of a study are true and 

certain. ‘True’ in the sense that research findings accurately reflect the situation, and ‘certain’ 

in the sense that research findings are supported by evidence’ (Guion et al., 2002). Oliver-

Hoyo has similar explanation that ‘triangulation involves the careful reviewing of data 

collected through different methods in order to achieve a more accurate and valid estimate of 

qualitative results for a particular construct’ (Oliver-Hoyo and Allen, 2006).  

 

The advantage of using different methods make the overall methodology stronger, as they 

complete one another to maximise strengths and minimise weaknesses of each method 

(Creswell, 1994). However, Morse explains that in order to take advantage of qualitative and 

quantitative methods in triangulation and to avoid conflicts in diverse analysis systems of 

each method, consistency in ‘the purpose of the research, research question and interpretation 

of results’ is required (Morse, 1990). Qualitative methods are particularly important in 

triangulation. The collected data through qualitative methods such as observation in context, 

in addition to qualitative analysis function ‘as the glue that cements the interpretation of the 

results of multi-method research design’ (Jick, 1979). Qualitative methods are beneficial in 

terms of first hand observation and personal experience (Jick, 1979). 

 

In this research, occupants’ perception of their thermal environment is recorded through a 

questionnaire and empirical building performance through the measurement of the thermal 

environment. These traditional techniques are further reinforced with semi-structured 

interviews to investigate the environmental control. The latter investigates the research 

question in a qualitative way and functions ‘as the glue that cements the interpretation of the 

results’ (Jick, 1979) of the traditional quantitative methods in this research. 

 

5.2.3. Analysis 

Traditionally, mainly quantitative analysis is used in the field of thermal comfort to produce 

algorithms (McCartney and Nicol, 2002) and computer software, such as the CBE Thermal 

Comfort Tool (Hoyt et al., 2013), and ASHRAE Thermal Comfort Tool (Huizenga, 2011). 

Fanger applied quantitative analysis on his experiments and achieved equations, as presented 

in section 3.2.1.1 

 

Although the quantitative analysis is useful to understand the field better and generalise the 

findings, it overlooks the context and meaning, further explained in section 10.2. In addition, 

Nicol recommends architects to take back the responsibility of providing thermal comfort for 

occupants through the design of the building envelope. Currently engineers are the main 
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5.2.4.1. Stage A: Preliminary Investigation 

This stage is initially planned to collect the key building information and the building history 

prior to the site visit (Bordass et al., 2001a). According to Hedge, knowledge of the history of 

the building is important before the actual fieldwork takes place (Hedge, 1996). The first step 

is to contact management or administrative people in the selected office building and explain 

the purpose of the study in order to get access to the building (Becker et al., 1996). They may 

have difficulties with some of the findings and consequently make the process of the research 

difficult (Bordass et al., 2001a). Prior to the site visit, some information regarding the plan, 

layout and energy use of the building is required and a pre-visit questionnaire is applied, 

presented in Appendix B. These data can be collected to a preliminary visit before the actual 

fieldwork (Bordass et al., 2001a). The purpose of this questionnaire is a general 

understanding of the building, occupants and possible difficulties in the building prior to the 

visit. The site visits are arranged with occupier rather than the architect (Bordass et al., 

2001a). Then interview with the key people in the building are arranged (Becker et al., 1996). 

A checklist is useful to collect necessary information at the site (Bordass et al., 2001a). 

 

5.2.4.2. Stage B: Embedded Investigation 

This stage takes place during the actual fieldwork. It includes an introductory meeting, 

walkthrough, observation, checklist, selecting the participants, measurements, and 

questionnaires. At the site visit, the first step is an introductory meeting with the management 

or the building owner to describe the research purpose and procedure. In return, they may 

describe some part of the building history, previous or present difficulties in the building. The 

second step is a walkthrough or touring interview with the facilities manager. This is a 

conversation on the move, which includes recording, photos and notes (Kernohan et al., 

1992). This stage is about getting to know the building, its plant room and control systems. It 

includes the heating, cooling, ventilation system, changes, difficulties and occupants’ general 

complaints.  

 

The next step is a combination of observation and checklist, which is a visual inspection of 

the building in order to prepare for data collection and survey. Plans and sections of the 

building are required at this point. A checklist that holds information such as the site, space, 

internal environment, and building service attributes, which is based on the CBPR checklist, 

as well as photos are useful to record this visual inspection (Baird et al., 1996). At this stage, 

the suitable locations to place the data loggers to record temperature and humidity are 

identified. In order to document the general thermal performance of the building and different 

thermal zones, horizontal and vertical readings are required. To capture the thermal condition 
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that users experience, data loggers are placed on the desks in the horizontal measurements. In 

order to capture the vertical thermal differences, the data loggers are placed on the floor level, 

desk level and close to the ceiling. 

 

It is essential to invite occupants to participate in the research at an early stage, in order to 

prepare a schedule based on their availability to respond to the instant questionnaire. The 

participation in this research is based on willingness, like other similar studies (Schiller et al., 

1988). However, a balance between genders, age and location are desirable. Based on 

Schiller’s research, the following criteria in a priority order are applied in selecting the 

occupants: willingness, close to other participants’ location, availability of control devices, 

locations in the building (according to the thermal zone and distance from windows), equal 

number of male and female and variety of age groups (Schiller et al., 1988). This selection 

does not require to represent the building as a whole, but to demonstrate a variety of 

individuals in the building that represent the particular layout (Schiller et al., 1988). For 

example, in open plan offices individuals are selected from different locations preferably 

from a single floor plate based on their distance from windows. In this way the selection of 

workstations covers the ranges, such as next to a window, away from windows but have an 

outside view, and far from windows and no outside view. The same procedure applies to 

selecting individuals with different genders and age groups. 

 

Based on the schedule, the selected occupants are monitored daily. Every individual is 

required to fill in a brief questionnaire, presented in Figure 311 in Appendix B. 

Simultaneously the condition in the workstation is measured in terms of temperature, 

humidity, CO2, light and sound levels. Overall the steps of the stage B are presented in the 

timetable in Figure 41. 

 

Figure 41: Timetable of the initial research plan 

 

5.2.4.3. Stage C: Analysis 

The collected data from the field, regarding the building history, walkthrough and interviews, 

are analysed to measure the building performance and user behaviour. A particular emphasis 

is given to control devices, their performance and occupants’ satisfaction, which is through 

Day Start Time End Time Action Comment
1st Day 09:00 12:00 A tour of the builidng
1st Day 09:00 17:00 Horisontal measurement (temperature & humidity) of the building
2nd Day 09:00 12:00 Checklist
2nd Day 09:00 17:00 Vertical measurement (temperature & humidity) of the building
3rd Day 09:00 10:00 First 10 worksatations, Questionnair+Measurements (temperature, humidity, light, CO2) Every workstation will take almost 5 minutes
3rd Day 11:00 12:00 Same 10 worksatations, Questionnair+Measurements (temperature, humidity, light, CO2) Every workstation will take almost 5 minutes
3rd Day 14:00 14:00 Same 10 worksatations, Questionnair+Measurements (temperature, humidity, light, CO2) Every workstation will take almost 5 minutes
3rd Day 16:00 17:00 Same 10 worksatations, Questionnair+Measurements (temperature, humidity, light, CO2) Every workstation will take almost 5 minutes
4th Day 09:00 17:00 Another set of 10 workstations like the 3rd day, Questionnair+Measurements (temperature, humidity, light, CO2) Every workstation will take almost 5 minutes
5th Day 09:00 17:00 Another set of 10 workstations like the 3rd day, Questionnair+Measurements (temperature, humidity, light, CO2) Every workstation will take almost 5 minutes
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observations and the two questionnaires. Thermal performance of the building is analysed and 

visually presented on the plans and sections. Overall, users’ satisfaction, comfort and health 

are analysed and compared. Through this analysis, the research question is refined and 

narrowed down. Based on that, the research plan, data collection and analysis techniques are 

refined in order to be re-applied in the field. 
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5.3. Summary 

In this chapter, research aim and approach are presented. The aim of this research is to 

investigate the application of individual thermal control and its’ impact on occupants’ 

satisfaction, comfort, health and productivity in the workplace. The Norwegian cellular plan 

offices with high levels of environmental control are compared with the British open plan 

layout with limited thermal control. 

 

In order to define the approach, traditional and non-traditional approaches are studied. A 

multi-methodology design is applied in this research, which is a combination of field studies 

of thermal comfort and grounded theory. The latter is a qualitative methodology, which 

defines the overall approach. In the grounded theory, the research question and plan are 

developed through the research process, including the replication of data collection, analysis 

and design of the research plan. From the traditional quantitative methodology, which is the 

field studies of thermal comfort, mainly the methods are adopted in this research, including 

questionnaire and measurements of the thermal environment. These traditional quantitative 

methods are triangulated with a qualitative semi-structured interview in order to further 

investigate the application of individual thermal control in the field. Finally, the initial 

research plan is presented in this chapter, which is subject to change. According to the 

grounded theory, several pilot studies are applied to finalise the research question as well as 

the research plan, which are presented in the next chapter.  
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PILOT STUDIES AND RESEARCH PLAN  
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6. Pilot Studies and Research Plan 

This chapter finalises the research plan based on the pilot studies. It introduces the pilot 

studies, analysis, refined objectives, the refined research plan, measuring equipment, and the 

criteria used to select the case study buildings. 

 

In Chapter Five grounded theory was selected as the main methodology for this research. In 

this methodology, the research plan and theories are finalised through a process of 

investigation, analysis and refinement of the methods. In order to finalise the research plan 

prior to the actual fieldwork and to narrow down the focus of the study and objectives, several 

pilot studies are applied.  

 

  



CHAPTER 6 122

6.1. Pilot Studies 

This section includes various pilot studies, such as observation in context, measurements, 

questionnaires, interviews, video recording, and analysis. Several buildings were included in 

these pilot studies, including the G2G3 office, the Victoria Quay, an anonymized building in 

Sweden, Minto House and Evolution House at the Edinburgh College of Art.  

 

6.1.1. Observation in Context 

An observation in context was applied in a small office near Edinburgh, called G2G3, in 

summer and winter for a period of three weeks each in 2011. The aim of these two pilot 

studies was to understand the field better by spending time in the actual context of an office to 

observe user behaviour. Based on this observation, several issues were raised, such as 

‘discomfort thermal threshold’ and ‘neutral thermal sensation’. These issues influenced the 

research question and analysis, which are presented in Chapters Eight and Nine. 

 

Through this observation, the ‘discomfort thermal threshold’, which is presented in Figure 44 

was clarified. This is the moment when the participant feels thermally uncomfortable and 

starts changing their behaviour, such as opening a window, taking off extra layers, having a 

cold drink, changing the thermostat, adjusting the fan, or complaining. Further investigation 

and comparison with the recorded thermal measurements showed a strong connection 

between sudden changes in temperature and the ‘discomfort thermal threshold’. This was 

further researched through applying an ethnographic method, including simultaneous video 

recording and measurements, presented in section 6.1.5. Based on the ‘discomfort threshold’, 

the instant questionnaire was re-designed to apply three times a day to cover the temperature 

changes during the day, including morning, early and late afternoon, which is discussed in 

section 6.1.3. In addition, ‘thermal intention’ was included in the questions, which is an 

important part of analysis in Chapters Eight and Nine. 

 

Another observation was the comparison between thermal measurements, the occupant’s 

thermal sensation and their thermal intention. Several occupants had a thermal sensation other 

than neutral. However, they were quite happy and did not want any change in the 

temperature. For example, a female participant felt slightly warm and very comfortable so 

that she did not want any change in the temperature. She was sitting in the mezzanine, where 

the temperature was higher compared to the rest of the office as well as to the comfort zone 

defined by the ASHRAE Standard 55-2004. This observation was the basis for questioning 

the application of the ‘neutral thermal sensation’ as the basis of thermal comfort studies and 

standards, which is discussed in Chapter Eight. In addition, this observation questioned the 
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accuracy of the worldwide comfort zone standards, such as the ASHRAE Standard 55-2010, 

which is also examined in Chapter Eight. 

 

Another observation was made in one of the pilot study buildings, when a few occupants felt 

cold and uncomfortable in their office. So they complained to the facilities manager, who 

came to investigate the situation. He measured the temperature, which was 22oC. Then the 

facilities manager stated that ‘according to the standards, the temperature is fine and the 

occupants’ complaint is irrelevant’ and he left.  

 

6.1.2. Measurements 

Measuring equipment are presented in section 6.4. Environmental measurement of the pilot 

study, the G2G3 office, was applied in summer and winter. A sample of this measurement is 

presented in Figure 42. As presented in Figure 47, the outdoor temperature is not recorded in 

the initial measurement in the summertime, which is represented in purple. This pilot study 

showed that in order to analyse the thermal performance of the building, it is necessary to 

record outdoor conditions at all times. This provides a basis to compare the recorded 

measurements of the interior of different parts of the building with the actual temperature and 

humidity outside the building. In addition, the adaptive comfort theory relates the comfort 

ranges for indoor operative temperature to the mean outdoor air temperature (ASHRAE, 

2010, CEN, 2005). De Dear demonstrates that indoor temperature is directly dependent on the 

outdoor temperature, particularly in naturally ventilated buildings (de Dear and Brager, 2001). 

All of the selected case study buildings in this research have openable windows, explained in 

section 6.5. Thus a data logger is placed outside in order to constantly measure the outdoor 

temperature and humidity. Therefore, outdoor measurements are considered in the next pilot 

study in wintertime, presented in Figure 51, and in the research plan.  

 

In addition, different thermal zones were recognised in the building, presented in Figure 47. 

For a general understanding of the thermal performance of the building, constant horizontal 

and vertical measurements were applied, presented in Figure 47, Figure 48, Figure 51, Figure 

52, and Figure 53. For the vertical measurements, data loggers were placed at floor, desk and 

ceiling levels, similar to Melikov’s techniques (Melikov et al., 2005). For the horizontal 

measurements, data loggers were placed on the desks. Furthermore, instant environmental 

measurements of workstations were applied when the occupant was responding to the instant 

questionnaire. 
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6.1.3. Questionnaire 

Three pilot studies were applied to finalise the two questionnaires, including the general and 

instant questionnaire, which are presented in Appendix B. The instant questionnaire was 

prepared to collect information regarding users’ immediate feeling of comfort and satisfaction 

as well as their behaviour. This instant questionnaire is followed by simultaneous 

environmental measurements, explained in section 6.1.2. This questionnaire is mainly based 

on (Rijal et al., 2009), (Bluyssen, 2009) and the ASHRAE thermal sensation, comfort and 

satisfaction (ASHRAE, 2009), the latter is explained in section 3.2.2.1. The answers are based 

on seven scales of the ASHRAE model (ASHRAE, 2004) with the additional option of ‘No 

strong opinion’. The aim of the general questionnaire was to collect information, such as age, 

gender and building related symptoms as well as recording the respondent’s view of thermal 

control. 

 

A pilot study in the architecture department at the University of Edinburgh was carried out to 

examine users’ understanding and response to both questionnaires in order to reduce any 

ambiguity. Participants’ responses to the environmental control questions showed 

contradictions. This was a paper-based questionnaire; thus some respondents have simply 

ticked both boxes. In response to ‘Would you like to have an automatic temperature control 

system or would you prefer to set the temperature yourself?’ several participants responded 

‘both’. In a follow-up conversation, participants explained their preferences, which was very 

useful. For example, some of them preferred to have both options to use according to the 

situation. Some preferred an automatic system because they did not want to be distracted by 

changing the temperature. However, they preferred to have the option to change the settings if 

needed. Therefore, this part needed to be refined, as the questionnaire could not explain the 

complexity of this matter. The refined method is presented in section 6.1.4. In addition, 

respondents complained about the length of the questionnaire, which included 48 questions 

and required so much of their time. For example, these comments were often received: ‘Do 

you really expect me to answer all these 48 questions?’, ‘So this is just the first part of your 

research?’, ‘How much time do you expect me to spend on your research?’, and ‘I am sorry, I 

don’t think I have the time to participate in your research’. As mentioned in section 5.2.2.2, 

Roaf explains that careful planning is required so that participants are not required to spend 

too much time on the research (Roaf et al., 2004). 

 

Another pilot instant questionnaire was applied in G2G3 office, in which participants did not 

respond to every question. This made the analysis and cross comparison difficult, as some 

necessary information was missing. Other researchers report similar difficulty (Baird, 2010). 
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Therefore, the paper-based instant questionnaire was modified into an online questionnaire 

using Bristol Online Survey. Respondents cannot submit the questionnaire if they have not 

answered to all of the ‘required’ questions. Brager explains that online surveys are useful 

tools to study building performance from the occupant’s point of view. They are quick and 

inexpensive, allow more detailed questions and provide an easier data storage, analysis and 

comparison of the results (Brager and Baker, 2009). In this research, for the ease and speed of 

data collecting, the online questionnaire was presented on an iPad. Participants showed much 

more enthusiasm. In addition, this method ensured that all the questions were answered. 

 

In the third pilot questionnaire, an international student at Edinburgh College of Art 

participated in responding to the general or pre-visit questionnaire. Her immediate reaction 

when she saw the 48 questions was to avoid participation. Therefore the researcher offered to 

read the questions for her. This proved extremely useful as her thinking out loud and the 

reasons why she chose one option over the other were more useful than the question itself. 

For instance, her response to the environmental control question clarified the ambiguity, as 

she preferred an automatic system, with an option to apply control in case she found the 

temperature inconvenient. This pilot questionnaire was very helpful, as it showed that a 

conversation is far more useful to clarify complicated matters like environmental control. 

These pilot studies regarding the general questionnaire called for a change in data collection 

technique. The general questionnaire was changed into a semi-structured interview, which is 

presented in the next section. 

 

6.1.4. Interviews 

The management of Victoria Quay building did not agree to the general questionnaire, instead 

they allowed five minutes of interview per respondent. Therefore, the general questionnaire 

was modified into 10 simple questions as follows: 

 

 Are you male/female? Year of birth? 

 How long have you been working at this building and workstation? 

 Are you completely deskbound? 

 What do you think you are more tolerant of, too hot or too cold conditions? 

 What do you do when you feel hot/cold? 

 Do you prefer to change the temperature at your desk or would you like the 

temperature to be set automatically? 

 Would you like to have an outside view? 

 How often do you have dry/watery eyes or nose? 
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 How do you usually feel at work during summer and winter in terms of temperature 

and comfort? 

 How is the light level at your desk? Do you change it often? 

 

This pilot interview was very successful. The qualitative results were more explicit than the 

general questionnaire. Therefore, the general questionnaire was redesigned into a semi-

structured interview. The questions are presented in section 6.3.5. Respondents’ explanation 

clarified the importance of individual thermal control in the workplace and the importance of 

sharing an office with other occupants. Most of the participants mentioned their individual 

differences in perceiving the thermal environment and that no particular temperature would 

satisfy both them and their neighbouring colleagues. The occupants sitting around the 

perimeter of the building, who had access to openable windows, did not use this control 

system as often, since the ‘other’ colleagues did not like it. For instance, one occupant liked 

to have the window open at all times in order to have fresh air, while his neighbouring 

colleague did not like the draught. Another occupant had a fan on his desk, while his 

immediate colleague wanted to feel warmer. They explained their individual differences and 

the obstacle in satisfying all with one particular temperature in an open plan layout. This part 

is further researched in section 9.2.1. 

 

In Victoria Quay, the interviews took place at participants’ workstations in the open plan 

office. This exposed a difficulty, as participants seemed uncomfortable when responding to 

some of the questions, particularly associated with their ‘other’ colleagues. This was adjusted 

in the research plan, to take the interviews to a room or a more private place. Based on this 

pilot interview, the semi-structured interview was modified, which is presented in section 

6.3.5. 

 

6.1.5. Ethnographic Video Recording 

Several ethnographic pilot studies were applied to investigate user’s behaviour towards the 

changes of the thermal environment and how they use environmental control systems. 

Simultaneous thermal measurements and observation were combined in this study. The latter 

included different methods of observation, including direct observation as well as video 

recording using a camera, iPad and laptop. The most useful method of observation was the 

video recording on a laptop using the iMovie software, as it has the benefit of recording the 

natural behaviour, ease of analysis and comparison. In a pilot video recording, shortly after 

the recording started, the participant simply forgot that he was being recorded, as a laptop is 

usually not associated with a camera or a recording function. He felt so comfortable and 
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Although the video recording technique seems to provide useful qualitative information, this 

method was not applicable in the case study buildings in this research, due to sensitivity of 

the nature of the buildings, such as the oil company. Therefore, this method was not included 

in the research plan. However, this method is useful and recommended for further research in 

the field, particularly to investigate user behaviour and environmental control, explained in 

section 11.5. 

 

6.1.6. Analysis 

The data collected in the pilot studies are analysed in order to narrow down the research 

question and redesign the research plan. As a quality control, Bickman recommends avoiding 

inclusion of the analysis of a pilot study in the final research analysis (Bickman and Rog, 

1998).  

 

The aim of this section is to present a quick view of the process of developing of the visual 

recording technique as well as the main questions that were raised and helped developing the 

hypotheses. Therefore analysing the data is avoided, as it is not the focus of this section. The 

detailed analysis and techniques are presented in Chapters Seven, Eight and Nine. The focus 

of this analysis is building performance and user behaviour. Environmental measurements 

and observations are presented on the plans and sections using colour codes. The selected 

colours are based on traffic lights, so green stands for an acceptable condition, while yellow is 

middle ground and orange represents an unacceptable condition. For example, when the 

thermal environment is acceptable based on the ASHRAE PMV prediction model, the colour 

is green. The colours of the thermal sensation and preference are blue, green and red, which 

respectively represent cool, comfortable and warm conditions. Figure 45 and Figure 46 show 

the horizontal and vertical air movements in the building. The colours of the arrows show 

where the air is warm and where the air is cool. 

 

Figure 45: G2G3 pilot study: Air movement analysis on the plan 
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Figgure 58: Simplified examples of thhermal sensation: ‘cold’, ‘neutral’ and ‘hot’ responnses 
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6.2. Refined Research Objectives 

The analysis and findings of the pilot studies indicate individual differences in perceiving the 

thermal environment as well as their willingness to apply environmental control, explained 

respectively in sections 6.1.4 and 6.1.6. In this section, the research objectives are refined, 

based on the pilot studies and analysis.  

 

Two main objectives are distinguished, including challenging the concept of the ‘comfort 

zone’ and investigating the application of ‘individual thermal control’ in the workplace. The 

former challenges the view of the ‘comfort zone’ in an endeavour to satisfy everyone, which 

is presented by comfort standards and researchers in the field. In order to examine this 

challenge, three objectives are identified for further investigation. Firstly, the accuracy of the 

most widely used ‘comfort zone’ presented by the ASHRAE Standard 55-2010 is examined. 

Secondly, the application of the ‘neutral thermal sensation’, which is the basis of thermal 

comfort standards and studies, is questioned. Thirdly, the consistency of occupant’s thermal 

preference throughout the day is studied.  

 

In order to investigate the application of ‘individual thermal control’ in the workplace, two 

objectives are clarified. Firstly, the influence of thermal intention of the occupants in applying 

environmental control on their satisfaction and comfort are studied. Secondly, the application 

of thermal control in two office layouts with high and low levels of environmental control is 

researched. This is the basis for this thesis, and the research question refers mainly to this 

part. Based on this objective, satisfaction, comfort, health, and productivity of the users of 

Norwegian cellular and British open plan offices are compared. The former provides high 

levels of environmental control for every occupant, while the latter has limited thermal 

control for occupants around the perimeter of the building. 
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6.3. Refined Research Plan 

Based on the pilot studies, the research plan is finalised. Environmental measurements are 

applied to analyse building performance, while interviews and questionnaires are used to 

record users’ response and behaviour towards their thermal environment. The length of a site 

visit is approximately one week per building. The stages of the research plan as well as the 

measuring equipment are presented in this section. These stages include a meeting with 

management, walkthrough, measuring the building, schedule user participation, semi-

structured interviews, and surveying workstations. 

 

6.3.1. Meeting with Management 

The first step is to set a meeting with the management of the building. This meeting usually 

happens prior to the field study visit in order to gain access to the building. The research 

purpose and plan will be discussed in this meeting and management may talk about the 

history or difficulties of the building. The facilities manager is the key person to have the 

meeting with, as he holds valuable information regarding the building performance and 

occupants’ complaints, explained in the next section. In order to inform the staff about the 

research, an introductory letter was provided to inform them about the research and invite 

them to participate. This electronic mail is sent to the management to be sent out to their staff. 

It is particularly important to mention how much time they are expected to spend for the 

research, which is less than 15 minutes to encourage staff to participate in the research. 

 

6.3.2. Walkthrough 

This is a touring interview with the facilities manager, which can be combined with the 

previous step, the meeting with management. This is an important part of the fieldwork to 

understand the building performance. Plant room, different parts of the buildings and 

sometimes the roof are visited and the building performance is explained and documented by 

recording and taking photos. A checklist is prepared to cover the essential information as 

follows: 

 

1. Facilities manager’s contact details, preferably email address 

2. Plans and sections of the building, including the plan of the plant room if available 

3. News or published journal articles regarding the building 

4. Energy supply and performance 

5. Energy bills 
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The main instant survey of the worksations includes the following:  

 

 Survey questionnaire of the occupant, presented in section 6.3.6 and Figure 70 

 Instantaneous measurements: temperature, humidity, carbon dioxide, light, and noise. 

The equipment are presented in section 6.4.2 

 Observation: such as clothing, which is a passive adaptive method that users apply to 

adjust themselves to the thermal environment so that they feel comfortable.  

 Researcher’s online questionnaire to record the instant measurements and 

observations, presented in Figure 71 

 Surface measurements: floor, desk and ceiling. Eight data loggers are used, which are 

presented in section 6.4.1 

 Outdoor measurements: one data logger is always kept outside the building to record 

the outdoor temperature and humidity to be used as a basis for comparing the indoor 

measurements.  

 

6.3.4. Schedule Participants’ Availability 

Occupants are informed about the research by management prior to the site visit, explained in 

section 6.3.1. At the site visit, the availability of the participants for the interview and 

questionnaire is scheduled. It is useful to manage this schedule as early as possible, due to 

complexity and limited timing. The interview can be scheduled anytime, but the questionnaire 

is applied three times in a particular day, including morning, early and late afternoon. 

Therefore it is important to schedule the questionnaire on a day in which the participant has a 

more flexible working day. Often the participants are not present at their workstations and the 

researcher needs to come back to apply the survey. This schedule is particularly important 

and careful consideration is required, since the site visit is limited to a few days and overall 

30 participants are surveyed three times a day, in addition to their interviews. This is a very 

heavy schedule and a professional time management tool is required to avoid extra 

complexities. In this research, online Smartsheet software is used, which is a useful and user 

friendly tool, illustrated in Figure 69. Based on the experience in the pilot studies, in order to 

avoid extra effort to find the participants at their workstations, their time of entrance and 

departure as well as their unavailable time, such as meetings and lunch break, are included in 

the schedule. In case the participant is available only for a very short period between 

meetings, their survey is prioritised with red circles. After every survey, it is ticked off in the 

schedule to keep track of accomplished tasks. 
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8. In the ideal world, would you like the temperature settings at work to be automatically so 

that you don’t do anything about it, or would you like to set and change it yourself? 

8.1. Why? 

8.2. What sort of control would you like to have? 

8.3. How often would you change the settings? Once a year, season, month, week, 

day, or more? 

9. Have you noticed any pattern of temperature changes in the office?  

9.1. Seasonal, day and night, beginning and end of the week 

10. Do you have any comments or feedback? 

 

6.3.6. Surveying Workstations 

This part records occupant’s response to the immediate thermal environment as it changes 

throughout the day. The researcher met each occupant three times a day (i.e. morning, early 

and late afternoon) so that the respondent fills in a survey questionnaire while the researcher 

records environmental measurements at the particular workstation, explained in section 6.1.2. 

The process of preparing the questionnaire is presented in section 6.1.3 and the initial 

questionnaires that led to the design of this questionnaire are presented in Appendix B. This is 

an online questionnaire, which is presented to the occupants on an iPad. Most occupants 

enjoy using this device, the ease and speed of collecting data and the long lasting battery of 

this device are very beneficial in this research, explained in section 6.1.3. A copy of the 

questionnaire is presented in Figure 70. These questions record users’ view of the thermal 

environment at the time of the measurements. The questions include user comfort, 

satisfaction, thermal sensation and thermal intention based on the ASHRAE seven point scale 

(ASHRAE, 2009), discussed in section 3.2.2.1. The respondent’s view of indoor quality is 

examined by questioning adequacy of the air movement, fresh air and light level. A 

productivity question is included based on McCartney’s transverse questionnaire (McCartney 

and Nicol, 2002). Thermal sensation is the main question to indicate thermal comfort of the 

user in the studies of thermal comfort and thermal intention is included to examine this 

application as well as the neutral thermal sensation, discussed in sections 8.1 and 8.2. 

Satisfaction and comfort are other measures to show users’ view of their environment. The 

relevance of these questions to the ‘thermal environment’ is specified in the questions and 

reinforced by the researcher at the time of the survey to reduce the influence of other factors 

on users’ comfort and satisfaction.  

 

The environmental measurements include instant readings of the temperature, humidity, 

carbon dioxide, noise, and light levels, discussed in section 6.3.3. The measuring equipment 
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Figure 71: Researcher’s online qquestionnaire to rrecord observatioons and measuremments of the thermmal environment 
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Figure 74: Anemometer, mini environmental quality meter - 850070 (image source: http://www.sperdirect.com/mini-
environmental-quality-meter-410-prd1.htm) 

 

The noise level is measured by a sound level meter called a digital type 2 sound meter 

840029, which is presented in Figure 75. This device is useful to measure continuous sound 

levels in the workplace. The equipment measures A and C frequency weighting ranging from 

30-70 dB, 60 to 100 dB, and 90-130 dB, the resolution is 0.1 dB, the accuracy is ±1.5 dB, and 

the frequency is 31.5 Hz to 8000 Hz. The calibration adjustment of the instrument is built-in 

using a botton on the front panel and the internal calibration is 94 dB/1 kHz square wave 

generator. The instrument complies with IEC 61672 class 2, ANSI S1.4 type 2 frequency and 

time weighting specifications, DIN 45633 and JIS 1502 (http://www.sperdirect.com). 

 

Figure 75: Sound level meter (image source: http://www.sperdirect.com/digital-type-2-sound-meter-310-prd1.htm) 
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6.5. Criteria 

In this research, the selection of the case study buildings is based on different criteria, such as 

building layout and environmental control systems. However, complexities in accessing the 

buildings greatly influence and limit this selection, discussed later in section 10.4. Based on 

the literature review, Norwegian cellular and British open plan offices are selected for 

comparison with respectively high and low environmental control systems, explained in 

Chapter Four. In order to have a basis for comparison, at least two buildings of each office 

layout are studied. This research seeks to investigate successful and benchmarked practices of 

both types, which provide high standards of indoor environment. In this way, users’ 

satisfaction, comfort, health, and productivity are less likely to be influenced by the quality of 

the indoor environment. Therefore their difference is more likely to be related to the great 

difference in the availability of individual environmental control systems. Further qualitative 

interviews are applied to clarify this matter. 

 

Based on the experiences in the pilot studies and in order to avoid complication, old and 

refurbished office buildings have been avoided. Preferably selected offices had been built 

within the last ten years and they are based on the latest modern office regulations in the two 

countries, discussed in section 4.2.2. It is particularly essential that the cellular practices 

follow the Norwegian regulations, including natural light, ventilation and outside view, 

discussed in section 4.2.2.1. The availability of individual environmental control systems in 

the cellular plan offices is particularly important, including openable window, blind, door, 

light, and preferably temperature controls. Very deep open plan offices are avoided, as they 

are associated with low user satisfaction (Bordass et al., 1993). All case study buildings are 

required to have openable windows, as this is an important thermal control system. However, 

the main air supply is provided by mechanical ventilation. Therefore a combination of natural 

ventilation and mechanical ventilation is desirable.  

 

In the cellular plan offices, single occupancy of the personal offices is desirable, since the 

occupant’s decision to control the thermal environment is not affected by others. In addition, 

Van Meel reports lower satisfaction levels in personal offices with more than one or two 

occupants (Van Meel, 2000). Full time occupancy of the workstations is preferable, as the 

long period of occupancy increases knowledge of the impact of the thermal environment, 

such as building related symptoms. Administrative occupations and similar activities are 

preferable, due to long hours of working at the workstation and similarity in activity and 

metabolic rate.  
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Due to the depth of data that is being collected in this study, the sample size is relatively 

small. In total, over three hundred responses are included in this research. Therefore, 

approximately thirty respondents are selected in every building, as every participant is 

surveyed three times in a particular day and overall four buildings are studied. Related studies 

include a similar sample size, which is between thirty to hundred respondents per building (de 

Dear and Brager, 2001, Leaman and Bordass, 2004, Arens et al., 2006, Wagner et al., 2007, 

Newsham et al., 2009, Bos and Love, 2013). Generalising the results of a small sample size is 

difficult. However, this research is based on in-depth and qualitative methods and analysis, 

which require time. Therefore a large sample size is avoided. In addition, Fisk reports that 

studies with a large sample size are more likely to have lower variance in regression analysis, 

thus extra consideration is required (Fisk et al., 2009). The sample does not require to 

represent the building as a whole, but to demonstrate various individuals in that particular 

office layout (Schiller et al., 1988). Participation in the research is mainly based on 

occupants’ willingness (Schiller et al., 1988). A balance in participants’ age and gender is 

required. 

 

In order to specify a suitable season to apply the survey of the case study buildings, the two 

extremes of the year, summer and winter, were researched in the pilot studies, as explained in 

section 6.1.6. This is based on the fact that if the internal environment of a building is 

comfortable during the extremes of the year, most likely it is comfortable in the milder 

outdoor conditions in spring and autumn. CIBSE TM37 presents guidelines for overheating in 

the summer (CIBSE, 2006a). Due to climate change, increased electric equipment and body 

heat in an office in addition to the fact that majority of newly built offices are highly glazed, 

over heating in summertime is becoming an important problem in offices in the UK and 

similar countries (Nicol and Humphreys, 2005, Tuohy et al., 2007). Therefore summer is 

selected for the fieldwork in this thesis. 
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6.6. Summary 

This chapter discussed the pilot studies, methods and analysis, research objectives, research 

plan, and finally criteria in selecting the case study buildings. The pilot studies are carried out 

according to the grounded theory in order to develop the research objectives, methods and 

analysis. Based on these findings, research objectives are finalised, including challenging the 

‘comfort zone’ and investigating the ‘individual thermal control’. In addition, the research 

plan is finalised. It mainly includes recording the building performance through 

environmental measurements, the occupants’ perception of their thermal environment through 

a questionnaire, and in-depth investigation of environmental control through a semi-

structured interview. Research equipment is presented and finally criteria for selecting the 

case study buildings are discussed, including building layout, environmental control, 

construction conditions, the number of buildings and participants, and the suitable season to 

conduct the research. 
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7. Building Performance 

Two Norwegian cellular plan offices with high levels of individual environmental control are 

compared to two British open plan offices with limited opportunity for individual control. 

This chapter includes an introduction to these case study buildings as well as a comparison of 

their performance. The introduction is a general overview of each building, including its 

location, measurements and layout, while the building performance section is a more detailed 

analysis of the ventilation system, energy performance, individual and central environmental 

control systems. This comparison is followed by qualitative observations and interviews in 

every section if applicable. 
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7.1.1.1. Building A 

 

Figure 82: Building A: North facade 

Building A is anonymised by the request of the office management. Built in 2000, it is a 

Scandinavian cellular plan workplace in Oslo, at the suburban ten kilometres away from the 

centre of Oslo. Train and bus provide public transport access to the building. It is a four-

storey office building that is rented to different companies. The third floor, comprising mainly 

offices and service area, is part of this research. A company with research and administrative 

activities rent this floor as well as the top floor, which also includes several meeting rooms 

and a canteen. The plan of the third floor is 2000 m2 overall (i.e. 20 m2 per person), includes 

100 offices, and every office is 10 m2, presented in Figure 86. 

 

The personal offices are located around the perimeter of the building, while the service areas, 

such as copy rooms, toilets and pantries, are in the middle. Every office has natural 

ventilation, air conditioning (i.e. 4 ach-1), cooling and heating, are explained in detail in 

section 7.2.1. In each office, the window allows sufficient amount of light, which can be 

controlled by a blind, and the artificial florescent light is adjusted via a light switch. The 

openable window allows the occupant to control the natural ventilation and the thermostat 

provides control over the temperature. According to the interviews, occupants are well aware 

of these control opportunities and they use them extensively to adjust the thermal condition in 

their personal offices. Each office is connected to the corridor through a wooden door and a 

large glass wall. This provides every office with a visual connection to the rest of the floor 

and indirectly lights the central spaces, presented in Figure 87. In order to encourage 

communication between staff, the company has an open door policy and the arrangement of 

the desk and computer in each office is in such a way that the occupant faces the door, 

presented in Figure 88. According to the interviews, occupants close the door as a signal to 
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Figuure 85: Building AA: South façade aand the main entrrance  
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Figure 86: Buildinng A: Third floor plan: researched area is highlighteed by a black fram
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7.1.1.2. Building B 

 

Figure 95: Building B: East façade  

Building B is a Scandinavian cellular plan office in Oslo. It is located in the university 

campus away from the centre of the city (i.e. over 3 km away towards North). Tram and bus 

are public transport systems to the building, and there is a bike shed to encourage cycling. 

The building has three different parts. The old part was originally a paper industry research 

institute, built in 1953. Later this old building refurbished and an extended in 2006 by L2 

Arkitekter AS. This new part is a separate building with connections to the old section and the 

new part is the case study Building B. Mainly academic and administrative activities take 

place in the new building. Although the façade of the new and old parts are similar, they are 

very different regarding the design of their plans. The new part is constructed based on 

modern regulations and comfort criteria, as described in section 4.2.2.1. This is a four-storey 

building, every floor is 840 m2 (i.e. 35 m2 per person) and includes 24 cellular offices with 

14m2 per office. Although this building has a separate entrance, it is connected to the old 

building on the fourth floor through a door at the end of the corridor. The fourth floor is 

researched as part of this thesis. 

 

The cellular offices are located around the perimeter of the building and services, such as 

copy room, pantry, break areas, and toilets are in the centre, presented in Figure 99 and Figure 

101. Every individual has a personal office with an outside view, natural light and natural 

ventilation, which can be controlled through two openable windows, external, internal and 

corridor blinds, light switches, door, and a thermal control device on the wall. The personal 

offices are connected to a wide corridor via a wooden door and a glass wall. The door and the 

blind on the glass wall allow the occupant to control their visual connection and privacy. The 

windows provide sufficient quantities of natural light, while two blinds, interior and exterior, 
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achieved high environmental ratings, discussed in sections 7.1.2.1 and 7.2.4. Building C is a 

naturally and mechanically ventilated building. Limited users sitting around the perimeter of 

the building have access to openable windows and blinds to adjust the thermal environment, 

as discussed in sections 4.1.2 and 4.6. Displacement ventilation and limited natural ventilation 

are operating in Building D. Nevertheless, the majority of occupants sit close to the centre 

away from windows due to the depth of the open plan office and they are not provided with 

any environmental control opportunity, which is compatible with the British work regulations 

as discussed in sections 4.2.2 and 4.2.2.2. 

 

7.1.2.1. Building C 

 

Figure 110: Building C: West façade  

Building C in Inverness, UK is one of the British open plan case studies in this research. This 

is the most sustainable building in this study with an ‘excellent’ BREEAM rating, 84% score, 

which was the highest score at the time. It also achieved 10 out of 10 Environmental 

Performance Indicator (EPI) rating.  It also won the British Council for Offices award in 

2006. This building is the headquarters for the Scottish Natural Heritage (SNH) and the Deer 

Commission for Scotland (DCS) in 2006 By Keppie Design and Mr Donald Canavan as the 

main architect. Mainly administrative activities take place in the building. It is located on a 

hill with a stunning view and far from the city centre. Bus is the main public transport, while 

a large bike shed and cycle paths encourage the staff to cycle to work. The building includes a 

canteen, library and a large atrium as an entrance. It is a three storey building and the office 

area of every floor is 1000 m2 (i.e. 18 m2 per person), including 125 workstations, and each 

workstation is allocated approximately 5 m2, presented in Figure 115 to Figure 119. 
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7.1.2.2. Building D 

 

Figure 132: Building D: North façade  

Building D in Aberdeen, Scotland is an open plan workplace. It is located in the centre of 

Aberdeen, although the surrounding streets are not particularly busy. Bus is the main public 

access to the building, although a bike shed encourages staff to cycle to work. It was designed 

by Richard Murphy Architects and built in 2011. It won three different awards including the 

British Council for Offices award in 2012. It achieved the ‘Very Good’ BREEAM rating, and 

a ‘B’ score regarding the energy use. The office building is a six-storey building and its 

flexible design provides an opportunity to be let to a single occupier as well as up to four 

occupiers per floor. An oil company occupied three floors of this office building since it was 

built in 2011. The first two floors are completely open plan, while third floor includes mainly 

personal offices for senior management, meeting rooms and limited open plan areas. There is 

a significant difference between the management personal offices in this building compared 

to personal offices in the two Norwegian workplaces, presented in Figure 143. The former has 

no window and consequently no natural light or ventilation. Except for a door and a light 

switch there is no environmental control available for the occupant. The main focus of this 

study is the open plan settings with administrative activities, the first two floors of Building 

D. The office area of every floor is 1680 m2, and (i.e. 12 m2 per person), including overall 525 

workstations in all three floors. Each workstation in the open plan is approximately 3.5 m2, 

while each management personal office is about 10 m2. 

 

Displacement ventilation (i.e. 4 ach-1) is the main ventilation system in Building D. The raised 

floor (i.e. 0.35 meter depth) works as a duct for the treated air, presented in Figure 141, and 
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7.2. Building Performance 

Environmental performance of the four buildings is measured and analysed in this section, 

including the ventilation system, environmental control, thermal zones, the ASHRAE comfort 

predictions, energy performance, carbon dioxide, light and sound levels. Climatic analysis of 

the buildings is briefly included in this section. The case study buildings in this thesis are 

selected from good practice examples of workplaces. They are expected to provide a good 

quality standard of indoor thermal environment, which is examined in this section.  

 

7.2.1. Ventilation System 

The two cellular plan offices have air conditioning in addition to the ability to open a window 

and adjust the temperature for individual offices. Building C is a naturally ventilated building 

that provides occupants, who sit around the perimeter of the building, with openable 

windows. Mechanical ventilation is also in operation to ensure the required ventilation in the 

building as well as regulating the temperature and CO2 levels. Building D has displacement 

ventilation in operation with limited openable windows around its perimeter. It is a deep open 

plan office and dependant on the mechanical ventilation compared to Building C, which 

mainly relies on natural ventilation. All four case studies in this research rely on mechanical 

ventilation as well as openable windows as part of their ventilation system. In the cellular 

plan offices every individual has access to an openable window, while in the open plan 

offices only people sitting around the perimeter of the building have limited access to the 

openable windows. Figure 147 to Figure 152 present the ventilation systems, including 

centrally and individually controlled ventilation systems in addition to a seasonal ventilation 

performance.  

7.2.1.1. Centrally Controlled Ventilation System 

Figure 147 shows the centrally controlled ventilation systems in the four case study buildings, 

which occupants cannot control. In Building A, the air conditioning is centrally controlled 

and both inlet and outlet are located above the door in every personal office. In Building B, 

also centrally controlled air conditioning is in operation. Nevertheless, the inlet and outlet are 

separated and located in a more effective way as the inlet is above the person’s seat and the 

outlet is close to the door in each personal office. In Building C, mechanical ventilation is in 

use. Few sensors are placed on the wall to measure the temperature and CO2 levels. The top 

windows are mechanically adjusted according to these readings. In addition, several 

mechanically controlled vents are located above the atrium to increase the stack ventilation in 

the building. These vents as well as radiators are centrally controlled and programmed.  In 

Building D, displacement ventilation is used, which is centrally controlled and programmed. 



CHA

Seve

mec

reco

 

7.2.

The 

indiv

envi

acce

heat

exte

cool

occu

acce

acce

in th

envi

Buil

blind

build

APTER 7 

eral sensors 

chanical vent

overy. 

Figure 147: S

.1.2. Individ

two cellular

vidual comp

ironmental c

ess to an ope

ting. In Bui

ernal and cor

ling. In cont

upants. In Bu

ess to opena

ess to blinds 

he middle o

ironment. In

lding D, occ

ds to adjust 

ding has a d

are located

tilations in B

Sections, centrally

dual Enviro

r plan offices

pared to th

control in th

enable windo

lding B, ev

rridor blinds

trast, the two

uilding C, on

able window

to block the 

of the open 

ndividual hea

cupants sittin

the light lev

deep open pl

d on the wal

Building A, B

y controlled venti

onmental C

s provide a m

he two open

e four case 

ow, blind, lig

very individu

s, light switc

o open plan 

nly few peop

s or internal

sun in summ

plan are no

aters and fa

ng around th

vel, however

lan and majo

lls to measu

Building B a

ilation systems in

Control 

much higher

n plan offi

study buildi

ght switches, 

ual has acce

ches, door, a

offices prov

ple sitting ar

l blinds. Oc

mer or preven

ot provided 

ans are not a

he perimeter

r very limite

ority of occu

ure the temp

and Building

n (a) Building A, (

r level of env

ces. Figure 

ings. In Buil

door, and th

ess to two o

and a contro

vide limited 

round the pe

ccupants sitti

nt a draught

with any m

allowed due

r of the buil

ed openable 

upants are al

perature and 

g D provide 4

(b) B, (c) C, and (

vironmental c

148 shows

lding A, eve

hermostat to 

openable wi

l device to a

adaptive opp

erimeter of th

ing close to 

in winter. O

means to adj

e to energy 

ding have a

windows ar

located to th

d CO2 level. 

4 ach-1 with 

(d) Building D 

control for e

s the indivi

ery occupant

adjust coolin

indows, inte

adjust heatin

pportunity fo

the building 

the atrium 

Occupants wh

djust the the

consumption

access to inte

re provided. 

he seats clos

198

The 

heat 

 

every 

idual 

t has 

ng or 

ernal, 

ng or 

r the 

have 

have 

ho sit 

ermal 

n. In 

ernal 

This 

er to 



CHA

the m

have

Fig

 

7.2.

The 

are 

sum

heat

offic

on. W

and 

one 

therm

therm

sens

set p

therm

the 

indiv

and 

Buil

in o

cons

APTER 7 

middle of the

e small fans 

gure 148: Section

.1.3. Summ

summer and

analysed in 

mmer during 

ting are in o

ces, therefore

When the oc

below 20 de

is on the rad

mostat shoul

mostat is to 

sor and adjus

point is cent

mostat abov

occupant fe

vidually adju

the door fo

lding A, air 

operation du

sumption of 

e open plan w

on their desk

ns, individual env

mer and Win

d winter ven

this part. Fi

the day. In

operation. Th

e to adjust th

ccupant adju

egrees the co

diator and th

ld be always

be adjusted 

sts the heatin

trally set. Th

e the door. S

elt too cool 

usted. In add

r a cross ve

conditioning

ring the sum

the building,

with no oppo

ks in the sum

ironmental contro

nter Ventila

tilation perfo

igure 149 sh

n Building A

he air condit

he temperatu

sts the therm

ooling system

e other abov

s set on the m

according to

ng or cooling

he occupant

So the radiat

and needed

dition, the oc

entilation in 

g, natural ven

mmer days. 

, which is pr

ortunity to ad

mmer. 

ol in (a) Building
building 

ation 

ormance of t

hows the ven

A, air condit

tioning cann

ure in summe

mostat above

m starts. The

ve the door. B

maximum du

o occupant’s 

g system in t

t can adjust 

tor is always 

d to warm u

ccupant can 

the room. O

ntilation and

This may b

resented in se

djust the ther

g A, (b) Building 

the case stud

ntilation sys

tioning, coo

not be adjust

er either cool

e 20 degrees,

e occupant h

Based on the

uring winter 

requirement

the room. Ra

the radiator 

running eve

up since the

open the wi

Overall, in or

d either cooli

be the main 

ection 7.2.4. 

rmal environ

B, (c) Building C

dy buildings 

tems of the 

ling, natural

ted manually

ling or heatin

 the radiator

as access to 

e building ma

and summer

ts. This therm

adiators are e

up to that 

en during the

 air conditio

ndow for na

rder to satisf

ng or heatin

reason for 

 

nment. Few u

C, and (d) Buildin

on working 

buildings in

l ventilation

y in the pers

ng will be tu

r starts opera

two thermos

anual, the fo

r, while the l

mostat includ

electric and 

set point via

e summer in 

oning canno

atural ventila

fy individua

ng systems ar

the high en

199

users 

 

ng D 

days 

n the 

n and 

sonal 

urned 

ating, 

stats, 

ormer 

latter 

des a 

their 

a the 

case 

ot be 

ation, 

als in 

re all 

nergy 



CHA

 

In B

days

adju

regu

wint

inter

heat

in su

door

 

In B

The 

top 

airfl

Buil

Ther

user

sour

inter

 

Figu

build

APTER 7 

Figure 149: S

Building B, a

s. The air co

usted manua

ulate the tem

ter only the

rviews, user

ting in the su

ummer. Ever

r.  

Building C, n

occupants w

windows an

low in the of

lding D, nat

rmal mass a

rs to have lim

rce of fresh 

rnal gains (e

ure 150 pres

dings mecha

Summer day venti

air conditioni

onditioning 

lly in the in

mperature. Th

e hating sys

rs find this c

ummer, whic

ry occupant c

natural and m

with a windo

nd the outle

ffice. The the

tural and me

absorbs heat 

mited natura

air and the 

.g. computer

sents the ven

anical system

ilation sections (a

ing, cooling a

is constantly

ndividual roo

his device ha

stem can be

control devi

ch does not w

can control t

mechanical v

ow seat can a

et above the

ermal mass a

echanical ve

from the of

al ventilation

main system

r heat and me

ntilation syst

ms are off du

a) Building A, (b)

and natural v

y in operatio

oms. A con

as two progra

e set, while 

ice quite com

work as only

the natural v

ventilations a

adjust the w

e atrium are

absorbs heat

entilations ar

ffice space a

n. Neverthele

m to adjust

etabolic rate)

tem in the b

uring the nig

) Building B, (c) 

ventilation ar

on and centr

ntrol device 

ams includin

cooling in 

mplicated as

y the cooling

entilation by

are in operat

windows, whi

e mechanical

t from the of

re in operati

and limited o

ess, displace

the tempera

) influence th

buildings in 

ght. In Buildi

Building C, and (

re applied du

rally controll

on the wall 

ng heating an

the summer

s they may t

g program sh

y opening tw

ion during th

ich are at the

lly ventilate

ffice space d

ion during t

openable win

ement ventila

ature. In all 

he temperatu

summer at n

ing A and B

(d) Building D 

uring the sum

led, it canno

l allows use

nd cooling. In

r. Based on

try to adjus

hould be adju

wo windows a

he summer d

e desk level.

ed to contro

during the da

the summer 

ndows allow

ation is the m

these build

ure as well. 

night. In all 

B, if the wind

200

 

mmer 

ot be 

rs to 

n the 

n the 

t the 

usted 

and a 

days. 

 The 

l the 

ay. In 

day. 

w the 

main 

dings, 

four 

dows 



CHA

are 

prio

Buil

prio

secu

day.

 

Figu

cellu

air, 

they

wind

com

the 

mec

read

APTER 7 

left open, ni

r to arrival 

lding C and 

r to staff arr

urity closes t

.  

Figure 150: Su

ure 151 show

ular plan off

which is slig

y can open o

dows in win

mputer heat a

radiation ef

chanically co

dings. In Buil

ight cooling 

of the user

D, thermal 

rival. In Buil

the manual w

ummer night vent

ws the ventil

fices have he

ghtly warme

or close the

nter in all fo

and metabolic

ffect of the

ontrolled top

lding D, the 

takes place

rs and goes 

mass release

ding C, there

windows and

tilation sections (

lation system

eating and ai

ed. Occupant

door. Acco

our buildings

c rate) are th

e body loos

p windows i

displacemen

e. The mecha

off two ho

es heat. The

e is limited v

d opens the c

(a) Building A, (b

m in the buil

ir conditionin

ts can regula

ording to the

s. In the tw

he main sour

sing heat to

in Building 

nt ventilation

anical system

urs after the

e mechanical

ventilation th

corridor blin

b) Building B, (c)

ldings in win

ng in operati

ate the temp

e interviews

wo open plan

rces of heat. 

o the cold 

C provide 

n provides sli

m starts oper

e normal wo

l ventilation 

hrough the to

nds at the end

 Building C, and 

nter during t

ion. The latte

perature throu

, the users h

n offices, int

The radiato

surface of 

fresh air ba

ightly warme

rating two h

orking hour

starts two h

op windows.

d of the wor

d (d) Building D  

the day. The

ter provides f

ugh heating,

hardly open

ternal gains 

ors mainly re

a window. 

ased on the 

ed fresh air. 

201

hours 

s. In 

hours 

. The 

rking 

 

e two 

fresh 

, and 

n any 

(e.g. 

educe 

The 

CO2 



CHA

 

Figu

four

offic

off, 

fresh

 

APTER 7 

Figure 151: W

ure 152 pres

r buildings do

ces releases 

slight ventil

h air for the 

Figure 152: W

Winter day ventil

sents the win

o not operate

heat during 

lation takes p

office. 

Winter night venti

lation sections (a)

nter night ve

e and the win

the night. A

place throug

ilation sections (a

) Building A, (b) 

entilation sy

ndows are cl

Although the

gh the design

a) Building A, (b)

Building B, (c) B

stem. The m

losed. Therm

e mechanical

ned gap in th

) Building B, (c) 

Building C, and (d

mechanical v

mal mass in th

 ventilation 

he windows 

Building C, and (

d) Building D 

ventilations i

he two open 

in Building 

to provide s

(d) Building D 

202

 

in all 

plan 

C is 

some 

 



CHA

7.2.

Figu

(i.e. 

desk

secti

acce

 

Figu

hour

Norw

poin

fluct

temp

 

Figu

arou

end 

APTER 7 

.2. Thermal

ure 153 to F

one day) in

k and ceiling

ion 6.3.3. Ba

eptable, whic

ure 154 show

rs (i.e. in the

way) the the

nts are expla

tuate much 

perature drop

ure 155 pres

und a seated 

of the worki

l Performa

Figure 157 sh

n summertim

g levels in ev

ased on the A

ch are highlig

ws the therma

ese case stud

ermal environ

ained in sec

and stays b

ps below the

Fig

sents the the

person is w

ing day (i.e. 

nce 

how the tem

me. Temperatu

very building

ASHRAE Sta

ghted in Figu

Figure 15

al analysis o

dies, approxi

nment of the

ction 6.3.3.

below 19oC. 

e comfort zon

gure 154: Building

ermal analys

ithin the com

18:00) due to

mperature cha

ture measure

g, in addition

andard 55-20

ure 153.  

3: Temperature c

of Building A

imately 9:00 

e building is 

The outdoo

During the 

ne. 

g A: thermal sect

sis of Buildi

mfort zone d

o solar gain 

anges in eve

ements are re

n to the corri

010, tempera

colour code  

A and it indic

to 17:00 in 

within the c

r temperatur

early hours

tions of 31 May 2

ing B. It sho

during the wo

the temperat

ery building 

ecorded at th

dor and outs

atures betwee

cates that du

the UK and 

comfort zone

re during th

s in the mor

2012 

ows that the

orking hours

ture of the w

during 24 h

hree levels, f

side, explaine

en 20 to 26oC

 

uring the wor

8:00 to 16:0

e. The measu

his day does

rning the in

e air tempera

s, however a

western part o

203

hours 

floor, 

ed in 

C are 

rking 

00 in 

uring 

s not 

ndoor 

 

ature 

at the 

of the 



CHA

build

temp

 

Figu

work

does

temp

 

Figu

build

15 d

APTER 7 

ding rises at

perature fluc

ure 156 dem

king hours, t

s not fluctua

perature drop

ure 157 pres

ding is well 

degrees. Even

t the desk an

ctuates during

Fig

monstrates th

the temperat

ate much and

ps below the

Figu

sents the the

within the c

n during the 

nd ceiling le

g this day fro

gure 155: Building

he thermal a

ture stays we

d stays below

e comfort zon

ure 156: Building 

ermal analys

comfort zone

night time th

evels and fal

om 20 to 26o

g B: thermal sect

analysis of B

ell within the

w 19oC. In th

ne. 

C: thermal sectio

sis of Buildi

e as well, and

he indoor tem

lls out of the
oC. 

tions of 23 May 2

Building C. 

e comfort zo

he early hou

ons of 23 August 

ing D. The 

d the outdoo

mperature is 

e comfort zo

2012 

It indicates

one. The outd

urs of the mo

2012 

thermal env

or temperatur

within the co

one. The out

s that during

door tempera

orning the in

vironment of

re remains b

omfort zone.

204

tdoor 

 

g the 

ature 

ndoor 

 

f this 

elow 

. 



CHA

 

The

with

fluct

 

7.2.

Figu

early

deta

acco

and 

show

com

wint

Buil

one 

sum

APTER 7 

se analyses 

hin the comf

tuations and 

.2.1. Therm

ure 158 and F

y and late a

ail in section 

ording to hum

mean radia

ws that with 

mfort zone. H

ter zone rath

lding B and 

third of them

mmer.  

Figu

indicate tha

fort zone du

indoor night

mal Zones 

Figure 159 s

afternoon ba

3.2.2.1 and 

midity and o

ant temperatu

a few excep

However, the

her than the 

it indicates t

m fall into th

ure 157: Building 

at all four c

uring the wo

t temperature

show the the

ased on the A

Figure 24. E

operative tem

ure (MRT), 

ptions, all of 

ey are predic

summer on

that all of the

he winter com

D: thermal sectio

case study b

orking hours

es. 

ermal conditi

ASHRAE S

Each worksta

mperature, wh

the latter is

the workstat

cted to be sli

ne. Figure 15

em are withi

mfort zone, 

 

ons of 30 August 

buildings pr

s, regardless

ions of every

Standard 55-

ation is prese

hich is the m

s explained 

tions in Build

ightly cool, a

58 demonstr

n the overall

which are ex

2012 

ovide therm

of the outd

y workstation

2010, which

nted with a d

mean of dry b

in section 7

ding A are w

as they fall i

rates the ther

l comfort zon

xpected to be

mal environm

door tempera

n in the morn

h is presente

dot on the gr

bulb tempera

7.2.3. Figure

within the gen

into the acce

rmal reading

ne. Neverthe

e slightly co

205

 

ments 

ature 

ning, 

ed in 

raphs 

ature 

 158 

neral 

epted 

gs of 

eless, 

ool in 



CHA

Figur

 

Figu

zone

sligh

are w

zone

APTER 7 

re 158: Building A

ure 159 is th

e, although 

htly cool. Fig

within the g

e and they ar

A (on the left) an

he thermal re

over half of

gure 159 is th

eneral comfo

re expected t

d Building B (on
a

eadings of B

f them are w

he thermal re

ort zone. Ho

o be slightly

n the right): Therm
and late afternoo

Building C, w

within the w

eadings of B

owever, majo

y cool. 

mal conditions of 
n 

which are al

winter zone a

Building D an

ority of them

individual works

ll within the 

and they are

nd it indicate

m fall into th

stations, morning

 general com

e expected t

es that all of t

he winter com

206

 

g, early 

mfort 

to be 

them 

mfort 



CHA

Figur

 

Ove

gene

expe

 

7.2.

The 

and 

after

Ther

APTER 7 

re 159: Building C

erall, the the

eral comfort 

ected to be sl

.3. ASHRAE

ASHRAE P

observation

rnoon. Thes

rmal Comfo

C (on the left) and

ermal conditi

zone. Howe

lightly cool f

E Thermal 

PMV and ad

ns of every w

se measurem

ort Tool, wh

d Building D (on 
a

ions of all f

ver, most of 

for summerti

Prediction

daptive comf

workstation t

ments are an

hich is a so

n the right): Therm
and late afternoo

four case stu

f them are wi

ime.  

ns 

fort predictio

three times a

nalysed usin

oftware des

mal conditions of 
n 

udy building

ithin the wint

on models ar

a day, includ

ng the secon

signed by A

individual works

gs are simila

ter comfort z

re based on t

ding mornin

nd version o

ASHRAE an

stations, morning

ar and within

zone and they

thermal read

ng, early and

of the ASHR

nd based on

207

 

g, early 

n the 

y are 

dings 

d late 

RAE 

n the 



CHAPTER 7 208

ASHRAE Standard 55-2010 to predict thermal comfort. The recorded dry bulb temperature 

and relative humidity of every workstation, temperature of surrounding wall surfaces, outdoor 

temperature as well as observations regarding the occupant’s clothing, activity, location of 

their seat in the room, and size and location of windows are the data entry in the software. 

Then the software calculates the mean radiant temperature, PMV and adaptive comfort 

predictions, which are respectively presented in Figure 160, Figure 161 and Figure 162, 

regarding the particular workstation at a particular time and context. 

 

Figure 160: Mean radiant temperature calculations using ASHRAE Thermal Comfort Tool 
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Figure 161: PMV prediction using ASHRAE Thermal Comfort Tool 

 

 

Figure 162: Adaptive comfort prediction using ASHRAE Thermal Comfort Tool 
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7.2.3.1. ASHRAE PMV Prediction Model 

In this section, the PMV predictions of the four case study buildings are compared. Firstly, 

the thermal comfort of every workstation is calculated based on the ASHRAE PMV 

prediction model three times a day, including morning, early and late afternoon, as explained 

in section 7.2.3. Secondly, the PMV predictions of the four buildings are compared using 

SPSS frequency analysis, as presented in Figure 163. 

 
Ventilation System and Typology of Plan Frequency Percent Valid Percent Cumulative 

Percent 

Building A: Air Conditioned, 
Openable Window and 
Heating in Cellular Plan 

Valid 

Cool 3 3.2 3.2 3.2 

Slightly cool 90 94.7 94.7 97.9 

Neutral 2 2.1 2.1 100.0 

Total 95 100.0 100.0  
Building B: Air Conditioned 
& Openable Window in 
Cellular Plan 

Valid 

Slightly cool 35 45.5 45.5 45.5 
Neutral 42 54.5 54.5 100.0 

Total 77 100.0 100.0  

Building C: Natural 
Ventilation in Open Plan 

Valid 

Slightly cool 47 64.4 64.4 64.4 
Neutral 26 35.6 35.6 100.0 

Total 73 100.0 100.0  

Building D: Displacement 
Ventilation in Open Plan 

Valid 

Cool 2 2.9 2.9 2.9 

Slightly cool 61 89.7 89.7 92.6 

Neutral 5 7.4 7.4 100.0 

Total 68 100.0 100.0  

Figure 163: SPSS frequency analysis of the ASHRAE PMV model in the four case study buildings 

 

Based on this table, the highest to lowest PMV neutral predictions are as follows: 

 

 Building B: 54.5% neutral predictions 

 Building C: 35.6% neutral predictions 

 Building D: 7.4% neutral predictions 

 Building A: 2.1 % neutral predictions 

 

Approximately over half of the workstations in each building are expected to be slightly cool. 

This is very high in Building A (i.e. 95%) and Building D (i.e. 88%). This comparison is 

more visible on the graph in Figure 164. 
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Figure 164: SPSS bar chart, frequency analysis of the ASHRAE PMV model in the four office buildings 

 

Overall, the ASHRAE PMV model predicts that the thermal environments of the workstations 

in all four buildings are between slightly cool to neutral, with majority of them predicted as 

slightly cool. 

 

7.2.3.2. ASHRAE Adaptive Prediction Model 

The ASHRAE adaptive prediction of the four case study buildings are compared in this 

section. The process is very similar to section 7.2.3.1, using the ASHRAE Thermal Comfort 

Tool to calculate and SPSS frequency analysis to compare the adaptive comfort predictions 

between the buildings. The latter is presented in Figure 165. 

Ventilation System and Typology of Plan Frequency Percent Valid Percent Cumulative 
Percent 

Building A: Air Conditioned, 
Openable Window and 
Heating in Cellular Plan 

Valid Comfortable 
95 100.0 100.0 100.0 

Building B: Air Conditioned 
& Openable Window in 
Cellular Plan 

Valid 

Comfortable 76 98.7 98.7 98.7 
Too warm 1 1.3 1.3 100.0 

Total 77 100.0 100.0  

Building C: Natural 
Ventilation in Open Plan 

Valid 

Comfortable 66 90.4 90.4 90.4 
Too warm 7 9.6 9.6 100.0 

Total 73 100.0 100.0  

Building D: Displacement 
Ventilation in Open Plan 

Valid 

Too cool 2 2.9 2.9 2.9 

Comfortable 65 95.6 95.6 98.5 

Too warm 1 1.5 1.5 100.0 

Total 68 100.0 100.0  

Figure 165: SPSS frequency analysis of the ASHRAE adaptive model in the four case study buildings 
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Based on Figure 165, the adaptive comfort ranking of the buildings are as follows: 

 

 Building A: 100% comfortable prediction 

 Building B: 99% comfortable prediction 

 Building D: 96% comfortable prediction 

 Building C: 90% comfortable prediction 

 

Figure 166 shows this comparison better on a bar chart.  

 

Figure 166: SPSS bar chart, frequency analysis of the ASHRAE adaptive model in the four office buildings 

 

Overall, the comparison of adaptive comfort prediction between the four case study buildings 

shows very similar results indicating that over 90% of the studied workstations are predicted 

to be comfortable. Although the ASHRAE PMV and adaptive comfort predictions of the four 

buildings show different results, overall the buildings provide a high standard of thermal 

comfort. 

 

7.2.4. Energy Consumption 

Energy consumption of the four buildings is compared with the CIBSE energy use in offices 

(CIBSE, 2003). This energy benchmark provides the energy use in detail, such as heating, 

cooling and lighting, presented in Figure 167. 
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Figure 167: Energy benchmark based on the CIBSE energy use in offices (CIBSE, 2003)  

 

In this research, the energy performance of every building is based on their monthly energy 

use, which is provided by the facilities management. Most of the buildings only provide the 

overall energy use of every month rather than specific details of energy consumption that is 

mentioned in the benchmark. Therefore the energy benchmark is simplified in order to 

compare to the energy performance of the four case study buildings, which is as follows: 

 

 Building A: 1568 KWh/m2 per year 

 Building B: 552.8 KWh/m2 per year 

 Building C: 155.45 KWh/m2 per year 

 Building D: 159.38 KWh/m2 per year 

 

Figure 168: Energy consumption of the four case study buildings KWh/m2 per year 

 

Overall, the two open plan offices have much lower energy consumption compared to the two 

cellular plan offices. The energy consumption of Building A is very high, while the other 

three buildings are within an acceptable range. In terms of energy use, the open plan offices 

are much more sustainable compared to the cellular plan offices. Particularly Building A has 

an excessive use of energy. It concerns issues of individual freedom in relation to broader 

environmental perspectives. 
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7.2.5. CO2 Level 

In this section, the indoor air quality based on the carbon dioxide levels are evaluated and 

compared in the four case study buildings. The measuring points are on the desk level at 

every workstation, discussed in section 6.4.2. According to the ASHRAE Handbook 2001 

(Bemisderfer et al., 2001), carbon dioxide in the workplace ‘ranges between 400 to 1500 

depending on occupant density, ventilation distribution, and amount of outside air supplied to 

the occupied spaces’ (Bemisderfer et al., 2001). Different standards allow different ranges for 

carbon dioxide (Bemisderfer et al., 2001), for instance OSHA standard accepts up to 10000 

ppm (OSHA, 1985). When carbon dioxide concentration exceeds 35,000 ppm, it is a danger 

to health (Bemisderfer et al., 2001). Outdoor air pollution does not influence any of the four 

case study buildings in this research, as three of them are located away from the city centre 

and polluted areas of the city. Although Building D is located in the centre of the city, the 

indoor air quality is mainly less than 600 ppm, which is very low. In this section, the indoor 

carbon dioxide concentration in the four case study buildings are compared according to the 

ASHRAE Standard, which are presented in Figure 169 and Figure 170. 

 

Ventilation System and Typology of Plan Frequency Percent Valid Percent Cumulative Percent

Building A: Air Conditioned, 
Openable Window and Heating 
in Cellular Plan 

Valid 600-799 1 1.1 1.1 1.1 

400-599 45 47.4 47.4 48.4 

0-399 49 51.6 51.6 100.0 

Total 95 100.0 100.0  
Building B: Air Conditioned & 
Openable Window in Cellular 
Plan 

Valid 600-799 3 3.9 3.9 3.9 
400-599 22 28.6 28.6 32.5 
0-399 52 67.5 67.5 100.0 
Total 77 100.0 100.0  

Building C: Natural Ventilation 
in Open Plan 

Valid 800-999 1 1.4 1.4 1.4 
600-799 1 1.4 1.4 2.8 
400-599 22 30.6 30.6 33.3 
0-399 48 66.7 66.7 100.0 
Total 72 100.0 100.0  

Building D: Displacement 
Ventilation in Open Plan 

Valid 600-799 7 10.1 10.1 10.1 

400-599 51 73.9 73.9 84.1 

0-399 11 15.9 15.9 100.0 

Total 69 100.0 100.0  

Figure 169: SPSS Frequency analysis of comparing the CO2 level between the four case study buildings 
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Figure 170: Frequency bar chart, comparing the CO2 levels between the four case study buildings 

 

Based on these statistics, the carbon dioxide levels in all four case study buildings are 

measured below 1000 ppm, which are well within the ASHRAE’s acceptable range. Building 

C and Building B have the best rate of carbon dioxide level. This is closely followed by 

Building A, while Building D has slightly higher levels of carbon dioxide but still within the 

acceptable range. All four offices have separate print rooms, however except Building B, 

most of these print areas are not separated with a door. Most personal rooms in the Building 

A are equipped with a printer. In the Building C also some printers are placed within the open 

plan office. Overall, the CO2 levels in all four case study buildings are within the acceptable 

range and quite low. Users’ view of the indoor air quality is analysed in section 9.1. 

 

7.2.6. Light Level 

According to CIBSE Code for Lighting (CIBSE, 2002) the acceptable light level for 

workplaces, where moderately difficult visual tasks such as writing, typing, reading, and data 

processing take place, is 500 Lux. Figure 171 and Figure 172 present the comparison between 

the four case study buildings regarding their light level, both natural and artificial light. 300 to 

500 Lux is considered the acceptable range. The measuring points are on the desk level at 

every workstation, discussed in section 6.4.2. 

 

Ventilation System and Typology of Plan Frequency Percent Valid Percent 
Cumulative 
Percent 
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Building A: Air 
Conditioned, Openable 
Window and Heating in 
Cellular Plan 

Valid 100<x<199 Lux (Low) 2 2.1 2.1 2.1 

200<x<299 Lux (Slightly 
hight) 

9 9.5 9.5 11.6 

300-500 Lux (Acceptable) 25 26.3 26.3 37.9 

501-699 Lux (Slightly high) 29 30.5 30.5 68.4 

700<x<899 Lux (High) 9 9.5 9.5 77.9 

900<x Lux (Very hight) 21 22.1 22.1 100.0 

Total 95 100.0 100.0  
Building B: Air Conditioned 
& Openable Window in 
Cellular Plan 

Valid 0<x<99 Lux (Very low) 1 1.3 1.3 1.3 
100<x<199 Lux (Low) 6 7.8 7.8 9.1 
200<x<299 Lux (Slightly 
hight) 

3 3.9 3.9 13.0 

300-500 Lux (Acceptable) 13 16.9 16.9 29.9 
501-699 Lux (Slightly high) 5 6.5 6.5 36.4 
700<x<899 Lux (High) 18 23.4 23.4 59.7 
900<x Lux (Very hight) 31 40.3 40.3 100.0 
Total 77 100.0 100.0  

Building C: Natural 
Ventilation in Open Plan 

Valid 100<x<199 Lux (Low) 1 1.4 1.4 1.4 
200<x<299 Lux (Slightly 
hight) 

11 15.1 15.1 16.4 

300-500 Lux (Acceptable) 33 45.2 45.2 61.6 
501-699 Lux (Slightly high) 12 16.4 16.4 78.1 
700<x<899 Lux (High) 4 5.5 5.5 83.6 
900<x Lux (Very hight) 12 16.4 16.4 100.0 
Total 73 100.0 100.0  

Building D: Displacement 
Ventilation in Open Plan 

Valid 200<x<299 Lux (Slightly 
hight) 

4 5.9 5.9 5.9 

300-500 Lux (Acceptable) 31 45.6 45.6 51.5 

501-699 Lux (Slightly high) 25 36.8 36.8 88.2 

700<x<899 Lux (High) 5 7.4 7.4 95.6 

900<x Lux (Very hight) 3 4.4 4.4 100.0 

Total 68 100.0 100.0  

Figure 171: SPSS Frequency analysis of comparing the light level between the four case study buildings 

 

Figure 172: Frequency bar chart, comparing the light levels between the four case study buildings 
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Based on the analysis of light level between the four case study buildings, the light levels of 

the two open plan offices are closer to the accepted range. The light level is consistent and 

does not fluctuate much in the two open plan offices as artificial light the main source. 

Particularly lack of natural light in the middle of the open plan and the constant use of 

florescent lights provides a consistency and acceptable range of light level. In contrast, the 

cellular plan offices have more variety of light levels, which do not fit in the acceptable range 

most of the time as they exceed 500 Lux. This is mainly due to natural light as the main 

source, which is not consistent and changes according to the outdoor climatic conditions, 

season and time of the day. This is part of the Scandinavian regulations as every individual 

has the right to access the natural light (Van Meel, 2000), discussed in sections 2.2.4.6 and 

4.1.1. Although the natural light greatly influences the light level of the cellular plan offices, 

every individual is provided with an internal blind to control the natural light level in their 

personal office. In building B an additional external blind is provided to completely block the 

natural light. Furthermore, the occupants of these two Norwegian buildings are provided with 

light switches to control the artificial light level in their offices.  

 

According to the survey questionnaires, users’ satisfaction with the light level is quite high in 

all of the four case study buildings, as it ranges between neutral to strongly adequate, 

presented in Figure 173. However, occupants’ satisfaction with the light level is much higher 

where natural light is provided. As displayed in Figure 173, three of the buildings have 

similar satisfaction levels, while light satisfaction in the deep open plan office, Building D, is 

not as high. Although Building C is also an open plan office, most of the workstations are 

provided with both natural as well as artificial light. The design of the building, large 

windows and atrium, allows natural light to cover most of the workstations. In the interviews, 

occupants mentioned ‘light and airy’ to describe their building. This building has a steady 

light level, high satisfaction with lighting and good use of natural light. The occupants of the 

personal offices often use blinds to block the direct sunlight or allow more natural light. Their 

satisfaction with the light level is quite high. 
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Figure 173: Users’ satisfaction with the light level in the four case study buildings 

 

Overall, occupants’ satisfaction with the light level in all four buildings is within a good 

range. In addition, the interviews confirm these results as occupants of the two cellular plan 

offices and Building C mentioned their high satisfaction level with the natural light. However, 

the ‘glare’ was mentioned as the only negative aspect. The occupants controlled the direct 

sunlight through the provided blinds. 

 

7.2.7. Sound Level  

‘Loud noise at work can damage people’s hearing and lead to risks to safety’ like difficulty in 

hearing warnings (HSE, 2012). According to different standards such as the ASHRAE  

(ASHRAE, 2007) and British standards (BS8233, 1999), the satisfactory level varies between 

25 to 40 dB, while the maximum background noise level is up to 50 dB.  

 

 

 

  BS8233 ASHRAE 

Occupancy Type Satisfactory Maximum Satisfactory Maximum 

Private office 35 40 25 35 

Open plan office 40 45 30 40 

Figure 174: Recommended background noise limits for unoccupied mechanically ventilated spaces (Field, 2010) 
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However, the background sound level mentioned in the standards is in regard to mechanical 

ventilation (ASHRAE, 2007) when there is no occupant in the room. According to the 

Control of Noise at Work Regulations 2005, it is required to ensure health and safety by 

reducing noise risks and maintaining the noise level under the legal limits. The ‘lower 

exposure action value’ for ‘daily or weekly personal noise exposure’ is 80 decibels, while for 

‘peak sound pressure’ is 135 decibels (HSE, 2012).  

 

The measuring points are on the desk level at every workstation, discussed in section 6.4.2. 

Except Building D, the other case study buildings are located in quiet areas away from noise 

pollution. Although Building D is located in the city centre in Aberdeen, no particular outdoor 

noise pollution was observed or mentioned in the interviews. This building has no openable 

windows on the ground floor and limited openable windows on the other floors towards the 

main street. Overall none of the buildings suffer from outdoor noise pollution. The 

observation of the workstations and users’ view of the noise level during the interviews 

indicate that the sound level of all four case study buildings is within an acceptable range. In 

the sound measurements of the workstations due to a calibration mistake, C-weighting is 

applied rather than A-weighting, which is suitable for human ear at low sound levels (Bies, 

2009). Therefore, the results cannot be compared against the standards. However, Figure 175 

and Figure 176 show similar noise levels in all four case study buildings.  

 

Ventilation System and Typology of Plan Frequency Percent Valid Percent Cumulative 
Percent 

Building A: Air Conditioned, 
Openable Window and 
Heating in Cellular Plan 

Valid 

36-40 3 3.2 3.2 3.2 

41-80 56 58.9 58.9 62.1 

81-135 36 37.9 37.9 100.0 

Total 95 100.0 100.0  

Building B: Air Conditioned 
& Openable Window in 
Cellular Plan 

Valid 

41-80 35 45.5 45.5 45.5 
81-135 41 53.2 53.2 98.7 
136<x 1 1.3 1.3 100.0 

Total 77 100.0 100.0  

Building C: Natural 
Ventilation in Open Plan 

Valid 

25-35 2 2.7 2.7 2.7 
41-80 30 41.1 41.1 43.8 
81-135 41 56.2 56.2 100.0 

Total 73 100.0 100.0  

Building D: Displacement 
Ventilation in Open Plan 

Valid 

41-80 23 33.8 33.8 33.8 

81-135 45 66.2 66.2 100.0 

Total 68 100.0 100.0  

Figure 175: SPSS Frequency analysis of the noise level (dB) in the four case study buildings 
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Figure 176: Frequency bar chart, comparing the noise levels (dB) between the four case study buildings 

 

In many personal offices, occupants were listening to radio or the sound of river could be 

heard through the open window. Only one respondent was concerned about the sound of 

water. Occupants of the personal rooms close to the break areas, such as pantries, complained 

about the noise and colleagues talking loudly. Generally, occupants expressed high 

satisfaction levels with the control over the noise level through openable windows as well as 

the door. They use the door both to block the noise and as a signal to their colleagues not to 

be disturbed when they need to concentrate on their work.  

 

In the open plan offices, the majority of occupants were fine with the background sound level. 

However, the main complaint was in regard to immediate colleagues chatting loudly with one 

another or over the telephone. Most of them did not use headphones as this was regarded as 

‘anti-social’, and ‘not a solution’. Although noise is a disadvantage in the open plan offices, it 

did not trouble the majority of respondents. Many occupants expressed their satisfaction with 

the ease of communication with colleagues and the flow of information they receive with no 

effort. An occupant in Building D mentioned ‘twice I was able to prevent a disaster, because I 

heard my colleague’s conversation on the phone regarding our shared project’.  
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7.3. Summary 

The four office buildings in this thesis were selected for their high and low levels of 

environmental control: Two cellular plan offices in Norway with high levels of individual 

thermal control and two open plan offices in Scotland with limited thermal control. All these 

buildings have openable windows and a sort of mechanical ventilation. In the cellular plan 

offices, air conditioning is in operation and every user is provided with an opportunity to 

adjust a window, blind, door, and thermostat. In Building C, natural ventilation is the main 

system although mechanically ventilated windows adjust the temperature and CO2 level in the 

office. Occupants with a window seat have access to openable windows and blinds to adjust 

the thermal environment. In Building D, displacement ventilation is the main ventilation 

system and limited openable windows and blinds are provided for occupants, who sit next to 

them, to adjust the thermal environment. The building performances of these four buildings 

are compared against the ASHRAE Standard 55-2010 as well as the benchmarks.  

 

The analysis of building performance indicate: 

 

 All four case study buildings provide similar thermal environments within the 

comfort zone during the working hours. Over 90% of the workstations are expected 

to be comfortable based on the ASHRAE adaptive prediction model. 

 

 The two open plan offices have much lower energy consumption compared to the two 

cellular plan offices. The energy consumption of Building A is very high, while the 

other three buildings are within an acceptable range. Although the cellular plan 

offices provide more thermal control opportunities through the architectural layout 

and building facilities, this comes with a price as they use much more energy and 

therefore they are less sustainable in this matter. The question is do cellular plan 

offices provide more comfort at the cost of energy they consume? This leads to a 

broader question: which measure is more important: user comfort or sustainability? 

Discussed in section 10.1.3. 

 

 The carbon dioxide levels in all four case study buildings are within the acceptable 

range and quite low. 

 

 The light levels are varied, however the open plan offices have closer to the 

acceptable range because mainly artificial light is operating, which is more uniform. 
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In contrast, the cellular plan offices mainly rely on the natural light, which is 

according to Norwegian work legislations. 

 

 The noise levels in all the case studies are within the acceptable range. 

 

Overall, according to the analysis, all these buildings are expected to provide a comfortable 

and good quality standard of thermal environment for their occupants.  



 

 

 

 

 

 

 

 

CHAPTER 8 

STAGE I: COMFORT ZONE 
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8. Stage I: Comfort Zone 

This thesis is based on the challenge in the field of thermal comfort between the steady state 

and adaptive comfort theories, which are followed by distinct approaches, respectively 

‘comfort zone’ and ‘adaptive opportunity’, discussed in Chapter Three. This chapter will 

challenge the view of ‘comfort zone’, while Chapter Nine will examine the application of the 

‘adaptive opportunity’ in the Norwegian and British workplace contexts. 

 

Chapter Seven evaluated all four case study buildings in this research. It revealed that they 

have a high quality standard of indoor environment, according to building standards, such as 

ASHRAE, and benchmarks, such as CIBSE. The purpose of this chapter is to challenge the 

ASHRAE thermal comfort zone as the basis of the steady state theory given the research 

undertaken by the author. It reflects the complexity found in addressing thermal comfort, 

control systems and spatial layout in the workplace. This chapter will suggest that thermal 

environmental conditions that are predicted to be comfortable based on the ASHRAE 

Standard 55-2010 do not guarantee user comfort. The ASHRAE predictions based on the 

measurements in the field are compared against the comfort surveys. We also ask whether the 

concept of ‘neutral thermal sensation’, which is the basis of thermal comfort standards, 

guarantee thermal comfort, as many occupants prefer sensations other than ‘neutral’ when 

working. This is followed by examining the consistency of thermal preference of the user 

throughout the day. This chapter will propose that thermal comfort is dynamic rather than 

fixed, which is in contrast with the standard ‘comfort zone’ in providing a uniform thermal 

environment for occupants in the workplace. The chapter will conclude by suggesting that a 

standard ‘comfort zone’ that satisfies everyone is less likely to apply to the real world context 

of the workplace.  

 

Quantitative and qualitative methods are applied to analyse these objectives. These analyses 

are based on over 300 responses, the total number of respondents to the survey questionnaire, 

which is followed by simultaneous thermal measurements at every workstation. These 300 

responses include approximately 30 participants in each of the four buildings, who responded 

to the survey questionnaire three times a day. The survey questionnaire was collected over 

three days in each building, approximately ten participants per day. 
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8.1. The ASHRAE Comfort Predictions 

This section investigates the accuracy of the comfort zone in the ASHRAE Standard 55-2010, 

as the most widely used comfort standard, explained in section 3.2.2.1. Using the ASHRAE 

Thermal Comfort Tool, which is according to the ASHRAE Standard 55-2010, the PMV and 

adaptive comfort of every workstation is evaluated based on the thermal measurements of the 

workstations at the time of the survey, explained in section 7.2.3. When the prediction 

indicates ‘neutral’, it means that the occupant of the particular workstation at the time of the 

survey is expected to be comfortable (ASHRAE, 2009, ASHRAE, 2010). Then this prediction 

is compared against the actual survey questionnaire regarding thermal sensation, comfort and 

satisfaction of the occupant. 

 

Quantitative and qualitative analysis methods are applied. Based on the traditional 

quantitative analysis in the field of thermal comfort, mainly linear regression analysis is used 

(Jaakkola et al., 1989, Busch, 1992, de Dear and Brager, 1998, Brager and De Dear, 2000, 

Raja et al., 2001, de Dear and Brager, 2002, Wong et al., 2002, Feriadi and Wong, 2004, 

Bouden and Ghrab, 2005) to investigate the relationship between the ASHRAE prediction 

models and the variables of the survey questionnaires. A similar process is used for all the 

quantitative analysis sections, therefore a sample of the SPSS regression analysis is presented 

in section 8.1.1.1.1 and the remaining tables and analysis are presented in Appendix D. 

Descriptive analysis and boxplot are also used to show the results in detail. In addition, 

qualitative analysis is applied forx a more intensive investigation using the visual recording 

technique. Calculations using the ASHRAE adaptive and PMV models are explained in 

section 7.2.3. 

 

8.1.1. Adaptive Model 

In this section, the accuracy of the ASHRAE adaptive prediction model is examined against 

the thermal sensation, comfort and satisfaction responses of the survey questionnaires. The 

detailed descriptive analysis of the ASHRAE adaptive model is presented in section 8.2.1. 

This model is based on a five point scale and ‘neutral’ is considered as a thermally 

comfortable condition: 

 

 +2 = Too warm 

 +1 = Warm 

 0 = Neutral 

 -1 = Cool 

 -2 = Too cool 
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8.1.1.1. Quantitative Analysis 

This section investigates the accuracy of the adaptive prediction using the SPSS linear 

regression analysis and a boxplot to compare the prediction against the actual survey results.  

 

8.1.1.1.1. Thermal Sensation 

According to the ASHRAE Standard 55-2010, the adaptive model is able to predict the 

comfort condition for up to 90% of the occupants. Therefore the prediction based on the 

environmental measurements is compared to the actual surveyed questionnaire regarding the 

thermal sensation of the user in all four case study buildings. The detailed descriptive analysis 

of the ASHRAE adaptive comfort prediction model and the surveyed thermal sensation is 

presented in section 8.1.1.2. Figure 177 to Figure 179 represent the SPSS regression analysis 

of the two variables. Figure 177 shows the SPSS Descriptive Statistics analysis of the 

ASHRAE adaptive model and thermal sensation based on 313 responses overall. 

 

 Mean Std. Deviation N 

Adaptive Analysis-5 Point Scale .76 1.300 313 
Thermal Sensation-7 Point Scale ASHRAE .09 .994 313 

Figure 177: Descriptive Statistics, SPSS linear regression analysis of the ASHRAE adaptive comfort prediction model and 
thermal sensation 

 

The ANOVA analysis is presented in Figure 178. It shows that thermal sensation can be 

predicted based on the ASHRAE adaptive comfort prediction model, since the P value is 

0.008, which is less than 0.05. 

 

Model Sum of Squares df Mean Square F Sig. 

1 Regression 11.657 1 11.657 7.034 .008a 
Residual 515.372 311 1.657   

Total 527.029 312    

a. Predictors: (Constant), Thermal Sensation-7 Point Scale ASHRAE 
b. Dependent Variable: Adaptive Analysis-5 Point Scale 

Figure 178: ANOVA, SPSS linear regression analysis of the ASHRAE adaptive comfort prediction model and thermal sensation 

 

The R Square in the SPSS Model Summary, Figure 179, shows that 2.2% of variance in 

thermal sensation can be explained by ASHRAE adaptive comfort prediction model. 

Although the P value suggests a strong relationship between the variables, 2.2% is not so 

significant. 

 

Model R R Square 
Adjusted R 
Square 

Std. Error of 
the Estimate 

Change Statistics 

R Square 
Change F Change df1 df2 Sig. F Change

1 .149a .022 .019 1.287 .022 7.034 1 311 .008 
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Model R R Square 
Adjusted R 
Square 

Std. Error of 
the Estimate 

Change Statistics 

R Square 
Change F Change df1 df2 Sig. F Change

1 .149a .022 .019 1.287 .022 7.034 1 311 .008 

a. Predictors: (Constant), Thermal Sensation-7 Point Scale ASHRAE 

Figure 179: Model Summary, SPSS linear regression analysis of the ASHRAE adaptive comfort prediction model and thermal 
sensation 

 

Figure 180 presents the boxplot of the ASHRAE adaptive model and thermal sensation. It 

shows that the majority of the participants, who are predicted to be comfortable, have a 

thermal sensation between slightly cool and slightly warm; here ‘neutral’ is their mean. The 

majority of the occupants, who are expected to feel warm, have a thermal sensation between 

neutral and hot; while ‘slightly warm’ is their mean. The majority of the occupants, who are 

expected to feel too warm, have a thermal sensation between neutral and slightly warm; here 

‘neutral’ is their mean. A slight bias is visible in the boxplot as the prediction does not 

completely match the actual users’ responses, presented in Figure 181. Figure 182 presents 

separate offices on the boxplot and it shows similar results to Figure 180. It reveals that when 

the ASHRAE predicts the thermal environment of the workstation as ‘comfortable’ for over 

90% of the occupants: many respondents in Building A feel ‘slightly cool’, in Buildings B 

and D feel ‘slightly warm’, and in Building C the majority of respondents rate between 

‘slightly cool’ to ‘slightly warm’. When the ASHRAE predicts a ‘warm’ environment, 

respondents in Buildings B and D perceive the environment as ‘neutral’, in Building A as 

‘slightly warm’, and in Building C majority of them rate between ‘neutral’ to ‘warm’. This 

shows the differences between the buildings and variations in each building, as in Building C 

respondents have a wider range of thermal sensation than is predicted. It also exposes the 

difficulty in predicting the thermal environment. The prediction of the thermal environment 

of the workstations based on the ASHRAE adaptive model does not match what respondents 

actually perceive the thermal environment. 
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adaptive model. In this case both variables have one end as the best and the other end as the 

worst possible result: 

 

 +2 = Comfortable 

 +1 = Warm/cool 

 0 = Too Warm/too cool 

 

The SPSS regression analysis, which is similar to section 8.1.1.1.1 and presented in Appendix 

D, suggests no significant relationship between surveyed comfort and the ASHRAE adaptive 

prediction model (i.e. P value is 0.711 > 0.05). Figure 183 is the boxplot of the surveyed 

comfort and the ASHRAE adaptive prediction model. It also shows a contradiction between 

the two variables: occupants who are expected to be warm and therefore not comfortable 

actually report being comfortable, presented in Figure 184 and separate offices presented in 

Figure 185. The latter shows similarities between the perceptions of the respondents in the 

two cellular plan offices and also in the two open plan offices when the ASHRAE predicts a 

‘comfortable’ thermal environment. In the cellular plan offices, participants report between 

‘slightly uncomfortable’ to ‘very comfortable’. In the open plan offices, majority of 

participants report between ‘neutral’ (i.e. neither comfortable nor uncomfortable) to 

‘comfortable’. When the model predicts a ‘warm’ environment for over 90% of the occupants 

based on the environmental measurements, respondents of the cellular plan offices feel ‘very 

comfortable’ and majority of the respondents in the open plan offices feel ‘slightly 

comfortable’ or ‘comfortable’. This shows the difficulty in predicting the thermal 

environment based on the environmental measurements as well as similarities between the 

buildings of each typology. 
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 -1 = Slightly cool 

 -2 = Cool 

 -3 = Cold 

 

8.1.2.1. Quantitative Analysis 

This section investigates the accuracy of the PMV prediction using the SPSS linear regression 

analysis and boxplot to compare the prediction against the actual survey results.  

 

8.1.2.1.1. Thermal Sensation 

This section compares the PMV prediction and surveyed thermal sensation. The detailed 

descriptive analysis of these two variables is presented in section 8.1.1.2 and their SPSS 

linear regression analysis is presented in Appendix D. The latter suggests a significant 

relationship between these two variables (i.e. P value is 0.000 < 0.05). However, 5% of the 

surveyed thermal sensation choices can be explained by the ASHRAE PMV prediction 

model, which is not a significant prediction. Figure 198 presents the boxplot of the ASHRAE 

PMV prediction model and the surveyed thermal sensation. The inconsistency between the 

two variables is visible when the PMV model predicts a cool thermal sensation, while the 

occupants report neutral or slightly cool. In addition, when the PMV model predicts a neutral 

thermal sensation, the surveyed thermal sensation varies between neutral and slightly warm, 

as presented in Figure 199. Figure 200 shows the information for separate buildings and it 

reveals that the PMV model predicts the thermal condition of Building A more accurately and 

the open plan offices less accurately. It also reveals that the perceived thermal sensation of the 

respondents in the cellular plan offices has a smaller range compared to the open plan offices 

regardless of the ASHRAE PMV prediction. It is possible that the availability of thermal 

control affects this, as very few respondents are comfortable when experiencing the extreme 

conditions of ‘warm’ or ‘cold’. This is discussed further in section 8.2. When the model 

predicts a ‘slightly cool’ environment for over 80% of the occupants, the mean of the 

perceived thermal sensation of the occupants in all four buildings is set on ‘neutral’ although 

there are differences between the buildings. In buildings B, C and D, many respondents report 

feeling ‘slightly warm’ when they are expected to feel ‘slightly cool’. When the prediction is 

‘neutral’ expecting occupants to feel comfortable, the actual perception of many respondents 

in all four buildings is ‘slightly warm’. 
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addition, the PMV model predicts that 238 out of 319 responses (i.e. 75%) will be slightly 

cool, but the survey results show that only 51 are slightly cool. 187 out of those 238 

respondents (i.e. 79%) reported having thermal sensations other than slightly cool, as 119 

participants have a neutral thermal sensation. Overall only 81 out of 319 (i.e. 25%) are 

consistent between the PMV model and the actual survey results. According to the ASHRAE, 

the PMV model is expected to predict 80% of the thermal comfort responses (ASHRAE, 

2009, ASHRAE, 2010). However, in this study this prediction drops to 25% in the four case 

study buildings. 

 

All 4 Buildings 

Thermal Sensation ASHRAE PMV Prediction Model 

  Cold Cool Slightly cool Neutral Slightly warm Warm Hot 

Hot     1 1       

Warm     15 12       

Slightly warm     41 23       

Neutral   2 119 29       

Slightly cool     51 11       

Cool   1 9 2       

Cold     2         

Figure 208: Qualitative analysis of the ASHRAE PMV comfort model and thermal sensation survey results, based on the 
qualitative visual analysis  

 

Figure 209 presents the qualitative comparison between the ASHRAE PMV model, thermal 

sensation and thermal intention survey results. This table shows that 34 out of 80 respondents 

are predicted to be neutral and also have a neutral thermal sensation. However, six of them 

prefer to have sensations other than neutral, such as slightly cool or slightly warm. In 

addition, PMV predicts 234 will be slightly cool, but only 48 responses on the survey results 

match the prediction. Based on the prediction, respondents who are predicted to feel slightly 

cool are expected to want a slightly warmer thermal environment in order to restore their 

comfort to neutral thermal sensation (ASHRAE, 2010). However, 29 cases out of the 48 

responses do not want a slightly warmer thermal condition. 19 respondents are quite happy to 

feel slightly cool and do not want any change in the temperature. Six participants prefer 

warmer or much warmer, and one person prefers even slightly cooler than the current slightly 

cool condition, which is a cool thermal sensation overall. In total, 51 out of 319 (i.e. 16%) are 

consistent between the ASHRAE PMV prediction model and survey results of thermal 

sensation and thermal intention. Although as mentioned earlier, 25% of the responses are 

consistent between the ASHRAE PMV model and thermal sensation survey results, only 16% 

are consistent between these two as well as the surveyed thermal intention. The latter shows 

the occupants’ desire to change the temperature, which is another measure in evaluating their 
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could not tolerate the thermal conditions that their colleagues would find perfectly 

comfortable, explained later in section 9.2.1.  

 

The ASHRAE adaptive and PMV prediction models include air temperature, relative 

humidity, mean radiant temperature, clothing, activity, and location in the room. Adaptive 

model has an additional variable: outdoor air temperature. Although many factors are 

included in this analysis, other factors are not included, such as contextual factors. Nicol 

reports the complexity of measuring thermal comfort, due to numerous variables influence the 

field (Nicol et al., 2012) such as psychological factors (ASHRAE, 2009), presented in section 

3.1.5. Therefore it is difficult to predict user satisfaction and comfort only based on 

environmental measurements, due to the complexity of the field. This is further discussed in 

section 10.4. The ASHRAE determines an overall thermal environment, linked to calibrated 

performance indicators of thermal comfort intended to set equipment and fabric but it is 

relatively insensitive to individual perceptions of comfort. However, thermal comfort 

standards are essential in designing the buildings so that the indoor thermal environment of 

the buildings is closer to the acceptable thermal conditions (Humphreys and Nicol, 2002a), 

further explained in section 10.5. The danger is to rely solely on the thermal comfort 

standards and to ignore the complexity of the field, other factors and individual differences. 

For instance, when the thermal environment of a workstation is within the ASHRAE 

acceptable range, there is no guarantee that the occupant feels thermally comfortable, further 

explained in section 10.1.2.  

 

The analysis suggests that thermal environmental conditions that are predicted as comfortable 

based on the ASHRAE PMV or Adaptive models, which are based on the comfort zone in the 

ASHRAE Standard 55-2010, do not guarantee user comfort. This is further discussed in 

Chapter Ten, the discussion chapter. 
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8.2. Neutral Thermal Sensation 

This research questions the association of ‘neutral thermal sensation’ as the basis of thermal 

comfort standards (ASHRAE, 2010), definition (Hawkes, 2002) and studies (Fanger, 1970). It 

asks: ‘Do people want to feel neutral?’ (Humphreys and Nancock, 2007). The ASHRAE 

seven point scale questionnaire is based on evaluating thermal comfort according to users’ 

expressions of their thermal sensation at the time of the survey questionnaire, and ‘neutral’ 

indicates users’ comfort (ASHRAE, 2009), explained in section 3.2.2.1. This section is 

mainly based on the survey questionnaires, comparing the thermal sensation of users and their 

comfort, satisfaction, and thermal intention. Quantitative and qualitative methods of analysis 

are applied to the collected data to examine neutral thermal sensation in relation to comfort, 

satisfaction and thermal intention. The SPSS regression analysis is similarly used in all the 

quantitative analysis sections. Therefore a sample analysis is presented in section 8.2.1.1 and 

the rest of the tables and regression analysis are presented in Appendix E. The visual 

recording technique is applied as the qualitative analysis, which is followed by further 

intensive interviews.  

 

According to the ASHRAE adaptive prediction model, all four case study buildings in this 

study are expected to provide comfortable thermal conditions (i.e. 91%), presented in Figure 

213 (this is only the prediction, while users report differently, as explained in sections 

8.1.1.1.1, 8.1.1.1.2 and 8.1.1.1.3). Therefore, users’ desire for a thermal setting is more likely 

to be related to their individual requirements at the time of the survey questionnaires, rather 

than to an uncomfortable thermal environment. 

 ASHRAE Adaptive Model Total 

Too cool Cool Comfortable Warm 

Ventilation System and 
Typology of Plan 

Building A: Air Conditioned, 
Openable Window and 
Heating in Cellular Plan 

0 0 94 1 95 

Building B: Air Conditioned 
& Openable Window in 
Cellular Plan 

0 0 76 1 77 

Building C: Natural 
Ventilation in Open Plan 

0 0 66 7 73 

Building D: Displacement 
Ventilation in Open Plan 

1 1 65 1 68 

Total 1 1 301  10 313 

Figure 213: The ASHRAE adaptive prediction model 

 

8.2.1. Quantitative Analysis 

In this section, the SPSS linear regression analysis is applied. Similar to sections 8.1.2.1.2 and 

8.1.2.1.3, a four point scale thermal sensation is used instead of the seven point scale in order 
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to compare it to comfort and satisfaction. In order to keep the consistency, a four point scale 

thermal intention is also applied: 

 

 4 = No change 

 3 = Slightly cooler/warmer 

 2 = Cooler/warmer 

 1 = Much cooler/warmer 

 

8.2.1.1. Comfort 

Figure 214 to Figure 217 demonstrate the SPSS linear regression analysis of comfort based on 

thermal sensation across all four case study buildings. Comfort is the dependant variable and 

thermal sensation is the independent variable. Figure 214 is the descriptive statistics for the 

313 responses. 

 

 Mean Std. Deviation N 

Comfort 1.48 1.163 313 
Thermal Sensation-4 Point Scale 3.32 .747 313 

Figure 214: Descriptive Statistics, SPSS linear regression analysis of comfort based on the four scale thermal sensation 

 

Figure 215 is the SPSS model summary and the R Square in this table indicates that 13.2% of 

the comfort responses can be explained by participants’ thermal sensation. 

Model R R Square Adjusted R Square Std. Error of the Estimate 

1 .363a .132 .129 1.085 

a. Predictors: (Constant), Thermal Sensation-4 Point Scale 

Figure 215: Model Summary, SPSS linear regression analysis of comfort based on the four scale thermal sensation 

 

Figure 216 is the SPSS coefficients analysis and it shows that every degree increase in 

thermal sensation towards ‘neutral’ improves the comfort level of the user by 0.565 degree. 

 

Model Unstandardized Coefficients Standardized 
Coefficients 

t Sig. 

B Std. Error Beta 

1 
(Constant) -.401 .280  -1.431 .153 

Thermal Sensation-4 Point Scale .565 .082 .363 6.871 .000 
a. Dependent Variable: Comfort 

Figure 216: Coefficients, SPSS linear regression analysis of comfort based on the four scale thermal sensation 

 

Figure 217 is the SPSS ANOVA analysis and it shows the P value, which is 0.000. Since this 

P value is less than 0.05, it suggests that there is a strong relationship between comfort and 

thermal sensation. 
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they want no change in the temperature either. The fourth category (i.e. 10%) includes 

respondents with sensations other than neutral, but their overall preference is not neutral. The 

last category (i.e. 1%) includes occupants with an extreme thermal preference. For example, 

they may already feel slightly cool, but prefer even slightly cooler. Although the percentage 

of the participants who fall into individual categories (2 to 5) is not significant, the overall 

percentage of them (i.e. 35%) is quite significant. These categories include the occupants, 

who prefer sensations other than neutral when working.  
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case is 0.000 (i.e. < 0.05), explained in sections 8.1.1.1.1, 8.1.1.1.2 and 8.1.1.1.3. In addition, 

statistics indicate the following: 

 

 13.2% of the comfort responses can be explained by participants’ thermal sensation 

vote. Overall, 68% of the participants are comfortable, while 47% have a neutral 

thermal sensation. 

 16.9% of the satisfaction responses can be explained by the thermal sensation status. 

Overall, 49% of the participants are satisfied. 

 46.4% of the thermal sensation variance can be explained by thermal intention, which 

is quite significant. Overall, 53% of the participants want no change in the 

temperature. 

 

These analyses and thermal intention analysis in particular (i.e. 46%) suggest that thermal 

sensation has a very strong relationship with comfort, satisfaction and thermal intention. 

Although, the number of respondents, who are comfortable (i.e. 68%), is slightly high, the 

number of participants, who feel neutral (i.e. 47%), is close to respondents, who are satisfied 

(i.e. 49%) and desire no thermal change (i.e. 53%). This also suggests a strong relationship 

between neutral thermal sensation and variables, such as satisfaction and thermal intention. 

These statistics confirm the application of thermal sensation, and in particular the ‘neutral 

thermal sensation’, as the basis of thermal comfort studies (Fanger, 1973, Nicol et al., 2012), 

definitions (Hawkes, 2002) and comfort zone standards (ASHRAE, 2010). Hawkes describes 

thermal comfort as an ‘intermediate point, when neither cold nor hot’ (Hawkes, 2002). 

 

In contrast, the qualitative analysis reveals that: 

 

 65% of the respondents with ‘slightly cool’ or ‘slightly warm’ thermal sensations, 

and 58% of the respondents with ‘cool’ or ‘warm’ thermal sensations are 

comfortable. 

 45% of the respondents with thermal sensations other than neutral feel comfortable. 

This suggests that occupants who have sensations other than neutral are also likely to 

feel comfortable. 

 36% of the participants, who feel neutral, are not satisfied. In contrast, 43% of the 

occupants with thermal sensations other than neutral are satisfied. This suggests that 

occupants with a neutral thermal sensation are likely not to feel satisfied, while users 

with sensations other than neutral are likely to feel satisfied. 

 Up to 47% of the occupants prefer thermal sensations other than neutral. This 

suggests that occupants are likely to prefer sensations other than neutral. 
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The qualitative analysis suggests that occupants are likely to prefer thermal sensations other 

than neutral. This finding challenges the application of the ‘neutral thermal sensation’ as the 

basis of thermal comfort, and it confirms Humphreys’ findings in 2007 that in 868 

comparisons ‘on 57% of occasions the desired sensation was other than neutral’ (Humphreys 

and Nancock, 2007). The qualitative analysis in this thesis suggests that the ‘neutral thermal 

sensation’ is less likely to indicate comfort and satisfaction, and consequently thermal 

comfort. This is in contrast with the findings of the quantitative analysis in this study. 

Although quantitative analysis provides useful information, such as the strong relationship 

between thermal sensation and variables including comfort, satisfaction and thermal intention, 

it is quite limited in interpreting and extracting meanings. For instance, it cannot interpret that 

respondents with a neutral thermal sensation are not comfortable, as they may prefer other 

sensations like warmth. This study suggests that relying solely on the application of 

quantitative analysis is associated with a risk of misjudgement, which is further discussed in 

the discussion chapter, section 10.2. 

 

8.2.4. Neutral Thermal Sensation 

This research questions the association of ‘neutral thermal sensation’ as the basis of the 

standard ‘comfort zone’, as indicated in the ASHRAE Standard 55-2010 (ASHRAE, 2010). 

The ASHRAE presents the seven point scale on thermal sensation surveys as hot, warm, 

slightly warm, neutral, slightly cool, cool and cold, in which neutral is considered to be the 

comfort level (ASHRAE, 2010). The ASHRAE handbook explains that ‘acceptability is 

determined by the percentage of occupants who have responded neutral or satisfied (0, +1, 

+2, or +3) with their thermal environment’ (ASHRAE, 2009). This research challenges the 

application of ‘neutral thermal sensation’ as the basis of the ASHRAE ‘comfort zone’. It 

suggests that many occupants feel comfortable when experiencing sensations other than 

neutral when working. This confirms Humphreys’ findings stating that ‘there were significant 

differences among the respondents in the thermal sensations they desired, confirming that 

some characteristically preferred to feel warmer than others’ (Humphreys and Nancock, 

2007). Although Humphreys published this paper in 2007, neutral thermal sensation is still 

the basis of thermal comfort standards. This is associated with a risk of incorrect assumptions 

as Humphreys states ‘Do the findings much affect the conclusions to be drawn from a 

comfort survey?’ (Humphreys and Nancock, 2007).  

 

In this research, there is a significant difference between the findings of the quantitative and 

qualitative analyses. Quantitative analysis shows a strong relationship between thermal 
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sensation and variables such as comfort, satisfaction and thermal intention, which is in line 

with comfort standards (ASHRAE, 2009, ASHRAE, 2010). However, the qualitative visual 

analysis reveals other findings that challenge the findings of the quantitative method. The 

visual recording indicates that up to 47% of the occupants prefer thermal sensations other 

than neutral. This suggests that occupants are likely to prefer sensations other than neutral, 

which confirms Humphreys’ findings (Humphreys and Nancock, 2007). This study suggests 

that the quantitative appraisal could be associated with a risk of misjudgement. 

 

Further in depth qualitative research in the form of semi-structured interviews reveal other 

outcomes in support of the qualitative findings. In all four buildings, 70% of the participants 

acknowledged individual differences in perceiving the thermal environment. In both cellular 

and open plan offices, occupants mentioned this very clearly without being asked, like, ‘You 

know, we are very different and we like different temperatures’. They explained that an 

optimum temperature that satisfies them all does not exist. In the cellular plan offices, 

occupants are pleased to have a personal room to be able to set the temperature according to 

their individual needs, without interfering with other colleagues’ preferences or vice versa. 

They mentioned that when they enter other staff’s personal rooms, often they cannot tolerate 

the thermal conditions in that room. This is the main reason they prefer not to share an office. 

In the open plan offices in response to their preference in having central control or individual 

thermal control, 80% of the occupants initially chose central control simply because of 

individual differences. They were afraid of individuals arguing about setting the temperature, 

or occupants with extreme preferences getting hold of the temperature control. Comments 

were made, including: ‘Oh, I prefer central control, because I don’t like others fighting to set 

the temperature. Oh, I have seen it before. You know, I used to share a room with 7-8 people 

and some people wanted warm, some cold’. Furthermore, participants of the open plan offices 

had many complaints regarding individual differences in perceiving the thermal environment, 

such as ‘He (pointing towards an individual) has the window open all the time, he likes it 

cool, but I really can’t work when I feel cool’, or: ‘Well, I always feel very warm and like to 

open the window, but some people don’t like the draught, so I just tolerate being warm, what 

else can I do?’, ‘I know it’s just me, but I always like it so warm, so I wear layers (showing 

the layers in her drawer)’. Interviews suggest individual differences in perceiving the thermal 

environment. This finding is in contrast with the view of the universal ‘comfort zone’ that 

aims to find an ‘optimum’ temperature that satisfies all (Fanger, 1970, ASHRAE, 2010).  

 

Moreover, other interview questions included the temperature preference on the ASHRAE 

seven point scale when working. In response, 40% of the respondents chose between slightly 

cool or cool conditions, so that they feel fresh and not too sleepy to work. 30% selected 
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slightly warm or warm, because of lack of movement when working at their desks, and 30% 

were happy to have a neutral thermal sensation when working. These interview findings also 

support the view that many users prefer thermal sensations other than neutral, which supports 

the qualitative findings in section 8.2.2. The qualitative analysis of the four case study 

buildings in this research suggests that occupants prefer other thermal sensations than neutral. 

Therefore, neutral thermal sensation is less likely to be accurately applied as the basis of 

thermal comfort standards. This is in line with Humphreys’ question: ‘Do people sometimes 

prefer sensations other than ‘neutral?’, and his findings stating: ‘There were significant 

differences among the respondents in the thermal sensations they desired, confirming that 

some characteristically preferred to feel warmer than others’ (Humphreys and Nancock, 

2007). 
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8.3. Consistency in Thermal Preference 

This section questions the consistency of the thermal preference of the user throughout the 

day. Currently, the standard ‘comfort zone’ aims to provide a steady thermal condition for 

everyone constantly. This section asks: ‘Do occupants want to have a steady thermal 

condition?’ and ‘Is it possible that their thermal preference changes at different times?’ In this 

research, each participant filled in the survey questionnaire three times a day, morning, early 

and late afternoon. In order to examine this consistency, the outcome of surveyed thermal 

sensation and thermal intention of the individual is compared at those three times. The visual 

recording analysis is applied for a qualitative analysis according to the meaning.  

 

Figure 239 and Figure 240 show how to analyse the pictograms. It is an example of the 

inconsistency in overall thermal preference. This is visible as the colour of the head of the 

person changes, while the colour of the body of the person does not change. The colour of the 

body of the person is consistently green, which indicates a consistent ‘neutral’ thermal 

sensation throughout the day. However, the colour of the head of the person, which shows the 

user’s desire to change the temperature, changes throughout the day. It is light red in the 

morning and early afternoon, which shows a ‘slightly warmer’ thermal intention. However, it 

changes to green in the late afternoon, which indicates ‘no change’. It shows that although the 

individual feels neutral during the day, their thermal intention changes from ‘slightly warmer’ 

in the morning and early afternoon to ‘no change’ in the late afternoon. In this case, the 

overall thermal preference of the person changes from ‘slightly warm’ in the morning and 

early afternoon to ‘neutral’ in the late afternoon. Therefore, the thermal preference of this 

occupant is ‘not consistent’, which is demonstrated with a red cross in the pictogram. This 

indicates that the person is comfortable feeling ‘slightly warm’ at the beginning and midday 

and ‘neutral’ closer to the end of the working day, rather than a consistent thermal preference 

throughout the day. 
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prefer a different sensation than neutral at another point in the day. Overall, 21 out of 

26 participants (i.e. 80%) do not want to feel neutral at least at some point in the day. 

 

 Building C: 20 out of 24 participants of Building C (i.e. 83%) want to feel neutral at 

least at one point in the day, which leaves 4 participants (i.e. 17%) with no desire to 

feel neutral at all. 11 out of 20 respondents (i.e. 55%), who want to feel neutral, 

prefer a different sensation than neutral at another point in the day. Overall, 15 out of 

24 participants (i.e. 63%) do not want to feel neutral at least at some point in the day. 

 

 Building D: 19 out of 23 participants of Building D (i.e. 83%) want to feel neutral at 

least at one point in the day, which leaves 4 participants (i.e. 17%) with no desire to 

feel neutral. 12 out of 19 respondents (i.e. 63%), who want to feel neutral at least at 

one point in the day, prefer a different sensation than neutral at another point in the 

day. Overall, 16 out of 23 participants (i.e. 70%) do not want to feel neutral at least at 

some point in the day. 

 

 All the four buildings overall: 89 out of 103 participants in all case studies (i.e. 86%) 

want to feel neutral at least at one point in the day, which leaves 14 participants (i.e. 

14%) with no desire to feel neutral. 53 out of 89 respondents (i.e. 60%), who want to 

feel neutral, prefer a different sensation than neutral at another point in the day. 

Overall, 67 out of 103 participants (i.e. 65%) do not want to feel neutral at least at 

some point in the day. 

 

These analyses indicate that although 86% of the respondents prefer a neutral thermal 

sensation at least at one point in the day, 60% of them prefer to have a different sensation at 

another time in the day. This suggests that if a participant prefers to have a neutral thermal 

sensation at the time of the survey, it does not guarantee that if the survey is repeated they 

still want to have the neutral thermal sensation. In fact, there is 60% chance that they do not 

want to feel neutral. In addition, these results challenge the theory that occupants are 

comfortable when they feel neutral, as 65% of the participants in this study do not want to 

feel neutral at least at some point in the day.  

 

8.3.3. Thermal Preference During a Day 

Overall, most individuals (i.e. 55%) in this study prefer different thermal settings throughout 

the day. This suggests that a particular thermal setting is less likely to satisfy a particular 

individual at all times. It proposes that thermal comfort is subject to change. This challenges 
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the steady state theory, which is based on providing a steady thermal sensation for everyone 

constantly. This is further discussed in the discussion chapter, section 10.1.2.7. 
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8.4. Summary 

In this chapter, the view of universal ‘comfort zone’ was examined through three objectives. 

Firstly, the accuracy of the most widely used comfort zone, the ASHRAE Standard 55-2010, 

was examined in the case study buildings in this study. Secondly, the application of the 

‘neutral thermal sensation’ as the basis of standard ‘comfort zones’ was questioned. Thirdly, 

the consistency of thermal preference of users throughout the day was examined. Quantitative 

and qualitative analyses were applied on the collected data.  

 

The results indicate that the ASHRAE comfort predictions do not apply to the case study 

buildings in this study, as it shows it has limits. There is a possibility that the ASHRAE 

comfort predictions can be applied to other buildings, since every building has a different 

cotext and findings of one building may not be applied to other buildings (Nicol et al., 2012). 

Intensive contextual analysis shows differences in the four case study buildings, as presented 

in sections 8.1 and 8.2. In addition, the basis of the comfort zone, neutral thermal sensation, 

does not indicate thermal comfort amongst the participants in this study. Furthermore, in this 

research most individuals prefer different thermal settings throughout the day. The first two 

findings reveal the inaccuracy of the standard ‘comfort zone’ and its basis, while the third 

finding proposes that thermal comfort is dynamic rather than fixed. This is in contrast with 

the standard ‘comfort zone’ in providing a uniform thermal environment for occupants in the 

workplace. It suggests that a standard ‘comfort zone’ that satisfies everyone is less likely to 

apply to the real world context of the workplace. These findings are further discussed in 

Chapter Ten, the discussion chapter. 
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9. Stage II: Individual Thermal Control 

As explained earlier, this thesis is based on the challenge in the field of thermal comfort 

between the steady state and adaptive comfort theories, which are followed by distinct 

approaches respectively ‘comfort zone’ and ‘adaptive opportunity’, described in Chapter 

Three. Chapter Eight questioned the application of the standard ‘comfort zone’. This chapter 

will investigate the application of the ‘adaptive opportunity’ or ‘individual thermal control’ in 

the Norwegian and British workplace contexts. This is explored by examining the active role 

of the user and investigating user satisfaction in environments with high and low levels of 

thermal control. 

 

The active role of the user is investigated through examining the impact of their decision to 

change the thermal environment on their satisfaction and comfort. The user’s intention to 

adjust the thermal environment is called the ‘thermal control intention’ or ‘thermal intention’ 

in this thesis. In the second part of this chapter, the satisfaction, comfort, health and 

productivity of users are compared in two workplaces that provide high and low opportunities 

for controlling the thermal environment. The two air conditioned Norwegian cellular plan 

case studies in this research have high levels of individual thermal control. Every occupant is 

provided with an openable window, blinds, door and the ability to adjust the temperature. In 

contrast, the two mechanically and naturally ventilated British open plan case study buildings 

have low levels of thermal control. Only occupants seated around the perimeter of the 

building can access limited openable windows and blinds, while the majority of the occupants 

seated closer to the centre of the open plan office have no opportunity to adjust their thermal 

environment.  

 

Quantitative and qualitative methods are applied to analyse these objectives. As explained 

before, a survey questionnaire is applied to record the users’ immediate response to the 

thermal environment at the workstation. This is followed by simultaneous thermal 

measurements to record the thermal conditions. Further intensive interviews are followed to 

investigate users’ view of thermal control. Similar to Chapter Eight, these analyses are based 

on over 300 responses, which is the total number of respondents, according to the survey 

questionnaires. These 300 responses include approximately 30 participants in each of the 4 

buildings, who responded to the survey questionnaire 3 times a day, morning, early and late 

afternoon.  
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SPSS. A similar process is applied to evaluate the relationship between thermal control 

intention and variables, including satisfaction and comfort. Therefore a sample of this 

analysis is presented in section 9.1.1.1.1, while the rest of the SPSS regression analyses are 

presented in Appendix H. 

 

9.1.1.1.1. Satisfaction 

Figure 256 to Figure 257 demonstrate the SPSS linear regression analysis of satisfaction and 

thermal control intention of the user regarding temperature, air movement, and indoor air 

quality, which encompasses 313 responses. 

 

 Mean Std. Deviation N 

Satisfaction 1.00 1.334 313 
Thermal Intention-4 Point Scale 3.41 .738 313 
Air Movement Intention .60 1.520 313 
Indoor Air Quality Intention .74 1.546 313 

Figure 256: Descriptive Statistics, SPSS linear regression analysis of satisfaction and thermal control intention, including 
temperature, air quality and air movement intention 

 
Figure 257 indicates that satisfaction can be explained based on the thermal control 

intention, since the P value is 0.000, which is less than 0.05. 

 

Model Sum of Squares df Mean Square F Sig. 

1 

Regression 153.909 3 51.303 39.524 .000b 
Residual 401.088 309 1.298   

Total 554.997 312    

a. Dependent Variable: Satisfaction 
b. Predictors: (Constant), Indoor Air Quality Intention, Thermal Intention-4 Point Scale, Air Movement Intention 

Figure 257: ANOVA, SPSS linear regression analysis of satisfaction and thermal control intention, including temperature, air 
quality and air movement intention 

 

The R square in the model summary table in Figure 258 indicates that 27.7% of variance in 

satisfaction can be explained by the thermal control intention, including thermal, air 

movement, and indoor air quality intention. This R square is greater than thermal sensation’s 

R square (i.e. 16.9%), which is presented in section 8.2.1.2. This suggests that thermal 

control intention is more likely to explain satisfaction. 

Model R R Square Adjusted R 
Square 

Std. Error of 
the Estimate 

Change Statistics 

R Square 
Change 

F Change df1 df2 Sig. F Change

1 .527a .277 .270 1.139 .277 39.524 3 309 .000 

a. Predictors: (Constant), Indoor Air Quality Intention, Thermal Intention-4 Point Scale, Air Movement Intention 

Figure 258: Model Summary, SPSS linear regression analysis of satisfaction and thermal control intention, including 
temperature, air quality and air movement intention 

 

The coefficients analysis in Figure 259 shows that by improving thermal intention towards no 

change, satisfaction improves by 0.815 degree. Air movement intention is less effective (i.e. 
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0.126 degree), and indoor air quality intention is even less effective (i.e. 0.044 degree). This 

analysis shows that satisfaction is likely to be improved by a decrease in users’ desire to 

change the temperature more than air movement or indoor air quality. 

 

Model Unstandardized Coefficients Standardized 
Coefficients 

t Sig. 

B Std. Error Beta 

1 

(Constant) -1.888 .311  -6.077 .000 

Thermal Intention-4 Point Scale .815 .090 .451 9.046 .000 

Air Movement Intention .126 .079 .143 1.591 .113 

Indoor Air Quality Intention .044 .077 .051 .570 .569 

a. Dependent Variable: Satisfaction 

Figure 259: Coefficients, SPSS linear regression analysis of satisfaction and thermal control intention, including temperature, air 
quality and air movement intention 

 

Figure 260 shows the boxplot of satisfaction and thermal control intention. The latter is based 

on a four point scale as follows: 

 

 4 = No thermal control intention 

 3 = Low thermal control intention 

 2 = Medium thermal control intention 

 1 = High thermal control intention 

 

Figure 261 demonstrates good correlation between the two variables and that participants 

with higher levels of satisfaction have less desire to control the thermal environment and vice 

versa. Figure 262 breaks down the information for each building and it shows that occupants 

of the cellular plan offices are more satisfied and desire less environmental change. In 

contrast, occupants of the open plan offices report more dissatisfaction levels and demand 

higher degrees of environmental control. 
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9.1.1.2.1. Satisfaction 

Figure 267 and 	

Ventilation Intention            Satisfaction 

  
Very 
dissatisfied Dissatisfied 

Slightly 
dissatisfied Neutral 

Slightly 
satisfied Satisfied 

Very 
satisfied 

No control 1 3 6 32 19 92 23 

Low     17 31 20 28 5 

Medium 1 3 12 7 5 2   

High   1 4 3   1   

 present the relationship between satisfaction and respectively temperature and ventilation 

control intentions. The latter includes air movement and air quality. Only survey results 

including ‘satisfied’ and ‘very satisfied’ are considered acceptable and recorded as ‘satisfied’, 

explained in sections 8.2.2.1 and 8.2.2.2. 114 out of 151 satisfied respondents (i.e. 75%) have 

no desire to change the temperature, and 24% of them want a slight change in the 

temperature, such as slightly cooler or slightly warmer. Only one satisfied respondent wants 

more than a slight change in the temperature. 43 out of 48 dissatisfied participants, including 

very dissatisfied, dissatisfied and slightly dissatisfied, (i.e. 90%) want to adjust the 

temperature. This suggests that occupants’ satisfaction improves as their tendency to change 

the temperature reduces. 

Temperature Control Intention                Satisfaction         

  
Very 
dissatisfied Dissatisfied 

Slightly 
dissatisfied Neutral 

Slightly 
satisfied Satisfied 

Very 
satisfied 

Much warmer 1 1           

Warmer   1 3 7 3     

Slightly warmer     4 10 9 17 2 

No Change     5 37 14 91 23 

Slightly cooler   4 20 16 16 14 3 

Cooler 1 1 7 3 2 1   

Much cooler               

Figure 267: Qualitative analysis of satisfaction and temperature control intention 
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 shows 115 out of 151 satisfied respondents (i.e. 76%) want no change in ventilation, 

including air movement and air quality. 32 of them (i.e. 21%) want a slight change, and only 

3 of them (i.e. 2%) want more than a slight change in ventilation. 38 out of 48 dissatisfied 

participants (i.e. 79%) want a change in ventilation, and 21 of them (i.e. 44%) want more than 

a slight change. This indicates that users’ satisfaction improves as their tendency to adjust the 

ventilation decreases. 

Ventilation Intention            Satisfaction 

  
Very 
dissatisfied Dissatisfied 

Slightly 
dissatisfied Neutral 

Slightly 
satisfied Satisfied 

Very 
satisfied 

No control 1 3 6 32 19 92 23 

Low     17 31 20 28 5 

Medium 1 3 12 7 5 2   

High   1 4 3   1   

Figure 270: Qualitative analysis of satisfaction and ventilation intention 

 

Figure 271 shows the relationship between satisfaction and thermal control intention, 

including temperature and ventilation. Figure 270 is similar to Figure 271, showing the 

relationship in more detail by directly using the visual recordings. The thermal control 

intention is measured from 0 to 6; the former presents no control intention and the latter very 

high control intention. 89 out of 151 satisfied participants (i.e. 59%) want no change in 

temperature or ventilation. 46 of them (i.e. 30%) want a slight change either in temperature or 

ventilation, and only 16 of them (i.e. 11%) want more than a slight change. All of the 

respondents with a very satisfied vote want no or just a slight change in temperature or 

ventilation. All of the dissatisfied participants want to adjust the thermal environment. 41 out 

of 48 dissatisfied participants (i.e. 85%) want more than a slight change in temperature and 

ventilation. This shows the significant influence of thermal control intention on satisfaction 

and it suggests when occupants’ desire to adjust the thermal environment decreases, their 

satisfaction level increases.  

Satisfaction and Thermal Control Intention (Temperature + Ventilation)     

  Very dissatisfied Dissatisfied Slightly dissatisfied Neutral Slightly satisfied Satisfied Very satisfied 

0       15 9 70 19 

1   2 5 28 14 37 9 

2 1   16 18 17 13   

3   3 13 8 4 3   

4 1 1 5 4       

5   1           

6               

Figure 271: Qualitative analysis of satisfaction and thermal control intention (including temperature and ventilation) 
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their tendency to apply control over the temperature and ventilation increases. Dissatisfied 

occupants are more likely to adjust the temperature or ventilation. 

 

9.1.1.2.2. Comfort 

Figure 273 and Figure 276, based on the visual recordings, examine the impact on comfort of 

respectively temperature and ventilation control intentions. Only comfortable and very 

comfortable responses are considered as ‘comfortable’, explained in section 8.2.2.1. 137 out 

of 214 comfortable participants (i.e. 64%) do not want to adjust the temperature, and 68 of 

them (i.e. 32%) want a small adjustment. 24 out of 26 uncomfortable respondents (i.e. 92%) 

want to change the temperature, while 11 of them (i.e. 42%) want more than a slight 

adjustment. This suggests that occupants with a desire to change the temperature are more 

likely to be uncomfortable. 

All 4 Buildings 

Comfort and Thermal Intention  

  

Very 
Uncomforta
ble Uncomfortable 

Slightly 
Uncomfortable Neutral 

Slightly 
Comfortable Comfortable 

Very 
Comfortable 

Much 
warmer   1 1 1 1 1   

Warmer     3 3 4 3   
Slightly 
warmer     4 5 3 28 1 
No 
Change     2 23 8 103 34 
Slightly 
cooler     9 14 11 36 3 

Cooler   1 5 4   5   
Much 
cooler               

Figure 273: Qualitative analysis of comfort based on thermal intention 
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All 4 Buildings 

Ventilation Control Intention     Comfort 

  
Very 
Uncomfortable 

Uncomforta
ble 

Slightly 
Uncomfortable Neutral 

Slightly 
Comfortable Comfortable 

Very 
Comfortable 

No 
control    1 7 20 10 107 31 
Low 
control      9 24 11 51 6 
Medium 
control   1 7 3 4 12 1 
High 
control     1 3 2 6   

Figure 276: Qualitative analysis of comfort based on ventilation intention, including air quality and air movement 

 

In Figure 277, 0 represents ‘no control’ and 6 represents ‘high control’. Based on Figure 277 

and Figure 278, 98 out of 214 comfortable occupants (i.e. 46%) want no change in the 

temperature or ventilation, and 66 of them (i.e. 31%) want a slight change either in the 

temperature or ventilation. All of the 26 uncomfortable respondents (i.e. 100%) want a 

change in the thermal environment, and 19 of them (i.e. 73%) want more than a slight 

adjustment. The more the comfort level decreases, the more the occupants’ desire to apply 

control over the thermal environment increases. This suggests that occupants with a desire to 

change the temperature or ventilation are more likely to be uncomfortable and vice versa. 

All 4 Buildings 

Thermal Control Intention (Thermal + Ventilation)                       Comfort 

  
Very 
Uncomfortable Uncomfortable 

Slightly 
Uncomfortable Neutral 

Slightly 
Comfortable Comfortable 

Very 
Comfortable 

0       12 4 70 28 

1     7 14 7 57 9 

2     8 14 7 31 1 

3   1 5 7 7 15   

4   1 2 3 2 3   

5     2         

6               

Figure 277: Qualitative analysis of comfort based on thermal control intention 
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adjustment. Overall, 100% of the uncomfortable occupants want to control the thermal 

environment, including temperature and ventilation, and 73% of them want more than a slight 

adjustment. This suggests that occupants with a desire to change the thermal environment are 

more likely to be uncomfortable. 

 

9.1.2. Thermal Intention 

The quantitative analysis of satisfaction and comfort indicates a significant relationship 

between these variables and thermal control intention, including temperature, air movement 

and air quality. Temperature control has more influence on user comfort and satisfaction than 

air movement and air quality. The results suggest that people with low thermal control 

intentions are more likely to be comfortable and vice versa.  

 

The analysis based on the qualitative visual recordings indicate that overall, 89% of the 

satisfied respondents want no or just a slight adjustment in either temperature or ventilation. 

This suggests that occupants’ satisfaction improves as their tendency to change the thermal 

environment reduces. 100% of the dissatisfied participants want to adjust the thermal 

environment, and they are more likely to change the temperature (i.e. 90%) than ventilation 

(i.e. 79%). This suggests that occupants’ dissatisfaction increases as their tendency to apply 

control over the temperature and ventilation increases. The qualitative analysis of comfort 

shows that 77% of the comfortable respondents want no or a slight change in either 

temperature or ventilation. In contrast, 100% of the uncomfortable respondents want to 

control the thermal environment, including temperature and ventilation, and 73% of them 

want more than a slight adjustment. This suggests that occupants with a desire to change the 

thermal environment are more likely to be uncomfortable and as their desire reduces, their 

comfort level increases. This is in line with the active role of the user, which is the basis of 

the adaptive principle (Nicol and Humphreys, 1973b, Nicol et al., 2012), indicating users’ 

desire to actively restore their comfort when feeling thermally uncomfortable. This section is 

further discussed in Chapter Ten, the discussion chapter. 
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9.2. Individual Thermal Control: Cellular vs. Open Plan Offices 

This section investigates the impact of ‘individual thermal control’ on users’ satisfaction, 

comfort, health, and productivity in the Norwegian and British workplace contexts with 

respectively high and low levels of thermal control. As explained, the two air conditioned 

Norwegian cellular plan offices provide every user with control over a window, blinds, door, 

and the ability to adjust the temperature. In contrast, the two mechanically and naturally 

ventilated British open plan offices provide limited access to windows and blinds for 

occupants seated around the perimeter of the building. Occupants farther away from windows 

are not provided with any means to control their thermal environment.  

 

Quantitative analysis is applied to compare the variables in the four case study buildings. As 

discussed in Chapter Seven, the thermal performance of all four buildings of this study is 

within the acceptable range according to the ASHRAE Standard 55-2010. The thermal 

measurements of over 90% of the workstations fit in the ASHRAE ‘comfort zone’, presented 

in section 7.2.3.2. In addition, the indoor air quality of the four buildings is within the 

acceptable range, presented in section 7.2.5. Furthermore, at the time of the survey 

questionnaire respondents were asked to answer the questions based on their immediate 

response to the thermal environment and to exclude other factors, such as psychological and 

job related factors. Moreover, follow up interviews were applied to further investigate users’ 

view of thermal control. Therefore, users’ satisfaction, comfort, health, and productivity are 

more likely to be influenced by thermal environment and availability of thermal control.  

 

9.2.1. Satisfaction 

Occupants’ satisfaction level is collected through the ASHRAE seven point scale survey 

questionnaire, explained in section 3.2.2.1. The SPSS linear regression analysis was applied 

to examine the relationship between satisfaction and type of plan, which indicates high and 

low thermal control levels, presented in Appendix J. The P value (i.e. 0.000) is less than 0.05, 

which suggests a significant relationship between satisfaction and type of plan: open and 

cellular plan offices. Figure 279 is a detailed comparison of satisfaction between the open 

plan and cellular plan workplaces using the SPSS frequency analysis. Only satisfied and very 

satisfied responses are considered as ‘satisfied’, explained in section 8.2.2.1 and 8.2.2.2. 
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Ventilation System and Typology of Plan Frequency Percent Valid Percent 
Cumulative 
Percent 

Building A: Air Conditioned, 
Openable Window and 
Heating in Cellular Plan 

Valid Slightly dissatisfied 4 4.2 4.2 4.2 

Neutral 17 17.9 17.9 22.1 

Slightly satisfied 14 14.7 14.7 36.8 

Satisfied 52 54.7 54.7 91.6 

Very satisfied 8 8.4 8.4 100.0 

Total 95 100.0 100.0  
Building B: Air Conditioned 
& Openable Window in 
Cellular Plan 

Valid Dissatisfied 1 1.3 1.3 1.3 
Slightly dissatisfied 5 6.5 6.5 7.8 
Neutral 13 16.9 16.9 24.7 
Slightly satisfied 8 10.4 10.4 35.1 
Satisfied 38 49.4 49.4 84.4 
Very satisfied 12 15.6 15.6 100.0 
Total 77 100.0 100.0  

Building C: Natural 
Ventilation in Open Plan 

Valid Very dissatisfied 2 2.7 2.7 2.7 
Dissatisfied 4 5.5 5.5 8.2 
Slightly dissatisfied 15 20.5 20.5 28.8 
Neutral 17 23.3 23.3 52.1 
Slightly satisfied 11 15.1 15.1 67.1 
Satisfied 20 27.4 27.4 94.5 
Very satisfied 4 5.5 5.5 100.0 
Total 73 100.0 100.0  

Building D: Displacement 
Ventilation in Open Plan 

Valid Dissatisfied 2 2.9 2.9 2.9 

Slightly dissatisfied 15 22.1 22.1 25.0 

Neutral 24 35.3 35.3 60.3 

Slightly satisfied 9 13.2 13.2 73.5 

Satisfied 15 22.1 22.1 95.6 

Very satisfied 3 4.4 4.4 100.0 

Total 68 100.0 100.0  

Figure 279: SPSS, frequency analysis of satisfaction between the four case study buildings 

 
Based on this analysis, the total percentage of respondents in every building who reported 

either satisfied or very satisfied is as follows: 

 

 Building A; air conditioned, openable window and heating in a cellular plan office: 

63.1% satisfied 

 Building B; air conditioned and openable window in a cellular plan office: 64.9% 

satisfied 

 Building C; natural ventilation in an open plan office: 32% satisfied  

 Building D; displacement ventilation in an open plan office: 27.5% satisfied  

 

The satisfaction levels of the two open plan offices are close (i.e. 30%), and the satisfaction 

levels in the two cellular plan offices are also close (i.e. 60%). There is a significant 

difference between the satisfaction levels in the open and cellular plan offices, approximately 

30% difference. The occupants of the cellular plan offices are much more satisfied compared 

to the occupants of the open plan offices. Figure 280 presents the differences in satisfaction 

level between the four buildings. The darker lines representing the two cellular plan offices 
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are almost identical, and the ‘satisfied’ responses are quite exposed. There is a relationship 

between the lighter lines representing the open plan offices. In both buildings, neutral and 

slightly dissatisfied lines are more exposed compared to the cellular plan offices. However, in 

Building D more respondents have voted for neutral, while in Building C more respondents 

have been ‘slightly dissatisfied’. 

 

Figure 280: Satisfaction level in the four case study buildings 

 

Overall these results suggest much higher satisfaction levels in the cellular plan compared to 

the open plan offices (i.e. 30% difference). In addition, during the interviews, occupants of 

the cellular plan offices reported high levels of satisfaction, particularly in regard to the 

availability of thermal control in their personal offices. In all four buildings, participants were 

asked: ‘How do you consider the building overall?’ After respondents explained their 

satisfaction, over 90% of them immediately mentioned the temperature fluctuation as the 

most disturbing aspect of their workplace regardless of their satisfaction, open or cellular 

offices. However, the availability of thermal control in the personal offices increases users’ 

satisfaction. In the cellular plan office, when occupants are unhappy with the thermal 

environment, over 70% of them actively apply some sort of control to adjust the temperature, 

such as to regulate the window, blind, door, or thermostat. On the contrary, when the 

occupants of the open plan offices find the temperature inconvenient, they have no choice but 

to tolerate it. They explained: ‘Well, I change layers, but there is nothing more I can do’. A 

few people reported going out or having a cup of tea when feeling thermally uncomfortable, 
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9.2.2. Comfort 

Users’ comfort level is collected through the ASHRAE seven point scale survey 

questionnaire, explained in section 3.2.2.1. The SPSS linear regression analysis is applied to 

examine the relationship between comfort level and high and low levels of thermal control, 

presented in Appendix K. It shows a significant relationship between comfort and the type of 

plan, including open and cellular plan offices, since the P value (i.e. 0.000) is less than 0.05. 

Figure 283 is the SPSS frequency analysis of comfort level in the four buildings. Only 

comfortable and very comfortable responses are considered as ‘comfortable’, further 

explanation is presented in section 8.2.2.1. 

 

Ventilation System and Typology of Plan Frequency Percent Valid Percent 
Cumulative 
Percent 

Building A: Air Conditioned, 
Openable Window and 
Heating in Cellular Plan 

Valid Slightly uncomfortable 3 3.2 3.2 3.2 

Neutral 11 11.6 11.6 14.7 

Slightly comfortable 7 7.4 7.4 22.1 

Comfortable 59 62.1 62.1 84.2 

Very comfortable 15 15.8 15.8 100.0 

Total 95 100.0 100.0  
Building B: Air Conditioned 
& Openable Window in 
Cellular Plan 

Valid Slightly uncomfortable 3 3.9 3.9 3.9 
Neutral 10 13.0 13.0 16.9 
Slightly comfortable 5 6.5 6.5 23.4 
Comfortable 46 59.7 59.7 83.1 
Very comfortable 13 16.9 16.9 100.0 
Total 77 100.0 100.0  

Building C: Natural 
Ventilation in Open Plan 

Valid Very uncomfortable 1 1.4 1.4 1.4 
Uncomfortable 1 1.4 1.4 2.7 
Slightly uncomfortable 9 12.3 12.3 15.1 
Neutral 12 16.4 16.4 31.5 
Slightly comfortable 8 11.0 11.0 42.5 
Comfortable 36 49.3 49.3 91.8 
Very comfortable 6 8.2 8.2 100.0 
Total 73 100.0 100.0  

Building D: Displacement 
Ventilation in Open Plan 

Valid Uncomfortable 1 1.5 1.5 1.5 

Slightly uncomfortable 6 8.8 8.8 10.3 

Neutral 17 25.0 25.0 35.3 

Slightly comfortable 5 7.4 7.4 42.6 

Comfortable 36 52.9 52.9 95.6 

Very comfortable 3 4.4 4.4 100.0 

Total 68 100.0 100.0  

Figure 283: SPSS, frequency analysis of comfort level between the four case study buildings 

 
Based on this analysis, the comfort level in every building is as follows: 

 

 Building A; air conditioned, openable window and heating in a cellular plan office: 

77.9% comfortable 

 Building B; air conditioned and openable window in a cellular plan office: 76.6% 

comfortable 

 Building C; natural ventilation in an open plan office: 56.9% comfortable 

 Building D; displacement ventilation in an open plan office: 58% comfortable 
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The percentages of comfort responses in both cellular plan offices are close (i.e. 1.3% 

difference) and above 75%. The percentages of comfort responses in both open plan offices 

are also close (i.e. 1.1% difference), which is above 55%. There is a significant difference 

between the comfort level in the open plan offices and cellular plan offices, approximately 

20% difference. The occupants of the cellular plan offices are much more comfortable 

compared to the occupants of the open plan offices. Figure 284 demonstrates the differences 

in comfort levels between the four case study buildings.  

 

Figure 284: Comfort level in the four case study buildings 

 

Overall, these results suggest that the comfort level is at least 20% higher in the air 

conditioned cellular plan offices with a high levels of thermal control compared to the 

naturally and mechanically ventilated open plan offices with limited thermal control.  

 

9.2.3. Health 

264 out of 313 respondents completed all of the sick building syndrome questions about dry 

or watery eyes, blocked or runny nose, dry or irritated throat, chest tightness, headache, and 

tiredness. In order to eliminate symptoms that were not related to the work environment, 

participants were asked if they experienced their symptoms during the weekend and whether 

or not they were related to the work environment. Based on this information as well as 

respondents who were not sure of a symptom, a few respondents have been eliminated from 

the test results. This is the main reason for the slight difference in the number of respondents 
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regarding each question. Quantitative SPSS linear regression analysis is applied to examine 

the relationship between type of plan and each symptom. The results show a significant 

relationship between each symptom and the type of plan: open or cellular plan offices. A 

sample of the analysis is presented in Appendix I. The calculated P values are as follows. 

Other than the blocked or runny nose symptom, the P values of the other symptoms, as well 

as the overall evaluation of health, are less than 0.05. This shows a strong relationship 

between these symptoms and the type of plan. 

 

 Dry or watery eyes: P value is 0.008 

 Blocked or runny nose: P value is 0.509, which is over 0.05, which suggests no 

significant relationship between this symptom and the type of plan. 

 Dry or irritated throat: P value is 0.000 

 Chest tightness: P value is 0.017 

 Headache: P value is 0.000 

 Tiredness: P value is 0.000 

 Overall health: P value is 0.000 

 

A detailed frequency table of each symptom is presented in Appendix L. The frequency of 

each symptom is higher in the two open plan offices compared to the cellular plan offices. 

105 out of 134 participants (i.e. 78%) of the two cellular plan offices, while 65 out of 130 

participants (i.e. 50%) of two the open plan offices never suffer from any symptoms. Almost 

80% of the occupants of the cellular plan offices have responded ‘never’ to all of the 

symptoms, while fewer participants responded in the same way in the open plan offices. 

Headache and tiredness are the most common symptoms in the two buildings. The difference 

between the frequency of these symptoms in the open and cellular plan offices is more 

visible.  

 

 130 out of 145 participants (i.e. 90%) of the two cellular plan offices, while 63 out of 

130 participants (i.e. 48%) of two the open plan offices never suffer from headaches 

 No participant (i.e. 0%) of the two cellular plan offices, while 9 out of 130 

participants (i.e. 7%) of the two open plan offices constantly suffer from headaches 

 88 out of 139 participants (i.e. 63%) of the two cellular plan offices and 37 out of 129 

participants (i.e. 29%) of the two open plan offices never suffer from headaches 

 No participant (i.e. 0%) of the two cellular plan offices and 8 out of 129 participants 

(i.e. 6%) of the two open plan offices constantly suffer from headaches 
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The results suggest that participants of the open plan offices suffer more from headaches and 

tiredness compared to the cellular plan respondents. The following bar charts show a detailed 

comparison of each symptom between the four case study buildings. 

 

Figure 285: Comparison of dry or watery eyes symptom across the four case study buildings 

 

Figure 286: Comparison of blocked or runny nose symptom across the four case study buildings 
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Figure 287: Comparison of dry or irritated throat symptom across the four case study buildings 

 

 

Figure 288: Comparison of chest tightness symptom across the four case study buildings 
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Figure 289: Comparison of headaches symptom across the four case study buildings 

 

Figure 290: Comparison of tiredness symptom across the four case study buildings 

 

The overall analysis of sick building syndrome shows that the occupants of the two cellular 

plan offices with high levels of thermal control suffer much less from the symptoms 

compared to the occupants of the two open plan offices with limited levels of thermal control. 

During the interviews, an occupant of Building B identified the out of order air conditioning 

in her room as the result of her headache and tiredness. The air conditioning in her room had 
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stopped working for two weeks, and she complained that her room had been too hot causing 

her headache and tiredness. Several occupants of the open plan offices mentioned that 

because of their symptoms sometimes they stay and work at home. However, when their 

presence in the office is necessary they have to tolerate suffering because they are not 

provided with other options or thermal control to regulate the thermal condition. They 

identified the temperature, humidity, air movement, and air quality in the open plan office as 

the main reason for their symptoms. 

 

9.2.4. Perceived Productivity 

Participants’ productivity level is recorded through a survey questionnaire based on 

McCartney’s transverse questionnaire (McCartney and Nicol, 2002). In this method, 

respondents compare their immediate productivity level to their normal productivity status. 

This is a seven point scale survey, where -3 is much lower, 0 is the same and +3 is much 

higher than normal productivity level. The SPSS linear regression analysis is applied to 

examine the relationship between productivity and low and high levels of thermal control, 

presented in Appendix M. Although the P value (i.e. 0.045) shows a significant relationship 

between productivity and type of plan, the extent of this association is not significant. The 

following table presents the SPSS frequency analysis of productivity in the four case study 

buildings. It indicates that majority of the respondents have ‘the same’ perceived productivity 

level at the time of the survey.  

Ventilation System and Typology of Plan Frequency Percent Valid Percent 
Cumulative 
Percent 

Building A: Air Conditioned, 
Openable Window and Heating 
in Cellular Plan 

Valid Slightly lower 8 8.4 8.4 8.4 

The same 76 80.0 80.0 88.4 

Slightly higher 10 10.5 10.5 98.9 

Higher 1 1.1 1.1 100.0 

Total 95 100.0 100.0  
Building B: Air Conditioned & 
Openable Window in Cellular 
Plan 

Valid Lower 2 2.6 2.6 2.6 
Slightly lower 11 14.3 14.3 16.9 
The same 46 59.7 59.7 76.6 
Slightly higher 17 22.1 22.1 98.7 
Higher 1 1.3 1.3 100.0 
Total 77 100.0 100.0  

Building C: Natural Ventilation 
in Open Plan 

Valid Much lower 1 1.4 1.4 1.4 
Lower 1 1.4 1.4 2.7 
Slightly lower 14 19.2 19.2 21.9 
The same 51 69.9 69.9 91.8 
Slightly higher 5 6.8 6.8 98.6 
Much higher 1 1.4 1.4 100.0 
Total 73 100.0 100.0  

Building D: Displacement 
Ventilation in Open Plan 

Valid Slightly lower 9 13.2 13.2 13.2 

The same 49 72.1 72.1 85.3 

Slightly higher 9 13.2 13.2 98.5 

Higher 1 1.5 1.5 100.0 

Total 68 100.0 100.0  

Figure 291: SPSS, frequency analysis of perceived productivity level compared to the normal state 



CHAPTER 9 328

 

Based on this analysis, the percentage of respondents with ‘the same’ or higher productivity 

levels in every building is calculated as follows: 

 

 Building A: 95% respondents have the same or higher perceived productivity level, 

and 12% have higher rate than normal 

 Building B: 83% respondents have the same or higher perceived productivity level, 

and 25% have higher rate than normal 

 Building C: 78% respondents have the same or higher perceived productivity level, 

and 7% have higher rate than normal 

 Building D: 87% respondents have the same or higher perceived productivity level, 

and 14% have higher rate than normal 

 

The results are similar while the personal offices of Building A have the highest normal and 

higher perceived productivity level. The perceived productivity level of Building B falls 

between the two open plan offices. However, 25% of the respondents in Building B have a 

higher perceived productivity level than their normal status, which is much more than the 

other buildings. This comparison can be seen more clearly in Figure 292. 

 

Figure 292: Perceived productivity level in the four case study buildings 

 
Overall 88% of the cellular plan respondents have the same or higher perceived productivity 

level, while there are 82% in the open plan offices. 17% of the respondents of the personal 

offices have higher than normal productivity levels, while there are 11% in the open plan 
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offices. The overall productivity level is higher in the cellular plan offices compared to the 

open plan offices, although the difference is not so significant. In addition, the SPSS linear 

regression analysis shows a significant relationship between productivity and type of plan. 

However, the extent of this association is not significant (i.e. 1.3%). Moreover, there is an 

inconsistency in the detailed comparison between the four case study buildings as Building B 

has a lower productivity level compared to Building D. Therefore it is difficult to draw 

conclusions about the productivity level and further research is recommended. Furthermore, 

at the time of the survey many participants did not quite understand the question regarding the 

productivity status and an explanation was required for the ‘normal productivity level’. Many 

respondents found this question difficult to answer. Therefore, further research and other 

methods are recommended to record and analyse occupants’ productivity level. For instance, 

Kroner’s method to monitor users’ productivity level before and after moving to the building 

may be useful (Kroner, 2006), explained in section 3.3.2.4. In this method no questionnaire is 

required and the productivity level is simply measured based on users’ efficiency and 

productivity regarding the actual workload. Oseland presents other methods like a 

sophisticated survey and control groups to measure the productivity level (Oseland, 2004), 

presented in section 5.2.2.4.3. However, none of these methods are applicable to this research, 

since only a post occupancy survey was possible rather than a pre-occupancy survey. In 

addition, the company management of the buildings rejected the use of a sophisticated survey, 

as explained in section 6.1.4.  

 

9.2.5. Satisfaction, Comfort, Health and Productivity: Open vs. Cellular 

Practices 

Overall, the results suggest higher levels of user satisfaction, comfort and health in the 

cellular plan offices with high levels of thermal control compared to the open plan offices 

with limited thermal control. Intensive interviews reveal a strong connection between the 

availability of thermal control and the variables, satisfaction, comfort and health. Although 

results show that productivity level is slightly higher in the personal offices, it is difficult to 

draw a conclusion due to the complexities of measuring productivity in this study. Further 

research is recommended to investigate productivity level in the workplace by applying other 

methods. 

 

Overall, based on the SPSS linear regression analysis there is a significant relationship 

between satisfaction and type of plan: open and cellular offices. The satisfaction level is 

higher (i.e. 30% difference) in the cellular plan offices compared to the open plan offices. The 

in depth interviews confirm users’ satisfaction with the thermal control in the cellular plan 
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offices. They do not want to share an office because they prefer to adjust the thermal 

environment in their personal rooms according to their needs. On the contrary, occupants of 

the open plan offices complained about the lack of thermal control and the universal ‘comfort 

zone’. They explained that no particular temperature satisfies them all. For this reason they 

preferred not to control the temperature of the office, since they did not like the responsibility 

of satisfying everyone, considering it impossible. In addition, the results suggest a strong 

relationship between comfort and type of plan. The frequency analysis shows higher levels of 

comfort in the personal offices (i.e. at least 20% difference) compared to the open plan 

workplaces. Furthermore, the analysis of sick building syndrome shows fewer symptoms 

amongst the occupants of the cellular plan offices compared to the open plan offices, 

suggesting higher levels of health in the personal offices. Occupants of the open plan offices 

identified lack of control over the temperature, humidity, air movement, and air quality in 

their office as the main cause for their symptoms, with an emphasis on the temperature. 

 

The productivity level is overall higher in the cellular plan offices compared to the open plan 

offices, although the difference is not so significant, 88% compared to 82%. The SPSS linear 

regression analysis shows a significant relationship between productivity and type of plan, but 

the extent of this association is not significant (i.e. 1.3%). There is an inconsistency in the 

detailed comparison between the four case study buildings. Furthermore, respondents did not 

fully comprehend the productivity question and the ‘normal productivity state’ at the time of 

survey. As explained, it is difficult to draw conclusions on the productivity level and further 

research is recommended using other methods, further explained in section 10.3. 
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9.3. Summary 

This chapter investigated the application of ‘individual thermal control’ in the workplace and 

its influence on users’ satisfaction, comfort, health, and productivity. The results indicate that 

when participants’ desire to adjust the thermal environment increases, their satisfaction and 

comfort decreases. This suggests that occupants with a thermal control intention are more 

likely to be dissatisfied and uncomfortable. In addition, the results indicate that occupants of 

the two Norwegian cellular plan offices with high levels of individual thermal control are 

more comfortable, satisfied and healthy compared to the occupants of the two British open 

plan offices with limited thermal control. The high quality of the indoor environment of all 

four buildings as well as the interview results suggest that availability of individual thermal 

control is the main reason for this difference between the Norwegian and British contexts. 

This suggests that occupants, who are provided with individual thermal control, are more 

likely to be satisfied, comfortable and healthy. These results are further discussed in the next 

chapter, which is the discussion chapter. 
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10. Discussion 

This chapter presents the main discussion of the application of ‘individual thermal control’ in 

the context of the Norwegian and British workplaces. The discussion of the results and 

findings from the previous chapter is followed by that of the qualitative approach to analyse 

the data in regard to the context and meaning, rather than the traditional quantitative approach 

in the field of thermal comfort. The qualitative method is the basis of the analysis and 

findings in this research. Finally, the research limits are presented. 
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10.1. Individual Thermal Control in the Workplace 

In this thesis, the research question is ‘does thermal control improve user satisfaction in 

cellular and open plan offices? Norwegian vs. British practices’. This is based on the 

challenge in the field of thermal comfort between the steady state and adaptive comfort 

theories, expressed respectively as the ‘comfort zone’ and ‘thermal control’. This research 

challenges the concept of the standard ‘comfort zone’ and explores the application of 

‘individual thermal control’ in the context of the Norwegian and British workplace practices 

with respectively high and low levels of individual thermal control. The results indicated that 

the current widely used standard comfort zone and its basis, ‘neutral thermal sensation’, do 

not apply to the case study buildings in this research, as explained in Chapter Eight. In 

addition, most respondents preferred a variety of thermal settings throughout the day. This is 

in further contrast with the concept of the ‘comfort zone’ that aims at providing a steady 

thermal condition constantly for everyone. Furthermore, respondents with an intention to 

adjust the thermal environment were more dissatisfied and uncomfortable, which is in line 

with the active role of the user. Finally, the main finding in the research indicated that 

occupants of the Norwegian cellular plan offices with high levels of thermal control were 

more satisfied, comfortable and healthy compared to the occupants of the British open plan 

offices with limited thermal control. This suggests that workplace environments that provide 

occupants with the opportunity of ‘individual thermal control’ are more likely to improve 

their satisfaction, comfort and health. 

 

In this research, two Norwegian cellular plan offices with high levels of thermal control were 

compared with two British open plan offices with limited thermal control. In the Norwegian 

offices, every occupant has access to an openable window, blinds, light switches, door, and a 

thermostat. However, in the British offices only occupants sitting at the perimeter of the 

building are provided with limited openable windows and blinds. Occupants, who sit closer to 

the centre and away from the windows, are not provided with any opportunity to adjust their 

thermal environment.  

 

10.1.1. Findings 

The view of ‘comfort zone’ was challenged by examining the following: 

 

 The accuracy of the ASHRAE predictions of comfort zone, as the most widely used 

standard to predict thermal comfort conditions 

 The application of the ‘neutral thermal sensation’ to indicate comfort, as the basis of 

thermal comfort studies and standards 
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 The consistency of overall thermal preference of every individual occupant 

throughout the day 

 

The application of ‘individual thermal control’ was investigated through the following: 

 

 Examining the impact of thermal intention of the user on their satisfaction and 

comfort 

 Examining satisfaction, comfort and health in comparison between two office 

layouts, the Norwegian cellular plan with high and the British open plan with low 

levels of thermal control 

 

10.1.1.1. Comfort Zone 

10.1.1.1.1. The ASHRAE Comfort Predictions 

This research examined the accuracy of the most widely used standard comfort zone, which is 

the ASHRAE Standard 55-2010 in a summer day in four case study buildings in two contexts. 

Based on the environmental measurements, the thermal condition of every workstation was 

predicted using the ASHRAE Thermal Comfort Tool, explained in section 7.2.3. This tool 

predicts comfort conditions based on PMV and adaptive models and according to the 

ASHRAE Standard 55-2010. These predictions were compared to the occupants’ survey 

questionnaires at the time of the measurements. Quantitative and qualitative analysis were 

applied. The SPSS regression analysis showed a significant relationship between thermal 

sensation and both PMV and adaptive comfort prediction models, as presented in sections 

8.1.1.1.1 and 8.1.2.1.1. However, it indicated that the ASHRAE PMV model could explain 

only 5%, and the adaptive model only 2.2% of the thermal sensation responses. In addition, 

the SPSS regression analysis showed no significant relationship between either of the 

prediction models and occupants’ actual satisfaction and comfort responses. 

 

In the qualitative analysis, the combination of thermal sensation and thermal intention was 

considered to be the occupant’s thermal comfort response, explained in section 10.1.1.1.2. 

The results of the qualitative analysis using the visual recording technique indicate that there 

is:  

 

 No consistency between the ASHRAE PMV prediction model and occupants’ 

thermal sensation response (i.e. 75%) 
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 No consistency between the ASHRAE PMV prediction model and occupants’ overall 

thermal preference (i.e. 84%) 

 No consistency between the ASHRAE adaptive prediction model and occupants’ 

thermal sensation response (i.e. 63%) 

 No consistency between the ASHRAE PMV and adaptive prediction models in 

predicting comfort status (i.e. 88%) 

 

The results showed that the predicted comfort conditions of the most widely used standard, 

the ASHRAE Standard 55-2010, does not apply to the case study buildings in the Norwegian 

and British contexts in this research. This suggests that current worldwide standard comfort 

zones are less likely to be accurate. This confirms the findings of other researchers, who 

report inaccuracy in the comfort standards (Humphreys and Nicol, 2002b, Baker and 

Standeven, 1997, de Dear and Brager, 1998, de Dear and Brager, 2001, Schellen et al., 2013). 

For instance, Baker reports the inconsistency between international standards and user 

satisfaction in the real context of offices (Baker and Standeven, 1995), explained in section 

3.2.2.1. 

 

10.1.1.1.2. Neutral Thermal Sensation 

This research examined the association of the ‘neutral thermal sensation’ and comfort status 

of the occupants with regard to the thermal environment. The ‘neutral thermal sensation’ is 

the basis of the ASHRAE thermal comfort standard (ASHRAE, 2009, ASHRAE, 2010) and 

thermal comfort studies (van Marken Lichtenbelt and Kingma, 2013, Schellen et al., 2013, 

Indraganti et al., 2013, Leyten et al., 2013). Simultaneous thermal measurements and survey 

questionnaires were applied. The former evaluated the building performance and the quality 

of the indoor environment at the time of the survey. The analysis showed that the temperature 

(i.e. optimum temperature between 20oC to 26 oC) and humidity (i.e. between 10 to 70 RH) 

are within the acceptable range in all four case study buildings, presented in section 7.2.2. In 

addition, the ASHRAE adaptive model predicted a comfortable status for over 90% of the 

workstations, presented in section 7.2.3.2. This suggested high levels of neutral thermal 

sensation that indicate good qualities of indoor thermal environment in the four case studies. 

Here the question is not whether the building was hot or cold, as the empiric building 

performance showed that all four buildings provided good qualities of thermal environment. 

Rather, the question is ‘Do participants want to feel neutral?’ 

 

The survey questionnaire included questions regarding thermal sensation and intention 

indicating occupants’ immediate feeling about the thermal environment and their desire to 
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adjust the temperature. In addition, the questionnaire included user satisfaction and comfort. 

The thermal sensation responses of the occupants were compared against their satisfaction, 

comfort and thermal intention responses. Quantitative and qualitative analysis were applied to 

analyse the results. The quantitative analysis using SPSS regression analysis showed a strong 

relationship between thermal sensation and variables, satisfaction, comfort and thermal 

intention, as presented in section 8.2.1. 16.9% of the satisfaction responses, 13.2% of the 

comfort responses, and 46.4% of the thermal intention responses can be explained by the 

occupant’s thermal sensation status.  

 

The qualitative analysis using the visual recording technique indicates: 

 

 45% of the comfortable respondents did not feel neutral 

 20% of the respondents with a neutral thermal sensation did not feel comfortable 

 38% of the satisfied respondents did not feel neutral 

 36% of the respondents with a neutral thermal sensation did not feel satisfied 

 18% of the respondents with a neutral thermal sensation preferred a change in the 

temperature 

 28% of the respondents, who wanted no change in the temperature, did not feel 

neutral 

 35% of the occupants preferred thermal sensations other than neutral 

 

Many occupants, who felt neutral, were uncomfortable, dissatisfied or wanted a change in 

temperature. On the contrary, many respondents, who felt comfortable and satisfied, did not 

feel neutral. These results show that the ‘neutral thermal sensation’ does not indicate user 

comfort and satisfaction in the case study buildings in this study. In addition, occupants (i.e. 

35%) are likely to prefer thermal sensations other than neutral. These results suggest that the 

‘neutral thermal sensation’ is less likely to indicate thermal comfort. This confirms 

Humphreys’ finding that in ‘57% of occasions the desired sensation was other than “neutral”’ 

(Humphreys and Nancock, 2007). He indicates that ‘there were significant differences among 

the respondents in the thermal sensations they desired, confirming that some characteristically 

preferred to feel warmer than others’ (Humphreys and Nancock, 2007). De Dear also 

questions the notion of ‘neutral thermal sensation’ in the PMV model (de Dear, 2011).  

 

Although Humphreys published these results in 2007, the ‘neutral thermal sensation’ is still 

the basis of the standard ‘comfort zone’ (ASHRAE Standard 55-2010). Although recently 

some researchers have considered sensations other than neutral in their research (Rijal et al., 

2009, Arens et al., 2010, Humphreys et al., 2011, de Dear, 2011, Bos and Love, 2013), still 
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the majority of research on thermal comfort is based on the ‘neutral thermal sensation’ (Liu et 

al., 2012, Cigler et al., 2012, van Marken Lichtenbelt and Kingma, 2013, Schellen et al., 

2013, Indraganti et al., 2013, Leyten et al., 2013). Zhang states that ‘the comfort literature 

tends to focus on neutral and optimal temperatures’ (Zhang et al., 2011). The new thermal 

comfort scale includes ‘much too cool, too cool, comfortably cool, neutral, comfortably 

warm, too warm and much too warm’ (Nicol and Humphreys, 2009b). However, this new 

scale does not include a combination of too cool and comfortable, or too warm and 

comfortable. The results of this thesis show that some respondents preferred extreme thermal 

conditions, such as cold or hot. 

 

10.1.1.1.3. Consistency in Thermal Preference 

This research investigated the consistency of individual thermal preference throughout the 

day. Every participant responded to a survey questionnaire three times a day, morning, early 

and late afternoon. The combination of two of these questions about thermal sensation and 

thermal intention indicated the overall thermal preference of a particular individual at a 

particular time. Thermal preferences of every individual during the day were compared in 

order to examine their consistency applying qualitative visual recording analysis. The results 

indicate: 

 

 Inconsistency in the individual’s thermal preferences throughout the day (i.e. 55%) 

 Extreme cases of inconsistency in the individual’s thermal preferences throughout the 

day (i.e. 13%) 

 86% of the respondents wanted to feel neutral at least at one point in the day, 

however 60% of them preferred to have a thermal sensation other than neutral at 

another time in the day. 

 14% of the respondents did not want to feel neutral at any time in the day 

 65% of the respondents did not want to feel neutral at least at some point in the day 

 

The results indicate that over half of the respondents in this research did not have a steady 

thermal preference during the day, as their thermal preference changed at different times. In 

some cases, there was an extreme change in individual’s thermal preferences, such as from 

cold in the morning to warm in the late afternoon. 

 

In addition, over half of the respondents, who felt neutral at least once, experienced a 

different preference at another time in the day. This suggests that if the survey questionnaire 

was applied only once and their preference at that particular time was ‘neutral’ (i.e. 86% 
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chance), there would be a risk of misjudgement in concluding that ‘people want to feel 

neutral’. On the contrary, this research shows that there is a 60% chance that the particular 

individual has a thermal preference other than neutral at a different time in the day. The 

results suggest that even if the thermal preference of an individual is neutral, there is a good 

chance that it will change. Overall, the results indicate that the thermal preference of the 

occupants is subject to change. This finding is in contrast with the aim of the steady state 

theory, which is to provide a steady thermal condition at all times for everyone.  

 

10.1.1.2. Individual Thermal Control 

10.1.1.2.1. Thermal Intention 

This research examined the impact of users’ thermal intention on their satisfaction and 

comfort. The results of the survey questionnaire were analysed using quantitative and 

qualitative analysis, as presented in section 9.1. The quantitative analysis showed a significant 

relationship between thermal intention and the two variables. 27.7% of variance in 

satisfaction and 18.9% in comfort can be explained by users’ intention to change the thermal 

environment. In addition, the qualitative analysis indicates: 

 

Satisfaction: 

 89% of the satisfied respondents wanted either no change or a slight adjustment in the 

temperature, air quality or air movement 

 100% of the dissatisfied participants wanted to adjust the temperature or ventilation 

 85% of the dissatisfied respondents wanted more than a slight change in the 

temperature, air quality or air movement 

 

Comfort: 

 77% of the comfortable respondents wanted either no change or a slight adjustment in 

the temperature, air quality or air movement 

 100% of the uncomfortable participants wanted to adjust the temperature, air quality 

or air movement 

 73% of the uncomfortable respondents wanted more than a slight change in the 

temperature, air quality or air movement 

 

The results indicate that users’ desire to adjust the thermal environment, including 

temperature, air quality and air movement, has a great impact on their satisfaction and 

comfort. The results suggest that occupants with an intention to adjust the thermal 
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environment are more likely to be dissatisfied and uncomfortable. This confirms the adaptive 

principle that when people are uncomfortable, they actively apply change (Nicol and 

Humphreys, 1973b, Nicol et al., 2012). However, the results are in contrast with the passive 

role of the user, which is considered in the steady state theory. Occupants’ decision to change 

the thermal environment and their active role in applying this change is overlooked in the 

steady state theory (Nicol et al., 2012). In addition, the standard ‘comfort zone’ is simply 

based on the ‘neutral thermal sensation’ (ASHRAE, 2010). Occupants’ desire to adjust the 

thermal environment is not considered in the comfort standards. This is likely to lead to a 

misjudgement when indicating occupants’ comfort status, as explained in section 10.1.1.1.2. 

 

10.1.1.2.2. Individual Thermal Control 

The Norwegian cellular and British open plan practices were compared regarding user 

satisfaction, comfort and health using the survey questionnaires. Quantitative analysis using 

SPSS frequency analysis was applied to the information with the following results: 

 

Satisfaction: 

 Approximately 60% in the two Norwegian cellular plan offices 

 Approximately 30% in the two British open plan offices  

 As a result, satisfaction level in the two Norwegian cellular plan offices is 

approximately 30% higher than the two British open plan offices 

 

Comfort: 

 Approximately 75% in the two Norwegian cellular plan offices 

 Approximately 55% in the two British open plan offices  

 As a result, comfort level in the two Norwegian cellular plan offices is approximately 

20% higher than the two British open plan offices 

 

Health:  

 Number of respondents never suffering from headaches is larger in the Norwegian 

buildings (i.e. Building A: 75% and Building B: 75%) compared to the British 

buildings (i.e. Building C: 40% and Building D: 49%) 

 Number of respondents never suffering from tiredness is larger in the Norwegian 

buildings (i.e. Building A: 56% and Building B: 44%) compared to the British 

buildings (i.e. Building C: 18% and Building D: 34%) 
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The results indicate that occupants of the two Norwegian cellular plan offices with high levels 

of individual thermal control are more comfortable, satisfied and healthy compared to the 

occupants of the two British open plan offices with limited thermal control. This suggests that 

occupants, who are provided with individual control over the thermal environment, are more 

likely to be satisfied, comfortable and healthy. The results confirm the relationship between 

thermal control and user satisfaction (Leaman and Bordass, 2005, Lee and Brand, 2005, 

Wagner et al., 2007, Brager and Baker, 2009, Newsham et al., 2009), comfort (Bordass et al., 

1993, Bordass et al., 1994) and health (Marmot, 2010, Rayner, 1997, Rollins and Swift, 

1997). 
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10.1.2. Discussion: Comfort Zone vs. Individual Thermal Control 

The previous discussion feeds into the challenge of the concept of ‘comfort zone’ and the 

application of ‘individual thermal control’. 

 

10.1.2.1. The Steady State Theory and Comfort Zone 

The steady state theory emerged after the invention of the refrigerator. Engineers managed to 

find an ‘optimum temperature’ to keep meat and food fresh for longer periods in the 

refrigerator. Their success led them to apply the same principle (i.e. optimum temperature) to 

office buildings, where people work (Nicol et al., 2012). They overlooked the decision-

making and active role of the user. Through experimental research they managed to find the 

‘comfort zone’ that minimises the heat exchange between the human body and the thermal 

environment (Bluyssen, 2009). Although it is useful to experiment in the controlled 

environment of the laboratory with limited variables, useful information associated with 

context and non-physical factors, can be overlooked (Nicol et al., 2012).  

 

The aim of experimental research is to provide a steady thermal condition that satisfies over 

80% of the occupants. Their main finding is the universal ‘comfort zone’. This is applied in 

workplace practices to regulate the thermal environment through building facilities and 

centrally controlled thermal systems. The universal ‘comfort zone’ is applied in the British 

open plan offices to provide a uniform thermal environment for all the occupants. In this 

research, the thermal environment of the case study buildings is regulated according to the 

ASHRAE comfort zone. So over 80% of the occupants are expected to be thermally 

comfortable. However, the results of the survey questionnaire did not match the ASHRAE’s 

predicted comfort, explained in section 10.1.1.1.1. This finding in addition to other 

researchers’ findings stating that comfort standards do not apply to real world situations 

(Baker and Standeven, 1997, de Dear and Brager, 1998, de Dear and Brager, 2001, Schellen 

et al., 2013) suggest that current worldwide comfort standards are less likely to be accurate.  

 

In addition, the interviews indicate the importance of individual differences in perceiving the 

thermal environment. The majority of respondents acknowledged that no particular 

temperature would satisfy all, discussed in section 9.2.1. This is in line with the findings of 

other researchers stating that no fixed temperatures are universally accepted (Baker and 

Standeven, 1997, Humphreys, 1972, Nicol et al., 1995, Humphreys, 1996), discussed in 

section 3.2.2.1. 
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In the view of ‘comfort zone’, thermal comfort is considered as a ‘product’ (Fanger, 1970). 

This final polished product is presented to the occupant, who is expected to receive it 

passively without interfering with the process. In this view, the users’ ability to adjust the 

thermal environment is replaced by a pre-set thermal setting according to the standard 

‘comfort zone’. The occupants’ active role is overlooked, such as the ability and desire to 

think, make decisions and actively apply change. However, one of the findings in this thesis 

shows that when users feel uncomfortable, they are more likely to desire to adjust the thermal 

environment, explained in section 10.1.1.2.1. This confirms the active role of the user 

(Ackerly and Brager, 2013), which is the basis of the adaptive comfort theory stating: ‘If a 

change occurs such as to produce discomfort, people react in ways which tend to restore their 

comfort’ (Nicol and Humphreys, 1973b, Nicol et al., 2012). Black reports that when 

occupants are actively involved with decision makings, their satisfaction level increases 

(Black, 2006). 

 

10.1.2.2. Contradiction: Definition vs. Application 

Meir suggests that the ASHRAE Standard 55, 2004 has a contradiction in specifying the 

comfort zone and defining thermal comfort (Meir et al., 2009). On the one hand, a standard 

comfort zone that satisfies 80% of people is demonstrated with clear boundaries, on the other 

hand it defines comfort as ‘the state of mind that expresses satisfaction with the surrounding 

environment’ (ASHRAE, 2004). Based on this definition, Meir states that ‘things may not be 

so clear cut’ (Meir et al., 2009). The ASHRAE (ASHRAE, 2009) does not specify the 

meaning of ‘condition of mind’ and ‘satisfaction’ and leaves this open (ASHRAE, 2004). 

Nicol explains that although the ASHRAE relates comfort to the state of mind in its 

definition, this is not considered in estimating comfort (Nicol et al., 2012). One of the 

findings in this thesis confirms this contradiction, as it suggests that occupants’ intention to 

adjust the thermal environment has a great influence on their satisfaction and comfort, 

presented in section 10.1.1.2.1.  

 

10.1.2.3. The ‘Neutral Thermal Sensation’ 

Another finding questions the basis of thermal comfort standards. The ASHRAE standard 

‘comfort zone’ is based on the ‘neutral thermal sensation’ (ASHRAE, 2004, ASHRAE, 

2009). As Hawkes states, when the user is neither cold nor warm, they are thermally 

comfortable (Hawkes, 2002). The results of this thesis reveal that the ‘neutral thermal 

sensation’ does not indicate user comfort with regard to the thermal environment. Over half 

of the participants preferred thermal sensations other than neutral in order to feel comfortable, 
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explained in section 10.1.1.1.2. This outcome confirms Humphreys’ finding stating that ‘on 

57% of occasions the desired sensation was other than neutral’ (Humphreys and Nancock, 

2007). Humphreys suggests that the thermal comfort status should be based on a combination 

of the thermal sensation and thermal intention (Humphreys and Nancock, 2007). This may 

suggest further research in order to improve the accuracy of the standard comfort zone. As in 

the past, when similar results were achieved indicating that the previous ASHRAE comfort 

zone was not accurate (Baker and Standeven, 1997, de Dear and Brager, 1998, de Dear and 

Brager, 2001), further research was carried out in order to refine the ASHRAE comfort zone 

and increase its accuracy (Humphreys and Nicol, 2002a, McCartney and Nicol, 2002). 

 

10.1.2.4. Fixed vs. Dynamic 

The results of this research demonstrated the inconsistency in thermal preference of 

individuals throughout the day, explained in section 10.1.1.1.3. The results propose that the 

thermal preference of a particular individual is subject to change. 55% of the respondents did 

not have a steady thermal preference during the day, preferring different thermal settings at 

different times. This suggests that a steady state thermal setting with a fixed temperature is 

less likely to satisfy an individual occupant all the time. Therefore when a particular thermal 

setting from the standard comfort zone is applied to the office constantly, there is no 

guarantee that every individual occupant is going to be comfortable constantly. This poses a 

difficulty to the concept of comfort zone, as it suggests that the thermal preference of every 

individual is dynamic rather than fixed. This finding is in contrast with the view of a steady 

state thermal setting that satisfies over 80% of the occupants constantly. It suggests that no 

matter how much the standard comfort zone is refined, it is less likely to be applied in real 

world situations because thermal comfort is dynamic and a fixed temperatures is less likely to 

provide thermal comfort. 

 

10.1.2.5. Adaptive Opportunity 

The standard ‘comfort zone’ is mainly introduced and used by steady state researchers 

although adaptive comfort researchers have also contributed to the field, such as naturally 

ventilated buildings in the ASHRAE Standard 55-2010 (de Dear and Brager, 1998). As 

explained, the view of ‘comfort zone’ is in contrast with adaptive principle, as the latter is 

based on the active role of the user. The solution that adaptive comfort researchers presented 

was the ‘adaptive opportunity’ for occupants to adjust their thermal environment according to 

their requirements. Adaptive opportunity is mainly ‘an attribute of the building’ (Baker and 

Standeven, 1995). ‘An environment with high adaptive opportunity is likely to prove more 
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comfortable than one with low opportunity, because people will take advantage of the actual 

and potential variations in room temperature’ (Humphreys, 1996, Baker and Standeven, 

1995), and occupants are given more choices. 

 

The difference between these two views is that the ‘comfort zone’ presents comfort to 

occupants as a product and occupants are expected to receive it with satisfaction and no 

intention of changing it. In contrast, the ‘adaptive opportunity’ allows occupants to find their 

own comfort, as thermal comfort is achieved through a process of adjustment, in which users 

are actively involved. 

 

10.1.2.6. Adaptive Opportunity in the British Context 

In the British context, the design of offices is based on organisational goals rather than users’ 

satisfaction and the vague regulations do not support workers’ rights, as explained in section 

4.2.2.2. According to the British workplace regulations, sufficient temperature, ventilation 

and light should be provided for occupants (HSE, 1992), as explained in section 4.2.2.2. This 

regulation is vague and it does not specify which conditions are considered to be ‘sufficient’. 

Furthermore, thermal control is not mentioned in the regulations, as it is not considered 

necessary to provide every occupant with the ability to adjust the thermal environment. This 

is reflected in the design of the office layout, which is the open plan office. The main 

approach to provide thermal comfort in the open plan office is still the provision of a uniform 

thermal environment that is centrally controlled based on the comfort standards. Some open 

plan offices do not have any source of thermal control, such as openable windows. When 

openable windows and blinds are provided, they are not the main source of adjusting the 

thermal environment. For instance, a naturally ventilated open plan office is less likely to only 

rely on the manually controlled windows, as occupants may not open the window in the 

wintertime when ventilation is still required. Therefore ‘adaptive opportunity’ in the British 

context is applied as a secondary option. In case occupants were uncomfortable, they have an 

option to adjust the thermal environment (Bordass et al., 1993). 

 

The ‘adaptive opportunity’ in an open plan office is usually limited to a few windows and 

blinds around the perimeter of the building. This ‘adaptive opportunity’ is not provided for 

everyone, as only occupants seated around the perimeter of the building can access the 

windows and blinds. Occupants seated away from the window and closer to the centre are not 

provided with any thermal control and they are expected to simply accept the condition. In 

this context, the occupant is considered somewhere between ‘active’ and ‘passive’. Most of 

the time they are expected to passively accept the thermal environment. However, when the 
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system fails to provide them with comfort, occupants become active and apply limited change 

to the thermal environment.  

 

10.1.2.7. Adaptive Opportunity to Set a Uniform Temperature 

The two British case study buildings in this study have an open layout with openable 

windows and blinds as an adaptive opportunity provided for limited occupants. Occupants 

seated away from the windows complained that when they are uncomfortable, they cannot do 

anything about it other than tolerate the situation. Sometimes they preferred to stay and work 

at home if their physical appearance was not required in the office. In addition, the occupants, 

who had access to openable windows and blinds, reported the impact of the ‘other’ colleagues 

in making their decision to adjust a window or blind. Thus they did not freely use the 

‘adaptive opportunity’.  

 

In this research, many respondents explained their lack of desire to access a thermostat in the 

open plan office, because the responsibility of setting the uniform temperature would be 

passed on to the occupants. According to their previous experiences and acknowledging 

individual differences, they explained that each individual wants to set the temperature based 

on their individual needs, which may not be in line with other individuals. Therefore they had 

observed arguments about which person has the right to set the uniform temperature for all. 

Consequently they preferred a centrally controlled system to avoid such conflicts. However, 

their initial desire was to be able to adjust the thermal environment according to their needs 

when their decision would not impact on ‘others’.  

 

10.1.2.8. Individual Thermal Control in the Norwegian Context 

In the Norwegian context according to the regulations and workers’ demand, every occupant 

has the right to access an openable window that provides an outside view, natural light and 

ventilation, as well as being able to adjust the temperature (Arbeidstilsynet, 2003, Van Meel, 

2000). Therefore ‘individual thermal control’ is a requirement in the design of the office 

layout, which is reflected in the cellular plan offices with high levels of individual thermal 

control. In this context, the centrally controlled thermal system is treated as a secondary or 

background system. If the occupant does not apply thermal control for any given reason, the 

central system regulates the thermal environment within an acceptable range. However, it is 

expected that the occupant actively sets the thermal environment according to their 

requirements, as the occupant is considered active rather than passive. In the Norwegian 

context, rather than presenting comfort to the occupant, the means to provide a comfortable 
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condition is provided for every occupant so that they find their own comfort by actively using 

those means according to their immediate thermal needs. 

 

10.1.2.9. Personal Thermal Settings and Individual Differences 

The Norwegian context of traditional cellular plan offices recognises the differences in 

individuals. Therefore every occupant is provided with a personal room, in which they can 

regulate their office environment without interfering with thermal settings of ‘other’ 

occupants. The two Norwegian case study buildings in this study are designed based on 

Norwegian workplace regulations that originated from users’ demands. Therefore every 

occupant is provided with various opportunities to fine-tune their thermal environment in 

their personal room. The provided individual thermal control includes an openable window, 

blind, door, light, and the ability to adjust the temperature.  

 

During the interviews, the participants reported their lack of interest in moving into an open 

plan layout, mainly because of individual thermal control and privacy. They stated that the 

availability of thermal control for every occupant allows them to adjust the thermal 

environment according to their instant thermal preference and requirements, which may be 

very different from their ‘other’ colleagues. They explained that they find thermal settings of 

their ‘other’ colleagues inconvenient, therefore they preferred not to share a room. The 

individual thermal control also allows individuals with warm or cool thermal preferences to 

adjust the thermal environment accordingly. This is in line with Humphreys finding stating 

that ‘if there is sufficient adaptive opportunity, people who feel ‘slightly warm’ perhaps 

desire at that time to feel ‘slightly warm’, while people who feel ‘slightly cool’ perhaps desire 

to feel ‘slightly cool’, and so on’ (Humphreys and Nancock, 2007).  

 

Thermal control is more sophisticated and provided for every individual through the building 

layout and facilities in the cellular plan offices in this study. However, these two buildings are 

less sustainable and efficient in terms of use of energy and space. The Norwegian case studies 

consume much more energy compared to the two British practices, discussed in section 7.2.4. 

In addition, the Norwegian practices in this research are less efficient in terms of use of space 

compared to the two British practices, presented in section 7.1. This thesis compares the 

impact of availability of high levels of thermal control on users’ comfort and satisfaction, 

however more sustainable techniques are recommended. As Hitchings explains ‘instead of 

talking about what temperatures feel neutral in particular places when we have already 

accepted this to be dynamic, the ambition may now be to reveal which techniques people are 

willing to employ to get through particular periods more sustainably’ (Hitchings, 2009). 
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10.1.2.10. Satisfaction, Comfort and Health: Norwegian vs. British Context 

The main finding in this research suggests that occupants of the two Norwegian cellular plan 

offices with higher levels of individual thermal control are more satisfied, comfortable and 

healthy compared to the two British open plan offices with limited thermal control. This is in 

line with workers’ demands in the 1970s regarding openable windows and individual thermal 

control (Van Meel, 2000). The satisfaction and comfort levels of the Norwegian offices are 

respectively 30% and 20% higher than the British offices. The thermal environment of the 

four buildings was within the acceptable range and the major difference between these two 

offices is the availability of thermal control for users. This suggests that availability of 

thermal control increases user satisfaction, comfort and health. In addition, the interview 

results confirm this finding, as the Norwegian respondents explained the significant influence 

of individual thermal control in their personal offices on their satisfaction, comfort and health. 

In contrast, the British respondents complained about lack of thermal control and its 

undesirable influence on their satisfaction, comfort and health. The majority of them had to 

tolerate the situation when they were uncomfortable with the thermal environment. 

Sometimes they found it so difficult to cope with the thermal condition at their workstations 

that they put on inconvenient layers, such as a sleeping bag, or they stayed at home. In 

addition, this finding is line with other research in the field, which report that thermal control 

increases satisfaction (Wagner et al., 2007, Brager and Baker, 2009, Newsham et al., 2009), 

comfort (Bordass et al., 1993) and health (Rayner, 1997, Rollins and Swift, 1997, Marmot, 

2010).  

 

 

10.1.3. Conclusion 

This research challenges the view of the ‘comfort zone’ and investigates the application of 

‘individual thermal control’ in the Norwegian and British workplace contexts. This thesis 

suggests that current worldwide ‘comfort zones’ and their basis are less likely to be accurate 

and indicate user comfort. In addition, it is proposed that thermal comfort is dynamic rather 

than fixed so that a particular thermal setting is less likely to satisfy a particular individual at 

all times. This is in contrast with providing a steady state thermal setting according to the 

standard ‘comfort zone’. In addition, this research proposes that occupants with a desire to 

change the thermal settings are more likely to be dissatisfied, uncomfortable and suffer from 

building related symptoms. This thesis suggests that occupants, who are provided with 

‘individual thermal control’, are more likely to be satisfied, comfortable and healthy.  
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The case studies in this study are either energy efficient or comfortable through providing 

thermal control for individuals. Energy efficient constructions are essential, due to climate 

change, energy and economic crises. However, user comfort, satisfaction and health are also 

important and providing a pleasant environment for individuals is essential, due to rising 

expectations and reducing absenteeism. The researcher suggests a balance between energy 

efficiency and providing comfort for individuals, as either extreme is not sufficient and causes 

difficulties for the other end. Therefore, providing sustainable thermal control for individuals 

is recommended. The thesis suggests that a comfort zone that satisfies all is less likely to 

apply to the real world context of offices. It is suggested that buildings provide a degree of 

flexibility in a sustainable way to allow users to adjust their thermal environment according to 

their immediate requirements. 
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10.2. Qualitative Visual Analysis 

This section explains the new visual recording technique that is introduced in this thesis, 

presented in sections 5.2.3 and 6.1.6, and it highlights its significance in extracting meanings 

that influence the findings of the research. It is proposed that ‘the quantitative appraisal could 

be associated with a risk of misjudgement’ (Shahzad, 2013b). 

 

10.2.1. Traditional Analysis in Thermal Comfort 

Traditionally, mainly quantitative analysis is used in the field of thermal comfort, since the 

aim of most of thermal comfort studies is to generalise and to refine the comfort zone. In the 

field studies of thermal comfort, the collected information is analysed using quantitative 

analysis methods in order to produce algorithms (McCartney and Nicol, 2002), computer 

software, such as CBE Thermal Comfort Tool (Hoyt et al., 2013) or general guidelines to 

predict comfort conditions (Nicol et al., 2012). For example, Nicol and McCartney introduced 

an ‘adaptive control algorithm’ to calculate the comfort conditions required to control air 

conditioned buildings. They used Excel/SPSS databases to present and analyse the collected 

data by computer software (McCartney and Nicol, 2002). In addition, steady state theory, 

which takes place in experimental chambers, investigates the heat exchange between the 

human body and the physical environment. Therefore quantitative analysis is applied to 

produce complicated equations that explain this physical phenomenon, such as Fanger’s heat 

balance equation, presented in section 3.2.1.1 (Fanger, 1973). In order to make it possible for 

other researchers to use these complicated equations, computer tools, such as the ASHRAE 

Thermal Comfort Tool, have been introduced. In this case, the environmental measurements 

are given to the computer tool and it evaluates the comfort condition. However, except the 

final result, the analysis process is not known to the user. The quantitative analysis is useful to 

understand the physical reactions and to refine the standard comfort zone. However, it 

overlooks the context and meaning, which are highlighted in this research, as they influence 

the interpretation and findings. 

 

Thermal comfort is often researched by engineers (Meir et al., 2009), who apply mainly 

quantitative analysis methods. Nicol explains that ‘Architects have gradually passed 

responsibility for building performance to service engineers, who are largely trained to see 

comfort as a “product”, designed using simplistic comfort models’ (Nicol et al., 2012). 

Engineers’ research outcomes are based on ‘mathematical language and logic’ (Gaucherel et 

al., 2011), which may not appear so convenient to architects. In order to encourage architects 

to contribute to the field of thermal comfort, the use of a familiar language is useful. ‘Visual 

tools are commonly used in the field of architecture to apply information on plans and 
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sections.  They add a different value and perspective by putting together different information 

regarding a specific aspect in a visual way’ (Shahzad, 2013b). 

 

10.2.2. Innovative Visual Analysis Technique 

The aim of this thesis is to investigate the application of thermal control in the workplace. 

The real life context and users’ daily experience of using thermal control are particularly 

highlighted. Therefore grounded theory as a qualitative methodology and a semi-structured 

interview as a qualitative method are conducted to explore the field in depth. Careful 

consideration is given to keep the connection between the collected data and its context 

through recording the precise time, location, situation, and observations. It is essential to 

maintain the connection between different items of information about every occupant, such as 

thermal sensation, intention, comfort, satisfaction, health, clothing, occupant’s instant 

comments and environmental measurements. Therefore a qualitative analysis technique is 

introduced to analyse the data bringing in the contextual information, such as location and 

observations, without losing connections, presented in sections 5.2.3 and 6.1.6. 

 

10.2.3. Quantitative vs. Qualitative: Neutral Thermal Sensation 

The quantitative and qualitative analysis, which are applied to examine the application of the 

‘neutral thermal sensation’ as the basis of thermal comfort standards, demonstrate the 

difference between these two analytic approaches, presented in section 8.2.3. The statistics, 

using SPSS linear regression analysis, showed a significant relationship between thermal 

sensation and variables such as satisfaction, comfort and thermal intention. In addition, 

although the number of comfortable respondents is slightly high (i.e. 68%), the other 

variables are closely related, sections 8.2.2.1 and 8.2.3. These statistics show a significant 

relationship between the neutral thermal sensation and the variables confirming the neutral 

thermal sensation as the basis of thermal comfort. However, this is in contrast with the 

findings of the qualitative analysis method, also discussed in sections 8.2.2 and 8.2.3. 

 

Based on the meaning, the combination of the thermal sensation and thermal intention were 

considered as the overall thermal preference of the respondent. The results indicated that 45% 

of the respondents with thermal sensations other than neutral felt comfortable. Further 

qualitative analysis revealed that thermal preference of the user is more likely to change 

throughout the day, discussed in section 8.3. It suggests that if a respondent expresses their 

desire for a neutral feeling, there is a 60% chance that the particular individual has a thermal 

preference other than neutral at a different time in the day. Based on these qualitative analysis 
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using the visual recording technique, it is proposed that neutral thermal sensation is less likely 

to indicate the comfort status of the user. This shows the importance of meanings and 

connections between variables, which could be overlooked in a quantitative analysis. This 

suggests that quantitative analysis is limited when interpreting and extracting meanings.  

 

Using the visual recording technique led to four of the main findings in this research. In fact, 

the only finding in this study that did not require the qualitative analysis is the comparison of 

the two office layouts regarding satisfaction, comfort and health of the occupants, discussed 

in section 10.1.1.2.2.  

 

10.2.4. Conclusion 

This thesis suggests that ‘the quantitative approach is more suited for general understanding 

of a situation, such as the overall satisfaction level’ (Shahzad, 2013b), in addition to 

comparing two variables, such as users’ satisfaction level between two buildings. ‘However, 

the interpretation of the connection between information through a quantitative approach 

could drive to a misjudgement’ (Shahzad, 2013b). For instance, it can overlook the 

importance of users’ decision in changing the temperature, which is related to meaning. As 

Brennan explains ‘the significance of often straightforward mathematical relationships 

becomes talismanic’ (Brennan, 2013). ‘Therefore, user competence is required as to where to 

apply the quantitative or qualitative method. The qualitative analysis of the collected 

information reveals connections between the data regarding a particular person that changes 

the meanings and influences the findings of the research’ (Shahzad, 2013b). ‘This research 

suggests that the qualitative analysis reduces the risk of misjudging the information, so the 

results are more likely to be accurate and applicable’ (Shahzad, 2013b). 
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10.3. Conflict: Perceived Productivity 

In this research, there was an obstacle in comparing the productivity level among the four 

case study buildings. The results suggest that the adopted data collection technique to record 

the productivity level of the occupants is not suited for this study. The question that is 

presented in Figure 293 was adopted from Rijal and Humphreys’ survey questionnaire (Rijal 

et al., 2009) to record occupants’ instant productivity level, explained in section 5.2.2.4.3 and 

presented in section 6.3.6. 

 

Figure 293: Productivity question, based on (Rijal et al., 2009) 

 

There is an inconsistency in comparing the productivity level between the four case study 

buildings. The SPSS linear regression analysis shows a significant relationship between the 

productivity level and type of plan. Nevertheless, there is an inconsistency in detailed 

comparison between the four buildings. The productivity level of Building A, which is a 

cellular plan office, is lower than Building D, which is an open plan office, as explained in 

section 9.2.4. Furthermore, many respondents had difficulties in understanding the question 

about productivity status and an explanation was required for ‘normal productivity level’. 

They found this question difficult to answer.  

 

In this thesis, the adopted method to measure the productivity level was unsuccessful. 

Perceived productivity is used to justify individual adaptive comfort. However, in some ways 

this is subjective and difficult to investigate, although some researchers claim substantial 

measurable improvements and they apply different methods to research perceived 

productivity. Further research applying other methods is recommended to investigate the 

productivity level of occupants. Kroner and Oseland apply other methods that may be more 

successful (Kroner, 2006, Oseland, 2004), discussed in section 9.2.4.  
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10.4. Limits 

Two main difficulties limit this research and its findings: an obstacle regarding this particular 

research and a complexity that is associated with the field studies of thermal comfort. 

Accessing the building and the complexities of the context, which leads to a difficulty in 

generalising the findings are respectively the main constraints in this research.  

 

Accessing the case study buildings was extremely difficult so that over a year was spent on it, 

as managements preferred not to participate in the research, due to publicity, sensitivity or 

time-consuming reasons. This limited the selection of the buildings, as most of the preferred 

buildings were not available. Therefore it was not possible to have control of some of the 

building characteristics, such as the ventilation system and energy use. However, the main 

characteristics of the selected case study buildings are based on the selection criteria, 

presented in section 6.5. Other researchers in the field also report difficulties in accessing the 

buildings (Leaman, 1996, Baird et al., 1996, McCartney and Nicol, 2002, Meir et al., 2009, 

Bos and Love, 2013). Leaman explains that buildings are usually offered rather than being 

selected, therefore there is less control over the sampling design and building conditions 

(Leaman, 1996). In this study, in order to gain access to the buildings, management were 

offered the option of anonymising their building, which is the case in the Building A. 

Furthermore, careful consideration was applied to make the site visit and user participation as 

concise as possible (Roaf et al., 2004). For instance, the general questionnaire was replaced 

by a semi-structured interview, explained in section 6.1.4. Also, one of the research methods, 

the ethnographic video recording technique, was not permitted, as explained in section 6.1.5. 

 

Another obstacle is a general criticism associated with field studies of thermal comfort, which 

is the complexity of the context and the various factors that influence the thermal comfort of 

occupants (Roaf et al., 2004, Bluyssen, 2009).  

 

Although the experimental chambers have the advantage of control over the condition of the 

experiment and it is possible to limit the variables, their findings do not apply to the context 

of daily life (Nicol et al., 2012). In addition, the results of a particular context may not apply 

to other contexts, which makes generalising of the findings difficult (Humphreys and Nicol, 

2002a). Nicol suggests that more research in various contexts is required to unfold the 

complexities of thermal comfort (Nicol and Roaf, 2005, Nicol et al., 2012). In this study, air 

temperature, relative humidity, mean radiant temperature, clothing, activity, location in the 

room, and outdoor air temperature are included in the calculations of the ASHRAE adaptive 

and PMV prediction models. The qualitative analysis is based on the questions of the general 
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survey questionnaires applied in thermal comfort, including user comfort, satisfaction, 

thermal sensation and thermal intention (ASHRAE, 2009), discussed in section 3.1.5. Still 

many factors are not included, such as contextual and psychological factors, and this is the 

limit of the study. Nicol reports the complexity of measuring thermal comfort, due to 

numerous variables influence the field (Nicol et al., 2012) such as psychological factors 

(ASHRAE, 2009), presented in section 3.1.5. 

 

In this research, two distinct contexts, Norwegian and British, were compared and all case 

studies have high quality of indoor environment, presented in Chapter Seven. In the semi-

structured interviews devised to limit various factors, presented in section 6.3.5. Occupants 

recognised the temperature as the main factor that influenced their satisfaction, comfort and 

health in over 80% of the cases. This is in line with other research results in the field, which 

indicate that the temperature is the most influential factor (Leaman and Bordass, 2005). When 

participants responded to the health-related questions, they were asked whether they 

experience the symptoms during the weekend and how much the symptoms were related to 

the environment at their workstation. Accordingly the symptoms that were not associated 

with the thermal environment were eliminated in the analysis. When participants responded to 

the instant questionnaire, they were asked to respond according to the current thermal 

conditions at their workstation in order to reduce the impact of other factors, such as 

psychological issues or job satisfaction. Despite these measured steps to reduce the influence 

of other factors, they cannot be completely eliminated, as this is the complexity in the field 

studies of thermal comfort. Due to the limited number of case study buildings and 

respondents, in addition to the influence of their contexts, the results of this study cannot be 

generalised. 
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10.5. Wider Context 

In a wider context, the findings of this research highlight the role of the architect in designing 

the office layout. Architects are recommended to include opportunities to increase thermal 

control for individual occupants in the workplace design in order to increase occupants’ 

satisfaction, comfort and health. As Nicol explains, architects have passed the responsibility 

to engineers to provide thermal comfort in the building (Nicol et al., 2012). This thesis shows 

the significant influence of office layout and availability of thermal control on user 

satisfaction, comfort and health, as presented in sections 10.1.1.2.2 and 10.1.2.5. The history 

of the workplace shows the importance of workplace legislations regarding thermal control 

followed by architectural design for occupants (Van Meel, 2000). However, currently user 

satisfaction with cellular plan offices (Axéll and Warnander, 2005) and individual thermal 

control are overlooked (Roaf et al., 2004).  

 

This thesis demonstrates the difficulties of the current thermal standards and questions the 

possibility of predicting occupant comfort accurately, as suggested to be associated with a 

dynamic quality. However, the importance of a good standard is valued, as Nicol and 

Humphreys state ‘thermal comfort standards are required to help building designers to 

provide an indoor climate that building occupants will find thermally comfortable’ 

(Humphreys and Nicol, 2002a). It is proposed that the building designer and architect follow 

the comfort standards so that their design is not too far away from acceptable comfort 

conditions. However, there is a risk of misjudgement and over-expectation in relying too 

much on the comfort standards and providing a uniform thermal environment, as presented in 

section 6.1.1. The results of this research suggest that a thermal setting that is based on 

comfort standards does not guarantee user comfort. In addition, a universal ‘optimum 

temperature’ may not satisfy all (Baker and Standeven, 1997, Humphreys, 1972, Nicol, 1995, 

Humphreys, 1996). Nicol and Humphreys recommend the future standards to assess ‘the 

characteristics of a building, in terms of controls and building management, in relation to the 

local climate’, rather than ‘specifications of the indoor thermal climate’ (Humphreys and 

Nicol, 2002a). 

 

This thesis highlights the individual differences in perceiving the thermal environment, in 

addition to the active role of users and their intention to change the thermal environment 

when they are uncomfortable. On these bases, this research emphasises the application of 

individual control over the thermal environment in regard to the architecture and office 

layout. Therefore architects are recommended to design building layouts and opportunities to 

increase thermal control for individual occupants in the workplace. It is possible to combine 
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this quality with sustainable criteria (Hitchings, 2009, Nicol et al., 2012), as Bordass suggests 

that thermal control reduces energy use (Bordass et al., 1993). 
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10.6. Summary 

The findings propose that a ‘comfort zone’ that satisfies everyone is less likely to apply to the 

real world context of offices. This thesis suggests that workplace design provides a degree of 

flexibility to allow users to adjust their thermal environment according to their requirements. 

 

This research is based on the challenge in thermal comfort between the steady state and 

adaptive comfort theories, which are followed by respectively comfort zone and adaptive 

opportunity. This thesis challenges the concept of the standard ‘comfort zone’, which is the 

aim of the experimental comfort studies and investigates the application of thermal control. 

The Norwegian and British workplace contexts with respectively high and low levels of 

thermal control were compared. In the Norwegian cellular plan offices, individual differences 

and the active role of the user are recognised, therefore they are provided with an opportunity 

to find their own comfort regarding the thermal environment. In contrast, in the British open 

plan offices, these qualities are overlooked and a uniform thermal environment is provided to 

the user as a product, according to the comfort standards, endeavouring to satisfy the majority 

of the occupants. The former provides every user with various opportunities to adjust their 

thermal environment, while the latter is based on setting the thermal environment according 

to the standard comfort zone.  

 

The results indicate that the ASHRAE comfort zone and its basis do not apply to the case 

study buildings. In addition, it is proposed that thermal comfort is dynamic, thus a steady 

thermal setting is less likely to satisfy everyone constantly. This thesis suggests that 

occupants are more likely to feel comfortable when they are provided with an opportunity to 

adjust their thermal environment according to their requirements in the workplace. Thus it is 

proposed to recognise the active role of the user as well as individual differences in 

perceiving the thermal environment in the design of offices. The thesis suggests providing the 

opportunity of thermal control for every occupant in their workstation, as it is more likely to 

improve user satisfaction, comfort and health.  
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11. Conclusion 

This thesis is based on the challenge in the field of thermal comfort between the steady state 

and adaptive comfort theories. It challenges the concept of the standard ‘comfort zone’ and 

investigates the application of ‘individual thermal control’ in the workplace. The key research 

question being examined is: ‘Does thermal control improve user satisfaction in cellular and 

open plan offices? Norwegian vs. British practices’.  

 

An innovative qualitative analysis method, which is called the visual recording technique, is 

introduced in this thesis to analyse the information in regard to the context and meaning. On 

this basis, the research outcomes derived five different findings, the key ones being: 

 

 A particular steady state thermal setting based on the comfort standards is less likely 

to satisfy a particular individual at all times. This is in contrast with the concept of the 

standard ‘comfort zone’. 

 

 Occupants, who are provided with individual thermal control, are more likely to be 

satisfied, comfortable and healthy. 

 

In this chapter, the research theme and findings are addressed. Finally, further research in the 

field of thermal comfort based on the findings of this thesis is recommended.  
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11.1. Individual Thermal Control in Norwegian and British Contexts 

The aim of this thesis is to show how satisfaction, comfort and health of the user can be 

improved in the workplace. This research is based on the challenge between the steady state 

and adaptive comfort theories. Eventually, the key research question in this thesis was formed 

as ‘does thermal control improve user satisfaction in cellular and open plan offices? 

Norwegian vs. British practices’. 

 

The challenge in the field of thermal comfort between steady the state and adaptive comfort 

theories was approached. Experimental researchers aim to find a steady ‘optimum 

temperature’ to minimise the heat exchange between the human body and the thermal 

environment. This physical state is considered to be comfortable. In this view, occupants are 

considered passive and they receive comfort as a ‘product’ (Fanger, 1970), which is designed 

and presented by engineers (Nicol et al., 2012). In contrast, adaptive comfort theory considers 

occupants active, as they actively apply a change when they are uncomfortable (Nicol and 

Humphreys, 1973b). Adaptive comfort theory is mainly based on users’ ability to adjust 

themselves to the changes of the thermal environment, such as seasonal changes.  

 

Based on these different views, two different approaches were proposed in order to provide 

users with thermal comfort in the workplace. The steady state theory presented the universal 

‘comfort zone’, while the adaptive comfort theory proposed the ‘adaptive opportunity’, 

explained in section 3.2. The ‘comfort zone’ is based on the ‘neutral thermal sensation’ 

(ASHRAE, 2010), in which the user feels ‘neither cold nor warm’ (Hawkes, 2002). Therefore 

when the occupant feels neutral in regard to the thermal environment, the user is assumed to 

be thermally comfortable (ASHRAE, 2009, ASHRAE, 2010). The comfort zone presented in 

the ASHRAE Standard 55-2010, the most widely used comfort standard, claims to satisfy 

over 80% of the occupants (ASHRAE, 2009, ASHRAE, 2010), discussed in section 3.2.2.1. 

Adaptive comfort researchers have also contributed to refine the ‘comfort zone’ in naturally 

ventilated buildings (Nicol et al., 2012), but their main approach is the ‘adaptive opportunity’. 

This is mainly the building attribute that allows users to adjust the thermal environment when 

they are inconvenienced (Baker and Standeven, 1995). As discussed in sections 3.2.2 and 

10.1.2, in the view of standard ‘comfort zone’, thermal comfort is presented to occupants and 

they are expected to passively receive it with satisfaction. In contrast, in the notion of 

‘adaptive opportunity’, users actively adjust the thermal environment to meet their 

requirements when they are uncomfortable. 
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In this research, it was important to investigate case study buildings that reflect these two 

distinct approaches in the office layout: a centrally controlled uniform thermal environment 

with low levels of thermal control and an office layout with high levels of individual thermal 

control. In the 1970s and 1980s the UK and Norway followed two separate paths regarding 

workers’ demands and consequently office design. In the UK, organisational goals were the 

main criteria, which led to the design of the open plan office layout. In contrast, workers’ 

rights and demands, such as control over the thermal environment, were the main criteria in 

Norway, which were reflected in the design of the cellular plan offices with high levels of 

thermal control.  

 

The British open plan office, which represents the Anglo-Saxon model, is generally regulated 

as a uniform thermal environment based on the standard ‘comfort zone’ and the adaptive 

opportunity is applied as a secondary option in case the user is uncomfortable. Only 

occupants seated around the perimeter of the building are provided with a limited number of 

windows and blinds. In contrast, individual thermal control is the main approach in the 

Norwegian cellular plan office, which represents the Northern European office layout. Every 

individual is provided with various opportunities to regulate the thermal environment, such as 

a window, blind, door and the ability to adjust the temperature. The users are expected to 

regulate the thermal environment in their personal rooms. However, the centrally controlled 

mechanical ventilation operates in the background to ensure the thermal environment is 

within the acceptable range stated in the work regulations in case the user does not apply any 

thermal control. 

 

The comparison of the application of thermal control in the Norwegian cellular plan and the 

British open plan office layouts was applied to examine occupants’ satisfaction, comfort and 

health. Two mechanically ventilated Norwegian cellular plan offices with high levels of 

individual thermal control were compared against two mechanically and naturally ventilated 

British open plan offices with limited thermal control. The Norwegian cases provide every 

occupant with control over blinds, door, light and an openable window, which provides 

natural light and natural ventilation, in addition to the ability to adjust the temperature. In 

contrast, the British cases provide limited control over the windows and blinds for occupants 

seated around the perimeter of the building. Occupants seated farther from the windows are 

not provided with any means to control their thermal environment.  
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11.2. Research Methodologies 

To investigate the challenge between the two approaches as manifested in the case studies, a 

combination of quantitative and qualitative methodologies was applied with a particular 

emphasis on grounded theory. Through a process of initial pilot studies, the research 

objectives, methods, plan, and analytical tools were defined. Occupants’ perceptions of their 

thermal environment were recorded through a questionnaire and empirical building 

performance was evaluated through thermal measurements. These traditional techniques were 

further reinforced with semi-structured interviews to investigate thermal control more 

intensively. 

 

Traditional quantitative analysis as well as innovative qualitative analysis methods were 

applied on the collected data. A visual recording technique was introduced to analyse the 

information according to the context and meaning. 

 

The research objectives were refined through the pilot studies and two main objectives were 

recognised, challenging the notion of ‘comfort zone’ and investigating the application of 

‘individual thermal control’. They correspond to the two distinct approaches to providing 

thermal comfort for occupants according to the steady state and adaptive comfort theories. 

The application of ‘comfort zone’ was challenged by examining the followings: 

 

 The accuracy of the comfort zone presented in the ASHRAE Standard 55-2010, as 

the most widely used standard 

 The application of the ‘neutral thermal sensation’ to predict comfort, as the basis of 

thermal comfort studies and standards 

 The consistency of overall thermal preference of individual users throughout the day 

 

The application of ‘individual thermal control’ was investigated through examining the 

following: 

 

 The impact of thermal intention on satisfaction, comfort and health 

 User satisfaction, comfort and health in comparing two office layouts with high and 

low levels of thermal control 
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11.3. Research Findings 

The building performance analysis of the case study buildings in this research validated good 

qualities of indoor environment, which were expected to be satisfactory for users according to 

standards and benchmarks. The energy use of the two Norwegian practices was much higher 

and therefore less efficient compared to the two British case studies, but the quality of the 

indoor environment of all four case studies was similar and within the acceptable range, 

presented in Chapter 7. The interviews revealed that the temperature is the main factor in 

influencing the satisfaction, comfort and health of the user, which confirms other research in 

the field (Auliciems and Szokolay, 1997, Leaman and Bordass, 2005). The major difference 

between the British and Norwegian case studies is the availability of individual thermal 

control. The results indicate the following findings in regard to challenging the ‘comfort 

zone’: 

  

 The ASHRAE comfort zone does not indicate user comfort in the case studies, which 

operate in the zone of the ASHRAE predictions, and individual thermal comfort 

relies on factors more nuanced than the ASHRAE predicts. This suggests that 

universal comfort standards are less likely to be accurate. This confirms other 

research in the field (Baker and Standeven, 1997, de Dear and Brager, 1998, de Dear 

and Brager, 2001, Schellen et al., 2013).  

 

 In addition, the ‘neutral thermal sensation’, which is the basis of thermal comfort 

studies and standards, does not apply to the case study buildings in this research. This 

suggests that the ‘neutral thermal sensation’ is less likely to indicate user comfort. 

This confirms Humphreys’ findings (Humphreys and Nancock, 2007). 

 

 The majority of respondents in this study prefer different thermal settings at different 

times. This suggests that a particular thermal setting is less likely to satisfy a 

particular individual at all times. 

 

These findings propose that the most widely used comfort zone and its basis are less likely to 

apply to real world context of offices. In addition, comfort standards define the steady state 

thermal condition that satisfies all, while this thesis suggests that individuals are more likely 

to prefer different thermal settings at different times. This is in contrast with providing a 

steady state thermal setting constantly as the optimum comfort condition. These three 

findings challenge the concept of a comfort zone that is expected to satisfy all.  
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The results indicate the following findings in regard to investigating the application of 

‘individual thermal control: 

 

 The intention of the user to adjust the thermal environment is the main cause of the 

reduction of user satisfaction, comfort and health in this study. Therefore this 

research suggests that occupants with a thermal control intention are more likely to be 

dissatisfied, uncomfortable and suffer from Sick Building Symptoms. This is in line 

with the adaptive comfort principle (Nicol and Humphreys, 1973b, Nicol et al., 

2012). 

 

 In this study, occupants of the Norwegian cellular plan offices with high levels of 

individual thermal control are more satisfied, comfortable and healthy compared to 

the occupants of the British open plan offices with limited thermal control. This 

suggests that occupants, who are provided with individual thermal control, are more 

likely to be satisfied, comfortable and healthy. 

 

These two findings indicate that when occupants want to change the thermal settings, they are 

more likely to be dissatisfied and uncomfortable. However, if they are provided with 

individual thermal control, they are more likely to restore their satisfaction and comfort. The 

researcher suggests a balance between energy efficiency and providing individual thermal 

comfort and control. 
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11.4. Discussion 

There is a body of research investigating the influence of the adaptive opportunity on user 

satisfaction (Leaman, 1996, Bauman, 1999, Huizenga et al., 2006a, Wagner et al., 2007, 

Newsham et al., 2009), comfort (Bordass et al., 1993, Bordass et al., 1994, Leaman, 1996, 

Melikov, 2004, Arens et al., 2010), health (Rayner, 1997, Rollins and Swift, 1997, Marmot, 

2010), and productivity (Bordass et al., 1993, Kroner et al., 1992, Kroner, 2006).(Olgyay, 

1992, Carnevale and Rios, 1995, Seppänen and Fisk, 2004) . In addition, different means of 

thermal control are explored, such as openable windows (Brager et al., 2004, Tuohy et al., 

2007, Rijal et al., 2007, Huizenga et al., 2006b) and lights (Mahdavi and Proglhof, 2008). 

However, Bordass reports a lack of knowledge in the field of thermal control (Bordass et al., 

1994). Still the majority of researchers in the field of thermal comfort concentrate on comfort 

standards, such as the ASHRAE Standard 55, explained in section 3.2.2.1. Even the adaptive 

comfort researchers are searching to improve the comfort zone presented in the standards (de 

Dear and Brager, 1998, McCartney and Nicol, 2002).  

 

Lack of knowledge regarding thermal control in addition to technological advances, 

organisational changes and economic challenges influence the thermal systems in the 

workplace. Consequently, centrally controlled systems replace individual control over the 

thermal environment (Bordass et al., 1993, Roaf et al., 2004). In addition, the Workers’ 

Council is losing its power to protect workers’ rights in Europe (Van Meel and de Jonge, 

2006). Regardless of workers’ demands for thermal control and personal offices, currently 

even the Scandinavian cellular plan offices with high levels of thermal control are being 

replaced by open plan layouts with limited thermal control (Axéll and Warnander, 2005, 

Gadsjö, 2006)..  Furthermore, the necessity of thermal control in future offices has been 

questioned (Harris, 2006). This thesis highlighted the importance of individual thermal 

control compared to the uniform thermal environment of the open plan offices. 

 

This thesis suggests that thermal comfort is dynamic rather than fixed, as the thermal 

preference of the user is subject to change. This is in contrast with the steady state theory that 

aims to provide a steady state thermal condition constantly for everyone, as occupants are 

more likely to prefer different temperatures at different times. This reveals a difficulty in 

satisfying occupants in an open plan office with a constant uniform thermal condition. The 

interviews revealed the importance of individual differences and it was highly acknowledged 

by occupants in both cellular and open plan offices. Individual differences are valued in the 

design of the cellular plan offices in Norway, while overlooked in the open plan offices. This 
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thesis proposes to provide means of controlling the thermal environment for the user so that 

they can make adjustments any time they want, according to their immediate requirements. 

 

Workplace history shows that one of the greatest demands of the user is ‘individual thermal 

control’ (Van Meel, 2000, Hookway, 2009). This thesis shows the significant difference 

between a workplace context, which is built entirely based on users’ demand regarding 

‘individual thermal control’ and a different workplace context that overlooks this demand. 

The Norwegian cellular plan offices, which are designed based on users’ demand and 

workers’ rights, have much higher user satisfaction, comfort and health compared to the 

British open plan layouts with limited thermal control. Although the latter is designed based 

on organisational goals, it overlooks the influence of user satisfaction, comfort and health on 

the performance of the organisation. For instance, users who suffer from the building related 

symptoms are more likely to be absent from work (Eaton, 1997). The interviews in this study 

confirms this, as several occupants of the British open plan offices preferred to stay home as 

they could not tolerate the thermal environment of their office and suffered from building 

related symptoms. Although organisations benefit from efficiency of use of space and 

communication in an open plan layout, the low rate of user satisfaction, comfort and health is 

a disadvantage, which affects the organisation. 

 

Kroner reports high user satisfaction levels in providing individual thermal control in an open 

plan office. Although the organisation under the study spent money on providing every 

individual with thermal control, it saved money as the productivity level of the staff increased 

up to 16%. This financial benefit was more than the cost of providing individual thermal 

control. In addition, providing users with a pleasant environment increased users’ attachment 

to their workplace and organisation. The employees did not leave their organisation even with 

the offer of higher income from another company (Kroner, 2006). This is in line with 

Kapetanakis’ prediction that in the future organisations will rely on a talented workforce so 

how to attract them will be a challenge (Katsikakis, 2006). Duffy states that offices with 

higher qualities rather than quantity are required (Duffy, 2008). Furthermore, Moezzi explains 

that ‘comfort quickly becomes “about nearly everything”’ (Moezzi, 2009). He also states that 

people’s expectations for a refined and controlled thermal environment is increasing (Moezzi, 

2009). In addition, Nicol explains four principles to tackle climate change, energy and 

economic challenges, in which two of them are related to adaptive opportunity and 

availability of thermal control in the buildings (Nicol and Stevenson, 2013). He highlights the 

role of architects and designers in providing thermal comfort and tackling these current 

worldwide challenges through building design and application of adaptive comfort. 
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This thesis highlights the importance of individual thermal control for users. The results 

reveal a significant difference in the satisfaction level between the Norwegian cellular and the 

British open plan offices (i.e. 30%). Overall, the findings of this thesis suggest that rather than 

presenting thermal comfort to occupants according to the steady state theory and the standard 

comfort zone, buildings are recommended to provide occupants with the opportunity to find 

their own comfort. Finally, this thesis indicates that a ‘comfort zone’ that satisfies all is less 

likely to apply to the real world context of offices. It suggests that office buildings provide a 

degree of flexibility to allow users to adjust their thermal environment according to their 

requirements.  

 

11.5. Constraints and Further Research 

The results of this research cannot be generalised, due to the limited number of case study 

buildings and number of participants, in addition to the complexities of the context based 

information, discussed in more detail in section 10.4. 

 

Further research on individual thermal control in the workplace with an emphasis on 

sustainable criteria is encouraged, in addition to more intensive qualitative research in the 

field of thermal control. Research is encouraged in both cellular and open plan office layouts, 

since the future of the workplace is more likely to be a combination of both layouts (Duffy, 

1997, Duffy, 1992, Laing, 2006, Van Meel et al., 2010). The energy use of the two 

Norwegian practices is much more than the two British open plan offices. Therefore 

researching the Northern European cellular plan offices with a more sustainable approach is 

recommended and will provide valuable information regarding users’ behaviour and 

satisfaction. German offices such as projects by Behnisch and Sauerbruch Hutton architects 

provide high degrees of thermal control in cellular plan offices using sustainable methods. 

There is also a possibility that providing thermal control for every individual in an open plan 

office increases comfort and satisfaction of the occupants. Currently research is undergoing in 

Berkeley University on other types of thermal control in the open plan office, such as the 

Personal Control System (Bauman et al., 1993, Zhang et al., 2008) is likely to increase user 

satisfaction. In addition, modern thermal control systems have the potential to reduce the 

overall energy consumption of the building (Hawkes, 1982, Bordass et al., 1993). For 

instance, rather than heating the building as a whole, workstations are adjusted individually 

according to the occupant’s needs (Zhang et al., 2008). 

 

Further investigation from the point of view of occupancy in the workplace is encouraged. 

This thesis shows the difficulty to predict how buildings will be used and the difference 
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between predicted and perceived comfort of occupants. It also shows that difference between 

individuals is underestimated and encourages more focus on this area. Therefore further 

research is required to compare other office buildings that provide different qualities to the 

case study buildings in this thesis. As explained, both open and cellular plan offices that 

provide sustainable methods of individual thermal control are recommended for further 

research and cross comparison. The methodology, methods and qualitative analysis technique 

of this thesis are recommended for investigating the field qualitatively and from the point of 

view of occupancy. The graphic presentation in the form of the visual recording technique as 

well as the boxplots that focus on the context of separate buildings are useful to explore the 

field qualitatively. This cross comparison in a broaden context of various buildings is also 

useful to investigate the challenge between comfort and energy efficiency in buildings.  

 

In addition, the author recommends the application of two qualitative methods in particular, 

including the visual analysis method and the ethnographic video recording technique, 

presented in sections 5.2.3, 6.1.6 and 6.1.5. The qualitative analysis method introduced in this 

research allowed further intensive context based qualitative investigation. The pictograms 

provide an opportunity to demonstrate all of the collected information at once using colour 

codes. This allows an overall and instant understanding of the thermal condition, comfort 

situation and user behaviour in regard to the context as well as meaning. Since the data is 

presented on the plan, it gives a special understanding of the climatic conditions and user 

behaviour in different parts of the building and workstations in a particular area of the office 

(e.g. Figure 64).  The author is interested in analysing the current data from this research to 

discover further qualitative findings. For instance, it is possible to examine the pattern of user 

behaviour and use of thermal control opportunities throughout the day as well as their impact 

on their satisfaction and comfort. Although it was not possible to apply the ethnographic 

video recording technique in the main case study buildings in this research, this method is 

highly recommended. This is an easy and accurate way to observe the natural behaviour of 

the user towards the thermal environment. A follow up interview would be useful to discuss 

the motivation of particular behaviours. The main difficulty is in obtaining permission to 

apply this method in the building.  

 

11.5.1. Potential for a Qualitative Analysis 

The visual recording technique that has been introduced in this thesis, section 6.1.6, allows an 

intensive qualitative ethnographic analysis according to the context and meaning. This section 

presents a sample of this analysis for a respondent in Building B, presented in Figure 294, and 

all the information is presented on the plan using colour codes, presented in Figure 295 and 
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Figure 297. Figure 296 shows how to read the pictogram in Figure 297. This male participant 

responded to the survey questionnaire three times a day. 

 

 Location: Figure 294 shows the location of this personal office in Building B. The 

office has two windows facing east so it receives more sunlight in the morning hours.  

 

 Thermal environment: the PMV model predicts that the occupant feels ‘slightly cool’ 

and adaptive model predicts a ‘neutral’ feeling regarding the thermal environment of 

the workstation all day. So there is a contradiction between these two prediction 

models. The temperature reading shows 24oC in the morning and 22oC in the 

afternoon. The concentration of carbon dioxide is slightly higher in the morning, 

however it is within a very good range as it stays well below 600 ppm. The noise 

level did not change throughout the day. The light is stronger in the morning and 

early afternoon, which matches the solar gain as the room is facing east. 

 

 His view of the thermal environment: The changes of the thermal sensation shows 

that he feels ‘slightly warm’ in the morning and ‘slightly cool’ in the early and late 

afternoon. However, the thermal intention shows that he does not want any change in 

the temperature throughout the day. There is no consistency in his overall thermal 

preference throughout the day, as it changes from ‘slightly warm’ in the morning to 

‘slightly cool’ in the early and late afternoon. His satisfaction level is constantly 

‘satisfied’ and his comfort level changes from ‘comfortable’ in the morning to ‘very 

comfortable’ in the early and late afternoon.  

 

 Other facts: he is not suffering from any sick building symptoms and his productivity 

level is the same as normal throughout the day. His hands and face feel neutral all 

day, while the thermal feeling in his feet changes from warm to slightly warm and 

neutral during the day. This is in line with his thermal sensation and solar gain 

throughout the day. 

 

 Behaviour: Figure 297 shows that he is wearing summar clothes (i.e. 0.5 clo) with no 

change all day. He opened the large window and closed the blinds (half closed) in the 

morning, and did not change anything else the rest of the day. The door and corridor 

blinds are open all day. So he applied thermal control only in the morning. 

 

 Interview: in the follow up interview he explains that he is not sensitive towards the 

changes of the thermal environment. He has a good knowledge of the availability of 
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11.6. Summary 

The thesis supports the adaptive comfort theory and its approach, adaptive opportunity, while 

it challenges the steady state theory and universal comfort zone. An innovative qualitative 

analysis method was introduced in this thesis. The main findings suggest that thermal comfort 

is dynamic rather than fixed, as the thermal preference of an individual changes throughout 

the day. This suggests that a steady state thermal condition according to the standard comfort 

zone is less likely to satisfy everyone constantly, as individuals are more likely to desire 

different thermal conditions at different times. In this research, the Norwegian cellular plan 

offices with high levels of individual thermal control have higher user satisfaction, comfort 

and health (i.e. up to 30%) compared to the British open plan offices with limited thermal 

control. This suggests that the availability of individual thermal control is more likely to 

increase satisfaction, comfort and health of the user in the workplace.  

 

This research suggests that rather than providing a uniform thermal condition according to the 

standard ‘comfort zone’, office buildings are recommended to provide a degree of flexibility 

to allow users to find their own comfort by adjusting their thermal environment according to 

their immediate requirements. 
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Figure 321: The ASHRAE PMV Model _______________________________________________ 445	
Figure 322: Thermal sensation frequency in the four case study buildings _____________________ 446	
Figure 323: Thermal intention frequency in the four case study buildings _____________________ 446	
Figure 324: SPSS linear regression analysis of comfort and thermal control intention, including 

temperature, air quality and air movement intention __________________________________ 448	
Figure 325: Crosstabulation, SPSS descriptive analysis of Headache symptom between open vs. 

cellular offices _______________________________________________________________ 449	
Figure 326: Headache symptom between open vs. cellular plan offices _______________________ 449	
Figure 327: SPSS linear regression analysis of headache symptom between open vs. cellular offices 450	
Figure 328: SPSS linear regression analysis of satisfaction between open vs. cellular plan offices __ 451	
Figure 329: SPSS linear regression analysis of comfort between open vs. cellular plan offices _____ 452	
Figure 330: SPSS Frequency analysis of  sick building symptom ___________________________ 453	
Figure 331: SPSS Frequency analysis of dry or watery eyes symptom in detail _________________ 454	
Figure 332: SPSS Frequency analysis of blocked or runny nose symptom in detail ______________ 454	
Figure 333: SPSS Frequency analysis of dry or irritated throat symptom in detail _______________ 455	
Figure 334: SPSS Frequency analysis of chest tightness symptom in detail ____________________ 455	
Figure 335: SPSS Frequency analysis of headache symptom in detail ________________________ 456	
Figure 336: SPSS Frequency analysis of tiredness symptom in detail ________________________ 456	
Figure 337: SPSS linear regression analysis of productivity level between open vs. cellular plan offices

 ___________________________________________________________________________ 457	
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A 23-Jul-2012 1 -1 2 -2 -3 -3 1 -1 -2 24.90 43.40 396 1085 68.90 1 
A 23-Jul-2012 2 0 1 -1 1 -1 0 0 -1 24.80 40.00 376 1092 49.80 1 
A 23-Jul-2012 2 0 0 0 0 0 2 0 0 24.30 40.90 181 282 59.70 3 
A 23-Jul-2012 3 -1 1 -2 -2 -2 0 0 -1 24.70 41.10 95 238 100.70 3 
A 24-Jul-2012 1 2 0 0 -1 0 3 0 2 21.60 62.40 302 582 42.60 3 
A 24-Jul-2012 2 2 0 0 1 2 2 0 2 26.50 44.90 554 628 60.40 3 
A 24-Jul-2012 3 -1 -2 2 1 1 2 0 -1 24.20 50.00 507 398 88.00 3 
A 24-Jul-2012 1 2 2 -1 -1 -1 2 -1 1 21.60 62.40 302 397 36.40 2 
A 24-Jul-2012 2 1 2 -1 -1 -1 2 -1 1 25.00 48.80 895 419 68.90 3 
A 24-Jul-2012 3 1 -1 0 1 1 2 0 1 24.10 50.80 388 412 32.40 3 
A 24-Jul-2012 1 2 2 -1 -2 -2 2 0 -1 25.40 57.40 486 375 67.80 2 
A 24-Jul-2012 2 0 0 0 2 2 2 0 0 23.30 50.20 441 448 40.79 2 
A 24-Jul-2012 3 0 0 0 2 2 2 -2 0 24.00 50.90 532 444 78.90 2 
A 22-Jul-2012 1 2 1 -1 -2 -1 0 0 0 24.80 47.20 551 427 51.10 2 
A 22-Jul-2012 2 0 2 -1 -1 -1 0 0 0 25.60 43.40 578 423 86.60 2 
A 22-Jul-2012 3 -2 3 -2 -2 -2 0 -1 -1 24.70 43.60 390 499 71.90 2 
A 23-Jul-2012 1 1 -1 -1 2 3 3 0 -2 24.30 45.30 299 1378 72.00 1 
A 23-Jul-2012 2 2 -1 0 3 3 3 0 1 24.10 42.20 123 539 74.40 1 
A 23-Jul-2012 3 2 -2 0 2 -1 3 0 0 24.90 41.10 354 307 66.80 1 
A 23-Jul-2012 2 -1 1 -1 -2 -2 -1 -1 0 25.00 40.70 196 240 71.00 1 
A 23-Jul-2012 3 -1 -2 2 -1 -1 0 1 -1 25.00 42.00 126 201 67.00 2 
A 23-Jul-2012 2 0 -2 1 0 1 -1 0 2 24.70 41.00 136 889 88.60 1 
A 23-Jul-2012 3 2 -1 0 2 2 2 0 2 24.40 41.20 83 1044 67.09 1 
A 23-Jul-2012 1 2 -1 0 3 3 0 0 2 25.80 41.30 425 427 91.80 1 
A 24-Jul-2012 1 2 1 -1 0 -1 -1 0 -1 21.60 62.40 302 378 84.30 3 
A 24-Jul-2012 2 1 0 -1 -1 -1 2 1 0 24.90 48.90 461 238 79.70 3 
A 24-Jul-2012 3 -3 3 -2 -2 -2 2 -1 -3 24.10 50.80 388 358 40.70 1 
A 22-Jul-2012 1 3 -1 0 2 2 2 0 3 21.90 55.20 241 298 82.00 1 
A 22-Jul-2012 3 2 -1 1 2 2 -1 0 3 24.60 42.40 320 205 73.50 1 
A 23-Jul-2012 1 3 1 0 2 2 2 0 2 25.00 48.40 438 385 87.90 3 
A 24-Jul-2012 1 2 1 0 2 2 2 0 2 25.40 47.90 615 277 79.20 3 
A 24-Jul-2012 2 3 2 0 2 2 2 0 3 24.40 51.40 330 326 73.09 1 
A 24-Jul-2012 3 2 0 0 3 2 2 0 2 21.60 62.40 302 483 77.00 3 
A 22-Jul-2012 1 2 0 0 2 2 0 0 2 22.40 53.70 273 356 80.40 2 
A 22-Jul-2012 2 2 0 0 0 2 2 0 2 25.30 46.70 578 414 74.80 2 
A 22-Jul-2012 3 2 0 0 2 2 2 0 2 23.90 43.40 324 487 83.30 2 
A 23-Jul-2012 1 3 1 -1 1 -1 2 -1 0 24.30 43.20 337 2630 95.80 3 
A 23-Jul-2012 3 2 0 0 -1 -1 -2 0 2 25.60 41.30 299 422 71.80 3 
A 23-Jul-2012 1 2 0 3 1 2 2 1 0 21.70 54.10 317 585 89.00 1 
A 23-Jul-2012 2 0 -1 1 -1 0 0 -1 -1 26.20 45.00 461 438 73.00 3 
A 24-Jul-2012 1 2 0 3 1 2 2 1 0 24.10 50.80 388 344 44.50 3 
A 24-Jul-2012 2 1 -1 3 0 1 2 0 -1 24.30 42.70 311 1328 85.70 2 
A 23-Jul-2012 1 2 1 0 2 2 0 0 0 23.10 51.90 308 365 87.60 1 
A 23-Jul-2012 2 2 0 0 2 2 2 0 2 24.60 41.70 315 314 110.00 1 
A 23-Jul-2012 3 2 1 -1 1 1 2 0 2 25.40 40.50 373 330 102.00 1 
A 23-Jul-2012 1 2 0 0 2 -1 -1 0 1 21.60 62.40 302 357 87.70 3 
A 24-Jul-2012 2 2 0 0 0 -1 2 0 1 24.60 50.70 427 177 86.50 1 
A 24-Jul-2012 3 2 0 0 1 0 1 -1 2 24.40 50.30 503 240 85.90 3 
A 22-Jul-2012 1 3 0 1 0 0 0 0 0 23.80 50.20 385 538 90.10 1 
A 22-Jul-2012 2 0 0 1 0 0 1 3 0 24.50 44.90 578 266 73.20 1 
A 22-Jul-2012 3 1 0 0 -1 -1 0 0 0 24.60 43.90 370 634 71.70 2 
A 22-Jul-2012 1 3 0 0 2 0 2 0 2 23.90 50.50 399 458 90.00 2 
A 22-Jul-2012 2 2 0 0 2 1 2 0 2 23.80 49.50 355 513 48.00 2 
A 22-Jul-2012 3 2 0 0 2 0 2 0 2 24.60 44.20 383 645 71.70 2 
A 23-Jul-2012 1 2 2 2 1 0 1 -1 0 25.60 43.80 446 732 87.60 2 
A 23-Jul-2012 3 0 -1 1 -1 0 2 -1 1 25.70 40.00 266 1911 102.20 2 
A 23-Jul-2012 2 2 2 -2 -1 -1 1 0 0 24.90 41.30 214 222 72.09 1 
A 23-Jul-2012 3 0 2 -2 -1 -1 1 0 1 26.10 38.90 293 362 91.30 1 
A 23-Jul-2012 2 -1 2 -2 -1 -1 2 -1 -1 24.60 43.00 336 361 70.30 1 
A 23-Jul-2012 3 0 1 -1 -1 -1 2 0 -1 24.30 42.80 169 359 77.20 1 
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A 23-Jul-2012 1 1 2 0 -2 -2 -1 0 -1 24.80 44.20 389 539 78.40 1 
A 23-Jul-2012 2 0 -1 3 0 0 -1 0 -3 24.30 50.90 437 953 47.40 1 
A 24-Jul-2012 1 2 -2 3 2 2 2 0 1 21.20 60.50 320 470 43.70 1 
A 24-Jul-2012 2 2 0 1 0 0 0 0 2 24.60 50.00 445 1303 81.00 1 
A 24-Jul-2012 1 -1 -2 3 -1 -2 2 -1 -2 21.60 62.40 302 609 51.90 3 
A 24-Jul-2012 2 1 1 -1 -2 -2 0 -3 -2 24.60 48.80 435 859 81.80 2 
A 22-Jul-2012 1 2 2 -1 -2 -2 0 0 1 24.40 46.60 313 2440 487.00 1 
A 22-Jul-2012 3 2 0 -1 1 1 2 0 1 25.90 43.60 578 3870 75.80 1 
A 22-Jul-2012 2 2 1 -1 -2 -3 2 0 -1 25.20 41.90 346 3270 73.59 1 
A 22-Jul-2012 1 -1 1 -1 0 1 2 0 -1 24.30 43.30 445 533 76.30 2 
A 22-Jul-2012 2 2 -1 0 2 2 2 0 3 24.50 48.20 578 360 80.40 2 
A 22-Jul-2012 3 -1 1 -1 -1 0 2 -1 -1 25.20 41.60 357 572 77.30 2 
B 30-Aug-2012 1 2 0 1 0 0 0 1 2 23.40 33.80 429 355 79.90 3 
B 30-Aug-2012 2 2 -1 1 0 0 0 -1 -1 24.20 29.10 577 334 84.30 3 
B 30-Aug-2012 3 2 0 0 0 0 0 -1 1 24.00 26.10 470 298 74.20 2 
B 30-Aug-2012 2 -1 -3 0 2 2 0 -1 -1 23.60 28.40 455 321 70.90 3 
B 30-Aug-2012 3 0 -1 2 2 2 0 0 0 23.80 25.80 460 391 74.20 3 
B 30-Aug-2012 1 -1 -2 1 0 0 0 1 1 23.40 38.90 516 585 89.10 1 
B 30-Aug-2012 2 2 0 0 2 2 0 0 -1 23.90 29.80 500 546 82.90 1 
B 30-Aug-2012 3 0 2 -1 2 2 0 -1 -2 24.40 30.30 528 543 88.70 1 
B 29-Aug-2012 1 2 -1 1 0 0 0 0 2 23.60 52.10 480 508 76.80 2 
B 31-Aug-2012 1 2 2 0 0 2 0 0 1 23.10 33.30 491 463 111.00 3 
B 31-Aug-2012 2 -1 1 -1 1 1 0 0 -1 23.80 34.20 472 520 84.80 3 
B 31-Aug-2012 3 0 0 0 1 1 0 0 0 23.40 32.50 481 413 86.20 1 
B 31-Aug-2012 1 0 -3 2 0 0 0 0 0 23.50 33.10 551 668 83.80 1 
B 31-Aug-2012 2 2 -1 2 0 0 0 0 1 24.30 29.20 451 589 78.40 1 
B 31-Aug-2012 3 2 -1 2 0 0 0 -1 0 24.60 29.80 481 509 80.20 1 
B 29-Aug-2012 1 2 0 0 0 0 0 0 2 23.50 48.70 373 505 85.80 1 
B 29-Aug-2012 2 0 0 0 0 0 0 0 2 24.70 43.70 409 498 86.10 1 
B 29-Aug-2012 3 0 0 0 0 0 0 0 2 23.50 46.70 394 477 84.80 1 
B 30-Aug-2012 1 -1 -2 -1 1 2 1 0 -1 23.20 37.70 567 415 63.50 1 
B 30-Aug-2012 2 -1 0 1 1 0 0 1 1 23.70 29.90 707 363 70.70 1 
B 31-Aug-2012 2 0 0 0 1 1 0 0 0 25.20 30.40 423 898 70.00 3 
B 30-Aug-2012 1 3 1 0 0 0 0 0 3 22.20 44.30 464 675 67.60 2 
B 30-Aug-2012 2 2 0 1 0 0 0 1 2 24.40 31.50 562 594 75.80 3 
B 30-Aug-2012 3 2 0 1 0 0 0 0 2 23.90 29.20 488 561 70.80 3 
B 30-Aug-2012 1 2 -1 1 0 1 0 0 0 24.00 36.50 531 523 87.30 3 
B 30-Aug-2012 2 0 -1 2 0 0 0 0 0 24.30 32.00 657 534 74.00 3 
B 30-Aug-2012 3 2 0 0 1 0 0 0 0 23.30 33.30 385 476 75.30 3 
B 28-Aug-2012 1 2 2 -1 1 1 0 0 -1 24.30 50.70 389 612 81.80 2 
B 28-Aug-2012 2 2 0 0 1 0 0 0 1 24.50 43.30 420 477 54.20 2 
B 28-Aug-2012 3 1 0 0 1 0 0 0 0 24.80 37.30 516 848 152.80 2 
B 28-Aug-2012 1 2 1 -1 0 1 0 0 0 22.90 50.60 373 528 78.70 3 
B 28-Aug-2012 2 2 1 -1 1 1 0 1 -1 26.40 38.70 426 504 55.20 3 
B 28-Aug-2012 3 2 -1 0 0 0 0 1 2 24.40 37.90 520 494 114.10 3 
B 29-Aug-2012 1 2 -2 2 0 2 0 0 0 23.50 49.30 424 503 88.50 1 
B 29-Aug-2012 2 -2 -2 3 0 0 0 0 -2 24.50 44.90 573 630 82.90 3 
B 29-Aug-2012 3 0 0 0 0 0 0 0 0 23.60 48.30 372 848 80.80 1 
B 30-Aug-2012 2 2 1 0 2 3 0 -1 0 23.60 32.00 416 1044 84.30 3 
B 30-Aug-2012 3 1 1 -1 2 3 0 0 -1 24.00 27.40 386 501 69.40 3 
B 31-Aug-2012 1 0 2 -1 1 1 0 0 0 23.80 31.90 607 466 93.90 2 
B 29-Aug-2012 1 1 1 -1 1 3 0 0 -1 23.30 54.10 508 354 82.70 1 
B 29-Aug-2012 2 -1 2 -2 1 3 0 0 -1 24.20 47.20 384 470 86.50 1 
B 29-Aug-2012 3 1 1 -1 2 2 1 0 -1 24.10 46.60 411 275 79.70 1 
B 31-Aug-2012 1 2 0 0 0 0 0 0 2 22.60 33.90 599 1016 73.80 1 
B 31-Aug-2012 2 2 0 0 0 0 0 0 2 24.50 30.00 423 927 93.60 1 
B 31-Aug-2012 3 2 0 0 0 0 0 0 2 24.30 32.00 457 459 125.70 1 
B 31-Aug-2012 1 0 0 0 0 0 0 0 2 20.80 41.40 518 751 73.90 1 
B 31-Aug-2012 2 2 1 0 0 0 0 1 2 25.50 30.00 414 532 87.80 1 
B 31-Aug-2012 3 2 1 0 0 0 0 0 2 24.50 31.50 433 508 85.60 1 
B 29-Aug-2012 1 2 1 0 0 1 0 0 1 22.90 51.00 383 276 90.40 2 
B 29-Aug-2012 2 0 0 0 2 3 2 0 -1 25.00 46.20 602 367 78.20 1 
B 28-Aug-2012 1 2 2 -1 3 3 0 0 -1 24.60 45.80 631 555 93.30 1 
B 28-Aug-2012 2 2 1 -1 1 1 0 0 -1 24.40 53.70 512 568 78.10 1 
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B 28-Aug-2012 3 0 0 0 1 1 0 0 0 24.10 40.40 468 464 90.20 1 
B 29-Aug-2012 1 2 0 0 1 2 1 0 0 23.40 49.80 416 441 81.20 2 
B 29-Aug-2012 2 2 1 -1 0 1 1 0 0 25.20 43.30 689 397 85.50 2 
B 29-Aug-2012 3 0 1 -1 0 1 1 0 0 23.90 46.80 379 409 53.30 2 
B 28-Aug-2012 1 2 1 -1 0 1 0 2 1 24.20 45.10 426 460 78.80 3 
B 28-Aug-2012 2 2 1 -1 1 1 0 -1 1 25.00 40.40 480 384 53.80 1 
B 28-Aug-2012 3 2 0 0 1 1 0 1 2 25.00 38.50 363 299 95.50 2 
B 29-Aug-2012 1 2 0 0 1 2 0 0 0 25.30 45.00 449 381 82.60 3 
B 29-Aug-2012 3 0 0 0 1 1 0 -1 0 24.80 45.60 555 398 76.00 3 
B 29-Aug-2012 1 2 0 1 3 0 0 -1 0 23.20 49.70 436 845 75.80 3 
B 29-Aug-2012 3 0 0 0 0 1 0 1 0 23.70 47.30 420 523 85.30 3 
B 31-Aug-2012 1 3 1 0 0 1 0 0 3 23.60 31.40 470 433 103.30 3 
B 31-Aug-2012 2 3 1 0 0 1 0 0 3 25.30 33.10 478 372 80.00 3 
B 31-Aug-2012 3 3 1 0 0 0 0 0 3 24.50 30.50 493 403 78.30 3 
B 31-Aug-2012 1 0 -1 1 0 3 1 0 -1 24.00 30.50 788 475 90.60 2 
B 31-Aug-2012 2 2 0 0 0 3 1 0 0 24.90 32.00 517 448 144.00 1 
B 31-Aug-2012 3 1 -1 1 0 3 1 0 0 24.40 30.30 439 403 81.50 1 
C 24-May-2012 1 -1 2 -1 -1 -1 -2 0 -1 24.60 46.00 425 284 84.00 2 
C 24-May-2012 2 2 0 0 2 2 2 1 2 24.60 42.50 225 1609 44.80 2 
C 24-May-2012 3 2 0 0 -1 -1 2 0 0 24.50 35.90 370 1094 94.00 2 
C 24-May-2012 1 2 0 -1 0 0 0 0 2 24.60 44.60 302 300 71.60 1 
C 24-May-2012 1 2 1 -1 -1 0 3 1 2 24.00 45.20 280 780 82.90 2 
C 24-May-2012 2 2 0 0 2 2 2 1 2 24.10 41.30 302 684 37.80 2 
C 24-May-2012 3 2 0 1 3 2 2 1 3 24.30 38.90 253 580 94.10 1 
C 24-May-2012 3 1 1 -1 2 2 1 -1 2 24.20 34.80 304 710 94.00 2 
C 24-May-2012 1 2 -1 0 3 3 3 1 3 23.80 45.80 435 1226 85.60 1 
C 24-May-2012 2 3 0 0 3 2 2 0 3 23.90 39.60 741 1017 94.10 1 
C 25-May-2012 3 3 0 0 3 3 3 1 3 24.40 34.60 342 872 94.00 1 
C 24-May-2012 2 2 0 1 2 2 2 0 1 24.80 39.20 419 947 94.10 2 
C 24-May-2012 3 2 -1 0 2 2 2 0 2 24.70 33.70 366 347 94.00 2 
C 25-May-2012 1 2 1 -1 -1 2 2 0 2 25.50 39.40 311 1589 85.40 1 
C 25-May-2012 2 0 -1 0 0 -1 0 -1 2 25.50 37.70 407 908 94.00 1 
C 25-May-2012 3 2 0 -1 -1 -1 2 0 2 25.40 32.30 327 924 90.20 1 
C 24-May-2012 1 2 1 0 0 2 2 0 2 23.80 45.40 471 2035 84.60 1 
C 24-May-2012 2 3 -1 0 2 2 2 0 2 24.00 38.20 238 1134 94.10 1 
C 24-May-2012 3 3 -1 0 2 2 2 0 2 24.20 34.00 343 883 94.00 1 
C 25-May-2012 2 2 1 -1 2 2 2 0 2 24.30 39.20 326 763 94.00 2 
C 25-May-2012 3 2 0 0 2 2 2 0 2 24.30 39.20 326 763 94.00 2 
C 22-May-2012 1 1 2 -1 0 1 1 0 1 24.80 38.00 354 150 67.00 2 
C 22-May-2012 2 2 1 -1 1 1 2 1 2 24.60 39.70 452 740 67.00 1 
C 22-May-2012 3 2 0 0 1 0 2 0 1 25.00 32.90 472 897 66.90 1 
C 24-May-2012 1 2 1 -1 -1 0 2 0 1 23.70 44.90 498 2060 41.70 2 
C 24-May-2012 2 1 0 0 1 1 0 0 0 25.30 40.50 505 387 90.20 2 
C 24-May-2012 3 2 0 0 1 1 2 0 2 24.10 34.10 348 768 70.80 1 
C 22-May-2012 2 2 0 0 2 2 2 0 2 24.00 39.50 352 670 66.80 2 
C 23-May-2012 1 1 1 -1 2 1 2 0 0 24.00 37.80 353 1071 41.80 1 
C 23-May-2012 2 2 0 0 2 2 1 0 2 23.60 42.70 336 890 46.20 1 
C 23-May-2012 3 2 -1 1 0 2 2 0 0 24.10 43.30 309 1209 42.30 1 
C 25-May-2012 2 0 1 -1 -1 -1 0 -1 0 25.30 34.50 299 1435 94.00 1 
C 25-May-2012 3 0 1 -1 -1 -1 0 -1 0 25.70 32.70 220 1256 90.10 1 
C 24-May-2012 1 2 2 -1 0 -1 2 -1 0 24.30 44.20 252 348 41.10 2 
C 24-May-2012 2 2 -1 1 2 2 2 0 2 24.20 37.70 286 724 94.10 2 
C 24-May-2012 3 2 -1 1 2 2 2 0 2 24.70 33.60 325 728 69.40 2 
C 22-May-2012 1 2 1 0 1 1 2 -2 2 25.10 36.10 336 120 67.00 1 
C 22-May-2012 2 3 0 0 2 2 2 0 2 24.00 39.50 356 833 67.00 1 
C 22-May-2012 3 2 0 0 0 0 1 1 2 24.80 34.00 348 883 67.90 1 
C 25-May-2012 1 3 -1 0 3 3 3 0 3 25.30 41.10 351 304 86.40 1 
C 25-May-2012 2 0 0 0 0 0 0 0 3 26.10 37.40 400 428 94.00 1 
C 25-May-2012 3 3 0 0 0 0 0 0 3 25.50 31.70 315 378 90.00 1 
C 25-May-2012 1 2 1 -1 1 3 2 0 3 24.60 40.60 285 300 82.70 2 
C 25-May-2012 2 3 -1 0 3 3 3 1 3 25.90 33.90 345 90 85.20 1 
C 25-May-2012 3 2 2 -1 3 3 3 0 3 26.30 31.80 337 386 90.00 1 
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C 25-May-2012 1 3 0 0 2 2 2 1 2 24.50 34.00 288 1695 94.00 1
C 25-May-2012 2 2 1 -1 -1 2 2 2 1 25.00 33.50 311 1765 94.00 1
C 25-May-2012 3 2 0 -1 2 2 2 0 2 26.00 31.00 490 2480 90.20 1
C 22-May-2012 1 3 1 0 2 2 2 1 2 24.30 37.90 245 112 72.00 1
C 22-May-2012 2 2 0 0 2 2 3 1 3 25.00 38.60 348 1065 66.90 1
C 22-May-2012 3 0 2 -1 -2 -1 -1 -1 -1 24.30 35.80 365 328 68.20 1
C 23-May-2012 1 2 0 -1 0 2 2 0 2 24.40 39.20 274 134 43.50 2
C 23-May-2012 2 2 0 0 2 2 2 -1 2 24.30 42.10 348 1138 41.40 2
C 23-May-2012 3 2 2 -2 -1 -1 2 -2 2 24.70 43.60 463 1736 44.70 2
C 22-May-2012 1 3 0 0 0 0 0 0 2 23.20 39.60 270 815 50.00 2
C 22-May-2012 2 2 0 0 1 1 0 0 2 25.00 37.90 325 902 66.90 1
C 22-May-2012 3 0 1 1 -1 -1 0 0 0 24.70 35.90 470 1250 66.50 1
C 24-May-2012 2 2 0 0 0 0 0 1 0 25.60 33.10 468 860 94.00 1
C 24-May-2012 3 2 0 0 2 2 2 1 1 24.70 36.60 385 935 75.20 1
C 24-May-2012 1 2 0 -1 2 2 0 0 1 23.70 42.70 305 1078 35.90 1
C 24-May-2012 2 0 1 -1 1 1 -1 0 0 25.30 36.80 504 1900 94.00 1
C 24-May-2012 3 0 2 -2 -1 -1 0 0 0 25.30 36.80 504 1900 94.00 1
C 24-May-2012 1 -1 2 -1 0 2 2 0 -1 23.70 42.70 305 880 35.50 1
C 24-May-2012 2 0 0 0 2 2 2 1 2 25.20 37.20 450 64 94.10 1
C 24-May-2012 3 -1 1 -1 0 2 2 1 -2 23.80 34.60 305 199 73.80 1
C 23-May-2012 1 3 0 0 2 2 1 0 2 24.10 39.50 402 626 44.80 1
C 23-May-2012 2 2 -1 0 2 2 2 0 0 24.00 41.50 435 370 45.50 1
C 23-May-2012 3 0 1 -1 2 2 1 0 0 24.30 44.60 307 1542 43.10 1
C 23-May-2012 1 2 0 -1 2 2 2 0 1 24.30 38.70 559 432 41.20 1
C 25-May-2012 2 2 1 -2 -1 0 2 -1 -1 23.70 33.40 471 1032 90.30 1
C 25-May-2012 3 2 1 -2 -1 0 2 -1 -1 25.00 33.40 471 1032 90.30 1
C 24-May-2012 1 2 0 1 2 2 1 0 2 23.80 43.90 210 122 37.30 1
C 24-May-2012 2 2 0 1 2 2 2 0 2 25.30 37.30 263 505 81.00 1
C 24-May-2012 3 1 1 0 2 2 2 -1 2 23.90 36.10 268 1381 94.00 1
C 24-May-2012 1 2 0 0 -1 -2 2 -1 2 24.20 44.10 174 285 51.10 1
C 24-May-2012 2 2 -1 0 0 1 2 1 2 24.80 40.40 364 257 94.10 1
C 24-May-2012 3 2 0 -1 -1 -1 3 1 2 24.50 33.80 284 715 69.90 1
D 30-May-2012 1 2 0 -1 -1 -1 0 0 2 23.50 18.00 430 500 94.10 2
D 31-May-2012 3 -1 1 0 -1 -1 0 0 -1 24.30 24.30 430 616 89.90 2
D 30-May-2012 1 2 0 0 -1 -1 -1 0 2 23.20 17.10 333 569 94.10 3
D 30-May-2012 2 0 0 0 0 -1 0 0 0 24.20 16.90 139 1003 94.10 2
D 30-May-2012 3 0 0 0 -1 -1 0 0 0 24.00 19.50 83 1069 93.90 2
D 01-Jun-2012 1 2 0 0 -1 -1 0 0 2 22.20 18.00 215 1653 86.80 2
D 01-Jun-2012 2 2 0 0 0 0 0 0 2 24.50 11.20 401 1311 87.20 2
D 01-Jun-2012 3 2 0 0 -1 -1 0 0 2 25.00 11.30 447 1827 52.40 2
D 05-Jun-2012 1 2 0 0 -3 -3 2 0 2 23.20 29.90 437 212 75.20 3
D 05-Jun-2012 2 2 0 0 -3 0 2 -1 2 23.50 27.90 514 236 91.90 3
D 01-Jun-2012 1 2 0 10 -1 -1 2 0 1 22.40 15.10 387 451 94.80 1
D 01-Jun-2012 2 2 -1 0 0 1 2 -1 1 23.10 9.40 423 488 74.30 1
D 05-Jun-2012 3 2 0 0 -2 1 2 -1 1 23.70 32.60 461 245 84.40 3
D 04-Jun-2012 1 2 -1 0 0 2 2 0 2 21.40 30.50 278 526 85.20 4
D 04-Jun-2012 2 2 -1 0 0 0 0 -1 0 23.40 27.10 279 578 72.20 4
D 04-Jun-2012 3 -1 -1 1 0 0 0 -1 0 23.40 26.40 151 1145 75.20 4
D 30-May-2012 1 2 0 0 0 1 0 0 2 24.20 16.20 408 740 94.10 1
D 30-May-2012 2 2 0 0 0 1 0 0 2 23.50 16.10 335 1096 94.10 1
D 30-May-2012 1 2 0 0 -1 -1 2 0 2 23.40 16.70 443 576 94.10 2
D 30-May-2012 2 2 0 -1 -1 -1 2 0 2 23.80 20.30 169 1261 94.10 2
D 01-Jun-2012 1 1 -2 2 -1 -1 2 0 1 21.80 16.60 381 896 89.00 3
D 01-Jun-2012 1 2 -1 10 2 1 0 0 2 20.60 20.60 427 210 89.30 2
D 04-Jun-2012 2 2 -1 0 0 1 0 0 2 23.00 28.90 172 243 72.20 3
D 30-May-2012 1 2 -1 1 2 2 2 0 2 23.20 16.70 280 931 94.10 2
D 30-May-2012 2 -1 -1 1 1 1 2 0 -1 24.00 18.70 99 1535 94.10 2
D 31-May-2012 3 2 -1 1 -1 -1 2 -1 -1 24.10 23.60 378 1678 89.90 2
D 31-May-2012 1 2 0 -1 0 2 2 0 2 23.60 26.00 426 176 89.50 2
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D 31-May-2012 2 0 0 0 0 0 1 0 0 23.00 25.10 362 375 89.80 2 
D 31-May-2012 3 1 0 0 0 0 0 0 0 23.80 24.50 496 309 90.00 2 
D 31-May-2012 1 2 -1 1 2 1 2 0 1 22.90 28.00 321 525 84.70 2 
D 31-May-2012 2 2 -1 1 2 2 2 0 2 23.40 24.80 330 222 90.10 2 
D 31-May-2012 3 2 -1 1 2 1 2 0 1 22.80 24.10 310 186 90.00 2 
D 31-May-2012 1 2 0 0 0 2 2 0 1 23.20 27.90 625 518 89.50 1 
D 31-May-2012 2 2 0 0 2 2 2 0 0 23.00 24.90 413 500 90.10 1 
D 31-May-2012 3 2 0 0 2 2 2 0 2 23.50 23.80 409 392 89.80 1 
D 04-Jun-2012 1 3 1 -1 0 -1 2 0 0 22.10 29.90 408 620 71.00 2 
D 04-Jun-2012 2 2 0 0 0 0 2 0 2 23.70 26.30 302 564 78.50 2 
D 31-May-2012 1 3 0 0 -1 -1 0 0 0 24.60 24.40 325 1014 89.80 2 
D 31-May-2012 2 0 0 0 0 -1 0 0 0 24.10 25.60 391 441 89.90 2 
D 31-May-2012 1 2 0 0 0 0 0 1 2 23.40 27.20 345 925 89.50 2 
D 31-May-2012 2 2 0 0 0 0 0 1 2 24.10 23.50 396 634 89.90 2 
D 31-May-2012 3 2 0 0 0 0 0 0 2 24.20 24.10 490 620 89.90 2 
D 04-Jun-2012 1 1 -1 1 0 0 2 0 1 22.20 28.70 327 608 72.90 3 
D 04-Jun-2012 2 1 -1 1 1 1 2 0 0 23.40 28.30 237 708 76.80 3 
D 30-May-2012 1 2 -1 1 0 0 2 0 2 23.20 18.50 360 587 94.10 1 
D 30-May-2012 2 1 -2 2 -1 0 1 0 0 23.20 18.60 152 841 94.10 2 
D 30-May-2012 3 1 -1 2 -1 1 1 1 1 24.00 19.70 68 663 93.90 2 
D 30-May-2012 1 2 0 0 0 2 -1 0 2 23.20 17.80 364 450 94.10 2 
D 30-May-2012 2 2 0 0 -1 0 -1 0 2 23.40 19.80 116 251 94.10 2 
D 30-May-2012 3 2 0 0 0 0 -1 0 2 23.00 21.60 177 265 93.80 2 
D 04-Jun-2012 1 2 -1 0 2 2 2 0 3 23.00 29.30 594 406 72.40 3 
D 04-Jun-2012 2 2 -1 0 2 2 2 0 2 23.20 27.20 462 278 71.10 3 
D 04-Jun-2012 3 2 -1 0 2 2 2 0 2 24.30 28.10   388 72.50 3 
D 30-May-2012 1 2 0 0 0 0 0 0 2 22.20 20.10 372 433 94.10 2 
D 30-May-2012 2 0 0 0 0 0 0 0 1 23.90 18.50 344 588 94.10 2 
D 30-May-2012 3 0 1 -1 0 0 0 0 1 24.80 18.40 86 309 93.80 2 
D 04-Jun-2012 1 2 -1 0 2 2 2 1 2 23.20 26.20 462 576 72.90 3 
D 04-Jun-2012 2 2 -1 -1 2 2 2 0 2 23.80 26.70 504 573 82.10 3 
D 04-Jun-2012 3 2 0 0 2 2 2 0 2 23.30 29.30 458 484 93.10 3 
D 01-Jun-2012 1 3 0 0 2 2 2 1 2 23.40 9.10 463 787 87.00 2 
D 01-Jun-2012 2 3 0 0 2 2 2 1 2 23.80 12.40 430 1254 84.50 2 
D 01-Jun-2012 1 3 0 0 2 1 2 0 2 24.60 14.70 399 546 82.50 3 
D 01-Jun-2012 2 3 0 0 0 0 0 0 3 24.30 14.80 510 510 82.40 2 
D 01-Jun-2012 3 3 0 0 0 0 0 0 3 25.50 11.40 355 510 89.50 2 
D 05-Jun-2012 1 0 1 -2 2 2 2 0 1 23.30 29.40 389 1158 87.80 2 
D 05-Jun-2012 2 3 -1 0 2 2 3 1 2 24.10 26.70 368 1296 85.60 2 
D 05-Jun-2012 3 2 -1 0 2 2 2 1 2 24.90 29.10 519 528 86.30 2 
D 01-Jun-2012 3 1 0 0 -1 -1 0 0 0 24.60 10.90 469 880 76.80 2 
D 05-Jun-2012 2 2 0 0 10 10 0 0 2 24.40 26.30 380 648 79.90 2 
D 05-Jun-2012 3 2 0 0 10 10 -1 0 2 25.70 29.80 564 317 96.80 2 
D 04-Jun-2012 2 3 0 0 0 0 0 0 3 23.90 29.50 156 549 70.80 3 
D 04-Jun-2012 3 3 0 0 0 0 0 0 3 23.30 26.40 170 448 70.80 3 
D 05-Jun-2012 1 3 1 -1 0 0 0 0 3 24.30 28.80 373 612 83.60 2 
D 05-Jun-2012 1 2 -1 1 2 2 1 0 1 24.70 28.70 476 676 69.20 2 
D 05-Jun-2012 2 2 0 1 2 2 1 0 2 25.00 26.10 433 540 91.10 2 
D 05-Jun-2012 3 2 0 0 2 1 1 0 2 25.00 30.00 510 340 90.00 2 
D 04-Jun-2012 2 2 0 0 -2 -2 1 0 2 25.00 26.40 329 489 71.30 3 
D 04-Jun-2012 3 2 0 0 -1 -1 0 0 2 23.30 25.90 556 347 74.20 3 
D 05-Jun-2012 1 2 -1 1 0 -1 1 0 2 23.80 29.50 419 472 97.10 2 
D 05-Jun-2012 1 2 0 0 0 0 0 0 0 24.60 28.00 455 700 84.70 1 
D 05-Jun-2012 2 0 0 0 0 0 0 0 0 24.80 27.10 480 492 77.50 1 
D 05-Jun-2012 3 0 0 0 0 0 0 0 0 25.30 29.50 527 372 94.70 2 
D 01-Jun-2012 3 3 0 0 3 3 3 1 3 24.60 13.40 503 1349 51.40 2 
D 04-Jun-2012 1 2 0 0 2 1 3 2 2 24.00 26.00 420 450 78.00 2 
D 04-Jun-2012 2 2 0 0 2 2 3 0 2 24.40 26.00 464 735 73.20 2 
D 04-Jun-2012 3 2 -1 1 2 2 3 0 2 24.50 30.30 401 651 95.10 2 
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D 05-Jun-2012 1 2 0 0 2 1 2 1 2 24.40 27.30 357 1031 73.60 3 
D 05-Jun-2012 2 2 0 0 2 2 2 0 2 24.50 26.10 382 320 81.20 3 
D 05-Jun-2012 3 2 0 0 0 -1 2 -1 0 25.00 30.00 510 630 80.20 3 
D 05-Jun-2012 1 3 0 0 0 -1 2 0 2 23.70 29.10 502 1022 80.90 2 
D 05-Jun-2012 2 0 1 -1 0 -1 2 0 1 24.90 26.60 388 1555 77.50 3 
D 05-Jun-2012 3 0 1 -2 -1 -1 1 -1 -1 25.50 39.50 595 716 96.90 2 
D 05-Jun-2012 1 2 -1 1 2 2 2 0 2 24.40 28.10 451 910 77.40 1 
D 05-Jun-2012 2 3 0 0 2 2 2 0 3 24.70 27.00 385 664 85.50 1 
D 05-Jun-2012 3 3 0 0 0 0 0 0 2 25.30 29.60 584 460 101.90 2 

Figure 313: Collected data, all four case study buildings 
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Appendix D: Quantitative Analysis of the ASHRAE Prediction Models 

The ASHRAE Adaptive and PMV Thermal Comfort Prediction Models Using the 

SPSS Regression Analysis 

The ASHRAE Adaptive Comfort Prediction and Comfort Survey Questionnaire 

Figure 314 is the SPSS regression analysis for the 313 responses. It shows no strong 

relationship between surveyed comfort and the ASHRAE adaptive prediction model (i.e. P 

value = 0.711 > 0.05). 

  Mean Std. Deviation N      

Comfort 1.48 1.163 313   
Adaptive Model-
3 Point Scale 

2.94 0.4 313   
Descriptive Statistics, SPSS linear regression analysis of the ASHRAE adaptive model and comfort 

Model 
Sum of 
Squares 

df Mean Square F Sig. 

Regression 0.186 1 0.186 0.137 .711b 

Residual 421.884 311 1.357     

Total 422.07 312       

ANOVA, SPSS linear regression analysis of the ASHRAE adaptive model and comfort

Figure 314: SPSS linear regression analysis of the ASHRAE adaptive model and comfort 

 

The ASHRAE Adaptive Comfort Prediction and Satisfaction Survey 

Questionnaire 

Figure 315 is the SPSS regression analyss and it shows no significant relationship between 

surveyed satisfaction level and the ASHRAE adaptive prediction model (i.e. P value = 0.462 

> 0.05). The three point scale has been used for the adaptive model, explained in section 

8.1.1.1.2. 

  Mean Std. Deviation N      

Satisfaction 1 1.334 313   

Adaptive Model 2.94 0.4 313   
Descriptive Statistics, SPSS linear regression analysis of the ASHRAE adaptive model and satisfaction 

Model Sum of Squares df Mean Square F Sig. 

Regression 0.966 1 0.966 0.542 .462b 

Residual 554.031 311 1.781     

Total 554.997 312       

ANOVA, SPSS linear regression analysis of the ASHRAE adaptive model and satisfaction 

Figure 315: SPSS linear regression analysis of the ASHRAE adaptive model and satisfaction 
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The ASHRAE PMV Comfort Prediction and Thermal Sensation Survey 

Questionnaire 

The statistics presented in Figure 316 reveal as significant relationship between thrermal 

sensation and PMV model (i.e. P value = 0.000 < 0.05). The R square shows that 5% of the 

thermal sensation responses can be explained by the ASHRAE PMV model, which is not a 

significant prediction. 

   Mean 
Std. 
Deviation 

N                  
PMV 
Model 

-0.78 0.454 313   

Thermal 
Sensation 

0.09 0.994 313 
  

Descriptive Statistics, SPSS linear regression analysis of the ASHRAE PMV prediction model and thermal sensation 

Model 
Sum of 
Squares 

df 
Mean 
Square 

F Sig.   

Regression 3.221 1 3.221 16.39 .000a   
Residual 61.124 311 0.197       
Total 64.345 312         
ANOVA, SPSS linear regression analysis of the ASHRAE PMV comfort prediction model and thermal sensation 

Model R R Square 
Adjusted 
R Square 

Std. 
Error of 
the 
Estimate 

Change Statistics 

R Square 
Change 

F Change df1 df2 
Sig. F 
Chang
e 

1 .224a 0.050 0.047 0.443 0.050 16.390 1 311 0.000 

Model Summary, SPSS linear regression analysis of the ASHRAE PMV prediction model and thermal sensation 

Figure 316: SPSS linear regression analysis of the ASHRAE PMV prediction model and thermal sensation 

 

The ASHRAE PMV Comfort Prediction and Comfort Survey Questionnaire 

Figure 317 shows no singnificant relationship between the two variables (i.e. P value = 0.569 

> 0.05). 

  Mean Std. Deviation N      

Comfort 1.48 1.163 313   
PMV Model-4 
Point Scale 

3.22 0.454 313   
Descriptive Statistics, SPSS linear regression analysis of the ASHRAE PMV model and comfort 

Model 
Sum of 
Squares 

df Mean Square F Sig. 

Regression 0.44 1 0.44 0.325 .569b 

Residual 421.63 311 1.356     

Total 422.07 312       

ANOVA, SPSS linear regression analysis of the ASHRAE PMV model and comfort 

Figure 317: SPSS linear regression analysis of the ASHRAE PMV model and surveyed comfort level 
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The ASHRAE PMV Comfort Prediction and Satisfaction Survey Questionnaire 

Figure 318 shows no significant relationship between the predicted ASHRAE PMV model 

and surveyed satisfaction level (i.e. P value = 0.694 > 0.05). 

  Mean Std. Deviation N      

PMV Model 3.22 0.454 313 
  

Satisfaction 1 1.334 313   

Descriptive Statistics, SPSS linear regression analysis of the ASHRAE PMV model and satisfaction 

Model 
Sum of 
Squares 

df Mean Square F Sig. 

Regression 0.032 1 0.032 0.155 .694a 

Residual 64.313 311 0.207     

Total 64.345 312       

ANOVA, SPSS linear regression analysis of the ASHRAE PMV model and satisfaction 

Figure 318: SPSS linear regression analysis of the ASHRAE PMV model and satisfaction 
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Appendix E: Quantitative Analysis of Thermal Sensation and Variables 

Thermal Sensation and Satisfaction 

Figure 319 is the SPSS linear regression analysis of surveyed satisfaction and thermal 

sensation. The R Square indicates that 16.9% of the satisfaction responses can be explained 

by the thermal sensation status. The coefficients analysis shows that every degree increase in 

thermal sensation towards ‘neutral’ improves the satisfaction level by 0.734 degree. The 

statistics show a strong relationship between the two variables (i.e. P value =0.000 <0.05). 

  Mean 
Std. 
Deviatio
n 

N 
                 

Satisfaction 1 1.334 313   

Thermal 
Sensation 

3.32 0.747 313 
  

Descriptive Statistics, SPSS linear regression analysis of satisfaction based on the four scale thermal sensation 

Model R R Square 
Adjusted 
R Square 

Std. Error of 
the Estimate 

Change Statistics 

R Square 
Change 

F 
Change 

df1 df2 
Sig. F 
Change 

1 .411a 0.169 0.166 1.218 0.169 63.142 1 311 0 

Model Summary, SPSS linear regression analysis of satisfaction based on the four scale thermal sensation 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 
  

B 
Std. 
Error 

Beta   

1 

(Constant) 
-
1.432 

0.314   -4.559 0   
Thermal 
Sensation-4 
Point Scale 

0.734 0.092 0.411 7.946 0 
  

Coefficients, SPSS linear regression analysis of satisfaction based on the four scale thermal sensation 

Model 
Sum of 
Squares 

df 
Mean 
Square 

F Sig.   

Regression 93.664 1 93.664 63.142 .000b   
Residual 461.333 311 1.483       
Total 554.997 312         
ANOVA, SPSS linear regression analysis of satisfaction based on the four scale thermal sensation 

Figure 319: SPSS linear regression analysis of satisfaction based on the four scale thermal sensation 

 

Thermal Sensation and Thermal Intention 

Figure 320 is the SPSS linear regression analysis between surveyed thermal sensation and 

thermal intention. 311 out of 313 responses are included in this analysis, since 2 participants 

had no strong opinion about their thermal intention. The R Square indicates that 46.4% of the 

thermal sensation variance can be explained by thermal intention, which is quite significant. 

The analysis also shows that every degree change in thermal intention results in 0.647 degree 
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change in thermal sensation. The statistics reveal a significant relationship between the 

surveyed thermal sensation and thermal intention (i.e. P value = 0.000 < 0.05). 

  Mean 
Std. 
Deviatio
n 

N 
                 

Thermal 
Intention 

4.04 0.946 311 
  

Thermal 
Sensation 

0.1 0.995 311 
  

Descriptive Statistics, SPSS linear regression analysis of thermal intention and thermal sensation 

Model R R Square 
Adjusted 
R Square 

Std. Error 
of the 
Estimate 

Change Statistics 

R Square 
Change 

F 
Change 

df1 df2 
Sig. F 
Change 

1 .681a 0.464 0.462 0.694 0.464 267.367 1 309 0 

Model summary, SPSS linear regression analysis of thermal intention and thermal sensation 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig.   

B 
Std. 
Error 

Beta 
  

1 

(Constant) 3.976 0.04   100.576 0   
Thermal 
Sensation-
7 Point 
Scale 
ASHRAE 

0.647 0.04 0.681 16.351 0 

  

Coefficients, SPSS linear regression analysis of thermal intention and thermal sensation 

Model 
Sum of 
Squares 

df 
Mean 
Square 

F Sig. 
  

Regressio
n 

128.745 1 128.745 267.367 .000a 
  

Residual 148.792 309 0.482       

Total 277.537 310         

ANOVA, SPSS linear regression analysis of thermal intention and thermal sensation 

Figure 320: SPSS linear regression analysis of thermal intention and thermal sensation 
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Appendix F: The ASHRAE PMV Model 

Figure 321 demonstrates the descriptive analysis of the ASHRAE PMV prediction model in 

the four case study buildings in this study. 

 ASHRAE PMV Model Total 

Cool Slightly cool Neutral 

Ventilation System and 
Typology of Plan 

Building A: Air Conditioned, 
Openable Window and Heating 
in Cellular Plan 

3 90 2 95 

Building B: Air Conditioned & 
Openable Window in Cellular 
Plan 

0 35 42 77 

Building C: Natural Ventilation 
in Open Plan 

0 47 26 73 

Building D: Displacement 
Ventilation in Open Plan 

2 61 5 68 

Total 5 233 75 313 

Figure 321: The ASHRAE PMV Model 
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Appendix G: Analysis of Thermal Sensation and Thermal Intention 

Figure 322 shows that 148 out of 313 participants (i.e. 47%) have a neutral thermal sensation 

and Figure 323 shows that 167 Participants (i.e. 53%) want to no change in the temperature. 

Ventilation System and Typology of Plan Frequency Percent Valid Percent Cumulative 
Percent 

Building A: Air Conditioned, 
Openable Window and 
Heating in Cellular Plan 

Valid 

Cool 2 2.1 2.1 2.1 

Slightly cool 27 28.4 28.4 30.5 

Neutral 59 62.1 62.1 92.6 

Slightly warm 7 7.4 7.4 100.0 

Total 95 100.0 100.0  

Building B: Air Conditioned 
& Openable Window in 
Cellular Plan 

Valid 

Slightly cool 12 15.6 15.6 15.6 
Neutral 36 46.8 46.8 62.3 
Slightly warm 21 27.3 27.3 89.6 
Warm 8 10.4 10.4 100.0 

Total 77 100.0 100.0  

Building C: Natural 
Ventilation in Open Plan 

Valid 

Cool 6 8.2 8.2 8.2 
Slightly cool 12 16.4 16.4 24.7 
Neutral 25 34.2 34.2 58.9 
Slightly warm 16 21.9 21.9 80.8 
Warm 12 16.4 16.4 97.3 
Hot 2 2.7 2.7 100.0 

Total 73 100.0 100.0  

Building D: Displacement 
Ventilation in Open Plan 

Valid 

Cold 2 2.9 2.9 2.9 

Cool 4 5.9 5.9 8.8 

Slightly cool 10 14.7 14.7 23.5 

Neutral 28 41.2 41.2 64.7 

Slightly warm 18 26.5 26.5 91.2 

Warm 6 8.8 8.8 100.0 

Total 68 100.0 100.0  

Figure 322: Thermal sensation frequency in the four case study buildings 

Ventilation System and Typology of Plan Frequency Percent Valid Percent Cumulative 
Percent 

Building A: Air Conditioned, 
Openable Window and 
Heating in Cellular Plan 

Valid 

Cooler 2 2.1 2.2 2.2 

Slightly cooler 8 8.4 8.6 10.8 

No change 65 68.4 69.9 80.6 

Slightly warmer 15 15.8 16.1 96.8 

Warmer 3 3.2 3.2 100.0 

Total 93 97.9 100.0  

Building B: Air Conditioned 
& Openable Window in 
Cellular Plan 

Valid 

Cooler 4 5.2 5.2 5.2 
Slightly cooler 26 33.8 33.8 39.0 
No change 39 50.6 50.6 89.6 
Slightly warmer 8 10.4 10.4 100.0 

Total 77 100.0 100.0  

Building C: Natural 
Ventilation in Open Plan 

Valid 

Cooler 7 9.6 9.6 9.6 
Slightly cooler 20 27.4 27.4 37.0 
No change 30 41.1 41.1 78.1 
Slightly warmer 7 9.6 9.6 87.7 
Warmer 3 4.1 4.1 91.8 
Much warmer 6 8.2 8.2 100.0 

Total 73 100.0 100.0  

Building D: Displacement 
Ventilation in Open Plan 

Valid 

Cooler 1 1.5 1.5 1.5 

Slightly cooler 16 23.5 23.5 25.0 

No change 33 48.5 48.5 73.5 

Slightly warmer 11 16.2 16.2 89.7 

Warmer 6 8.8 8.8 98.5 

Much warmer 1 1.5 1.5 100.0 

Total 68 100.0 100.0  

Figure 323: Thermal intention frequency in the four case study buildings  
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Appendix H: Quantitative Analysis of Thermal Control Intention and 

Comfort  

Figure 324 is the SPSS linear regression analysis of comfort against thermal control intention 

regarding temperature, air quality and air movement of 313 responses. It shows a strong 

relationship between surveyed comfort and thermal control intention (i.e. P value =0.000 < 

0.05). The R square in the model summary table shows that 18.8% of variance in comfort can 

be explained by the thermal control intention, including thermal, air movement and indoor air 

quality intention. The R square in this model is greater than the one regarding thermal 

sensation (i.e. 13.2%), presented in Figure 215. This suggests that thermal control intention 

explains comfort better than thermal sensation does. The statistics show that by improving 

thermal intention towards no change, comfort level improves by 0.546 degree. Air movement 

intention is less effective (i.e. 0.126 degree), and indoor air quality intention is even less 

effective (i.e. 0.025 degree). This analysis shows that temperature control improves comfort 

more than air movement and air quality controls. 

  Mean 
Std. 
Deviation 

N                 

Comfort 1.48 1.163 313   
Thermal 
Intention 

3.41 0.738 313   
Air 
Movement 
Intention 

0.6 1.52 313 
  

Indoor Air 
Quality 
Intention 

0.74 1.546 313 
  

Descriptive Statistics, SPSS linear regression analysis of comfort and thermal control intention, including temperature, 
air quality and air movement intention 

Model 
Sum of 
Squares 

df 
Mean 
Square 

F Sig.   

Regression 79.203 3 26.401 23.793 .000b   

Residual 342.867 
30
9 

1.11       

Total 422.07 
31
2 

        
ANOVA, SPSS linear regression analysis of comfort and thermal control intention, including temperature, air quality 
and air movement intention 

Model R 
R 
Square 

Adjusted 
R Square 

Std. Error 
of the 
Estimate 

Change Statistics 

 

R 
Squa
re 
Chan
ge 

F 
Change 

df1 df2 
Sig. F 
Change 

1 .433a 0.188 0.18 1.053 
0.18
8 

23.793 3 309 0 

Model Summary, SPSS linear regression analysis of comfort and thermal control intention, including temperature, air 
quality and air movement intention 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients t Sig.   

B Std. Error Beta   

1 
(Constant) -0.48 0.287   -1.671 0.096   
Thermal 
Intention 

0.546 0.083 0.346 6.547 0   
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Air 
Movement 
Intention 

0.126 0.073 0.164 1.716 0.087 
  

Indoor Air 
Quality 
Intention 

0.025 0.071 0.033 0.348 0.728 
  

Coefficients, SPSS linear regression analysis of comfort and thermal control intention, including temperature, air 
quality and air movement intention 

Figure 324: SPSS linear regression analysis of comfort and thermal control intention, including temperature, air quality and air 
movement intention 
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Appendix I: Quantitative Analysis of SBS Symptoms 

Headaches 

Frequency analysis of the headache symptom in the open and cellular plan offices is 

presented in Figure 325 and Figure 326. They indicate that this symptom is less common 

amongst the occupants of the cellular plan offices compared to the open plan offices. The 

number of the cellular plan respondents, who never suffer from this symptom, is twice as 

many as the open plan participants (i.e. 130 compared to 63). In addition, none of the 

respondents in the personal offices constantly suffer from this symptom, while 9 participants 

reported suffering constantly in the open plan offices. 

 
 

 
Headache 

Total Constantly Often Occasionally Never 

Open or Cellular Plan Layouts Open plan 9 1 57 63 130 

Cellular plan 0 0 15 130 145 
Total 9 1 72 193 275 

Figure 325: Crosstabulation, SPSS descriptive analysis of Headache symptom between open vs. cellular offices 

 

 

Figure 326: Headache symptom between open vs. cellular plan offices 

 

Figure 327 is the linear regression analysis of the headaches symptom between open and 

cellular plan offices, based on 275 responses. It shows a strong relationship between the 

headache symptom and type of plan, including open and cellular offices (i.e. P value = 0.000 

< 0.05). Type of plan can explain 13.4% of the variance in the headache and cellular plan 

offices have 0.712 degree lower headache symptom.  
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  Mean 
Std. 
Deviation 

N 
                 

Headache 2.56 0.974 275   
Open or 
Cellular 
Plan 
Layouts 

1.53 0.5 275 

  

Descriptive Statistics, SPSS linear regression analysis of headache symptom between open vs. cellular offices 

Model 
Sum of 
Squares 

df 
Mean 
Square 

F Sig. 
  

Regression 34.742 1 34.742 42.151 .000a   

Residual 225.018 273 0.824       

Total 259.76 274         

ANOVA, SPSS linear regression analysis of headache symptom between open vs. cellular offices 

Model R 
R 
Square 

Adjusted 
R Square 

Std. Error of 
the Estimate 

Change Statistics 

R Square 
Change 

F Change df1 df2 
Sig. F 
Change 

1 .366a 0.134 0.131 0.908 0.134 42.151 1 273 0 

Model Summary, SPSS linear regression analysis of headache symptom between open vs. cellular offices 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig.   

B 
Std. 
Error 

Beta 
  

1 

(Constant) 1.473 0.176   8.358 0   

Open or 
Cellular 
Plan 
Layouts 

0.712 0.11 0.366 6.492 0 

        

Coefficients, SPSS linear regression analysis of headache symptom between open vs. cellular offices 

Figure 327: SPSS linear regression analysis of headache symptom between open vs. cellular offices 
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Appendix J: Satisfaction in Open vs. Cellular Plan Offices 

Figure 328 presents the SPSS linear regression analysis of satisfaction level between the two 

Scottish open plan case studies and the two Norwegian cellular plan offices in this study. It 

indicates that satisfaction can be explained based on the type of plan (P value = 0.000 < 0.05). 

The R Square in this figure suggests that 11.5% of variance in satisfaction level can be 

explained by the type of plan, which is either open or cellular layout. The R square shows the 

significance of the association rather than the extent to which the variables are associated. 

The statistics also reveal that satisfaction level in the two Norwegian cellular plan offices is 

0.424 degree higher than in the Scottish open plan offices. 

  Mean 
Std. 
Deviation 

Number 
of votes                  

Satisfaction 1.03 1.427 313   
Building 
Type (open 
vs. cellular) 

2.623 1.14286 313 
  

Descriptive Statistics, SPSS linear regression analysis of satisfaction between open vs. cellular plan offices 

Model 
Sum of 
Squares 

df 
Mean 
Square 

F Sig.   

Regression 73.248 1 73.248 40.503 .000b   
Residual 562.433 311 1.808       
Total 635.681 312         
ANOVA, SPSS linear regression analysis of satisfaction between open vs. cellular plan offices 

Model R R Square 
Adjusted 
R Square 

Std. Error 
of the 
Estimate 

Change Statistics 

R Square 
Change 

F 
Change 

df1 df2 
Sig. F 
Change 

1 .339a 0.115 0.112 1.345 0.115 40.503 1 311 0 

Model Summary, SPSS linear regression analysis of satisfaction between open vs. cellular plan offices 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients 

t Sig. 
  

B 
Std. 
Error 

Beta   

1 

(Constant) -0.08 0.191   -0.42 0.675   
Building 
Type 
(open vs. 
cellular) 

0.424 0.067 0.339 6.364 0 

  
Coefficients, SPSS linear regression analysis of satisfaction between open vs. cellular plan offices 

Figure 328: SPSS linear regression analysis of satisfaction between open vs. cellular plan offices 

 

Appendix K: Comfort in Open vs. Cellular Plan Offices 

Figure 329 is the SPSS linear regression analysis of comfort level between the open and 

cellular plan layouts, based on 313 respondents. It shows a significant relationship between 

the surveyed comfort level and type of plan (i.e. P value = 0.000 < 0.05). The R Square 

indicates that 5.4% of variance in comfort level can be explained by the type of plan, which is 

either open or cellular layout. It shows that comfort level in the two Norwegian cellular plan 

offices is 0.236 degree higher than in the Scottish open plan offices. 
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  Mean 
Std. 
Deviatio
n 

Number 
of votes                  

Comfort 1.48 1.163 313   
Building 
Type 
(open vs. 
cellular) 

2.623 1.14286 313 

  
Descriptive Statistics, SPSS linear regression analysis of comfort between open vs. cellular plan offices 

Model 
Sum of 
Squares 

df 
Mean 
Square 

F Sig.   
Regressi
on 

22.697 1 22.697 17.674 .000b   
Residual 399.374 311 1.284       
Total 422.07 312         
ANOVA, SPSS linear regression analysis of comfort between open vs. cellular plan offices 

Model R R Square 
Adjusted 
R Square 

Std. 
Error of 
the 
Estimate 

Change Statistics 

R Square 
Change 

F Change df1 df2 
Sig. F 
Change 

1 .232a 0.054 0.051 1.133 0.054 17.674 1 311 0 

Model Summary, SPSS linear regression analysis of comfort between open vs. cellular plan offices 

Model 

Unstandardized 
Coefficients 

Standardi
zed 
Coefficie
nts t Sig.   

B 
Std. 
Error 

Beta   

1 

(Constant
) 

0.857 0.161   5.337 0   
Building 
Type 
(open vs. 
cellular) 

0.236 0.056 0.232 4.204 0 

  
Coefficients, SPSS linear regression analysis of comfort between open vs. cellular plan offices 

Figure 329: SPSS linear regression analysis of comfort between open vs. cellular plan offices 

plan offices  
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Appendix L: Sick Building Syndrome Frequency Analysis 

Figure 330: SPSS Frequency analysis of  sick building symptom 

  

 

  
Open or Cellular Plan Layouts 

Total 
Open plan Cellular plan 

Dry or Watery Eyes 

Constantly 3 3 6 

Often 20 9 29 

Occasionally 30 25 55 

Never 77 108 185 

Total 130 145 275 
SPSS Frequency analysis of dry or watery eyes symptom 

  
Open or Cellular Plan Layouts 

Total 
Open plan Cellular plan 

Blocked or Runny 
Nose 

Often 4 6 10 

Occasionally 24 10 34 

Never 102 124 226 

Total 130 140 270 
SPSS Frequency analysis of blocked or runny nose symptom 

  
Open or Cellular Plan Layouts 

Total 
Open plan Cellular plan 

Dry or Irritated 
Throat 

Often 5 0 5 

Occasionally 26 12 38 

Never 99 130 229 

Total 130 142 272 

SPSS Frequency analysis of dry or irritated throat symptom 

  
Open or Cellular Plan Layouts 

Total 
Open plan Cellular plan 

Chest Tightness 
Occasionally 5 0 5 

Never 122 142 264 

Total 127 142 269 
SPSS Frequency analysis of chest tightness symptom 

  
Open or Cellular Plan Layouts 

Total 
Open plan Cellular plan 

Headaches 

Constantly 9 0 9 

Often 1 0 1 

Occasionally 57 15 72 

Never 63 130 193 

Total 130 145 275 
SPSS Frequency analysis of headache symptom 

  
Open or Cellular Plan Layouts 

Total 
Open plan Cellular plan 

Tiredness 

Constantly 8 0 8 

Often 21 10 31 

Occasionally 63 41 104 

Never 37 88 125 

Total 129 139 268 

SPSS Frequency analysis of tiredness symptom 
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The following tables demonstrate the SPSS frequency analysis of each symptom for all the 

case study buildings in this study. 

 

Ventilation System and Typology of Plan Frequency Percent Valid Percent 
Cumulative 
Percent 

Building A: Air 
Conditioned, Openable 
Window and Heating 
in Cellular Plan 

Valid Often 9 9.5 11.4 11.4 

Occasionally 14 14.7 17.7 29.1 

Never 56 58.9 70.9 100.0 

Total 79 83.2 100.0  

Missing Not recorded 16 16.8   

Total 95 100.0   
Building B: Air 
Conditioned & 
Openable Window in 
Cellular Plan 

Valid Constantly 3 3.9 4.5 4.5 
Occasionally 11 14.3 16.7 21.2 
Never 52 67.5 78.8 100.0 
Total 66 85.7 100.0  

Missing Not recorded 11 14.3   
Total 77 100.0   

Building C: Natural 
Ventilation in Open 
Plan 

Valid Constantly 1 1.4 1.5 1.5 
Often 14 19.2 21.5 23.1 
Occasionally 14 19.2 21.5 44.6 
Never 36 49.3 55.4 100.0 
Total 65 89.0 100.0  

Missing Not recorded 8 11.0   
Total 73 100.0   

Building D: 
Displacement 
Ventilation in Open 
Plan 

Valid Constantly 2 2.9 3.1 3.1 

Often 6 8.8 9.2 12.3 

Occasionally 16 23.5 24.6 36.9 

Never 41 60.3 63.1 100.0 

Total 65 95.6 100.0  

Missing Not recorded 3 4.4   

Total 68 100.0   

Figure 331: SPSS Frequency analysis of dry or watery eyes symptom in detail 

Ventilation System and Typology of Plan Frequency Percent Valid Percent 
Cumulative 
Percent 

Building A: Air 
Conditioned, Openable 
Window and Heating 
in Cellular Plan 

Valid Often 3 3.2 4.1 4.1 

Occasionally 7 7.4 9.5 13.5 

Never 64 67.4 86.5 100.0 

Total 74 77.9 100.0  

Missing Not recorded 21 22.1   

Total 95 100.0   
Building B: Air 
Conditioned & 
Openable Window in 
Cellular Plan 

Valid Often 3 3.9 4.5 4.5 
Occasionally 3 3.9 4.5 9.1 
Never 60 77.9 90.9 100.0 
Total 66 85.7 100.0  

Missing Not recorded 11 14.3   
Total 77 100.0   

Building C: Natural 
Ventilation in Open 
Plan 

Valid Often 1 1.4 1.5 1.5 
Occasionally 16 21.9 24.6 26.2 
Never 48 65.8 73.8 100.0 
Total 65 89.0 100.0  

Missing Not recorded 8 11.0   
Total 73 100.0   

Building D: 
Displacement 
Ventilation in Open 
Plan 

Valid Often 3 4.4 4.6 4.6 

Occasionally 8 11.8 12.3 16.9 

Never 54 79.4 83.1 100.0 

Total 65 95.6 100.0  

Missing Not recorded 3 4.4   

Total 68 100.0   

Figure 332: SPSS Frequency analysis of blocked or runny nose symptom in detail 
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Ventilation System and Typology of Plan Frequency Percent Valid Percent 
Cumulative 
Percent 

Building A: Air 
Conditioned, Openable 
Window and Heating 
in Cellular Plan 

Valid Occasionally 6 6.3 7.9 7.9 

Never 70 73.7 92.1 100.0 

Total 76 80.0 100.0  

Missing Not recorded 19 20.0   

Total 95 100.0   
Building B: Air 
Conditioned & 
Openable Window in 
Cellular Plan 

Valid Occasionally 6 7.8 9.1 9.1 
Never 60 77.9 90.9 100.0 
Total 66 85.7 100.0  

Missing Not recorded 11 14.3   
Total 77 100.0   

Building C: Natural 
Ventilation in Open 
Plan 

Valid Often 4 5.5 6.2 6.2 
Occasionally 15 20.5 23.1 29.2 
Never 46 63.0 70.8 100.0 
Total 65 89.0 100.0  

Missing Not recorded 8 11.0   
Total 73 100.0   

Building D: 
Displacement 
Ventilation in Open 
Plan 

Valid Often 1 1.5 1.5 1.5 

Occasionally 11 16.2 16.9 18.5 

Never 53 77.9 81.5 100.0 

Total 65 95.6 100.0  

Missing Not recorded 3 4.4   

Total 68 100.0   

Figure 333: SPSS Frequency analysis of dry or irritated throat symptom in detail 

 

Ventilation System and Typology of Plan Frequency Percent Valid Percent 
Cumulative 
Percent 

Building A: Air 
Conditioned, Openable 
Window and Heating 
in Cellular Plan 

Valid Never 76 80.0 100.0 100.0 

Missing Not recorded 19 20.0   

Total 95 100.0   

Building B: Air 
Conditioned & 
Openable Window in 
Cellular Plan 

Valid Never 66 85.7 100.0 100.0 
Missing Not recorded 11 14.3   
Total 77 100.0   

Building C: Natural 
Ventilation in Open 
Plan 

Valid Never 62 84.9 100.0 100.0 
Missing Not recorded 11 15.1   
Total 73 100.0   

Building D: 
Displacement 
Ventilation in Open 
Plan 

Valid Occasionally 5 7.4 7.7 7.7 

Never 60 88.2 92.3 100.0 

Total 65 95.6 100.0  

Missing Not recorded 3 4.4   

Total 68 100.0   

Figure 334: SPSS Frequency analysis of chest tightness symptom in detail 
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Ventilation System and Typology of Plan Frequency Percent Valid Percent 
Cumulative 
Percent 

Building A: Air 
Conditioned, Openable 
Window and Heating 
in Cellular Plan 

Valid Occasionally 7 7.4 8.9 8.9 

Never 72 75.8 91.1 100.0 

Total 79 83.2 100.0  

Missing Not recorded 16 16.8   

Total 95 100.0   
Building B: Air 
Conditioned & 
Openable Window in 
Cellular Plan 

Valid Occasionally 8 10.4 12.1 12.1 
Never 58 75.3 87.9 100.0 
Total 66 85.7 100.0  

Missing Not recorded 11 14.3   
Total 77 100.0   

Building C: Natural 
Ventilation in Open 
Plan 

Valid Constantly 5 6.8 7.7 7.7 
Often 1 1.4 1.5 9.2 
Occasionally 29 39.7 44.6 53.8 
Never 30 41.1 46.2 100.0 
Total 65 89.0 100.0  

Missing Not recorded 8 11.0   
Total 73 100.0   

Building D: 
Displacement 
Ventilation in Open 
Plan 

Valid Constantly 4 5.9 6.2 6.2 

Occasionally 28 41.2 43.1 49.2 

Never 33 48.5 50.8 100.0 

Total 65 95.6 100.0  

Missing Not recorded 3 4.4   

Total 68 100.0   

Figure 335: SPSS Frequency analysis of headache symptom in detail 

Ventilation System and Typology of Plan Frequency Percent Valid Percent 
Cumulative 
Percent 

Building A: Air 
Conditioned, Openable 
Window and Heating 
in Cellular Plan 

Valid Often 3 3.2 3.9 3.9 

Occasionally 19 20.0 25.0 28.9 

Never 54 56.8 71.1 100.0 

Total 76 80.0 100.0  

Missing Not recorded 19 20.0   

Total 95 100.0   
Building B: Air 
Conditioned & 
Openable Window in 
Cellular Plan 

Valid Often 7 9.1 11.1 11.1 
Occasionally 22 28.6 34.9 46.0 
Never 34 44.2 54.0 100.0 
Total 63 81.8 100.0  

Missing Not recorded 14 18.2   
Total 77 100.0   

Building C: Natural 
Ventilation in Open 
Plan 

Valid Constantly 7 9.6 10.9 10.9 
Often 9 12.3 14.1 25.0 
Occasionally 34 46.6 53.1 78.1 
Never 14 19.2 21.9 100.0 
Total 64 87.7 100.0  

Missing Not recorded 9 12.3   
Total 73 100.0   

Building D: 
Displacement 
Ventilation in Open 
Plan 

Valid Constantly 1 1.5 1.5 1.5 

Often 12 17.6 18.5 20.0 

Occasionally 29 42.6 44.6 64.6 

Never 23 33.8 35.4 100.0 

Total 65 95.6 100.0  

Missing Not recorded 3 4.4   

Total 68 100.0   

Figure 336: SPSS Frequency analysis of tiredness symptom in detail 
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Appendix M: Productivity in Open vs. Cellular Plan Offices 

Figure 337 is the SPSS linear regression analysis of productivity and type of plan, including 

open and cellular plan offices, based on 313 responses. It shows a significant relationship 

between productivity and type of plan (i.e. P value = 0.045 < 0.05). The R Square figure 

suggests that 1.3% of variance in productivity level can be explained by the type of the plan, 

which is a small number. The productivity level in the two cellular plan offices is 0.063 

degree higher than the two open plan offices, which is not so significant. 

  Mean 
Std. 
Deviation 

N                  
Productivit
y 
Compared 
to the 
Normal 
State 

0 0.633 313 

  
Building 
Type 

2.623 1.14286 313   
Descriptive Statistics, SPSS linear regression analysis of productivity level between open vs. cellular plan offices 

Model 
Sum of 
Squares 

df 
Mean 
Square 

F Sig.   

Regression 1.611 1 1.611 4.061 .045b   
Residual 123.386 311 0.397       
Total 124.997 312         
ANOVA, SPSS linear regression analysis of productivity level between open vs. cellular plan offices 

Model R R Square 
Adjusted R 
Square 

Std. Error of 
the Estimate 

Change Statistics 

R 
Square 
Change 

F 
Change 

df1 df2 
Sig. F 
Change 

1 .114a 0.013 0.01 0.63 0.013 4.061 1 311 0.045 

Model Summary, SPSS linear regression analysis of productivity level between open vs. cellular plan offices 

Model 

Unstandardized 
Coefficients 

Standardized 
Coefficients t Sig.   

B Std. Error Beta   

1 

(Constant) -0.168 0.089   -1.884 0.061   
Ventilation 
System and 
Typology of 
Plan 

0.063 0.031 0.114 2.015 0.045 

  
Coefficients, SPSS linear regression analysis of productivity level between open vs. cellular plan offices 

Figure 337: SPSS linear regression analysis of productivity level between open vs. cellular plan offices 

  



APPENDIX 458

Appendix N: Conference Papers 

Windsor Conference 2014 

Individual Thermal Control in the Workplace and Changes in Thermal 

Preferences in a Day: Norwegian Cellular vs. British Open Plan Layouts 

Abstract 

This research suggests that the thermal preference of occupants is subject to change during 

the day, and hence a particular thermal setting may not satisfy all occupants at all times. 

However, individual thermal control in the workplace increases their comfort and satisfaction. 

This research has two parts. The first part examines whether occupants find different thermal 

preferences appealing during a day rather than a particular thermal setting. The second part 

investigates the impact of individual thermal control on the comfort and satisfaction of users 

in the workplace. This is examined through environmental measurement and user comfort 

surveys in two office layouts with high and low levels of individual environmental control. 

Two air conditioned cellular plan offices in Norway are selected with high levels of 

individual environmental control, in which every user is provided with control over a window 

in addition to the ability to adjust heating and cooling. In contrast, two naturally and 

mechanically ventilated open plan offices in Scotland are selected with limited thermal 

control over the windows that is provided for limited occupants around the perimeter of the 

building. Complementary quantitative and qualitative methodologies are applied with 

particular emphasis on the grounded theory. Environmental measurements and questionnaires 

are further reinforced with semi-structured interviews to investigate the environmental 

control. The application of individual control is analysed by quantitative analysis, while 

changes in the thermal preference are analysed through a new qualitative visual recording 

technique. The latter is applied to qualitatively analyse the subject in its context. Information 

regarding all users and their environment is applied as colour codes to floor plate layouts. 

Overall, this research suggests that rather than setting a steady state thermal condition 

according to standard ‘comfort zone’ in an endeavour to satisfy all, it is proposed that 

buildings provide a degree of flexibility to allow occupants to adjust their thermal 

environment according to their requirements. 
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