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ABSTRACT 

Green certified buildings have been marketed largely on the claim that they increase the 

productivity of occupants. It is claimed that the extra investment required to construct a Green 

building not only helps the environment but could also be recovered by the increased 

productivity of its occupants. This relationship between building design and productivity has 

been purported to be achieved with compliance to indoor environmental quality (IEQ) criteria 

of Green building rating tools. With productivity being so central to the characteristics of a 

Green certified building, one would expect there to be substantial and robust research relating 

the criteria of Green rating tools to the measure of productivity.  

This research investigated the proposition that IEQ of Green certified buildings increases 

occupant productivity. This was carried out by reviewing methods of measuring productivity 

in offices, evaluating the significance of IEQ over other factors to productivity and examining 

the appropriateness of the IEQ criteria in representing occupant perception of the environment. 

The Building in Use Studies (BUS) questionnaire was evaluated to ascertain its ability to 

measure the perception of occupants on their productivity and IEQ in office buildings. The 

findings showed that past research has not produced sufficient evidence to support the claim 

that IEQ increases productivity. Rather, it was observed that IEQ factors were not as significant 

to productivity as purported. Other factors such as social, organizational and personal factors 

were perceived to be more important to productivity. It was also found that the research 

supporting the Green IEQ criteria is insufficient in representing occupant perception of the 

environment let alone occupant productivity. Further observations of occupant comfort in 

office buildings showed that, despite a building’s compliance with IEQ criteria, occupants were 

not comfortable with the IEQ in these buildings. Occupants still resorted to exceptional 

measures to alter their working environment. This research concluded that the current methods 



 

iii 

 

of measuring occupant productivity are insufficient; that IEQ is not more significant to 

productivity than other factors; and that the IEQ criteria for building design are not good 

indicators of how occupants perceive the environment. 
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 INTRODUCTION 

1.1 Green productivity 

This thesis deals with the relationship between advancement in technology and the resultant 

productivity of its users. In this case, Green certified office buildings and the productivity of 

office workers. This research aims to disprove the claim that occupants of Green certified office 

buildings are more productive than those working in buildings that are not rated as Green (Baird, 

2010; CABE, 2004). It is only an apparent commercial advantage (Roaf, Crichtin & Nicol, 

2009) for the business case of Green building movement. This business case argues that the 

increased productivity of occupants in Green accredited buildings is a result of the Indoor 

Environment Quality (IEQ) that exists in these buildings (LaSalle, 2011a).  

This claim has encouraged a widespread interest across the globe in the Green accreditation 

process of commercial buildings. This process has been adopted by both voluntary Green 

building organisations as well as governments, and is commercially marketed as a pill for 

productivity improvement (because Green buildings are sold as an apparent cure for 

unproductivity). As more and more buildings are being designed and assessed based on the 

criteria of Green rating tools, occupant productivity has become the central marketing 

characteristic of Green office buildings (WGBC, 2013; Grady, Singh, Syal & Korkmaz, 2010; 

Baird, 2010). Thus, buildings around the world have been built in the name of Green 

architecture but mainly due to the expected financial gain of occupant productivity. The 

hypothesis of this research is that the relationship between productivity and IEQ is not 

significantly different for a building that is accredited Green status than any other reasonably 

well-designed building. It is anticipated that this hypothesis is demonstrated principally by 

logical arguments supported by field studies that replicate commonly accepted methods of 

measuring productivity in office buildings. It is intended that the arguments presented in this 
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thesis are clear and understandable; and are supported by field studies. The methods used in 

these field studies are the same as those commonly used in measuring productivity in office 

buildings. 

Building performance with respect to Green architecture has gained increasing attention in 

recent years. The fact that people spend about 90% of their time indoors (Klepeis, et al, 2001) 

has made the implications of the indoor environment very important to designers. To uphold 

the principles of environmental sustainability and keep up with the expectations of occupants, 

many studies have explored the indoor environment in a bid to identify what conditions best 

achieve both requirements – a Green building and comfort for occupants.  

In order to provide comfort for occupants, studies have endeavoured to identify what conditions 

occupants perceive as comfortable (Fanger, 2001; Brager & de Dear, 2000; Cuttle, 2013). 

These conditions have become standards, and guided architects and engineers over the years 

in specifying IEQ criteria for occupants. These standards specify the levels of a building’s 

physical characteristics, such as lighting and temperature. It is assumed that occupants are 

satisfied and comfortable at the environmental levels these standards have specified. As such, 

it is obvious that these standards should automatically be associated with occupant productivity, 

especially in office buildings where it is of paramount importance. It is expected that meeting 

these criteria should result in greater comfort and subsequent higher productivity in Green 

certified office buildings. 

This research is a significant challenge to the Green building industry, which has promoted 

Green certified office buildings on the promise of improved productivity. It is argued that the 

idea of increased productivity was introduced to support the marketing of Green rating tools. 

This support was needed since it was perceived that the increased cost in achieving improved 

environmental sustainability alone was uneconomic. Saving energy or water or reducing 
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carbon dioxide output were not seen as cost-effective by commercial building owners, 

particularly if the buildings were to be let and the owners would not benefit from the gain. 

Making more profit by labelling a building ‘productive’ appealed to developers, owners and 

institutions not only because of the apparent immediate benefits of a more productive 

workforce but also because the building itself became a more valuable asset. 

The focus of this research is on the IEQ criteria specified in the New Zealand (NZ) Green Star 

Office 2009 rating tools. With particular focus on the claim of higher productivity being a result 

of these IEQ criteria in office buildings, this research sets out to investigate whether there is 

sufficient evidence to prove that compliance with the IEQ criteria in Green rating tools results 

in higher occupant productivity. In posing such a question, this research might be deemed 

controversial as it impacts on those who have invested in Green buildings. Those affected are 

not only the accrediting agents, such as the Green Building Council (GBC), but also building 

designers, consultants, research institutions as well as building owners and organisations that 

have, in various ways, invested in Green certified buildings based on this promise of improved 

productivity. If this hypothesis is correct, then there is much to be lost both in terms of integrity 

and financial investments. 

1.2 The term ‘Green’ 

While it is generally agreed that environmental sustainability is essential in the construction 

industry, there are differing views on what the term ‘Green’ means and what constitutes a Green 

design. Guy & Farmer (2001) observed the manifold interpretations of this concept when they 

studied the relationships between diverse technical design strategies and competing 

conceptions of ecological place-making. The authors noted that beyond the de facto 

professional embrace of Green design, making sense of environmental innovation in 

architecture tends to be a confusing business. According to Cook and Golton (1994), the 
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designation ‘Green’ is extremely broad, encompasses many viewpoints and is open to wide 

interpretation, with sustainable architecture embodying an essentially contestable concept.   

As such, when the term ‘Green’ building was introduced in the latter part of the 20th century, 

its definition was yet to be established. Although the general concept of a Green building being 

beneficial to the environment was undisputable, it was a concept that was left open to 

interpretation or even misinterpretation. As summarised by Guy and Farmer (2001), the various 

claims for ‘Green’ are “competing logics” that can be categorised into 6 logic areas: eco-technic, 

eco-centric, eco-aesthetic, eco-cultural, eco-medical and eco-social. The authors concluded 

that the wide interpretations of ‘Green’ were “shaped by different social interests, based on 

different interpretations of the problem”. In other words, a Green building could be almost 

anything. 

As an attempt to overcome this issue and provide a unified and somewhat practical idea of 

what the term ‘Green’ represents, the Green Building Council (GBC) was formed  in 1993 

(USGBC, 2014) and 'Green' became defined by a set of quantifiable criteria including energy 

consumption, water use, waste, indoor environmental quality and issues concerning location 

and access. According to the author, the mission of the founders – Rick Fedrizzi, David 

Gottfried and Mike Italiano, was to promote sustainability in the building and construction 

industry. Over the years, it can be said that the GBC became sole custodians of this term ‘Green’ 

as it became the brand image of 'Green buildings'. Thus, the privilege of being able to call a 

building 'Green' came with a price – a venture that seems profitable for GBC. 

For office developments, the brand image of 'Green' was attractive but the business case for 

reducing the consumption of resources seemed difficult to justify. For a speculative office, 

there seemed to be little advantage of low energy or water consumption gained as this benefit 

was passed on to the tenant. For the tenant, there also seemed to be little advantage as energy 



 

5 

 

costs are an extremely small proportion of annual expenditure and completely overshadowed 

by labour costs. Furthermore, tenants had no incentive for improving the performance of the 

fabric of a building they did not own. 

As a consequence, the GBC needed to alter their market appeal and look to attract developers 

by selling the 'Green' product as a way of reducing labour costs as well as environmental 

benefits. The marketing strategy turned to the potential of ‘Green’ buildings to increase 

productivity and environmental issues took a back seat. While reducing energy consumption 

required a relatively large increased investment in the treatment of the envelope of a building, 

increasing productivity could be achieved by compliance with Indoor Environmental Quality 

(IEQ). 

Compliance with IEQ was relatively easy to achieve by mechanical devices such as air-

conditioning and uniform artificial lighting (Cichy, 2011) even though these devices resulted 

in additional energy consumption. However, evidence was needed to demonstrate the link 

between a Green building and increased productivity and, with the lack of sound scientific 

evidence, ‘greenwash’ began to abound. 

In New Zealand, achieving a Green Star accreditation for a building required no additional 

investment in either improving the fabric or services of an office building design. For example, 

Byrd and Leardini (2011) demonstrated that it was possible to achieve a Green Star 

accreditation by simply complying with Building Code. The Building Code represents the 

minimum legal standards of construction and, therefore, achieving a 4 Star Green accreditation 

was simply an indication that the building narrowly missed breaking the law. Hence, the term 

‘Green’/ ‘Green building” is defined in this thesis as achieving the minimum Green Star 

accreditation of the NZ Green rating tools (4 Star Green accreditation).  
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1.3 Marketing of Green Certified Buildings 

One of the benefits of building Green is that it lends itself to the crusade on environmental 

sustainability. It aims to minimise the impact of buildings on natural resources through energy 

efficiency. For the most of the 20th century, Green buildings were marketed mainly on their 

contribution to the issues of resource depletion – as a reaction to the oil crisis of that century 

(Keeler & Burke, 2009). But, as the years passed, further potential benefits of Green buildings 

were identified and purported to include better health, productivity and well-being. Amongst 

these, increased occupant productivity, which amounts to greater returns on investment, seems 

to be the most influential benefit claimed for building Green. The appeal of profit gains for 

little investment in building characteristics has caught the attention of the stakeholders who 

control the economy of the building industry. It offered a win-win situation whereby 

environmentally sustainable buildings and higher investment returns are both achieved.  The 

belief that Green can be synonymous with productivity poses questions that current research 

has not yet been able to answer, particularly as there are many non-Green certified buildings 

which could easily achieve these criteria.  

The relevant area of the Green accreditation process that relates to productivity is the IEQ, 

which constitutes about 20% of the overall rating in the NZ Green Star Office 2009 tool (it has 

the second highest rating points after ‘Energy’, which constitutes 25%). If certain criteria are 

met, in particular lighting and thermal characteristics, it is claimed that the building’s 

environment will be conducive to improved comfort and hence productivity (Figure 1-1). This 

thesis will prove that the IEQ criteria do not fully represent occupant perception of the building 

environment, and the productivity measurement methods will also be shown to be largely 

flawed. 
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Figure 1-1: Research Issue: The claimed synonymy of Green IEQ with productivity posed by the question of its validity. 

Source: Author. 

It is worth mentioning here that the author completed the NZ Green Star Practitioner and 

Accredited Professional programme to gain a deeper understanding of the NZ Green Star rating 

tool. This programme certified the author as a Green Star Accredited Professional in New 

Zealand, which means that the author can collate and manage Green Star project submissions 

in New Zealand (New Zealand Green Building Council, 2013c). The programme provides an 

in-depth knowledge of the Green Star suite of rating tools and a comprehensive understanding 

of the rigorous details required to process a successful Green Star submission (NZGBC, 2013c). 

The logical argument adopted to test the hypothesis of this research investigates the validity of 

the individual IEQ criteria in the NZ Green Star Office 2009 rating tool. For example, the IEQ 

criterion for electric lighting level is 400 lux of illuminance measured on a working plane. The 

assumption is that scientific tests have been carried out which demonstrate that this is an 

optimum artificial light level in an office environment. However, this assumption is not entirely 

true. The review carried out (see section 7.3.1) shows that there have been no tests carried out 

to indicate that 400 lux is an optimum (Cuttle, 2009). The recommendation for this light level 

is based on “reason rather than research” (Cuttle, 2009). The early tests that were carried out 

on the relationship between light level and visual performance at a workplace by Weston (1945) 

Green Office spaces Productivity 

Absenteeism 

Performance tests 

Embedded tasks 

Self-evaluations 

• Daylight – not less than 2.5% 

• External View –direct line of sight 

• Electric lighting-400 lux on working plane 

• Thermal comfort- PMV -1 & +1 
 

IEQ criteria  
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found that 11 lux was adequate for an office environment.  Furthermore, this was based on 

reading typewritten text that requires higher light levels than reading a computer screen, a more 

common task in Green certified buildings. This is discussed further in section 7.3.1. 

A further example is the requirement for a 2.5% daylight factor (DF) on the floor. Why the 

measurement should be taken on the floor is not made apparent and does not consider that most 

people in the office environment work at desk level. However, of greater importance is that a 

DF is not (as its name might suggest) a measure of light. It is simply a mathematical relationship 

between the dimensions of an aperture (normally a window) and a point in a room. It has been 

demonstrated by Byrd (1979) that to achieve a 2.5% DF in a room of 7 metres in depth (normal 

office depth to maximise the benefit from daylight) requires the window aperture to be 80% of 

the wall area. Taking glazing bars, sills and building structure into account, this would 

effectively require the entire external wall to be glass (see section 7.3.1 for further information).  

Fully glazed Green certified buildings are not uncommon (Zainal & Byrd, 2012) and though 

the daylighting of their interiors may appear to be good, the reverse has been shown to be the 

case. Large areas of glass introduce problems of glare and excessive solar heat gains. Field 

studies on highly glazed Green certified buildings (Byrd, 2012) have demonstrated that 

occupants close the blinds to reduce glare. These findings are supported by a field study carried 

out as part of this research on occupant comfort in extensively glazed office buildings (see 

section 9.2). This results in lower daylight levels and, consequently, artificial lighting being 

turned on in the daytime. The combination of the heat from the artificial lighting combined 

with solar heat gains (which are not effectively reduced by internal blinds) results in a 

significant increase in the air-conditioning load in order to maintain comfortable conditions. 

Thermal comfort criteria are a further example of inappropriate metrics being employed in 

Green building design. The NZ Green Star tool requires temperature standards that are based 
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mainly on the Predicted Mean Vote (PMV) standards of comfort.  This effectively ignores the 

research into thermal comfort which has taken place in the current millennium (de Dear, Brager 

& Cooper, 1997). The PMV standards are based on comfort voting in air-conditioned offices 

and, therefore, favour the constant and cool environment of an air-conditioned building. The 

PMV standards have been widely abandoned for the ‘adaptive model’ of thermal comfort used 

by American Society of Heating, Refrigerating and Air-Conditioning Engineers (ASHRAE) 

and Chartered Institution of Building Services Engineers (CIBSE). The ‘adaptive comfort 

model’ asserts that a constant temperature does not represent comfort and that occupants are 

able to adapt by various means to a wider range of temperature conditions than the PMV 

stipulates. Using the PMV standards for indoor environmental control means that the design is 

largely dependent on artificial air conditioning systems such as HAVC. On the other hand, the 

adaptive model provides the opportunity for passive measures of air conditioning (see section 

7.3.3). 

The examples above indicate that these Green IEQ criteria are not just inappropriate but result 

in the need for buildings to resort to artificial means of cooling and lighting when they could 

rely on natural means. This appears to contradict the idea of environmental sustainability. The 

examples also demonstrate that almost every office building that has not been accredited as a 

Green building can achieve or significantly improve upon the IEQ of a Green certified building. 

The consequence of this is that non-Green certified buildings are as likely, if not more likely, 

to be productive than Green certified buildings. 

But then, this assumes that the method of measuring productivity has validity. Testing whether 

these criteria actually result in improved productivity is an area of research that is problematic 

(see section 3.4). How, for example, does a researcher measure the additional value gained 

from an office worker in a Green certified building? Proxy-measures such as IQ-type tests 

(Heschong, Saxena, Wright, Okura, & Aumann, 2003) or questionnaires that ask occupants to 
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self-evaluate their perceived productivity (Leaman, 2012) were introduced to attempt to 

achieve this. Without a test that can directly relate increased monetary gain to the achievement 

of environmental criteria, research into productivity needs to focus on a) whether the 

environmental criteria is appropriate and b) whether the tests for productivity are relevant and 

robust. Such is the strength of conviction and power of marketing in the Green building 

industry that there has been little research done to challenge this notion of a relationship 

between IEQ and productivity. Thus, it would appear to have reached precise scientific status. 

For example, some researchers (e-cubed, 2008) were able to demonstrate that a Green certified 

building achieved a 9% improvement in productivity. Literature supporting the case for 

improved productivity is common and is referred to in section 4.2.1.1. However, critical review 

of these studies shows inconsistencies and conflicting findings, which indicate the limitations 

and inadequacy of the methods that have been used to measure productivity (see section 4.4). 

The most widely accepted method of measuring productivity is with a questionnaire named the 

Building in Use Studies (BUS) questionnaire (Leaman, 2012). In order to examine the process 

and results of the survey in more detail, a licence to use the survey questionnaire was obtained. 

The questionnaire survey was carried out on occupants in accordance with the required protocol 

and the outcomes are discussed in section 5.7. The most striking feature of this method is that 

there are about 35 questions concerning the physical environment (heat, light and sound) in a 

building and about 15 questions concerning the upkeep (e.g. the cleanliness), but only one 

question on productivity. That question simply asks, “How you think your productivity at work 

is decreased or increased by the environmental conditions in the building”.  

This raises the issue of how one single self-evaluative question in a questionnaire can lead to 

such a precise measurement of productivity as the example given above (e-cubed, 2008), where 

the building was deemed to be 9% more productive. It also raises the question of how 

respondents interpret the word ‘productive’ and how honest they are in their response. How 
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many employees are likely to say that they are not productive? It also raises issues about the 

relative value of non-environmental factors in productivity. For example, is it more important 

to have good working relationships in an office or a DF of 2.5%? This is discussed in section 

6.6, based on the results of a productivity questionnaires designed which showed that other 

factors outweigh IEQ factors. 

Literature contesting the case for improved productivity is rare. However, there are two very 

important previous cases that have investigated the relationship between advancement in 

technology and improved productivity. These are discussed in more detail in section 3.4, but 

are worth noting at the outset. 

The first is the case of the Hawthorne factory in 1929 (Levitt & List, 2007), where light levels 

were increased and the speed of the production line measured. It was anticipated that an 

increased light level would correlate with increased productivity. The test was rigorous with 

both the lighting levels and production line speed capable of being accurately measured. 

However, the results were unexpected and have remained controversial ever since: productivity 

increased when light levels were increased and also when they were decreased. The 

relationship between the technology and productivity resulted in a null hypothesis. 

The second case is that of the relationship between computers and office workers, which is 

better known as the ‘productivity paradox’ (Brynjolfsson, 1993).  During the 1980s, computers 

became commonplace in offices and it was anticipated that their use would result in greater 

productivity. With a significant amount of data, researchers (Strassmann, 1990, Roach, 1991, 

Franke, 1987) were able to show that the introduction of the computer had little impact on 

productivity. The relationship between the technology and productivity again resulted in a null 

hypothesis. 
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The conclusion that can be drawn from this is that, as in the case of the Hawthorne experiment 

and the ‘productivity paradox’ results, there is no clear evidence that there is a relationship 

between the IEQ criteria for Green buildings and their productivity. The relationship between 

Green certified office buildings and productivity is not valid. 

1.4 Research hypotheses and objectives 

As stated earlier, the hypothesis of this research is that the relationship between productivity 

and IEQ is not significantly different for a building that is accredited Green status than any 

other reasonably well-designed building.  

To test this hypothesis, the following research objectives were set: 

1. Evaluate the sufficiency of methods used by past studies to measure the effect of IEQ 

on productivity. 

2. Demonstrate the limitations of current questionnaires in measuring perceived 

productivity. 

3. Evaluate the significance of the IEQ factors against other factors affecting productivity. 

4. Examine the science behind the IEQ criteria. 

5. Investigate the resultant effects of the IEQ criteria on occupant comfort in office 

buildings. 

1.5 Research Purpose and originality 

Current practices in commercial buildings generally provide standardised indoor climates for 

all the occupants (Drake, de Dear, Alessi & Deuble, 2010), which could result in unfavourable 

IEQ. For instance, most air-conditioned offices have been seen to produce overly hot/cold or 

homogeneous environments for occupants. As noted by Leaman and Bordass (2007), air-

conditioned buildings can be regarded as too cold in winter and too hot in summer. These air-

conditioned buildings also seem to be energy inefficient as a result of their reliance on 
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mechanical systems. These situations are more critical when such buildings are termed Green 

and encouraged by the Green rating systems in the industry. Most of the comfort standards 

adhered to in the design of these buildings lack adequate proof to validate the theories that 

purport to back them up. This is the case for the IEQ criteria adopted in Green certified office 

buildings.  

These standards have become the norm and are accepted despite producing indoor 

environments that are unnatural. Therefore, they should be revisited and the theories that stem 

from them should be re-examined. It is intended that a robust argument will be provided in this 

thesis and thus, offer a significant contribution to knowledge in this field which will in turn 

promote research that is more directed towards the proper measurement of occupant 

productivity and the design of buildings that are responsive to occupants’ needs and the 

environment. The intention of this research is to establish whether or not: 

 There is sufficient evidence to show that occupants of Green certified office buildings 

are more productive than those in a well-designed office building.  

 IEQ factors are more significant than other factors affecting occupant productivity. 

 The standards behind the Green IEQ criteria are sufficient and truly represent occupant 

perception of the environment. 

 The IEQ criteria have altered the architecture of office buildings in the name of 

increased productivity.  

1.6 Limitations  

This research has focussed on the NZ Green Star system; this was based on the Australian 

Green Star system and has many features which are similar to other international rating tools. 

However, the analysis of the IEQ is based on the NZ system only and may not necessarily be 

transferrable to other rating systems. 
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The decision to obtain a licence to use the BUS questionnaire was made to better understand 

and witness how it worked in practice. There may be a conflict between the critique of the BUS 

questionnaire and the subsequent use of it to analyse user-evaluation of buildings. While it is 

argued that the BUS questionnaire is limited in its use as a tool for measuring productivity, it 

was the only tool that the researcher could become licenced to use. However, it is the mostly 

widely used tool. As such, this raises the likelihood that the critique carried out is generally 

applicable. 

Further case studies on certified Green buildings would have been carried out. However, 

obtaining approval to not only carry out the surveys on building owners but also on landlords, 

tenants, sub-tenants and individuals proved extremely difficult. Assistance from the Green 

building council was not forthcoming and many people were suspicious of any form of 

attempted measurement of productivity. For example, one building owner approached in one 

of the most celebrated Green buildings in Auckland was a bank. They were not prepared to 

have anything to do with the study. 

One feature of the NZ Green Star system which makes it different from many other 

international rating tools is that it does not require any post-occupancy evaluation or indeed 

any other measured ‘in-use’ information. It is a tool which assesses the design only. This means 

that as at the time of writing this thesis, there was no data whatsoever on a Green certified 

building’s actual performance.  

Obtaining ethics approval from the University was an extremely time-consuming and 

frustrating process as there is a balance to be struck between protecting survey participants’ 

identities and collecting appropriate data. For example, it would have been more informative 

to sort responses to questionnaires based on where people sit within a room, since IEQ can vary 
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according to location within a room. However, this was deemed to infringe on the protection 

of the participants’ identity.   

Interviews with designers and other consultants who had been involved with Green building 

certification were carried out to some extent. This process was stopped as it was soon realised 

that there was a general reluctance on the part of the designers and consultants to be critical 

given their invested interest in the certification system. While many people may have 

reservations about the system, open discussion is not forthcoming. 

1.7 Thesis structure 

This thesis has been structured to address the research issue and achieve the objectives of the 

research. Chapters 1 and 2 consist of the introduction and methodology. Chapter 3 provides a 

background for productivity measurement. Chapters 4, 5, 6, 7 and 8 address the research 

objectives. Chapters 9, 10, 11and 12 contain an analysis on the effects of Green certification in 

the industry, a discussion on the relevance of this research conclusion and avenues for future 

research (Table 1-1).  

The chapters have been ordered in this manner because each one is precedence for the next. 

The introductory chapter establishes the need for the research, which leads to a description of 

the method of investigation. The following chapters address the objectives set out in chapter 2. 

The chapters of this thesis are outlined in further detail below. 

Chapter 1 presents an introduction to this research. The purpose of this research and the 

hypothesis to be tested are discussed. The objectives through which the hypothesis is to be 

tested are identified. This chapter also explains why this research is original and this thesis is 

structured. The hurdles experienced during the course of this research are identified. 
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Chapter 2 describes the investigation strategy employed in this research. The triangulation 

method is explained and the reason why it was required for this research is highlighted. The 

questionnaires used are described, as well as the literature review and the observation study 

carried out to achieve the objectives set out in chapter 1. Finally, a justification for the 

unconventional nature of this research is provided. 

Chapter 3 outlines occupant productivity in the office environment and explains how it has 

been measured through research. The various definitions of productivity and its 

importance/value in a commercial setting are discussed. A historical excursion through 

available literature on various measures that have been employed in an attempt to measure how 

various factors affect productivity in the office environment is also provided here. Post 

occupancy evaluation (POE) and the part the contribution of POE in assisting/enabling the 

claim that Green buildings improve productivity are also discussed in this chapter. A historical 

analysis of the use of POE in building evaluation is provided. . It narrates the shift from a period 

when POE was used as a means or measure to obtain information on how buildings perform to 

the present period when it is used to prove that Green buildings improve productivity.  

Chapter 4 achieves objective 1 of this research. A critique of past studies that have attempted 

to measure the effect of IEQ on productivity is carried out. The studies selected are critiqued 

based on: 

 The presence of bias in subjective research  

 The productivity indicators used as a measure for change in productivity 

 The diversity in preference amongst occupants for comfort 

 The relationship between comfort and productivity 

 The change law of productivity  

 The influence of other factors affecting productivity in the office environment 
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The subjective and objective methods used by these studies are also examined and the findings 

of the studies are discussed to ascertain whether there is evidence that IEQ is responsible for 

productivity. 

In chapter 5, a BUS questionnaire study of occupants’ evaluation of their productivity and the 

IEQ in office buildings is presented. This study compares the occupants of a Green certified 

office building and those of a conventional office building. The aim was to test the use of the 

BUS questionnaire in accurately measuring perceived productivity.  The differences and 

similarities between the two buildings are presented based on the occupants’ perception of how 

the IEQ in their office buildings has affected their productivity. The findings are discussed and 

productivity scores are compared between the two study buildings. This achieved objective 2. 

Chapter 6 presents a questionnaire study on perceived productivity. This study was carried out 

as an attempt to capture the building occupants’ perception of what productivity means and 

how they measure a change in productivity. The significance of IEQ factors on productivity is 

also measured. The aim was to ascertain if IEQ was perceived to be more important to 

productivity than other factors which affect productivity. This achieved objective 3. 

In Chapter 7, the Green Star office 2009 tool and the IEQ criteria of this tool are examined 

particularly, the visual and thermal criteria. An investigation into the available literature on the 

standards that support the IEQ criteria for visual and thermal comfort was carried out. The 

ability of these standards to represent occupant perception of the environment is discussed. The 

theories on which these standards are based are looked into. The artificial and natural 

(daylighting) control measures for the visual environment and the adaptive and optimum 

control measures for thermal environment are discussed. This literature review is undertaken 

to achieve objective 4. 
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Chapter 8 contains an inquiry into the resultant effect of the IEQ criteria on occupant comfort 

in office buildings. An unobtrusive observational study was carried out on office buildings in 

Auckland City to identify behavioural evidence that represent a form of dissatisfaction with 

the indoor environment in the buildings. The evidence included the use of blinds and electric 

lights. This empirical study achieved objective 5. 

Chapter 9 discusses Green certification and the Green building movement. It presents an 

analysis of the Green building crusades and the characteristics of Green certified office 

buildings. It reviews the excessive use of glass architecture and air-conditioning in modern 

office building and its prevalence across the globe. 

Chapter 10 contains a discussion on the findings of this research. The implications of these 

findings are also discussed. 

Chapter 11 summarizes this thesis. It recaps the research hypothesis and objectives as well as 

the findings obtained. The findings are examined in the context of the research objectives and 

hypothesis, and are also discussed in relation to other study findings. Finally, the implications 

and limitations are highlighted. 

Chapter 12 contains avenues for further research. The results of this research indicate the need 

to carry out further study on perceived productivity and other aspects as specified in this 

research. 

Chapter 13 contains references to studies and pieces of literature that were cited in this thesis. 

They are arranged in alphabetical order. 
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Table 1-1: Thesis Structure. Source: Author 

Chapters Description  

Chapter 1 Introduction 

Chapter 2 Method of investigation 

Chapter 3 Occupant productivity and its measurement 

Chapter 4 Review of studies on IEQ and occupant productivity 

Chapter 5 The reliability of the BUS questionnaire in measuring perceived 

productivity: Empirical Evidence 

Chapter 6 Significance of factors affecting perceived productivity in the 

office: Empirical Evidence 

Chapter 7 A critical review of the Green Star IEQ criteria  

Chapter 8  Unobtrusive survey of occupant behaviour associated with highly 

glazed buildings 

Chapter 9  The resultant effect of Green certification 

Chapter 10 Discussion 

Chapter 11 Conclusion 

Chapter 12 Future research 

Chapter 13 References 

1.8 Conclusion  

This chapter introduced the argument and purpose of this research as well as the research 

hypothesis and objectives set to test the hypothesis. The hypothesis of this research is that there 

is no significantly improved relationship between productivity and the IEQ of a building that 

is accredited Green than there is in any other reasonably well-designed building. 

To logically test this hypothesis, this research has five (5) objectives. The first objective is to 

evaluate the adequacy of methods used by past studies to measure the effect of IEQ on 

productivity. It aims to ascertain whether the studies that have been carried out on the effect of 

IEQ on occupant productivity have measured this effect appropriately. The second objective is 

to examine the use of questionnaires in measuring perceived productivity, i.e. whether a 
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difference in perceived productivity will be uncovered between Green certified office spaces 

and conventional office spaces. 

 The third objective is to compare the significance of IEQ factors with those of other factors 

affecting productivity to ascertain whether IEQ factors have more significance or affects 

productivity more than other factors..  Productivity as understood and perceived by office 

workers is also investigated. The fourth objective is to examine the standards that are specified 

in the IEQ criteria. This objective focused on the lighting, external views and temperature 

criteria in the NZ Green Star office 2009 tool. Considering the popularity of this tool, one 

would think that the science behind these criteria is sufficient and that these criteria are practical 

in building designs. Finally, the resultant effects of the IEQ criteria on occupant comfort in 

office buildings are illustrated.  

This research is original because it contests the popular views of increased productivity benefits 

that are attributed to Green certified buildings. While it provides new knowledge in the area of 

research on productivity measurement and the factors that affect productivity in the office 

environment, this research challenges the use of productivity gains to market Green certified 

buildings. The findings of this research also provide reasons why evidence of the effect of IEQ 

criteria on occupant comfort do not support the study reports of increased productivity. This 

research will affect investments made in Green certification of buildings.  

If the claim of increased productivity is nullified, then there is the possibility that investors in 

the Green building industry will withdraw their interest. But then, it will provide an opportunity 

to identify incentives that are true and without doubts. 

Chapter 2 describes the method through which the objectives set out for this research are to be 

achieved. It will provide justifications for the approaches adopted as well as the significance 

of each method used to achieve the objectives of this research. 
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 METHOD OF INVESTIGATION 

2.1 Introduction 

The primary method of investigation is through logical argumentation (explained in section 1.1) 

that seeks to illustrate that the premise that Green certified office buildings improve occupant 

productivity, unlike non-certified Green buildings, is false. As explained in chapter 1, the 

hypothesis of this research is that the relationship between productivity and IEQ is not 

significantly different for a building that is accredited Green status than any other reasonably 

well-designed building. Hence, five (5) objectives were set to be achieved towards testing the 

hypothesis of this research. The method of investigation adopted for this research was 

structured around achieving the five (5) objectives described below through a triangulation 

method of investigation. This entailed both qualitative (a critique of past studies) and 

quantitative research methods (field investigation of occupant productivity in office buildings).  

2.2 Research Strategy 

Triangulation is the use of more than one approach to investigate a research question in order 

to improve confidence in the ensuing findings (Bryman, 2004). The benefit of using this 

method is that increases the validity of the data obtained. As Webb, Campbell, Schwatrz and 

Sechrest (1966) write, once a proposition has been confirmed by two or more independent 

measurement processes, the uncertainty of its interpretation is greatly reduced.  

Objective 1 was achieved with a review of past studies on productivity measurement in the 

work environment and a comparative field study on the effect of IEQ on occupant productivity 

in Green certified and conventional office buildings. Objectives 2 and 3 were achieved through 

a field study on occupant perception of productivity, IEQ factors and other factors affecting 

productivity. Objectives 4 and 5 were met through a literature review on IEQ metrics and 

theories and a field study whereby occupants’ behaviour at the facades of office buildings were 
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observed. These behaviours are evidences of dissatisfaction with the indoor environment 

quality (IEQ) in the offices. Figure 2-1 shows the triangulation research method followed for 

this research.  

 

Figure 2-1: Triangulation method of investigation employed for this research. Source: Author 

2.3 Survey instruments 

Three (3) survey instruments were employed for this research: a review of available literature 

on past studies; questionnaire surveys involving the BUS questionnaire and a productivity 

questionnaire; and an unobtrusive survey of occupant comfort in office buildings. These survey 

instruments provided sufficient data from which findings were obtained to fulfil the research 

objectives.  

2.3.1 Review of available literature 

Firstly, a review of the available literature on the concepts used in this thesis was carried out. 

This was to create a solid background for the studies which were undertaken. Productivity was 

discussed to see if a unified definition for productivity can be established as well as the various 

measures that have been used in an attempt to measure it.to establish its definition(s) and 

attempts to measure it. A historical review of various methods adopted to quantify productivity 
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and capture how it is influenced by various factors was undertaken. Post Occupancy Evaluation 

(POE) was introduced to illustrate the part it plays in the Green IEQ’s claim of productivity. 

The indoor environment quality (IEQ) was also examined. The different models by which 

visual and thermal comfort are achieved in environmental control were illustrated. This entailed 

looking into the history of lighting and temperature measurements. Finally, the Green building 

rating tool was examined. The NZ Green building rating tool and the IEQ criteria of this tool 

were outlined briefly as well.  

Objective 1 of this research required an evaluation of productivity measurement methods used 

in past research in the study of IEQ and productivity. A systematic review of available literature 

on published research was carried out, comprising studies conducted on occupant productivity 

and IEQ in office buildings. This review critiqued the reliability of the measurement methods 

used to support the notion that occupant productivity is increased by the specific IEQ. Forty 

(40) studies were selected for a critical review of productivity measurement methods. They are 

studies that have investigated IEQ and productivity (see section 4.2). These studies dated from 

2000 to 2013 and were sorted electronically from various journals using the web search 

databases. The search did not extend past 2013 (i.e. the time of writing this thesis). The key 

words “productivity”, “Indoor environment quality”, “performance”, “work” and “job” were 

used to search for studies that have endeavoured to establish IEQ as the sole factor influencing 

productivity. More than 100 studies were found; however, only those showing empirical 

research evidence were selected. It is necessary to mention here that although there were studies 

that have measured the effects of various components on comfort and satisfaction, only those 

that had an element of productivity (job improvement, performance) studied were selected. 

This limitation to the scope was to enable a critical analysis of the study methods and outcomes.  

Objective 4 required an examination of the optimum comfort levels in the IEQ criteria as 

specified in the Green rating tools.  An investigation into the architectural principles and 
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research that these IEQ criteria stem from was carried out (see section 7.3). This was limited 

to lighting and thermal comfort principles as they carry more weighing points than other criteria 

in the IEQ section of the NZ Green Star Office 2009 rating tool. Past studies that have tried to 

capture the theories of lighting and thermal comfort in office buildings were critiqued on their 

applicability in office designs. Conflicting as well as complementary theories that have 

prevailed over time were examined and deductions were made. 

2.3.2 Questionnaire survey 

Two types of questionnaires were employed to demonstrate the limitations of current 

questionnaires in measuring perceived productivity (objective 2) and evaluate the significance 

of IEQ against other factors affecting productivity (objective 3). They were the BUS 

questionnaire by Leaman (2012) and the Productivity questionnaire developed specifically for 

this study.  

2.3.2.1 BUS questionnaire 

The BUS questionnaire is a self-reporting method of Post Occupancy Evaluation (POE) 

developed in 1985 by Adrian Leaman of BUS Ltd (Leaman, 2012). It was refined during the 

1990s when it was applied to a series of government funded building performance evaluation 

studies in the UK (Cohen, Standeven, Bordass & Leaman, 2001). This questionnaire has 

evolved from the original 16-page BUS Office Environment Survey version to their present 3 

page version, which was used for this survey. The BUS questionnaire was used to demonstrate 

the limitations of current questionnaires in measuring perceived productivity. The use of this 

questionnaire was necessary as it is a popular method of measuring the effect of IEQ on 

occupant productivity through self-report. It is applied internationally and its results have been 

used extensively in this area of research.  
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The questionnaire contains questions which are concerned with office environmental 

performance and operational matters. It uses a structured Likert scale of 1–7 over 45 key 

variables evaluated in the questionnaire. While the questionnaire was designed to capture the 

overall perception of a building, only sections addressing IEQ and productivity were 

considered in this research. A sample of the BUS questionnaire is in Appendix 5. Table 2-1 

below highlights the sections concerned.  

Table 2-1: BUS Questionnaire variables investigated. Adapted from BUS Questionnaire (BUS Ltd) 

Questionnaire Variables Description 

Background The age and sex of respondents. It is relevant to occupants' needs in an office 

space. It also has an impact on the occupants’ behavioural response to an 

environment. 

The job description of occupants and duration of work on a daily and weekly 

basis. This determines the nature and requirements of their job description, and 

amount of time spend in the workplace environment. 

The building overall The building design 

Space available for designated work 

Image of the building as a whole as perceived by visitors 

Comfort Index, Forgiveness Factor, Summary index and Satisfaction Index 

Comfort Temperature, Air and Indoor Environment Quality conditions during winter and 

summer. This describes the actual working conditions during the winter and 

summer seasons of the year as the respondents were asked to rate the indoor 

environment quality of their offices. 

Lighting The lighting quality of occupants’ work area. The variables that were 

investigated are Lighting overall, Natural light, Glare from sun and sky, 

Artificial light and Glare from lights. 

Noise The noise in occupants’ work area. The variables include Noise overall, Noise 

from colleagues, Noise from other people, Other noise from inside, Unwanted 

interruptions. 

Overall comfort The overall comfort level of the workspace. 

Health The health of the occupants in the building. It aims to identify if the occupants 

feel more or less healthy. 

Productivity The percentage at which occupants’ productivity at work is increased or 

decreased. 
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2.3.2.2 Productivity questionnaire 

As the BUS methodology questionnaire cannot be altered 1 , a separate productivity 

questionnaire to collect more information on productivity was developed. The aim was to 

develop a questionnaire that captured the knowledge of occupants concerning their productivity 

and how they measure a change in productivity. To achieve this, the following objectives were 

set for the questionnaire. It should: 

 Adequately uncover the respondents’ perception of productivity. 

 Allow the inclusion of factors that might influence productivity in the workplace. 

 Consider factors identified as impacting on productivity in evaluation. 

The questionnaire was designed to bridge the gap of a ‘single question’ as found in the BUS 

questionnaire. For instance, in the BUS methodology questionnaire, productivity is measured 

by asking only one question: 

‘How much do you think your productivity at work is decreased or increased by the 

environmental conditions in the building?’ Please try to evaluate this building with respect 

to your experience of using buildings in general. 

The respondents are then required to provide an answer to this question specifying at what 

percentage they perceive that their productivity had increased or decreased to the nearest 10% 

within the scale of -40% to +40%. It is important to reiterate here that the question above is the 

only question on productivity in this questionnaire. 

The productivity questionnaire was developed to find out whether the respondents understood 

the term ‘productivity’ and how they assessed the change in productivity as a result of 

environmental conditions. It also provided useful insights into how building occupants describe 

                                                 
1 This questionnaire is used under the license of the developers; it cannot be amended or altered. 
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productivity. The productivity questions which were asked provided a more robust method of 

analysing the deficiencies of the standard questionnaire: 

If you were asked to measure how much your productivity has increased or decreased in 

your workplace; 

 How would you interpret the word ‘productive’ other than the ability to produce more? 

 How do you think you could measure the increase or decrease in productivity? 

 What could be done to increase your productivity? 

To develop this questionnaire, it was important that the questions asked are designed following 

acceptable practice in the design of questionnaires (Sapsford, 2007). For flexibility and ease of 

use, this questionnaire was produced in both a paper-based and online version. The results of 

this survey showed whether respondents are aware of the intent of productivity questions and 

their capability of providing useful information on how environmental conditions affect their 

productivity. The items in the questionnaire were grouped together under headings chosen to 

help guide the respondents:  

 Background: this section profiled the respondents: their age, job type and time spent 

on the job. These were borrowed from questionnaires designed to collect data on job 

characteristics (Warr, 2002) and provide information for extracting groups for 

comparison.  

 Productivity: this section contained questions which probed the respondents’ 

knowledge of productivity. 

 Factors impacting on productivity: this section focused on the respondents’ 

perception of the various factors that have been found to affect productivity (Objective 

4). 
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The factors affecting productivity represent various issues that can impact on an occupant’s 

productivity in the office. These factors were selected from a focus group that was asked to list 

possible factors which can affect their productivity during work in the office. Over 100 factors 

were identified as possible candidates for inclusion. They were reduced to thirty-five (35) after 

trialling with the focus group, wherein the respondents identified the factors they felt to be 

most influential on their productivity. The factors investigated are laid out in Table 2-2 below.  

Table 2-2: Factors investigated in productivity questionnaire. Source: Author 

The questionnaire items were structured to ensure as far as possible that the factor being 

investigated was fully measured and appropriate. Most of the questions in the productivity 

section were open-ended and participants were encouraged to address each question as fully as 

they could in their written answers. This ensured that the researcher’s preconception about the 

meaning of productivity did not affect the response of occupants. For the section on factors 

impacting on productivity, the participants were asked to mark their answers on a 5-point 

Likert2 scale (‘Not at all important’, ‘Hardly important’, ‘Indifferent’, ‘Slightly important’ and 

‘Important’). Generally, the questions asked were intended to be simple and the wording was 

tested with a focus group to ensure that they were clear and easily understood, and that a 

                                                 
2 A Likert scale is a rating scale used in questionnaire surveys that defines the score given to a variable by the 

respondent. 

 Factors investigated 

IEQ Factors Daylight, Glare, Too hot/ too cold, Artificial lighting, Too noisy/ too quiet, Air quality 

Other factors Injury, Loss of sleep, Life experiences, Financial stress, Medication effects, 

Health/wellbeing, Transport to work, Underpaid at work, Undervalued at work, Job 

security, Access to health care, Workload, Refreshments at work, Poor management, 

Relationships outside work, Relationships at work, Distraction/disturbance, View, 

Overcrowding, Inadequate equipment, Uncomfortable furniture, Position in relation to 

equipment, Cleanliness, Office décor, Personal storage, Privacy, Position in relation to 

colleagues , Poor Equipment, Furniture arrangement. 
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relevant response would be obtained. A sample of the productivity questionnaire is provided 

in Appendix 7. 

2.3.2.2.1 Pilot study 

Before the main survey was carried out, the validity and reliability of the questionnaire were 

verified on 10 randomly selected colleagues and peers that occupy office spaces. They were 

asked to how long it took them to answer the questions, how easy it was to answer the questions 

and to identify questions they deemed too sensitive to answer.  

Overall, feedback from the trial group was positive except for the section on factors impacting 

on productivity. The questions on equipment and finance were commented on in detail. Finally, 

it was decided that equipment would be addressed in terms of its quality, quantity and 

accessibility. So, the factor ‘equipment’ was broken down into poor equipment (quality), 

insufficient equipment (quantity) and position relative to equipment (accessibility). It was also 

felt that finance should be assessed in terms of organisational and personal influences. Hence, 

finance was broken down into underpaid at work and other financial stress. The questionnaire 

was completed by most of the respondents within 5 minutes, so it was deemed manageable for 

the respondents to answer all the questions asked.  

2.3.3 Sample population 

The BUS questionnaire and the Productivity questionnaire were administered to office building 

occupants. In the first survey, it was administered to office building occupants in an institution. 

This was done to obtain generalisable results on productivity that were not related to a 

particular office building. A target of the first 100 responses was set for this survey. It was 

carried out online through SurveyMonkey.com. 

In the second survey, the questionnaires were given to occupants of a Green certified building 

and a conventional building. The two sample buildings are referred to as Building A and 
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Building B. The identity of the sample buildings had to be kept secret for ethical reasons. Both 

buildings are located in Auckland, New Zealand. Building A is a 5-star NZ Green certified 

building while Building B is a conventional building (Table 2-3). It should be noted that 

Building A is a series of sub-let speculative offices providing no heating or cooling, no 

furniture and no storage space. Building B is owner-occupied with all furniture, storage and 

heating/cooling system provided. 

Table 2-3: Building characteristics of the study buildings. Sources: NZGBC, (2013a) and Fletcher (2014) 

Building Properties Building A  Building B  

Year of completion 2009 2008 

Size 9,600m2 60,000 m2 

No. of floors Five (5)  Eleven (11)  

Air-conditioning system Natural  (passive) Mixed mode with sun-shading to control heat 

gain. 

Glazing system About 50% Extensive (about 80%) 

Green rating 5-star certified Not certified 

Sample Population All occupants (75% of 

responses received) 

All occupants (58% of responses received) 

2.3.4 Unobtrusive field survey 

To achieve objective 5, it was necessary to collect information on the resultant effect of the 

IEQ criteria on occupant comfort with little or no bias. This required an unobtrusive 

observation of occupant behaviour that represents dissatisfaction with the IEQ in the office 

spaces. Occupant behaviour that represents dissatisfaction was used as a measure of comfort 

in the sample office buildings.  

While studies in this area of research have mainly employed the use of questionnaires and 

interviews to understand satisfaction with buildings, it is difficult to eliminate bias (see section 

4.4.1). In order to eliminate any form of bias due to occupants being aware of a survey being 

carried out, an unobtrusive method was employed to gather data from occupants externally. 

This method was termed “External behaviour evidence” and suggested by Onyeizu and Byrd 
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(2011) as an alternative method because it limits distorting factors in the data collection. 

Variations of this method have been used by Rubin, Collins and Tibott (1978); Rea, (1984); 

Inoue, Kawase, Ibamoto, Takakusa and Matsuo (1988); Nicol, (2001) and Reinhart, (2001) to 

monitor occupants’ use of blinds in office buildings. It has also been used to identify the effects 

of glazing on occupants (Altan, Ward, Mohelnikova & Vajkay, 2008; Vorapat, 2008). 

This survey was carried out by monitoring the use of blinds by the occupants and the frequency 

of use of electric lights from an external view of a sample of office buildings. Data from this 

survey provided evidence of occupant discomfort in office buildings.  

2.3.4.1 Study buildings 

The two (2) buildings investigated are all Green intent3 (claimed to be Green), extensively 

glazed (80% or more), air-conditioned (one of the buildings is mixed mode, the other one is 

air-conditioned) and are mainly occupied by office workers. Low E laminated double glazing 

was employed in the facades of these buildings. The Green benefits of low E glass are potential 

energy efficiency and comfort by transmission of visible light into the offices while blocking 

heat transfer (Green Consumer Guide.com, 2013). Laminated double glazing should be 

effective in reducing noise (i.e. providing sound insulation) and heat transmission (thermal 

insulation and the reduction of solar heat gains) (Metro Glasstech, 2013). Thus, it was expected 

that these buildings should have good environmental control as a result of the low E laminated 

glazing used in the facade. Information about the Green certified buildings was retrieved from 

the New Zealand Green Building Council website4. The characteristics of the sample buildings 

are listed in Table 2-4 below: 

                                                 
3 The word ‘green intent’ was used by Leaman & Bordass (2007) to describe buildings which were designed based 

on green architecture and principles. 
4This website is: http://www.nzgbc.org.nz/index.php?option=com_content&view=article&id=46&Itemid=116 
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Table 2-4: Characteristics of the sample buildings. The percentage (%) of glazing represents the aperture left after the 

structure and glazing bars have been installed in the facade. Sources: Fletcher (2014) and NZGBC (2013a). 

Building Properties Building A Building B  

Year of completion 2010 2008 

Size 22,162 sq m (Office space) 60,000 sq m 

No. of floors 23 levels. Office number 

unknown. 

Eleven (11)  

Environmental control  

system 

Fully air-conditioned Mixed mode 

Glazing percentage 100% glazed  Extensively (about 80%) 

Green rating 5 Star NZ Green Star Not certified but is Green intent. 

It is worth clarifying that the Building B used for the questionnaire surveys is the same as 

Building B used for the unobtrusive survey. This building was used as it met the criteria for 

both surveys. Using this building for both surveys reduced the effect of variations that could 

affect the credibility of the results obtained if two different buildings were used.  

Also, the term ‘Not certified but Green intent’ is used for Building B. Building B is ‘not 

certified’ because this building has not received any certification from the NZ Green Building 

rating system as a Green building as it was constructed before the advent of the NZGBC. 

However, it is ‘Green intent’ because its designers considered the design of the building to be 

green5. For ethical reasons, the buildings surveyed in this research cannot be identified. 

2.4 Survey sample population 

The sample population for the empirical studies carried out in this research included all 

occupants of the selected Green and non-Green certified office buildings. Out of the eight (8) 

buildings initially chosen for this research, only three (3) buildings could be accessed – two (2) 

                                                 
5  The environmental, breathable skin that mediates the conditions within the building, created through a 

multilayered facade with a combination of stainless steel, high performance operable glazing and suspended 

exterior glass sun / glare screen, featuring the world’s first integrated titanium interlay system that mitigates solar 

gain and glare for mixed mode natural ventilation and good natural lighting. – World Architecture News.com 

(2009) 
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Green certified office buildings with one (1) conventional office building. Despite this, the 

results obtained from these buildings were sufficient for analysis. All the buildings studied are 

located in Auckland, New Zealand (providing a common climatic and geographical basis for 

comparison).  

2.5 Data processing and analysis 

Data collected from the BUS questionnaire was processed by BUS Ltd as part of the licence 

contract. The data from the productivity questionnaire and unobtrusive survey was processed 

using the statistical package for social scientists (SPSS) 16. SPSS 16 is a data management and 

statistical analysis tool with a versatile processing quality. SPSS 16 was used because of its 

ability to generate routine descriptive statistical data for question responses, such as frequency 

counts of closed questions and the distribution of multiple choice question responses6.  

For the productivity questionnaire, the Relative importance index (RII) was used to find the 

most important factor affecting productivity (Objective 3). It is defined as the proportionate 

contribution each predictor variable makes to R2, considering both the unique contribution of 

each predictor by itself and its incremental contribution when combined with the other 

predictors (Johnson & LeBreton, 2004). R2 is the extent to which the criterion can be predicted 

by the predictor variables. The Relative importance index analyses the contribution a variable 

makes to the prediction of a criterion variable by itself and in combination with other predictor 

variables (Johnson & LeBreton, 2004).  

 The RII is calculated as follows: 

                                                 
6 This information was retrieved from: http://www.sheffield.ac.uk/lets/strategy/resources/evaluate/general/data-

analysis/spss 
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Equation 1 

𝑅𝐼𝐼 =
(∑ai × xi)

(∑xi)
 

Where ai = constant weighing factor and xi = variables representing the respondents’ response 

frequency.  RII value (0 -4) is such that the higher the value, the more important a factor is 

rated.  

The benefit of using the RII is that it permits a greater understanding of the particular role 

played by variables (Tonidandel & LeBreton, 2011). It provides a mechanism for partitioning 

shared variance among variables and allows for better conclusions about the relative meaning 

of multiple correlated predictors within a single metric (Tonidandel, LeBreton & Johnson, 

2009).  

The RII is a popular method applied in organisational research. Many studies have used the RII 

to evaluate employees (Lievens, Highhouse & De Corte, 2003; Johnson & Johnson, 2001). 

Lievens at al., (2003) evaluated the relative importance of applicants’ Big Five and general 

mental ability scores to managers’ decision to hire. Johnson and Johnson (2001) evaluated the 

relative importance of 24 specific dimensions of performance to overall ratings of executives 

made by their supervisors, peers and subordinates. The RII has also been used in studies in the 

construction industry for similar study purposes (Onyeizu & Abu Bakar, 2011; Mistry & Bhatt, 

2013; Avery, Tonidandel & Phillips, 2008). Onyeizu and Abu Bakar (2011) used it to identify 

the relative importance of key factors in design in the use of industrialised building systems in 

Malaysia according to the perception of stakeholders. Misty and Bhatt (2013) applied it to 

identify critical factors affecting labour productivity in construction projects in India. 

The data from the unobtrusive survey was analysed by charting its frequency of occurrence. 

The extent to which the blinds were pulled down was estimated to the nearest 10%. 0% 

represents a roller blind that is completely open, while 100% represents one which is 
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completely closed. For the electric lights, a similar estimation was made on the amount of lights 

switched on. Table 2-5 shows the estimations made for this survey. 

Table 2-5: Survey estimation and codes. Source: Author 

Estimations/codes Description 

0–30% Blinds are less drawn 

40–100% Blinds are more drawn 

2.6 Approvals  

Some essential requirements had to be met to carry out these empirical studies. 

The data collection process for this study included human participants for the questionnaire 

surveys. As such, ethics approval was obtained from the University of Auckland Human 

Participants Ethics Committee (UAHPEC) (Appendix 1). The licence to use the BUS 

Methodology questionnaire was also obtained from Building Use Studies Ltd for the study 

buildings (Appendix 4). Approval to access the study buildings and occupants was obtained 

from the building managers and other necessary authorities (Appendix 2). The study 

participants were also approached for permission to be part of this study (Appendices 3 and 6). 

To investigate the New Zealand Green Building Council (NZGBC) Green building rating tool, 

it was important that the author had an in-depth knowledge of the Green Star rating tool and 

how it functions. Hence, a practitioner & Accredited Professional course was completed 

wherein the rudiments of the tool were explained in depth. This course equipped the author 

with the necessary information on the rating system. At the end of the course, the recipient is 

awarded a certificate as a Green Star Accredited Professional (NZGBC, 2013)7. This is attached 

in Appendix 8. 

                                                 
7The directory for this can be found at: 

https://www.nzgbc.org.nz/index.php?option=com_nzgbc_member&uri=%2F%2Findex.php%2Fcertifiedprofess

ional?type=GSAP&cols=12 
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No ethics approval was required for the unobtrusive survey as the survey only monitored blinds 

closure and frequency of use of electric lights from outside the buildings; human participants 

were not directly included.  

2.7 Research Strategy Justification 

The research approach/strategy was based on a literature review carried out by Onyeizu and 

Byrd (2011). The authors found little or no evidence of a relationship between daylighting and 

occupant productivity in commercial buildings. The authors pointed out the limitations of these 

studies and the unreliability of their results. Other works and the requirements of this research 

also played a role in determining the design of the research method.  

The unobtrusive occupant survey was based on a study carried out by Byrd (2012). Byrd 

monitored the blinds usage of occupants in highly glazed office buildings and their potential 

impact on productivity amongst other factors. He concluded that there is a potential loss of 

productivity as a result of extensive use of blinds to mitigate the glare from sunlight. He also 

noted the use of artificial lighting to supplement the loss of daylight amounted to additional 

energy use. His method was adopted in this research to investigate occupants’ blinds use as an 

evidence of how they perceived the IEQ in their office buildings. The use of blinds as an 

indicator of a perceptual response would illustrate the level of comfort/satisfaction of the 

occupants with the extensive glazing. Extensive glazing is shown in this thesis (refer to section 

7.3) to be encouraged by the criteria of the NZ Green rating tool. This survey is a measure of 

the relationship between comfort/satisfaction and IEQ as specified by the NZ Green rating tools. 

This survey also provided an alternative medium to retrieve unbiased information from 

occupants on their perception of IEQ in their office environments since other methods are 

shown (refer to section 4.4.1) to be affected by bias.  
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The two questionnaire surveys (BUS and Productivity) were based on past self-assessment 

surveys carried out on occupant perception of IEQ in Green certified buildings (Baird & 

Thompson, 2012; Brown & Cole, 2009). Baird and Thompson (2012) employed the BUS 

questionnaire to collect information on the perception of building users on how lighting 

conditions affected their productivity, while Brown and Cole (2009) used this questionnaire as 

a means of obtaining information on occupant perception during a pre and post occupancy 

evaluation (POE) of IEQ in two office buildings.  

The literature review was based on the review carried out by Frontczak and Wargocki, (2011) 

on the effect of IEQ on occupant comfort in office spaces. The authors analysed 33 studies 

from 1977 to 2009 concentrating on thermal comfort, visual comfort and acoustics as well as 

air quality as the indoor environment conditions most studied. The paper identified thermal 

comfort as the most influential environmental factor that affects the overall satisfaction of 

occupants with the indoor environment quality of a building. However, this might be a cultural 

issue dependent on the climate where the studies were carried out. The research location, 

Auckland, has a mild climate. As such, it was interesting to confirm if thermal comfort will be 

perceived as the most influential factor. 

2.8 Conclusion 

This chapter explained the approaches taken to meet the objectives of this research. It described 

the methodology employed – logical argumentation achieved through a triangulation process. 

The triangulation method included a critical review of literature, questionnaire surveys and an 

unobtrusive study of occupants in office buildings.  

The literature review, presented later on in this thesis (chapters 3 and 4), provides a background 

study of concepts and theories used in this thesis; a critical review of productivity measurement 

in past studies on IEQ and productivity and the part POE plays in the productivity claim of 
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Green IEQ. A critical review of productivity measurement methods will be carried out to 

evaluate whether they are sufficient to measure the productivity of workers in an office 

environment (Objective 1). The investigation into the standards which are specified in the IEQ 

criteria of the NZ Green Star rating tool will be carried out to ascertain their ability to represent 

occupants’ perception of the indoor environment (Objective 4).  

The questionnaire surveys required the use of two questionnaires (the BUS and Productivity 

questionnaires). The first questionnaire is the BUS questionnaire from BUS Ltd. This 

questionnaire is used to assess the ability of questionnaires to accurately measure perceived 

productivity (Objective 2). It will also be used to evaluate occupant perception of the IEQ in 

their office buildings. The second questionnaire is the Productivity questionnaire. It was 

designed to capture the occupants’ perception of productivity and the significance of IEQ 

factors to productivity against other factors (Objective 3). Two buildings were chosen for these 

surveys – a Green certified building and a conventional building. Both buildings are located in 

Auckland, New Zealand. The sample population for these surveys included all the occupants 

in the office buildings. A third sample population was chosen to represent a wider population 

and produce generalisable results. This population included the employees of the University of 

Auckland, New Zealand. 

The unobtrusive survey required the observation of occupants from outside the buildings. This 

involved recording blind use and electric light use as evidence of occupant dissatisfaction with 

the indoor environment. The aim of this survey is to highlight the resultant effect of the IEQ 

criteria on occupant comfort in office buildings (Objective 5). Two (2) buildings were selected. 

These buildings are extensively glazed Green-intent office buildings.  

The BUS questionnaire data was processed and analysed by the licencing company (BUS 

methodology Ltd) as part of the contract arrangement. Data obtained from the productivity 
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questionnaire was processed in SPSS 16, and the relative importance index (RII) was used for 

analysis. The unobtrusive survey data was processed in SPSS 16 and analysed according to its 

frequency of occurrence. The frequency of blinds been drawn was estimated to the nearest 10%. 

For the electric lights, a similar estimation was made on the amount of lights switched on. 

A licence to use the BUS questionnaire was obtained from BUS Methodology Ltd. Ethics 

approval was obtained from the University of Auckland Human Participants Ethics Committee 

(UAHPEC) before the questionnaire surveys could be administered to the respondents.  

Acceptance to participate in the questionnaire surveys was also obtained from the respondents. 

The unobtrusive survey did not require any approval since the survey was to be carried out 

externally (from outside the study buildings). 

This research strategy adopted was based on past studies in this area of research and provided 

sufficient data to achieve the research objectives. 

The next chapters deal with the objectives of this research. They present the findings of the 

surveys carried out in this research. Chapter 3 introduces occupant productivity and its 

measurement in the office environment. It provides available background information existing 

and obtainable from literature on which the objectives of this research are achieved.  
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 OCCUPANT PRODUCTIVITY AND ITS MEASUREMENT 

3.1 Introduction 

Productivity as defined and measured in an office environment is critically reviewed in this 

chapter. The various definitions that influence how office worker productivity is described are 

scrutinised with the aim of establishing whether productivity can be adequately measured in an 

office environment. An historical excursion of various methods by which productivity has been 

measured both in the office and industrial settings is reviewed. The inclusion of productivity 

as an integral part of POE is also discussed. Finally, productivity and factors that affect it are 

introduced as a premise for meeting objective 1 of this research. 

3.2 What is productivity? 

Productivity is one of the most important factors affecting the overall performance of any 

organisation, from small enterprises to entire nations (Sweis, Sweis, Hammad & Rumman, 

2009; Niemela, Hannula, Rautio, Reijula & Railio, 2002). It has been defined as simply a ratio 

of inputs to outputs (Djellal & Gallouj, 2013; Koopmans, Bernaards, Hildebrandt, Schaufeli, 

Henrica & van der Beek, 2011; Oseland, 1999) or as the amount of outputs achieved by the use 

of various resource inputs compared to a similar ratio for a particular period (Mundel, 1986).  

Another empirical definition was provided by O’Grady and McCabe (2002) as the calculation 

of Output/Resources Used. The authors explained that productivity can be measured in physical 

units or in value terms, depending on whether the output is homogenous or heterogeneous. 

They also noted that the productivity ratio can relate output to all the resources used or to a 

single factor. Park, Thomas and Tucker (2005) identified the relevant aspects of productivity 

by stating that it is illustrated by an association between an output and an input. This definition 

can be interpreted in the workplace as the association between the work done by an occupant 
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and the resources employed in getting that work done. This measures the ability of an occupant 

to produce or perform required activities with specific resources. This traditional meaning of 

productivity is applicable in an industrial setting and deals with standardised products (Djellal 

& Gallouj, 2013), wherein productivity is an objective and quantifiable measure (Aiby, 1994).  

It has been challenging to define productivity in the context of the office (Haynes, 2008; 

Leaman & Bordass, 1999; Oseland, 1999; Djellal & Gallouj, 2013). Pavlina (2005) attempted 

this by defining productivity as the amount of work that an employee accomplishes in a specific 

time frame. This is expressed as a calculation of Value/ Time, where value represents the 

quality accorded to the performed task and time is the dependent variable that represents the 

number of hours spent in performing the required task. However, the author acknowledged that 

any definition of productivity is relative to the definition of value. He further stated that 

productivity is increased when the value created is increased and the time required to create 

the value is reduced. This shows that high performing and innovative employees are important 

proxy-indicators of productivity.  

Zhao, Zhu and Lu (2009) provided a modified view on how the environment impacts on 

productivity by defining it in percentage (%) terms as the ratio of labour performance in an 

extreme environment to the labour performance in a comfortable environment at the same time 

during the work process. The authors combined a heat tolerance time model with a productivity 

model to design a complete model which determines work time and predicts productivity 

performance in conditions of heavy, medium and light physical labour in hot and humid 

environments. The heat tolerance time model states that a working period lasts from the 

beginning to the time when the human body heat tolerance becomes extreme (a time when 

stress symptoms begin to appear). The productivity model is based on the change rule of 

productivity which captures productivity change in respect to work time. Although this model 

relates more to physical labour than intellectual labour, this definition has a relevance to 
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intellectual labour. This is because, the level at which one performs will decrease with time, 

even in intellectual related work. This model is explained in section 4.4.6. 

3.3 Productivity measurement in the office environment 

Occupant productivity has been described as a complex phenomenon influenced by many 

factors (Lee, 2000; Buttonwood, 2013). As such, it is often difficult to measure productivity in 

its totality let alone quantify the influence of specific components of the indoor environment 

on productivity. It is also difficult, if not impossible, to isolate individual physical factors such 

as daylighting (WBDG, 2012) during such measurements. A review of studies on the effects 

of environment on productivity concluded that confusion about what productivity means has 

made it difficult to identify how environmental conditions affect worker performance (CABE, 

2004). Oseland (1999) also acknowledged the complexity of measuring inputs and outputs, 

especially in today’s modern office. This problem is aggravated in the case of employees whose 

activities are human related. Most products of business organisations such as customer 

satisfaction and knowledge are not quantifiable and cannot be represented in numbers/values.  

However, there have been attempts to quantify productivity in the office. Neely (1998) 

suggested a method of quantifying past actions that determines current performance using 

efficiency and effectiveness as fundamental dimensions of performance. The author described 

efficiency as a measure of how economically the organisation’s resources are utilised when 

providing a given level of customer satisfaction, and effectiveness as the extent to which 

customer requirements are met. Oseland (1999) is of the opinion that productivity is generally 

expressed in terms of efficiency. As such, it can be increased by either increasing output for 

the same input, or achieving the same output with reduced input (Haynes, 2007c). In other 

words, productivity can be achieved by producing the same output with fewer workers or 

producing more output with the same number of staff. This idea could be a reason why 
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organisations want Green certified buildings. With the promised increased productivity 

associated with Green buildings, they could in essence employ fewer workers.  

For example, LaSalle (2011a) noted that there is a continuation of challenging economic 

conditions and pressure to do more with less which has led Corporate Real Estate (CRE) to 

increasingly look at ways in which they can improve the productivity of people and ultimately 

organisations. Thus, with an apparent economic analysis of engaging fewer staff as a result of 

increased productivity, the essence of Green certified buildings to developers and companies 

becomes more appealing. This is discussed further in Section 9.3.  

Pulakos (2007) suggested two general categories of productivity measures: objective or 

subjective performance measures. Objective measures are more or less quantifiable entities 

such as number of words typed per minute, while subjective measures include performance 

rating tools such as behavioural observation scales. This method relates to those of Woods 

(2002), who identified productivity in terms of Figures of Merits (FOM). According to the 

author, FOM is a measurable parameter that is expressed in terms of the function provided in 

the occupied space. He described these FOM as either task-based (traditional) or non-task 

based (non-traditional); selected on a site-specific basis. These measures assess the quality of 

work, the quantity of work, or both combined. WBDG (2012) went further to highlight four 

building blocks of a person’s productivity: concentration, learning, communication and 

collaboration. The author stated that these building blocks cannot be achieved without an 

appropriate physical environment. The Corporate Leadership Council (1998) supported this 

view by suggesting that employee productivity depends on the amount of time an individual is 

physically present at a job and also the degree to which he or she is ‘mentally present’ or 

efficiently functioning while at work.  
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An interesting theory which can be viewed as a means of quantifying productivity in a work 

environment is that suggested by The US General Service Administration (GSA) (WBDG, 

2012). It concluded that since people are the most important resource and greatest on-going 

expense of any organisation, the long-term cost benefits of a properly designed, user-friendly 

work environment should be factored into any initial cost considerations. WBDG (2012) 

suggested that one way to do such "factoring" would be to consider the total life-cycle costs of 

the building or property each year. It explains that an additional $2 per square foot per year for 

bricks and mortar costs (e.g. for providing greater flexibility) would pay for itself if it generated 

a modest 1% increase in salary “productivity”. As such, design strategies that increase user 

satisfaction and improve individual and group effectiveness should therefore be considered not 

as cost 'extras,' but as productivity investments that enhance an organisation's overall success. 

These productivity investments can also be a measure or prediction of how much productivity 

can be increased over a period of time. However, employees could be made redundant if 

productivity is increased. Thus, the job security of people who are the most important resource 

and greatest expense of any organisation might be put at risk. Hence, increasing productivity 

might not be so beneficial to employees. 

3.4 Productivity measurement in research 

Investigating productivity and how it can be increased in an industrial setting has been 

successful to some extent, but the complexity of the commercial work environment and 

activities which include not easily quantifiable entities make it difficult to determine how the 

productivity of occupants can be increased or maximised by the manipulation of the indoor 

environment by architecture. Despite this drawback, research has attempted to investigate the 

effects of the working environment on its occupants’ productivity.  
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3.4.1 Taylorism 

The earliest known attempt to scientifically measure productivity was carried out by Frederic 

Winslow Taylor (1856–1915). At the start of the twentieth century, Taylor attempted to 

scientifically measure the productivity of workers using a stopwatch. He broke workers’ jobs 

down into the smallest possible elements and observed the time taken to accomplish the work 

(Taylor, 1911). He proposed that productivity could be increased by analysing and synthesising 

workflow. Known as the father of scientific management by The Wall Street Journal (1997), 

Taylor proposed that the most efficient way of task performance could be identified through 

the study of time and motion. This method (later known as Taylorism) gave birth to the 

twentieth century dominant culture of offices (Duffy, 1998) and measured productivity in the 

paradigm of industrial productivity.  

The transference of Taylor’s mechanistic paradigm from the factory to the office appears to be 

paralleled by the way productive offices were measured (Haynes, 2007d). It did not seem to 

acknowledge the social and emotional aspects of work and was viewed “as nothing more than 

a method to extract more sweat from labour, turning workers into personal slaves” (Baker, 

2007). It was defined by Littler (1978) as the bureaucratisation of the structure of control but 

not the employment relationship. For example, a survey of workers after a strike at the 

Watertown Arsenal (UK) in 1912 revealed a high level of resentment and hostility towards this 

scientific method of improving productivity (Mullins, 2004). 

3.4.2 The Hawthorne experiment 

Another attempt to measure productivity was the Hawthorne experiment carried out by George 

Pennock and Clarence Stoll at the Hawthorne Works factory in 1924 (Levitt & List, 2011). The 

purpose of the research was find out how a productive and satisfying working environment 

could be achieved (Roethlisberger & Dickson, 1939). It involved an illumination experiment 

and a bank wiring study. The participants in these studies were women who worked in three 
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(3) departments assembling relays or wound coils of wire. They were grouped into a control 

group and a test group. The illumination study monitored the effect of lighting variation on the 

productivity of workers from November 1924 through to April 1925. Lighting levels were 

manipulated from a baseline of 4 foot candles of artificial light to 36 foot candles. The 

independent variable was the different lighting levels, while the dependent variable was the 

measured productivity of the participants. The findings showed that both the control and text 

group experienced an increase in their productivity regardless of whether the light was 

increased or decreased. Without any identified variable to account for the increase, the 

researchers concluded that their presence in the research could have affected the productivity 

levels of the participants.  

In the second study, the participants were paid based on how much work they produced. This 

was done to ascertain whether the prospects of a higher pay will influence an increase in 

productivity. It was observed that while the new employees started with higher productivity 

levels than the experienced workers, they eventually reduced their levels to be more in line 

with those of the more experienced workers (Haynes, 2007c). It was the time of the Great 

Depression and money was particularly tight, so the research team were surprised to discover 

that it was deemed more important to conform to the norm of the group than to earn more 

money (Smither, 1998). Duffy (1998) noted that the results of the Hawthorne studies provided 

clear evidence that any single environment variable is overlaid with the wider issues that have 

been produced as a result of human activities. This gave rise to the Hawthorne effect – a popular 

source of bias in subjective research (discussed further in section 4.4.1). 

3.4.3 The ‘productivity paradox’ 

Other attempts that followed were aimed at measuring the effect of different factors on 

productivity in the workplace. The methods applied involved economy-level and sector-level 

data of organisations. For instance, several researchers (Cron & Sobol, 1983, Strassmann, 1990, 
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Roach, 1991, Franke, 1987) monitored the impact of computers and information technology 

(IT) on workers’ productivity. Most of these early studies showed that IT did not have any 

significant effect on productivity. For example, Roach (1987) found that while the investment 

on computer per worker in the service sector rose by several hundred per cent from 1977 to 

1989, the output per worker did not increase significantly. The Economist (1990) wrote that 

“computers do not boost productivity, at least not most of the time”.  

However, Brynjolfsson (1993) tried to identify the obstacle in the relationship between IT and 

productivity as a “productivity paradox”. The author pointed out that unless this productivity 

paradox is understood, the obstacles to higher productivity growth from the use of IT cannot 

be identified and removed. He identified four causes of productivity paradox to include 

measurement error, time lags, redistribution and mismanagement.  

While it could be argued that these studies are relatively old and recent results may have been 

different, these former illustrate the paradox of popular views such as the case of office 

productivity measurement and the associated claim of Green buildings as regards productivity.  

3.4.4 Recent attempts 

More recent attempts have employed the “correct answering rate” mathematical evaluation 

(Tanabe, 2007) and the application of the “Vienna Test System” (VTS) (Liu, Chiang, & Lin, 

2010) to measure productivity. The VTS method includes psychological testing, ability testing, 

general ability testing and special ability testing administered for scientific and psychological 

diagnosis and evaluation of effectiveness, comprehensive ability and personality characteristics 

(Liu et al., 2010). Others include speed of information processing (Lehrl, Gerstmeyer, Jacob, 

Frieling, Henkel, Meyrer, & Bleich, 2007); long- and short-term memory (Wang & Boubekri, 

2010) and motivation (Boyce, Veitch, Newsham, Jones, Heerwagen, Myer & Hunter, 2006). 

The problem with these methods is that they do not seem to represent the actual work carried 
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out in the office and the office environment. The problems associated with these methods are 

discussed further in sections 4.4.2.2 and 4.4.2.4.  

Productivity has also been measured largely in terms of occupants’ self-reports of ‘improved’ 

or ‘reduced’ productivity, e.g. questionnaires and interviews (Leaman & Bordass, 1999). This 

method is based on the notion that occupants are the best source of information on productivity 

(Leaman & Bordass, 1999). This method is the most commonly applied method through which 

office productivity is assessed.  However, what is overlooked is the fact that this method does 

not measure productivity. It measures occupants’ perception of productivity (perceived 

productivity). Thus, it is liable to bias (see section 4.4.2.1). 

3.5 Productivity and post occupancy evaluation (POE) 

Post occupancy evaluation (POE) is the process of evaluating buildings in a systematic and 

rigorous manner after they have been built and occupied for some time (Preiser, Rabonowitz, 

& White, 1988). Its major focus is on the needs of the occupants and how the study building is 

satisfying those needs. 

From its inception, POE has provided significant information on the performance of buildings, 

providing information from occupants on how buildings function and how they can be 

improved to cater for present and future occupants. However, the 21st century has seen the 

inclusion of occupant productivity in a building’s checklist during POE. Productivity has 

become one of the major drivers for POE in Green certified buildings with studies such as 

Leaman & Bordass (1999) showing that change in productivity (even if it is perceived) can be 

measured through POE. The process is as follows: have a building certified by the Green rating 
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systems and after 1 or 2 years of occupancy, conduct a POE that will inevitably show an 

increase in occupant productivity8 (Figure 3-1).  

 

 

 

 

3.5.1 A historical excursion on POE 

A historical review shows that this was not part of the original contract. POE was intended to 

serve as an evaluation tool for building performance and not as an advocate for productivity 

and the Green building movement as is presently the case. The history of POE started with one-

off case study evaluations in the late 1960s and progressed to system-wide and cross-sectional 

evaluation efforts in the 1970s and 1980s (Presier & Vischer, 2005). Since its inception, POE 

has served in three major distinct periods classified by Rabinowitz (1988 cited in Preiser, 1989) 

as the useful, usable and used periods. This classification provides a descriptive analysis of the 

evolution of POE from the early 1960s to the present day. With the addition of a fourth class, 

which is termed the Using class for the purpose of this thesis, the chronicles of POE are 

summarised below. This later class represents the present use of POE in the era of Green 

buildings.  

                                                 
8 The NZGBC website reports on increased productivity as a result of green certified buildings. More information 

on this can be found on this website:  

http://www.nzgbc.org.nz/index.php?option=com_content&view=article&id=398:measuring-productivity-in-

green-buildings&catid=56:general-news&Itemid=259. 

Green IEQ 

criteria 

Subjective and Objective  

Increased 

productivity POE 
Construction and 

Occupancy 

Design certified 

as ‘Green” 

Figure 3-1: The part played by POE in Productivity Claim of Green certified buildings. Source: Author 
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3.5.1.1 Useful class (the 1960s) 

This period represents the pioneer class of POE application in building evaluation studies 

which existed as part of the nascent field of environmental design research (Rabinowitz, 1988 

cited in Preiser, 1989). Although they were intended to be experimental, useful tools were 

developed during this period to identify the effects of building environment on occupants and 

building owners. The development of useful tools was as a result of the case studies of ‘Dorms 

at Berkeley’ carried out by Van der Ryn & Silverstein (1967), the school and offices studies 

conducted at the Building Performance Research Unit (Markus, 1972) and the Pilkington 

Research Unit studied by Manning (1965). 

 In the UK, POE started with the addition of a final stage M feedback in its ‘plan of work for 

design team operation’ in 1963 by the Royal Institute of British Architects (RIBA) (Preiser & 

Vischer, 2005). While in North America, experimental verification studies of the award 

winning student residence by Van der Ryn & Silverstein in 1961 set the ball rolling for POE. 

Generally, early POE study focused on residential environment and the design of housing for 

disenfranchised groups especially as a result of rapid home construction after the 2nd World 

War (Preiser & Vischer, 2005). It led to the creation of the new field of Environmental Design 

research and interdisciplinary professional associations such as the Environmental Design 

Research Association in 1968. 

3.5.1.2  Usable class (the 1970s) 

The development of methods and process for systematic POE practises was experienced in this 

period as its scope significantly increased. This was because the intention was now mainly 

focused on research (Rabinowitz, 1988 cited in Preiser, 1989). As such, evaluations conducted 

were analysed to explore the relationships between environmental design, building 

performance and occupant behaviour. This gave rise to modifications to the pioneer process 

with the addition of factors such as the functional and technical aspects of building performance.  
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There were major changes in POE’s scope and size as this period recorded the first multi-

building studies amongst which the works of Newman (1973) stood out. In one of these studies, 

Newman examined data from 100 housing projects, which resulted in changing policies on 

housing at a national level and catalysing the renovation of existing public housing projects. 

His work linked the occurrences of crime to housing form and disposition, site design, and 

circulation; and was, as described by Rabinowitz (1988 cited in Preiser, 1989), provocative. 

Other research, such as the study of a number of housing projects by the university of Illinois 

applying sophisticated statistical analysis (Francescato, Weidemann, Anderson, & Chenoweth, 

1979) and Mclaughlin’s 1972 evaluation of hospitals (a multi-facility study), which focused on 

the frequency of change and renovation in a hospital’s functional areas, endeavoured to relate 

building performance to economic cost and benefits (Rabinowitz, 1988 cited in Preiser, 1989). 

In fact, the first known appearance of the term POE was in McLaughlin’s study in 1975 (Preiser, 

1989). 

Multi-method approaches to POE were also initiated during this period to include physical and 

non-physical factors such as management. These factors were analysed in relation to their 

importance and effects on building occupants. Useful techniques and approaches to POE were 

initiated and enhanced in the 1970s, which gave rise to established and modified evaluations 

as is to be observed in the next decades. 

3.5.1.3 Used period (1980s – 1990s) 

This period saw major advancements in the theory, methods, strategy and application of POE 

to building performance study. POE became a discipline of its own mostly in the academic 

sector (back then, there was limited direct connection with the professional practice in the 

industry). Major global and local issues stimulated this advancement in POE usage in the 

industry as well as the enhancement of academic research in the field. Issues like energy 

efficiency of buildings during the oil crisis of 1973–83 and the 1990s, the growing importance 
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of CO2 and environmental sustainability, and even the outbreak of Legionnaire’s disease in the 

mid-1980s as a health issue related to buildings (Derbyshire, 2001) were all strong drivers in 

promoting the usage of POE in building performance and evaluation. The advancement in 

research produced multiple perspectives on the application of POE to include human factors in 

combination with technical and environmental performance issues in buildings. Perhaps this 

inclusion came about with the creation of the three main dimensions of sustainability 

(environmental, economic and social), which enabled an evaluation of not just the physical 

performance of buildings but also other aspects essential to the occupants.  

Such developments include the creation of an integrative framework for building performance 

evaluation and the proposal of an evaluative and review stance in all six major phases of 

building delivery and life cycle (Michigan State University, 2008). Others include the 

emergence of Building Use Studies (BUS) and the ‘Probe’ (Post-occupancy Review Of 

Buildings and their Engineering) in the UK. While BUS tries to capture occupants’ attitudes to 

the interactions between buildings, new technologies and work organisation, the Probe is 

described as perhaps the first systematic effort to publish the performance of specific new 

buildings (Derbyshire, 2001).  

3.5.1.4 Using class (2000 –present) 

The emergence of the Green building movement broadened the scope of POE to include 

activities in the office. This came as organisations that have invested in the Green building 

system aim to see the product of their investments – more productive occupants. Hence, as 

many buildings are certified as Green, there are POE studies conducted on these buildings and 

the productivity of their occupants. This has led to the inclusion of productivity questions in 

questionnaires as well as other productivity evaluation methods. Questionnaires such as BUS 

and the CBE questionnaire were developed to not just evaluate building performance but also 

measure productivity against the environmental conditions in buildings.  
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While the bigger picture for POE is the evaluation of building performance in respect to an 

occupant’s needs and satisfaction, the main attractive of its results is largely focused on how 

productive the occupants were measured to be. As such, irrespective of the concerns of 

occupants on the poor performance of certain aspects of the buildings, as long as an increase 

in performance is perceived, the building is proclaimed a success story. As mentioned earlier, 

most POE studies are observed to record a massive increase in productivity despite numerous 

complaints about the IEQ of the building. The drive for higher productivity by stakeholders 

has somewhat redefined the purpose of POE from its original focus on building performance 

to focus on changes in productivity. An illustration of the development in the purpose of POE 

since its inception is shown below (Figure 3-2): 

 

Figure 3-2: Change in purpose of POE over the years. Source: Author 

1960s – Effects of building 
environment on occupants 

(Experimental)

1970s – Building performance 
(Research)

1980s-90s –Human factors 
with technical and 

environmental performance 
(Research)

2000s – Environmental 
performance and productivity 

(Business?)
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3.6 Measuring occupant productivity and factors that affect it in the 

office 

With the advent of Green buildings, productivity and the office environment have been 

researched in depth. While this has resulted in greater attention being paid to the work 

environment, it has made it difficult to identify how productivity can be enhanced by 

manipulating the environment. Despite the fact that many studies have been carried out in this 

area of research, there have been so many different study findings that it has not been easy to 

arrive at generalisable results (see section 4.4). While some studies have suggested that 

productivity is influenced by the environmental factors of the office environment (Baird, 2010, 

Baird & Thompson, 2012; Baird, Leaman & Thompson, 2012), others produce results that 

seem to refute this proposition (Kolarik, Toftum, Olesen & Shitzer, 2009; Haynes, 2008) (see 

section 4.2.1). Also, several limitations posed by the complex nature of the office environment, 

and the existing confusion with regard to productivity proxy-indicators do not make it easy to 

analyse these variables (sections 4.4.2 and 4.3.3). The office environment is made up of several 

different factors that are difficult to calibrate. Some of these factors deal with elements like 

organisational management, office culture and the different personalities and abilities of 

workers. These elements influence the office and are outside of the control of a designer. As 

such, there is the possibility that even in well-designed office spaces, these factors may 

decrease productivity or cause it to stagnate (section 4.4.7). Even in an industrial setting where 

the simple logic of input versus output exists, capturing the effect of factors on productivity 

has not been successful (the Hawthorne experiment discussed in section 3.4.2). This problem 

is heightened by the challenges of identifying proxy indicators that represent worker 

productivity in its totality.  

The methods of measuring the relationship between productivity and factors which are found 

in the office environment are influenced by the acknowledgement that the productivity of 
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occupants is significantly determined by the environmental perception of the workspace 

(Roelofsen, 2002) amongst other factors. This might be because an occupant’s experience of 

the environment is transformed by the activities she/he is performing in that environment 

(Vischer, 2008). This means that the characteristics of a workspace (physical and non- physical) 

could affect not only how people feel but also their productivity in the organisation. As noted 

by Vischer (2008), the difference between a supportive and an unsupportive workspace is the 

degree to which occupants can devote their attention and energy to their tasks, as opposed to 

expending it to cope with adverse conditions. For example, variables such as lighting, 

ventilation and noise can, under certain conditions, generate stress, which, in turn, has a 

negative effect on productivity (Evans & Cohen, 1987). Social factors such as disturbance and 

distraction can also have negative effects on productivity (Haynes, 2007b). These limitations 

are discussed at length in section 4.4. 

3.7 Conclusion 

This chapter critically examined and discussed the various definitions of productivity and how 

it has been measured. It was shown that productivity is defined not just as the ratio between 

output and input as it is in an industrial setting but also includes activities that are not 

quantifiable in a commercial setting.  

Measuring productivity in the office environment was evaluated and various methods 

developed to capture the intricacies of occupant productivity were analysed. A brief historical 

analysis of productivity measurement in research was carried out with the aim of identifying 

the attempts that researchers have made to influence occupant productivity. This included a 

recount of the Taylorism concept, the Hawthorne experiment, the productivity paradox and 

recent attempts that involve more sophisticated tools such as the Vienna Test System.  
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It was noted that Taylorism, which attempted to measure productivity with a stop watch, had 

the disadvantage of not acknowledging the social and emotional aspects of work in the office. 

The Hawthorne experiment was unsuccessful because the researchers acknowledged that their 

presence during the experiments had influenced the workers’ productivity. Thus, an effect of 

lighting on productivity could not be proved. The ‘productivity paradox’ failed to establish that 

there was a relationship between computers and productivity. Recent attempts also fail to 

represent in totality the work done in the office. This review showed that a universal method 

of measuring productivity is yet to be discovered. 

Post Occupancy Evaluation (POE) of office buildings was discussed in respect to the part it 

has played in the claim that greater productivity is the result of the indoor environment quality 

(IEQ) of Green certified buildings’. A historical evaluation of the use of POE in the evaluation 

of building performance was carried out. This history was grouped into the useful class, usable 

class and the used class. This historical analysis of the use of POE showed the recent inclusion 

of occupant productivity as an integral part of POE. Thus, a new class was created which was 

termed the “using class”. It was noted that while the original use of POE is to evaluate buildings 

based on occupants’ needs and satisfaction, the current interest in its results is largely focused 

on how productive occupants in Green certified buildings were measured to be.  

Finally, the challenge of measuring how factors affect productivity in the office was discussed. 

Various issues were highlighted to include the dilemma in identifying proxy indicators that 

represent occupant productivity in its totality. 

The background study carried out on occupant productivity in this chapter has shown the 

complexity and unsuccessfulness of methods in adequately measuring productivity. This 

finding therefore, strongly indicates that the premise that Green certified office buildings 

improve occupant productivity, unlike non-certified Green buildings, is false since occupant 
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productivity has not been adequately measured. This is further examined in the following 

chapter 4. Chapter 4 progresses this argument evaluating the sufficiency of methods used by 

recent past studies (from the year 2000 to the present) to measure the effect of IEQ on occupant 

productivity in office spaces. The aim is to ascertain if recent methods of measurement have 

succeeded where the preceding ones have failed to adequately measure productivity and the 

effect of IEQ on occupant productivity.
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 REVIEW OF STUDIES ON IEQ AND OCCUPANT PRODUCTIVITY 

4.1 Introduction 

There is considerable debate around measuring the productivity of an office worker in day to 

day activities for a normal working period (CABE, 2004; Lee & Brand, 2010). As shown in 

the previous chapter (chapter 3), the complex nature of productivity in an office environment 

makes it difficult to identify method(s) that adequately measure occupant productivity. As such, 

it is yet to be established if office productivity can be measured or quantified. For example, 

Senshama, Woods and Goodwin (1998) noted that there are gaps in the existing knowledge 

about non-industrial productivity measurement stating that current literature presents 

contradictory evidence about links between human responses and occupant productivity. 

Haynes (2008) identified the measurement of productivity and the effects of the office 

environment on the productivity of occupants as two main research areas which require further 

development. Consequently, this chapter will review IEQ and productivity measurement in an 

office environment. The aim is to evaluate the adequacy of methods used by past studies to 

measure the effect of IEQ on productivity (Objective 1). To achieve this, productivity 

measurement methods employed by past studies will be reviewed and examined with respect 

to the measurement parameters used and the environment settings studied.  

Previous reviews of literature have concentrated on finding absolute effects of the physical and 

non-physical components of IEQ on occupant comfort and satisfaction that can be related to 

productivity (Abdou, Gamal & Abdou, 2006; Frontczak & Wargocki, 2011; Hauge, Thomsen 

& Berker, 2011; Sensharma et al., 1998). While these reviews have greatly influenced 

(positively and negatively) the claim that IEQ is responsible for productivity, none of them has 

critically investigated studies based on the measurement methods applied. These productivity 
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measurement methods need to be examined to establish their strengths and weaknesses in this 

area of research. This review covers various studies carried out from 2000 to 2013.  

4.2 Review of previous studies 

As explained in section 2.3.1, forty (40) past studies selected from past research were critically 

reviewed on the methods by which productivity has been measured and the environment 

settings for the studies. An analysis of the reviewed studies showed that while most of the 

studies found a causal link between IEQ and productivity, others used productivity as the 

criterion to determine thresholds for comfort or satisfaction. From these 40 studies, findings 

that indicate support of or opposition to a correlation between productivity and IEQ were 

highlighted. Forty six (46) findings were found to be of importance to this review. Out of the 

46 findings, twenty nine (29) findings showed that increased productivity was a result of the 

IEQ (temperature, lighting, noise or combined) found in the buildings; thus supporting a 

correlation. However, seventeen (17) findings do not support a correlation. The statistics of the 

reviewed studies reviewed are shown in Figure 4-1. 

 

Figure 4-1: Study findings on a causal link between IEQ and Productivity. Source: Author 
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4.2.1 Overview of the studies 

The components of IEQ studied were mainly temperature, lighting (which includes daylighting 

and artificial lighting and noise). For effective analysis, the studies selected were divided into 

two focus groups: 

 Productivity measurement methods applied: For this, the studies were grouped 

under: 

o Those that applied objective methods: these include absenteeism, performance 

tests (computer-based or paper-based), embedded tasks (call quantity, sales 

entry). 

o Those that applied subjective methods: these include self-appraisals such as 

interviews and questionnaires. 

o Those that combined the two research methods (qualitative and objective). 

Eight (8) studies have applied only objective measures; twenty five (25) studies applied only 

subjective measures while seven (7) studies used the two methods. The statistics are shown in 

Figure 4-2.  

 Environmental conditions studied: this group distinguishes between studies that 

carried out their investigation by controlling the environmental conditions and those 

that carried out their investigations in real office environments. In this case, the studies 

were grouped under: 

o Those carried out in controlled environments and  

o Those carried out in real office environments. 
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Thirteen (13) studies controlled the environmental conditions, while the rest investigated in 

real life office environments. The statistics are shown in Figure 4-3. The studies are shown in 

Table 4-1. 

 

Figure 4-2: Productivity measurement methods used in studies reviewed. Source: Author 

 

Figure 4-3: The environmental conditions wherein productivity was measured in studies reviewed. Source: Author
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Table 4-1: Previous studies reviewed on the causal link between IEQ and Productivity. Source: Author 

Year Study Support/ 

Oppose a 

link 

IEQ factor tested Productivity indicator 

used 

Method applied Study environment 

1999 Heschong 

Mahone 

Group 

Support Lighting Performance level Objective: Test scores and 

Demographic Information about 

school pupils 

Real office environment 

2001 Leaman & 

Bordass  

Support Temperature, 

lighting, noise, air 

quality 

Perceived productivity Subjective: BUS questionnaire Real office environment 

2003 Heschong et 

al. 

Support (2 

studies 

conducted) 

Temperature, 

lighting, noise, air 

quality 

Call processing time, 

memory tests 

Objective: call process records Real office environment 

2005 Prakash Support  Temperature, 

illuminance and 

noise 

Perceived productivity Subjective: CBE questionnaire Real office environment 

2006 Hepner & 

Boser  

Support All factors on LEED 

IEQ checklist.  

Perception  Subjective: questionnaire Real office environment 

2006 Roulet et al.  Support Temperature, Noise, 

Air quality, 

Lighting. 

Perceived productivity. Subjective: questionnaire Real office environment 

2006 Venetjoki et 

al. 

Support Noise Cognitive  performance  

and perceived 

performance 

Combined: questionnaires; 

Proofreading performance, reading 

comprehension and computer-based 

tasks 

Controlled environment: sounds 

environments of 48dBA at 0.000, 0.30 

and 0.80 speech transmission indices. 

2006 Boyce et al.  Oppose Lighting Cognitive judgment and 

performance 

Combined: questionnaires. Visual, 

clerical and cognitive tasks. 

Controlled environment: different 

lighting installations 

2007 Juslen et al. Support/ 

Oppose 

Lighting  Speed of production Objective: assembling components 

of electronic control gear 

Controlled environment: difference 

illuminance – 800lux and 1200 lux. 

2007 Kim & Kim  Oppose Lighting Visual annoyance Combined: Reading tasks and 

questionnaire  

Controlled environment: Fluctuating 

desktop illuminance levels 50lux, 
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100lux, 150lux, 200lux, 250lux, 300lux 

and 500lux. 

2007 Tse and So Support Temperature, 

relative humidity, 

air pressure 

Human productivity Objective: simulated thinking and 

mechanical tasks 

Controlled environment: compared 

conventional set point and PMV 

environmental control. 

2008 Haynes  Oppose Temperature, 

lighting, noise, 

ventilation, air 

quality 

Perceived productivity Subjective: questionnaire Real office environment 

2008 Paevere & 

Brown  

Support Temperature, air 

quality, noise and 

lighting 

Perceived productivity Subjective: BUS questionnaire and 

focus group interviews. 

Real office environment 

2009 Lan & Lian  Support Indoor air 

temperature 

Visual perception, 

working memory, 

reasoning and executive 

functions 

Combined: neurobehavioural tests. 

questionnaires 

Controlled environment: Different 

indoor air temperatures – 17oC, 21oC 

and 28oC. 

2009 Kaarlela-

Tuomaala et 

al. 

Support Noise Perceived productivity Subjective: questionnaire Real office environment 

2009 Haka et al. Support/ 

Oppose 

Noise Performance level Objective: Number series task, 

operation task, dot series task, 

reading comprehensive task and 

proofreading task. 

Controlled environment: Compared 

three speech conditions (STIs 0.10, 0.35 

and 0.65) 

2009 Newsham et 

al. 

Support/O

ppose 

Lighting, noise, 

ventilation 

Job satisfaction Subjective: questionnaire Real office environment 

2009 Kolarik et al.  Oppose Temperature and air 

quality 

Perceived thermal 

acceptability and 

performance. 

Combined: questionnaire and 

Simulated office tasks: addition, 

proofreading, reading and 

comprehension, and text typing. 

Controlled environment: fluctuated 

temperature range in a climate chamber 

2009 Hameed & 

Amjad  

Support Noise, lighting and 

temperature 

Perceived  productivity Subjective: questionnaire Real office environment 

2009 Zhao et al. Support Temperature Heating tolerance Objective: Lifting dumb bells, 

installing pipe fittings and reading. 

Controlled environment: simulated hot 

and humid environment for a long time 
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2010 Liu et al. Support Lighting  Visual fatigue Combined: Vienna Test System and 

Subjective Visual Fatigue 

questionnaire 

Controlled environment: compared 

200lux and 500lux illuminations 

2010 Baird  Support Temperature, 

lighting, noise, air 

quality 

Perceived productivity Subjective: BUS questionnaire and 

interviews 

Real office environment 

2010 Grady et al. Support Air quality, 

temperature, 

humidity, 

ventilation, lighting, 

noise 

Perceived productivity Subjective: questionnaire Real office environment 

2010 Thomas  Support Air quality, 

temperature, 

lighting and noise 

Perceived productivity Subjective: BUS questionnaire Real office environment 

2010 Kekalainen 

et al. 

Support Summer indoor 

temperature 

Perceived productivity Subjective: questionnaire Real office environment 

2010 Hedge & 

Gaygen  

Oppose Temperature, 

relative humidity 

Work performance Objective: sales order-entry tasks Real office environment 

2010 Lee & Brand  Oppose Personal control 

over physical 

environment 

Perceived productivity Subjective: questionnaire Real office environment 

2010 Drake et al.  Support/O

ppose 

Temperature Perceived productivity Subjective: questionnaire Real office environment 

2010 Brauer & 

Mikkelsen  

Oppose Temperature, noise, 

lighting, air quality 

Perceived productivity Subjective: questionnaire Real office environment 

2011 Linhart & 

Scartezzini  

Support Lighting  Performance  Objective: computer based and 

paper based performance tests 

Controlled environment: two evening 

lighting scenarios – 4.5 W/m2 and 3.9 

W/m2 

2011 Zhang et al.  Oppose Temperature and 

Air quality 

Acceptability votes for 

perceived productivity 

Subjective: questionnaire Real office environment 

2011 Monfared & 

Sharples 

Support All IEQ factors Perceived productivity Subjective: questionnaire Real Office environment 
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2012 Baird & 

Thompson  

Support Lighting Perceived productivity Subjective: BUS questionnaire Real office environment 

2012 Baird et al.  Support Temperature, 

lighting, noise and 

air quality 

Perceived productivity Subjective: BUS questionnaire Real office environment 

2012 Lenoir et al. Support Temperature, 

lighting, noise and 

air quality 

Perceived productivity Subjective: BUS questionnaire Real office environment 

2012 Mak & Lui  Support Sound Perceived productivity Subjective: questionnaire Real office environment 

2012 McCunn & 

Gifford  

Oppose Green IEQ 

attributes 

Perceived productivity Subjective: questionnaire Real office environment 

2012 Healey & 

Webster-

Mannison  

Oppose Temperature Perceived productivity Subjective: semi-structured 

interview 

Real office environment 

2013 Tanabe et al. Support/O

ppose 

Temperature, 

lighting, ventilation 

Perceived productivity Subjective:  CBE questionnaire Controlled environment: Controlled 

relative humidity within a narrow range 

(46% & 60%). 

2013 Sullivan Oppose Daylight Sleepiness Combined: Questionnaires and 

performance tests 

Controlled environment: Tubular 

Daylighting Devices installed in 

windowless workspaces 
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4.2.1.1 Findings that support the claim of a relationship between IEQ and occupant 

productivity 

Hepner and Boser (2006) solicited the perception of architects who have designed Leadership 

in Energy and Environmental Design (LEED) registered commercial spaces on which items of 

the IEQ checklist were perceived to be strongly linked to employee productivity, and which 

would provide the greatest gain in employee productivity for the initial cost. This study was 

carried out on 55 architects with a web-based questionnaire containing the IEQ checklist. The 

IEQ checklist is one of six sections of the LEED Green building rating tools promoted by the 

United States Green Building Council (USGBC, 2002) to provide a national standard for Green 

certified buildings. The IEQ checklist is divided into 10 categories of the indoor environment 

that affect occupant comfort. From this study, “Daylight and Views, Daylight for 75% of spaces” 

was most regarded as factors that enhanced employee productivity followed by “Daylight and 

Views, Views for 90% spaces”; and “Controllability of systems, perimeter”, then by “Thermal 

Comfort, comply with ASHRAE 55-1992”. “Daylight and Views, Daylight for 75% of spaces” 

was also perceived as having the greatest influence on employee productivity for an initial 

budgeted cost. “Daylight and Views, Daylight for 75% of spaces” and “Daylight and Views, 

Views for 90% of Spaces” were perceived to have the strongest association with employee 

productivity and with the greatest employee productivity gain for the budgeted cost. Thus, the 

authors recommended that these criteria be a top priority for designers.  

Juslen, Wouters and Tenner (2007) and Liu et al., (2010) tested the effect of illuminance levels 

on productivity. Juslen et al., (2007) found a significant correlation between lighting levels and 

productivity when they observed the effects of lighting levels on the productivity of factory 

workers in the Netherlands during summer and winter seasons. With 119 participants, the 

authors measured the speed at which the factory workers assembled the components of an 

electronic control gear. With 1200 lux at the working plane, the authors found that the speed 
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of production was 2.9% higher than with 800 lux during the summer season. In the winter, the 

workers’ production speed was 3.1% higher with 1200 lux. A questionnaire survey was also 

carried out on the effect of lighting on the perceived productivity of the participants. It was 

found that the participants perceived that good lighting had an influence on their productivity.  

In the case of Liu et al., (2010), the researchers noticed that better working performance occurs 

in the lower illumination environment of the 200 lux lighting environment than the 500 lux 

lighting standard for a general operational environment. The experiment was carried out on 30 

undergraduate and postgraduate students. The lighting factors were T5 fluorescent tubes and 

LED lights. The Vienna Test System (VTS) (see section 3.4.4) was used to evaluate the 

effectiveness, comprehensive ability and personality characteristics of the participants. 

However, the authors noted that the study subjects generally thought that their eyes would 

become more tired in the 200 lux environment.  

Baird and Thompson (2012) and Linhart and Scartezzini (2011) also observed a correlation 

between lighting and productivity in their respective studies. Baird and Thompson (2012) 

studied occupants’ perception of the IEQ in their indoor environment to show that lighting 

affects productivity. They tested four aspects of lighting – Lighting overall, Natural light, 

Artificial light, Glare from the sun and sky and Glare from lights. Perceived productivity was 

measured using the BUS questionnaire.  

Linhart and Scartezzini (2011) found that the study participants performed better on paper- 

based tasks under the more energy efficient lighting scenario. The authors tested the efficiency 

of a more energy efficient lighting “Test” scenario (LPD of 3.9 W/m2) with a “Reference” 

scenario (LPD of 4.5 W/m2) for evening lighting used in most offices of the Swiss Energy and 

Building Physics Laboratory’s experimental buildings. The participants were 20 young men 

and women who were tested for alertness, computer-based performance, paper-based 
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performance and visual comfort (with a questionnaire). However, no significant differences in 

the computer based tasks were found under the two different lighting scenarios.  

Grady et al., (2010) found a direct effect of IEQ on productivity by 2.6% (increase) while 

studying the health and productivity benefits of moving from conventional to Green office 

buildings on occupants. Pre-move and post-move questionnaire surveys were conducted on 

employees of conventional office buildings who moved to LEED-certified office buildings. 

The 175 employees surveyed reported reductions in absenteeism and work hours affected by 

lower productivity. The authors noted an additional 38.98 work hours per occupant in a year 

as a benefit of Green office buildings.  

Paevere and Brown (2008) observed a 4.9% increase in staff productivity due to improved IEQ 

in a post occupancy evaluation carried out on newly completed Council House 2 located in 

Melbourne. They also reported that 75% of the building occupants rated that the buildings as 

having a positive or neutral effect on their productivity. Using the BUS questionnaire, this 

survey was based on the occupants’ perception of productivity. An interesting finding in this 

survey was that the focus group interviews carried out parallel to the BUS questionnaire 

highlighted the difficulty of distinguishing between building-related impacts on productivity 

from other factors such as workplace restructuring.  

Thomas (2010) stated that buildings that fail to deliver in terms of indoor environment quality 

have been noted to affect occupants’ productivity. In his research on occupant satisfaction with 

a low carbon office refurbishment in Sydney, Australia, the authors noted that the occupants 

perceived their productivity to have increased by 7.21% as a result of the environmental 

conditions of the building. The researcher employed the BUS questionnaire to obtain the 

perceived productivity ratings from the occupants. 
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Baird et al., (2012) also used the BUS questionnaire to retrieve data on perceived productivity. 

The authors compared the perception of occupants of 31 Green certified buildings and 109 

conventional buildings worldwide. In terms of their perceived productivity, it was found that 

productivity in Green buildings was higher than in the conventional buildings as a result of the 

IEQ. The IEQ factors investigated were lighting, temperature, noise and air quality. 

Using self-reports (questionnaire and interview), Lenoir, Baird and Garde (2012) measured the 

productivity of staff in the ENERPOS building located in the French tropical island of La 

Reunion in the Indian Ocean. A BUS questionnaire was given to the staff and students 

occupying this building. While the students reported an average increase in productivity of 

11.25%, the staff reported an average 17.5% increase in productivity. A similar result was 

obtained during interview sessions as all the interviewed occupants perceived an improvement 

in their productivity as a result of the better IEQ in this mixed-mode air-conditioned building. 

Drake, de Dear, Alessi, and Deuble (2010) studied the effects of two environmental control 

modes on occupants’ comfort and productivity in two (2) mixed mode (MM) office buildings. 

The first study building was made up of features that gave the occupants the possibility to 

choose between an air-conditioned mode (AC) and a natural ventilation mode (NV) depending 

on the outdoor weather conditions. The second study building consisted of a Building 

Management System (BMS) that switched from NV to AC depending on the indoor 

temperature and outdoor weather. The study was carried out on academic and administrative 

staff with a questionnaire. At the end of the study, the researcher found that perceived 

productivity of occupants in the air-conditioned mode decreased (- 0.5%), whereas those in the 

natural ventilation mode perceived no change in their productivity. 

Prakash (2005) compared the effect of IEQ found in an LEED certified building with that found 

in a non-LEED certified educational building. The researcher administered a web-based CBE 
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questionnaire to 80 occupants of each building. The author found that occupants of the LEED 

certified buildings felt that daylighting and thermal comfort had a positive effect on the 

occupants’ perception of productivity. On the other hand, the occupants in the non-LEED 

certified building felt that their productivity was affected by the good overall ambience of the 

building and the fact that the building facilitated multiple activities. 

Roulet, Johner, Foradini, Bluyssen, Cox, De Oliveira Fernandes, and Aizlewood (2006) 

assessed occupants’ satisfaction with comfort in sixty-four (64) office buildings in nine (9) 

European countries with questionnaires. They observed that the perceived productivity of 

occupants correlated with temperature in the summer and was less obvious in the winter. The 

occupants reported that overly high temperatures in summer decreased their productivity.  

Lan and Lian (2009) found a correlation between temperature and productivity. The aim of this 

experiment was to investigate the effect of indoor air temperatures of 17oC, 21oC and 28oC on 

the productivity of 21 participants. The participants’ productivity was evaluated through neuro-

behavioural tests, which included visual perception, working memory, reasoning and executive 

functions. They researchers found that productivity decreased when the thermal environment 

deviated from a neutral condition. The participants also experienced more negative emotions 

and had work harder to maintain their performance under moderately adverse (slightly warm 

or slightly cool) environmental conditions.  

Hameed and Amjad (2009) deduced from their survey of 105 employees in 13 banks in 

Pakistan that there is a direct relationship between office design and productivity. They carried 

out a questionnaire survey and found that lighting was the prime factor which affected 

productivity. Noise, lighting and temperature were also found to have an effect on productivity. 

Kekäläinen, Niemelä, Tuomainen, Kemppilä, Palonen, Riuttala, and Reijula (2010) studied the 

effects of reduced summer indoor temperature on perceived productivity through the 



 

71 

 

renovation of an HVAC system in an office building located in Helsinki, Finland. The 

occupants’ productivity was measured subjectively and objectively. The subjective 

measurement included two questionnaire surveys on work efficiency and psychosocial work 

environment. The objective measurement assessed the number of salary receipts and number 

of traffic payment vouchers handled. It was observed that work efficiency was perceived to 

decrease before the renovation and improved significantly after the renovation. Objectively, a 

4.4% improvement in work efficiency was observed after the renovation.  

Newsham, Brand, Donnelly, Veitch, Aries and Charles (2009) found a significant link between 

overall environmental satisfaction and job satisfaction.  A questionnaire survey was carried out 

on 100 occupants in an open-plan office building in Michigan, USA. The researcher pointed 

out that better indoor environments play a role in elevating job satisfaction. 

Tanabe, Iwahashi, Tsushima, and Nishihara (2013) used the CBE questionnaire to investigate 

thermal comfort and productivity in offices during mandatory electricity saving 

implementation. This survey was carried out in five office buildings in Tokyo under controlled 

temperature, illumination and ventilation levels. They found that when the electricity-saving 

measure was introduced the productivity of the workers decreased by 6.6%. Presumably, the 

electricity saving measure changed the IEQ in the office, which affected the productivity of 

workers. 

Leaman and Bordass (2001) deduced from the results of a BUS questionnaire study of workers 

in UK office buildings that noise levels (in particular random noise or irrelevant conversation) 

is the environmental factor most strongly associated with perceived productivity, even though 

the relationship is weak. They also found that occupants who perceived that they were 

comfortable with the IEQ in their buildings tended to say that they were more productive. 
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Venetjoki, Kaarlela-Tuomaala, Keskinen, and Hongisto (2006) studied the effects of three 

different sound environments on the performance of cognitive tasks of varying complexity: 

speech, masked speech and continuous noise. This laboratory experiment was conducted on 36 

participants. The participants were tested using questionnaires to measure subjective 

disturbance of sound environments and other factors that mediated performance. They were 

also put through computer tasks, reading comprehension and proofreading tasks. The authors 

found that “Speech” was perceived as least pleasant and more harmful to performance in 

reading comprehension and proofreading than in computer-based tasks. It was also found to be 

the most disturbing sound environment. “Continuous noise” was subjectively rated to be the 

most pleasant and least disturbing.  

Kaarlela-Tuomaala, Helenius, Keskinen, and Hongisto (2009) used questionnaires to study 31 

workers who moved from a private office room to open-plan offices before and after relocation. 

The results showed that the average noise level on a working day increased significantly and 

this affected the perceived productivity of the occupants. The negative effects observed 

included increased distraction, reduced privacy, increased concentration difficulties and 

increased use of coping strategies. The authors concluded that an open-plan office is not 

recommended for professional workers.  

Haka, Haapakangas, Keranen, Hakala, Keskinen and Hongisto (2009) studied 37 students in 

an experiment on the intelligibility of irrelevant speech conditions. The speech conditions 

tested corresponded with those in a private office, an acoustically excellent open office and an 

acoustically poor open office. The students were tested on their performance in various tasks 

such as operation span task, serial recall and activation of prior knowledge from long term 

memory. They were also given a questionnaire to report their perception of the speech 

conditions. It was found that performance deteriorated in the speech condition with the highest 
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speech intelligibility – the acoustically poor open office. In the case of speech condition 

perception, disturbance also increased with ascending speech intelligibility.  

Mak and Lui (2012) carried out a questionnaire survey of 259 office workers in 38 air-

conditioned offices in Hong Kong. They found a strong and significant correlation between 

both noise and temperature, and the productivity of the occupants. The types of noise that 

resulted in low productivity were identified as background noise, closing doors, human activity 

and noise from inside and outside the office. They also found that lighting and office layout 

had a secondary influence on productivity. 

4.2.1.2 Findings that indicate no correlation 

Monfared and Sharples (2011) studied occupants in two new Green UK government office 

buildings over a 2-year period. The authors observed that the Green identity of the buildings 

had a greater influence on the occupants’ perception than the environmental conditions in the 

buildings. Irrespective of the close similarity of one of the studied Green certified buildings to 

a conventional building, the occupants reported high satisfaction with the IEQ of the Green 

building. In other words, a Green rated building is likely to be perceived as more comfortable 

to have more effect on productivity even though the IEQ in the building is similar to a 

conventional building. In this case, the mere knowledge of the Green status of a building 

influenced the perception of the occupants. This supports Hidalago and Hernandez (2001)’s 

“place identity theory”, which predicts that people who are more sympathetic to environmental 

issues are more likely to give further credits to Green certified buildings. This study identifies 

the possibility of bias in occupant assessment of IEQ. Such bias may lead to a distorted view 

of perceived productivity, especially since it is self-reported.  
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Newsham et al. (2009) observed in their study (see section 4.2.1.1) that there was no significant 

correlation between satisfaction with lighting, acoustics and ventilation, and job stress. They 

used a questionnaire to record the perception of occupants on their jobs. 

Boyce et al. (2006) carried out two experiments to determine the extent to which different 

levels of lighting quality, as understood by lighting designers, affected the performance of 

office workers in North American offices. The first experiment tested four lighting conditions: 

a regular array of fully direct/indirect recessed parabolic luminaries, direct/indirect luminaries 

with no control, direct/indirect luminaries with a switchable desk lamp and workstation-

specific direct/indirect luminaries with control over the direct portion. The second experiment 

contrasted two conditions with no individual lighting control: a regular array of recessed 

prismatic lensed luminaries and suspended direct/indirect luminaries. The authors observed 

that the lighting had no direct effect on the occupants’ performance of any of the tasks.  

McCunn and Gifford (2012) noted that Green designs in office buildings do not have a positive 

effect on employee engagement or any environmental attitudes and behaviours. The 

researchers studied 77 employees in 15 public and private sector office buildings in a medium-

sized Canadian city. The data collected from the questionnaire survey showed that the 

employees’ office impressions were significantly negatively correlated with the number of 

Green design attributes. The only attributes that concerned employees were “having enough 

access to windows” and “enough decoration and aesthetical appeal inside the office”. There 

was no positive correlation found between Green design attributes and occupant productivity.  

While testing the effect of illuminance levels on productivity (see section 4.2.1.1), Juslen et al. 

(2007) found the former did not have a significant effect on the percentage of errors in the tasks 

given to the workers. The workers assembled the components of an electronic control gear. 
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Kim and Kim (2007) examined the influence of fluctuating light levels on visual perception. 

The aim of the experiment was to determine acceptable tolerance ranges of light changes. 

Productivity was assessed through questionnaires on visual responses under constant 

illuminance conditions and annoyance tests under fluctuating illuminance conditions. The 

authors found that fluctuations in the illuminance conditions did not significantly influence 

reading task performance and letter identification performance.  

Sullivan (2013) conducted a study on university students to investigate the effect of Tubular 

Daylighting Devices (TDD) on their performance. The students of the School of Architecture 

at Victoria University, Wellington, New Zealand were the participants in this study and their 

cognitive performance, change in mood and average sleepiness were used as productivity proxy 

indicators. No direct correlation was found between the lighting quality and these proxy 

indicators of productivity.  

Hedge and Gaygen (2010) found that the day of the week had an effect on the correct keystroke 

rate and on the mouse-click rate, with more being done on Mondays than Fridays, when they 

studied 19 employees performing sales order-entry tasks. The objective was to examine the 

effect of the environmental conditions at the employees’ workstations on their computer work 

performance. They also found the effect of an interaction of workday and air temperature on 

the correct keystroke rate and on the mouse-click rate. Apart from air temperature, the authors 

noted that no other IEQ variables exerted a significant effect on the computer work 

performance measures. 

Kolarik et al (2009) found that temperature did not have a consistent effect on office work 

performance. They experimented on 52 subjects in a climate chamber to validate the scientific 

basis of the recommendations of ASHRAE on drifting temperatures. Productivity was 
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measured using simulated office tasks, which included addition, proofreading, reading and 

comprehension, and text typing. 

Lee and Brand (2010) analysed 384 questionnaires collected from employees in the corporate 

offices of three (3) manufacturing companies in Michigan, USA. The researchers observed that 

the perception of control over aspects of the physical environment mediated the relationship 

between perceived distractions and perceived job performance. A sense of control over the 

physical environment factors had a mediating influence between work attitudes and work 

outcomes. 

Zhang, Arens, and Pasut (2011) examined the relationship between temperature thresholds and 

productivity using the ASHRAE field study database. The analysis was conducted on 72 

buildings in the database. The authors found that there is no obvious best temperature for 

productivity.  

Haynes (2008) carried out a paper-based questionnaire survey on 996 workers in 26 offices 

and an online questionnaire on 422 office workers. The IEQ factors (termed physical 

component of comfort in this study) tested in this study were ventilation, heating, natural 

lighting, artificial lighting, décor, cleanliness, overall comfort, and physical security. The 

author compared these factors with other factors such as office layout, interaction and 

distraction. He observed that these physical components of comfort were not enhancing 

occupants’ perceived productivity. Rather, interaction and distraction were found to have an 

effect on perceived productivity. 

In their experiment on the intelligibility of irrelevant speech conditions (see section 4.2.1.1), 

Haka et al (2009) observed that the relationship between speech intelligibility and performance 

seemed to depend on the masking sound type. They also observed that varying speech levels 

did not cause the occupants to make errors when performing the tasks.  
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Brauer and Mikkelsen (2010) used questionnaires to record the perception of 3,281 employees 

in 39 workplaces regarding the indoor environment of their offices. They observed the 

importance of psychosocial work environment factors at an individual level on performance.  

During their study of the effects of two environmental control modes on occupants’ comfort 

and productivity in two (2) mixed mode (MM) office buildings (see section 4.2.1.1), Drake et 

al. (2010) found that the productivity of occupants in naturally ventilated offices did not 

improve as a result of the IEQ in the offices.  

Healey and Webster-Mannison (2012) used perceived productivity as the deciding factor in 

measuring thermal environmental satisfaction when the IEQ began affecting the participants’ 

ability to carry out their work at a satisfactory rate. The pilot study was carried out at a small 

professional office of nine people operating an architectural design practice in a residential area 

of suburban Brisbane. The results highlighted the importance of cultural and contextual factors 

(qualitative) that facilitate or limit comfort-related adaptions.  

Tanabe et al (2013) mentioned that the loss of productivity observed in their study (see section 

4.2.1.1) could not be purely as a result of the environmental conditions and thermal comfort as 

there were other reasons for the reduced productivity.  

4.2.1.3 Landmark studies 

Two landmark studies have aided the productivity claim of IEQ. These studies will be reviewed 

in-depth to uncover any conflicting findings.  

4.2.1.3.1 A study of Worker performance and Indoor environment by Heschong 

Mahone Group (1999–2003) 

This research illustrates how IEQ and occupant productivity are measured in office buildings. 

This study, which investigated the influence of the indoor physical environment on officer 
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work performance, has been a primary reference for the claim that occupants are more 

productive at certain IEQ levels.  

In 1999, the researchers investigated the relationship between daylighting and human 

performance in three school districts located in USA. The researchers used test scores and 

demographic information about the school pupils to study the effect of daylighting on their 

performance level. In one of the school districts, it was found that students with more 

daylighting in their classrooms were 20% faster on math tests and 26% faster on reading tests 

than those with the least daylight after one academic year. Students in classrooms with the 

largest window areas were also found to be 15% faster at maths and 23% faster at reading than 

those with the least window area. Furthermore, students that had a well-designed skylight in 

their room, one that diffused the daylight throughout the room and allowed the teachers to 

control the amount of daylight entering the room, improved 19% to 20% faster than those 

students without a skylight. Classrooms with a skylight that allowed a direct beam of sunlight 

into the classroom and did not provide the teacher with a way to control the amount of daylight 

were observed to impact negatively on student performance. The presence of an operable 

window in the classrooms was also observed to have a positive effect on student progress, and 

was associated with a 7% to 8% improvement in the students’ learning.  

In the two other school districts, students in classrooms with the most window area or 

daylighting were found to have 7% to 18% higher scores on the standardised tests than those 

with the least window area or daylighting. The implication of this research is that the 

performance of these students was dependent on the window area of their classrooms. 

In 2003, the researchers investigated the relationship between IEQ and productivity in a Call 

Centre in the Municipal Utility District in the US. This study was on 100 office workers. 

Productivity was measured by tracking the time needed handle calls as an indicator of a change 
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in productivity. These were retrieved from the company’s record. Whereas electric lighting 

significantly affected performance, the researchers found that the effect of daylight was slightly 

significant (- 0.2%) to the performance of office workers. It was also observed that an increase 

in daylight illumination levels from 1 to 20 foot-candles resulted in a 6% decrease in the 

performance of the office workers.  

In respect to view, a significant effect was found as the workers processed calls 6% to 12% 

faster. They also found that cooler temperatures were associated with faster performance while 

a small increase in air temperature (from the average of 74oC to 76oC) slowed workers’ 

performance by 2%. However, the environmental factors tested explained just 2% to 4% of the 

total variations. Demographic factors and work intensity were observed to have a significant 

effect on productivity.  

A desktop study was also carried out to enable the researchers to study occupant productivity 

across a greater range of daylighting and other IEQ factors than the Call Center study. This 

was tested on 200 participants at their own desks. Productivity was measured using a series of 

“Mini-Tests” that assessed the occupants’ visual and mental performance, including short- term 

and long-term memory. Five types of tests were selected namely: Landolt C, Letter Search, 

Number Search, Backwards Numbers and Memory Test. In addition to these tests, the 

occupants were asked to fill out a questionnaire on their perception of thermal comfort, air 

quality, lighting quality, view, and acoustics. It was found that the office workers performed 

10% to 25% better when they had access to a view. This result was supported by the 

questionnaire survey as it found that the participants perceived higher productivity.  

In the Call Center study and the Desktop study, 25% of the variation could be explained as an 

effect of the IEQ factors. However, the remaining 75% of the unexplained variation in 

performance was also found to be attributed to other factors not related to IEQ. It was also 



 

80 

 

found that the combination of physical comfort conditions (illumination, view, ventilation and 

temperature) typically provided 1/8th to 1/3rd of the explanatory power of models that predict 

office worker performance, while demographic information such as age, years of experience 

and education provided the greater 2/3rds to 7/8ths of the explanatory power. This study showed 

that while there were findings that IEQ may affect perceived productivity, this effect was only 

a small fraction. A greater fraction of the change in productivity was attributed to other factors 

which were not related to the IEQ in the office. Therefore, there is a weak correlation between 

the measured performance of the IQ-type test and IEQ. 

4.2.1.3.2 ‘Sustainable buildings in practice: what the users think’ by George Baird 

(2010)  

This research used the BUS questionnaire (see section 2.2.2.1) to measure the occupants’ 

perception of their productivity in respect to the environmental conditions in their office space. 

The work was a five-year POE on the ‘performance in practise from occupants’ perception’ of 

30 commercial and institutional sustainable buildings in the world (virtually all of them are 

recipients of national awards for sustainable or low energy design). The researcher’s overall 

aim was to provide an independent and unbiased evaluation of how the users perceive recent 

sustainable buildings. This study also involved a structured, recorded interview with key 

architects and environmental engineers and a detailed tour of each building and its facilities, 

photographing key features and collecting relevant documentation. At the end of the study, an 

increase in perceived productivity was recorded as a result of the IEQ factors in these buildings. 

While this increase in perceived productivity across 30 Green certified office buildings can be 

seen as major support for the claim that Green buildings increase occupant productivity, there 

were contradicting findings that seem to oppose this claim. 
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For instance, the occupants perceived lighting overall to be satisfactory with a mean score of 

5.15 (where a score of 7 is ‘best’). The occupants also perceived that the availability of both 

natural and artificial light in the buildings was satisfactory with a score of 3.94 and 4.14 (where 

a score of 4 is ‘best’) respectively. However, when asked if they experienced glare, the response 

attained a score of 3.73 and 3.37 for both natural and artificial lighting (where a score of 1 

implies none). This observation questions how satisfied the occupants were with the 

availability of lighting since there was significant evidence of glare disturbance.  

Some of the buildings studied had glazing: Sciencepark, Germany; Arup campus, England; 

City hall, London; Scottsdale Ecocenter, Tasmania; Tokyo Gas, Yokohama; Nikken Sekkei 

Building, Tokyo; 40 Albert Road, South Melbourne and The Red Centre Building, Sydney. 

The author recorded that these areas have high performance glazing, which should admit as 

much daylighting as possible while reducing prominent side effects such as glare. The users’ 

perception showed that most of these buildings performed similar to or better (3 & 6 

respectively) than the BUS benchmark in terms of overall lighting availability. This contradicts 

the fact that these buildings performed mostly worse (5 worse, 2 similar & 1 better) than the 

BUS benchmark in terms of the amount of glare experienced by the users. If the satisfaction of 

the respondents with regard to the overall lighting in these interiors is considered 

commendable, there should be minimal report by the occupants of sun/sky glare experience.  

In the case of productivity, it was expressed as a percentage by which the respondents think 

their productivity have been increased or decreased by the environmental conditions in the 

building. The productivity of the occupants was found to have increased by an average of 

4.07% with an SD of 10.02. Considering the notion that a 1% increase in productivity is 

justifiable with a $2 increase in user satisfaction (WBDG, 2012), this 4% increase in 

productivity observed is a huge advantage to the success story of these building. However, with 

the high number of negative comments, this 4% increase in productivity becomes questionable. 
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There were more negative comments than positive comments (2.25:1). Even though the author 

mentioned that users are more likely to complain than praise, the wide difference in comments 

is interesting – there were twice the number of negative comments than positive comments. It 

could mean that the productivity of the occupants was influenced by factors other than the IEQ 

factors investigated. These factors are non-environmental factors and are generally concerned 

with human interactions that are not necessarily experienced within the context of a building 

or its environment (for example, job satisfaction, health, sleep deficit, relationship issues) (see 

section 4.4.7 for details). 

The huge variance in the perception of the respondents goes a long way to proving the 

unreliability and insufficiency of data from the questionnaire used.  

4.3 Literature critique foci 

The overview above illustrates that there is substantial evidence supporting and opposing the 

claim IEQ affects productivity. The methods of investigation used were examined to ascertain 

the validity of these studies. The foci of the critique were: the measurement methods applied 

and the environment settings studied. 

4.3.1 Productivity measurement methods applied 

As mentioned in section 4.2, these studies were categorised into objective and subjective 

measurements. The objective measure was largely carried out through measurement of 

performance tests (similar to Intelligence Quotient tests) under varying environmental 

conditions (e.g. light level and temperature). The problem with objective measures is that they 

do not measure productivity. Instead, they measure the performance of a specific task. This 

raises the question whether the task is a good proxy indicator. For example, Cuttle (2009) 

suggested that tasks involving reading type written text are not good proxy indicators for 

lighting appraisal since most reading in a modern office is from computer screens.  
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The subjective measures were largely based on subjective methods such as questionnaires and 

interviews. While interviews are more rigorous and require direct communication between the 

interviewer and the interviewee, questionnaires are typically less in-depth and cover a larger 

population within a short time frame. However, interviews can distort user-responses since 

they raise the anticipation level of the respondents, who can be prone to responding with 

answers that they anticipate will ‘please’ the interviewer. This is similar to the Hawthorne 

effect discussed in section 3.4.2. Various questionnaires are applied to building evaluation with 

the aim of obtaining feedback from the occupants concerning the performance of their 

buildings. They include the CBE occupant questionnaire (Tanabe et al., 2013; Prakash, 2005) 

and the BUS questionnaire (Lenoir et al., 2012, Baird et al., 2012). These questionnaires are 

designed in order to record the perception of the occupants’ in the best way possible. The 

common trait is that the respondent (usually the occupant) is expected to make a judgment 

based on his/her experience with the IEQ of the study building and thus rate if his/her 

productivity has increased or decreased. In other words, if they felt that their productivity 

increased or decreased by increasing the temperature or lighting in the room, they were 

expected to say so through the questionnaire or during the interview. The problem with this is 

that these reports do not measure productivity but rather perceived productivity. This is 

discussed further in section 4.4.2.1. 

4.3.2 Environmental conditions studied 

Studies carried out under controlled environmental conditions did so by setting up a controlled 

environment within an existing office or setting up an artificial office. Some studied 

participants in a laboratory setting where conditions were kept strictly at desired levels. In such 

conditions, individual components of IEQ such as lighting can be isolated and their effects on 

productivity monitored. For example, Venetjoki et al. (2006) set up a controlled environment 

by introducing sound environments of 48dBA at 0.000, 0.30 and 0.80 speech transmission 
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indices. Kim and Kim (2007) introducing desktop illuminance levels of 50lux, 100lux, 150lux, 

200lux, 300lux and 500lux. The problem with this study condition is that it does not represent 

a normal working environment (see section 4.4.2.4 for more discussion). 

On the other hand, studies in real office environmental conditions carried out their surveys in 

real office spaces where various factors and components of the environment are in play (Drake 

et al., 2010, Baird & Thompson, 2012).  

4.4 Discussion 

The following subsections evaluate the methods of measuring productivity.  

4.4.1 Bias in human research 

Research is potentially affected by bias. This is due to the fact that people’s desires, preferences 

and perceptions are subject to change. They are also affected by numerous factors including 

culture, trends and biological make-up. Some sources of bias identified over years of research 

as having a substantial influence on occupants’ perceptions of and judgements about their 

environment are the Hawthorne effect (McCarney, Warner, Iliffe, van Haselen, Griffin, & 

Fisher, 2007), the Placebo effect (Hrobjartsson & Norup, 2003), the Experimenter expectancy 

effect (Rosenthal, 2004), the Social desirability bias (Callegaro, 2008) and the Novelty effect 

(Yang, Chen & Zelinsky, 2009). These may distort the outcome of the research and result in 

diverging outcomes.  

4.4.1.1 The Hawthorne effect 

The Hawthorne effect occurs when a study outcome is affected by the mere knowledge of being 

under observation. The Hawthorne effect was recognised by two engineers in 1924 in an 

experiment that tested the effects of lighting and salary on worker productivity (see section 

3.4.2). Over the years, this effect has had a huge impact on research and is a prominent source 

of bias in field study (Kampschroer & Heerwagen, 2005; Levitt & List, 2007, 2011). It has also 
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been influential in suggesting the effect of factors other than IEQ on productivity (Haynes, 

2007c).  

The Hawthorne effect is defined by The Merriam-Webster dictionary (2013) as the stimulation 

to output or accomplishment that results from the mere fact of being under observation. This 

effect may not be easy to eliminate since participants of field studies are generally aware of the 

study conducted on them. The mere fact of participation in the study, repetition of the 

experiment (in studies monitoring effects of a stimulus on the participation) and the 

‘experimenter demand effects’ (Levitt & List, 2007) remind the participants of the intention of 

the study (Levitt & List, 2011). Most of these studies are also based on questionnaires, 

interviews or observations that require short periods of study (6 months to one year at most). 

If the Hawthorne effect could be observed in a 3-year study involving day-to-day observation 

(the 1924 Hawthorne study), the probability of it featuring in studies of shorter time frames is 

high.  

4.4.1.2 The Placebo effect 

The Placebo effect is related to the perceptions and expectations of the study participant. If the 

participant expects a condition to affect his/her productivity, it is likely that the participant will 

react or respond in accordance with this expectation. A placebo is a medically ineffectual 

treatment intended to deceive the recipient (Wikipedia: Placebo, 2013). This effect can be 

found in research where participants are examined in relation to variables that they have a 

preconceived perception or expectation about, even when it is not the intention of the researcher 

to initiate such effects. For instance, if an occupant expects that a higher level of lighting or a 

warmer environment with less noise will increase his/her productivity, the occupant will tend 

to report an increase in productivity even if he/she has not experienced such an increase.  
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4.4.1.3 Experimenter expectancy effect 

In the case of the Experimenter expectancy effect, the researcher’s cognitive bias on the study 

influences the outcome of the study. Though this effect might be an unconscious act, it is quite 

evident in most questionnaire and interview based studies. The type and nature of questions 

asked to a participant can be leading and suggest the direction of the expected result. For 

example, if a participant is asked the question “Please estimate how you think your productivity 

at work is decreased or increased by the environmental conditions in the building”, it is 

possible that the respondents will state an increase as long as the environmental conditions are 

within an acceptable range and do not negatively impact on their comfort. While this question 

does not intend to mislead, it is unlikely that respondents will rate 0% if the environmental 

conditions have not increased his productivity but are deemed comfortable or acceptable by the 

respondent. This question can only be answered if the respondent has been in a previous 

building with worse indoor environment quality and can compare the two conditions.  

Productivity is a sensitive issue especially for an employee who is trying to prove him or herself 

worthy of the job in question. As such, the likelihood that an employee will state that his/her 

productivity has not increased is low. This may explain why occupants report that their 

productivity has increased despite the fact that they dislike the environmental conditions in 

their building. Could the undesirability of the environmental conditions have increased the 

productivity of these occupants? 

4.4.1.4 Social desirability 

Another source of bias is the Social desirability effect. Defined as the tendency of some 

respondents to report an answer in a way they deem to be more socially acceptable than their 

"true" answer (Callegaro, 2008), this effect is mostly found in questionnaire surveys. Most 

questionnaires are distributed to occupants in a building that either has an open-plan space or 

offices with two–four occupants where there is possible communication between the occupants. 
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It is impossible to be certain that answers given to questions are true and have not been affected 

by what other occupants think or the general perception amongst their co-workers even if the 

respondent has not experienced such an effect personally. The likelihood of this effect increases 

if questionnaires are filled out at lunchtime or are not collected until the next day.  

4.4.1.5 Novelty effect 

The Novelty effect is most evident in intervention studies where the effect of change is 

investigated; for example, the effect of office renovation or movement from an old office 

complex to a new complex or introduction of new technologies. An increase in productivity 

tends to be observed as a result of the introduction of a new product or technology, not because 

of the actual effect but due to an interest in the introduced product. People tend to use a new 

product not because the new product is better than the old but as a result of curiosity. For 

instance, the introduction of new furniture, a new lighting system and even a new HVAC in an 

office space can have an influence on the productivity of the occupants. In this case, the 

increase in productivity, whether it is reported or observed, might be due to the novelty of the 

work environment or equipment and not because of an actual improvement due to the 

efficiency of the environment. People might want to go to work just because they have a new 

“cool” environment to work in. The downside of the Novelty effect is that it is likely to be 

temporary. Its effect will wear off when the occupants become accustomed to the environment. 

While all of these effects might not be seen in all studies, some of them have greatly influenced 

research outcomes, which might be reason for conflicting or erroneous results on the subject 

of IEQ and occupant productivity in office buildings. These factors are constantly in play and 

can mask results, which poses challenges for the validity of findings.  
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4.4.2 Productivity proxy indicators  

Productivity proxy indicators include performance tests, absenteeism, embedded tasks 

retrieved from regularly work duties, and self-appraisals. The most common indicators applied 

have been self-appraisals and performance tests.  Table 4-2 shows some common productivity 

indicators and the studies they have been applied to. 

4.4.2.1 Self-assessed (perceived) and actual productivity 

Research has yet to prove the best way to measure the performance of workers especially for 

output that cannot be easily represented quantitatively (see section 3.4). Leaman and Bordass 

(2005) understood this problem when they aptly noted that in buildings, people are the best 

measuring instruments: they are just harder to calibrate. Most of the research listed in Table 

4-1 relies on self-assessment to capture this information. Self-assessed productivity entails the 

respondent making a judgement on self-productivity based on experience or perception. 

Despite its success in providing an indication of how the perceived productivity of an occupant 

is affected and the ability to capture a wider sample population, its ability to measure 

productivity can be limited due to the various sources of bias discussed in section 4.4.1. Most 

studies which have found that IEQ has an effect on productivity have based their findings on 

self-assessment, as indicated in section 4.2.1 above. The problem with self-assessment lies in 

understanding what the word ‘productivity’ means to occupants and how they measure changes 

in productivity (see section 6.5.1.2). Also, self-assessment cannot be a dependable substitute 

for an actual assessment of productivity. As Vischer (2008b) suggested, a clearer distinction 

needs to be made between measuring user perceptions and judgments, and measuring actual 

behavioural effects which are attributable to physical features.  

4.4.2.2 Performance test & embedded tasks 

In order to try to avoid and maybe eliminate the limitations posed by bias discussed in section 

4.4.1, researchers have attempted to measure productivity through performance (Heschong 
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Mahone Group, 1999 & 2003; Tse & So, 2007). Such tasks may include paper and computer 

tests. The problem with this method is that it does not represent normal working conditions as 

it is possible that a participant will endeavour to perform to the best of his/her ability 

(Hawthorne effect) when his/her working ability is being tested. Although an effect might be 

found during these tests, the same might not be found in normal working conditions. Most tasks 

performed in normal daily office work are not captured in the tasks given and at times, these 

tasks do not fully represent the nature of the work being carried out in the firm or organisation.  

As for embedded tasks (whereby the records of various tasks performed by occupants are 

monitored to identify an increase or decrease in productivity (Wargocki, 2008; Wyon, Fisk, & 

Rautio, 2000)); the effect of other factors outside IEQ cannot be eliminated. For example, the 

Heschong Mahone Group (2003) used the records of the time it took to handle calls as an 

indicator of a change in productivity. It is possible that any change in productivity indicated 

using such embedded tasks might have been affected by a personal factor such as wellbeing. 

Hence, such a change cannot be absolutely associated with a particular component of IEQ. This 

is discussed further in section 6.1.1.4, where it is suggested that non-environmental factors are 

more significant determinants of productivity in an office situation. 

4.4.2.3 Absenteeism 

Another indicator used for monitoring productivity has been absenteeism (Grady et al., 2010). 

However, it is important to ascertain whether presence at work means productivity. Being 

present in a workplace cannot represent productivity until actual work is accomplished by the 

occupant, except in an organisation where presence is regarded as some form of actual work 

done. 

 It is also important to determine when actual work is accomplished by the occupant, especially 

with computer tasks in the office. The amount of time spent in front of a computer does not 
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necessarily represent the amount of work done by an occupant. Actual work that amounts to 

productivity can only be achieved when the time spent in front of a computer is used to 

accomplish designated tasks. It could be assumed that most workers spend substantial amounts 

of their work time doing things (such as going on Facebook, checking personal mails and 

chatting with friends) in addition to their assigned task(s) in a normal working day. As observed 

by Haynes (2008), matching office environments to work processes requires a greater 

understanding of what people actually do when in the office, which is still a subject of much 

debate.  

Absenteeism or sick leave might also not be the result of IEQ alone; it can also be related to 

other conditions in the workplace such as interpersonal relationships with colleagues and the 

employer, personal engagements outside the workplace, the health of the occupant or even the 

preference of the occupant. For instance, if given the option to work from home, some workers 

might prefer to work from the comfort of their home sofas than work in an office. 

4.4.2.4 Simulated and real office environments 

Studies that have been carried out in settings where one or more environmental conditions are 

controlled do not represent a normal working environment. For example, Sullivan (2013) 

carried out his research on the effect of daylighting on productivity in a windowless computer 

room in a university. No conclusive correlation between sleep (the productivity proxy measures 

used) and productivity was established. Briner (2000) describes the work environment as a 

broad category which encompasses the physical settings, characteristics of the job itself, 

broader organisational features and aspects of the extra-organisational settings. As such, the 

actual effect of a particular factor on worker productivity can only be ascertained when 

investigations are carried out in a normal working environment.  
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Furthermore, Franz (2006) noted in real world buildings that the interplay of many factors 

simultaneously present leads to coherent and distinct experiences. As such, one may be unable 

to know for certain that an effect is due to a single factor. The reason for this might be that 

different factors are constantly interacting and integrating to form the reaction that is observed. 

Beyond a basic awareness of this reaction, little is known about the interaction and integration 

of different factors that actually take place when people experience an architectural 

environment (Franz, 2006). Over the years, research has concentrated on studying the resultant 

effect of introducing an external factor into this already complex architectural environment and 

drawing conclusions based on the simple equation of input and output. This method of 

investigation is potentially confounded by the interaction which occurs between the 

introduction and the resultant effect of the factors. Only when this interaction and the part 

played by other factors are understood can the result of any investigation be said to be the sole 

effect of a particular factor.  
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Table 4-2: Productivity proxy indicators used in past studies. Source: Author 

Productivity proxy 

indicators 

Studies applied 

Absenteeism (perceived 

and actual) 

Heschong et al., (2003); Grady et al, (2010). 

Sleepiness, mood Sullivan (2013) 

Performance tests 

(computer based, paper 

based) 

Heschong Mahone Group (1999); Juslen et al., (2007); Liu et al., (2010); Linhart and 

Scartezzini (2011); Paevere & Brown (2008); Lan and Lian (2009); Kekalainen et al 

(2010); Venetjoki et al (2006); Haka et al (2009); Boyce et al (2006); Hedge and 

Gaygen (2010); Kolarik et al (2009); Drake et al (2010); Kim and Kim (2007); Zhu 

et al., (2013). 

Embedded tasks (Call 

quantity, sales entry) 

Heschong et al., (2003); Smith and Bayehi (2003). 

Self-appraisal 

(questionnaires/ 

interviews) 

Hepner & Boser (2006); Baird & Thompson (2012); Baird (2010); Thomas (2010); 

Baird et al., (2012); Lenoir et al (2012); Roulet et al (2006); Hameed & Amjad 

(2009); Tanabe et al, (2013); Leaman and Bordass (2001); Kaarlela-Tuomaala et al 

(2009); Mak & Lui (2012); McCunn & Gifford (2012); Lee & Brand (2010); Haynes 

(2008); Brauer & Mikkelsen (2010); Drake et al (2010); Healey and Webster-

Mannison (2012); Paevere & Brown (2008); Prakash (2005); Kekalainen et al., 

(2010); Newsham et al., (2009); Venetjoki et al., (2006); Boyce et al., (2006); Kim 

and Kim (2007); Kolarik et al (2009); Zhang et al., (2011); Sullivan (2013). 

 

4.4.3 The error of singular questions 

Another problem with the use of questionnaires is what is termed ‘a singular question’ in this 

thesis. This term is used in this thesis to describe a question that seems to represent several 

aspects of a topic. A singular question does not identify the various aspects of the topic being 

investigated but assumes that these aspects are represented in the question.  For instance, if the 

singular question uses the word ‘productivity’, there is no provision to neither know what the 

respondents understand productivity to be nor how they will measure it. This is further 

illustrated in section 5.7.2.  

The response to singular questions is also usually close-ended, which requires the respondent 

to select an answer from a list provided. Singular questions have the possibility of robbing the 
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respondent of many options since one can only answer the question asked. Since most studies 

concentrate on finding the effect of IEQ factors on productivity, many other factors are left out 

in questionnaires and interviews. It is also possible that the responses of participants could be 

a function of the respondent’s state of mind at the time of survey. For instance, if the respondent 

is not happy for some other reason, it could affect his/her response since the state of mind of 

the respondent while answering these questions is not usually part of the study. 

4.4.4 Diversity in Preference 

A workspace cannot be designed to be a one-time, final and permanent ergonomic support for 

all office tasks, but rather needs to be adaptable and ‘negotiable’ to be supportive to users 

(Vischer, 2008b). This is because people differ and respond differently to the same conditions 

(Frontczak & Wargocki, 2011). Studies which try to measure productivity under varying 

conditions and through different methods often face the limitation that even though the physical 

requirements specified by research are met, not all building occupants are satisfied and 

motivated to perform specified tasks by the same physical conditions.  

Many firms and organisations have workers from different backgrounds and cultures with 

different past experiences and expectations. This diversity brings with it differences in 

preference and subsequent productivity determinants. It is possible that an occupant’s response 

to any given environmental condition might be influenced by his/her perception of what an 

ideal environment should be from his/her past experiences, which might not be the same as 

his/her colleagues. For instance, an occupant who has spent most of his/her lifetime in a warmer 

climate with less artificial lighting and continuous background noise might prefer an indoor 

environment closer to this situation, unlike an occupant who has experienced the opposite most 

of his/her life. An occupant whose past experience has  also resulted in him/her preferring an 

individual space with minimal communication/interference from colleagues might find an 
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open-plan workspace undesirable and feel that such an environment reduces his/her 

productivity.  

4.4.5 Comfort/Satisfaction and productivity 

The relationship between comfort/satisfaction and productivity (Huizenga, Abbaszadeh, 

Zagreus & Arens, 2006; Brager & Baker, 2009; Leaman & Bordass, 2001) has been relied on 

as an anchor in showing the effect of IEQ on occupant productivity. Vischer (2008b) noted that 

the link between the satisfaction and productivity categories is the notion of comfort, 

specifically functional comfort, which is an environmental support for users’ performance of 

work-related tasks and activities. However, a person can be comfortable yet unproductive. It is 

possible that factors which amount to a comfortable environment might not be the best for a 

productive environment. For example, Pepler and Warner (1968) found that young people 

worked best (and were thus more productive) for short periods when they were uncomfortably 

cold. In this case, the desire to escape the discomfort of the cold environment was a positive 

factor which brought about greater productivity. Since this effect was found amongst young 

people (who makes up 90% of most organisations and are regarded as the healthy age group), 

it can be suggested that a bit of discomfort may have a positive effect on productivity. 

The determination of what constitutes a scientific indication of a comfortable environment is 

also the subject of much debate. While some authors stipulate a certain range of IEQ as criteria 

for comfort, others suggest that there are no context-free indicators for indoor climates. Roaf 

(2005) pointed out that the conditions which people will find comfortable are influenced by the 

climatic, cultural, social and economic circumstances in which they find themselves. She added 

that even if it is possible to suggest an appropriate indoor temperature for various types of 

building purposes, it depends on the social and climatic context. Bluyssen, Aries and van 

Dommelen (2011) also noted that social and personal factors all influence one’s perceived 

health and comfort. Monfared and Sharples (2011) observed that there is certainly more to 
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occupants’ satisfaction with a building than their environmental comfort. The authors noted 

that the expectations of occupants in buildings were inevitably based on their previous 

experiences of conventional workplaces and lack of control over environmental conditions. 

This can explain the apparently conflicting results from some studies, wherein occupants report 

increased productivity despite their complaints regarding the indoor environment quality 

(Baird, 2010).   

4.4.6 The Change law of productivity 

Zhao et al. (2009)’s productivity model (see section 1.2.2) suggests that productivity varies 

with time from a developing stage to a mature stage to a declining stage as illustrated in the 

diagram below (Figure 4-4). This view brings to light another fact about productivity – change 

in productivity (an increase or a decrease) is not constant. This means that irrespective of the 

comfort level that is provided and how satisfied an occupant might be with an office 

environment, an increase in productivity is bound to not just stagnate but decline within a 

specific work time.  

 

Figure 4-4: The change law of productivity. Adapted from Zhao et al. (2009) 

To illustrate Figure 4-4, let us assume that the productivity of occupants in a workplace has 

increased (notwithstanding the individual difference between occupants i.e. all things being 

equal). This increase could be due to an aspect of the work environment which intervenes on 

Developing stage Mature stage Decline stage 

Specific Work Time 

Productivity 

Increases Stabilises  Decreases 
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the IEQ of the environment and causes satisfaction, comfort or even excitement in the new 

working conditions (e.g. novelty effect, see section 4.4.1). At the end of this time of 

environmental awareness and familiarisation with the environment, the excitement drops (the 

‘Mature stage’ in Figure 4-4) even though satisfaction and comfort might not have reduced. At 

this stage, productivity remains the same (neither increasing nor decreasing). There comes a 

time when an environment has become too familiar and normal, so there is no more excitement. 

This is when productivity begins to drop and decline ttowards its initial level. In this case, the 

IEQ has not changed but has been remained the same as at the time of introduction. This could 

be the result of factors such as complacency, which can cause this change in productivity. A 

source of this can be ‘emotional labour’ – a situation where workers are expected to manage 

their feelings in accordance with organisationally defined rules and guidelines (Wharton, 2009). 

For example, in white collar jobs which often involve selling one’s personality along with one’s 

labour ability, these workers are likely to quickly become tired, leading to a decline in 

productivity. This situation is not due to the IEQ in the office environment. Another source of 

a decline in productivity can be related to the fear of job insecurity during times of economic 

decline and austerity. It is going to be difficult to feel good about one’s job consistently in the 

face of possible retrenchment or replacement by another person. As such, the initial excitement 

and enthusiasm about a new job which caused an increase in productivity could fade off, 

resulting in stagnation and a subsequent decline in productivity.  

4.4.7 Other factors affecting productivity 

Recently, authors such as Haynes (2007b), Vischer (2008) and Schwartz (2011) have noted 

that there are other factors that are instrumental to the productivity of occupant. Haynes (2007b) 

found that individual process workers he studied spent less than 60 per cent of their time with 

colleagues, and very little freedom to work where and how they wished. Their productivity was 

not dependent on the physical components of a workplace. The author concluded that a 
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behavioural environment which amounts to a distraction or interaction has a greater effect on 

occupant productivity than the physical environment. In his opinion, this area of research 

should be investigated further as the social dimension plays an important role and is an integral 

part of the work environment. Brill and Weidemann (2001) also found that the ability to work 

in an environment free from distraction was ranked as the number one factor for increasing 

productivity. Vischer (2008b) noted that part of an environmental experience includes the 

consequences of any user’s behaviour that may occur. Termed as the psychological 

environment by Briner (2000), this environment comprises those features such as cultural, 

social & economic factors, country of origin, level of education, type of job, psychological 

atmosphere at work and time pressure amongst others (Roaf 2005; Frontczak & Wargocki, 

2011).  

Haynes (2007a) developed a theoretical framework for office productivity, noting that the 

nature of office work has changed over the last century from that of a passive and static activity 

to that of a dynamic and flexible activity. His productivity framework (Figure 4-5) illustrates 

that a balance in relationship between the physical environment and the behavioural 

environment is necessary to achieve productivity. 
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Figure 4-5: Theoretical framework of office productivity. Source: Haynes (2007a) 

This notion is not only found in research as past studies on indoor environment have noted the 

effects of factors other than components of the physical environment on an occupant’s 

productivity in the workplace. For example, in the 1930s, Roethlisberger and Dickson (1939) 

noted the importance of the social dimension as an integral part of the work environment. Chau, 

Leung and Law (2006) noted the importance of having a connection with nature to the 

productivity of workers. Wilson Learning Worldwide Inc. (2006) was of the opinion that there 

is a significant and meaningful relationship between performance and employee fulfilment. 

Brauer and Mikkelsen (2010) concluded that the psychological work environment was 

associated with individual perception of the indoor environment from a study of employees in 

39 workplaces. Schwartz (2011) noted that engaged employees – those who report they are 

fully invested in their jobs and committed to their employers – are significantly more 

productive, encourage higher customer satisfaction and outperform those who are less engaged. 
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Leblebici (2012) found that the behavioural components of the office environment have a 

greater effect on productivity than the physical components.  

There are other studies which support this view. Meijer, Frings-Dresen and Sluiter (2009) 

conducted a study on the effect of office innovation on the health and productivity of office 

workers after 6 months and 15 months of occupancy respectively. The office innovation 

included open-plan, flexible workplaces and a paperless office concept. It was found that office 

layout concepts had no or limited effects on productivity but some effect on the workers’ 

general health. Moshagen, Musch, and Goritz (2009) discovered that high visual aesthetics in 

a workspace enhanced performance in conditions of poor usability – a situation where an 

individual is faced with problems when using a device. It was observed that it compensated for 

poor usability by speeding up task completion. Smith and Bayeh (2003) carried out a study on 

72 volunteer participants in a call centre with computer-intensive work. It was observed that 

overall participants with the lowest ergonomic improvements showed higher average output 

productivity (9.43% increase) than participants who had the most ergonomic improvements 

(3.66% increase). It was also found that the percentage of participants showing improvement 

in both groups was essentially equivalent. Rather, improving working conditions such as 

training, specific customised adjustments, adding specific workstation accessories, and an 

improved chair affected worker productivity. 

The concept of ‘ba’ – an environment which supports and encourages knowledge creation, not 

only through the design of the space but also through the structure and operations of the social 

and cultural environment (Vischer, 2008), is a concept that attempts to illustrate the importance 

of other factors in improving productivity. A recent move towards this concept is Activity 

Based Working (ABW) introduced by the Veldhoen Company in the Netherlands 9 . This 

                                                 
9 More information about this concept can be found at http://www.veldhoencompany.com/en/ 



 

100 

 

concept introduces a flexible workplace environment which recognises that people engage in 

many different activities and need different types of work settings to accommodate those 

activities throughout the course of any day (van Koetsveld & Kamperman, 2011). According 

to these authors, an integrated working style is required to cater for the changes in the three 

environments, which lead to a coherent new way of working (behavioural, virtual and 

physical). This is because the modern office environment is virtual and supports faster and 

smoother exchange of all types of knowledge. It is also physical due to the activities carried 

out by workers; and behavioural, as a result of the interactions that occur between workers. 

Hence, a balance between these three environments is required to efficiently support the ever 

changing workplace (Figure 4-6).  

 

Figure 4-6: Integrated new work style. Source: van Koetsveld & Kamperman (2011) 

Over the years (Table 4-1), research into this field has dwelt on IEQ factors (temperature, 

lighting and noise) since they seem to be easier to measure in the office environment. It is often 

straightforward and easier to observe the effect of increased temperature or lighting on the 

ability of workers to perform assigned tasks than it is to observe the effects of poor management 

or interpersonal relationships on their productivity. Hence, more attention has been channelled 

into research on IEQ factors than other factors in the office environment which might have an 
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equal, if not higher effect on occupant productivity. The lack of research into the significance 

of other factors affecting occupant productivity could be the reason why it has been difficult to 

establish whether IEQ criteria increase occupant productivity. The effect of these other factors 

might also be responsible for several variations found in study results. One example is the 

Heschong Mahone Group study (see section 4.2.1.3), where it was noted that other factors 

explained 75% of the variations found in the study of the effect of daylighting on performance.  

There is also limited research into factors affecting occupant productivity such as sleep, 

personal experiences and medication effects which are not influenced by architecture. As a 

result, there is little or no provision for such factors to be compared with IEQ factors even 

though they have been indicated by studies to be of huge significance to productivity. Factors 

such as organisational, personal and even cultural influences have been observed to be 

important in determining the productivity of workers (see the discussion above). For example, 

recent research by the Organisation for Economic Co-operation and Development (OECD) 

rates Mexicans and Japanese as the hardest working nations in the world (OECD, 2013). It 

could be possible that a work environment with occupants from these cultures will experience 

higher productivity than their counterparts, irrespective of the IEQ conditions.  

It is also necessary to consider the magnitude at which each factor affects productivity. For 

example, it is possible that a simple treat could have more effect on productivity than an 

increase in lighting or temperature. It is also possible that the life experiences of an occupant 

can their productivity more strongly than external views and daylighting. For example, a study 

carried out as part of this study on the relative importance of factors affecting productivity 

discovered that social and organisational were regarded more important to productivity by the 

workers in office buildings (see section 6.5).  
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Another issue to consider is that when considering the relative significance of factors, the 

difficulty of knowing which one is in play as at the time of survey and at what magnitude 

complicates the collected field data enormously. Investigating the effect of a single factor on 

productivity is often interrupted by the effect of other factors which cannot be controlled or 

eliminated during the study. Furthermore, it is possible that there are factors affecting occupant 

productivity which are yet to be identified. If a factor is unknown, it cannot be investigated. 

4.5 Conclusion 

This chapter has critically reviewed a set of earlier studies on productivity and IEQ. The aim 

of this review was to critically examine the methods by which the effect of IEQ on productivity 

has been measured (Objective 1). Forty (40) studies were selected out of which 46 findings 

were retrieved for review. From the 46 findings, 29 findings supported the claim that there was 

a correlation between productivity and IEQ, while 17 findings opposed this claim.  

An overview of the findings was carried out, the productivity measurement method employed; 

the productivity proxy indicators used and the environmental conditions studied were all 

identified. Twenty five (25) studies employed subjective measures (questionnaires and 

interviews) to measure productivity. Eight (8) studies measured productivity objectively 

(performance tests and embedded tasks), while seven (7) studies combined both subjective and 

objective methods to measure productivity. Thirteen studies (13) were carried in a controlled 

environment, while the remaining 27 were carried out in real office environments. 

The studies were reviewed based on the methods by which productivity has been measured and 

the environmental conditions in which the studies were carried out. It was demonstrated that 

the methods of measuring productivity were affected by various research related issues.  

The first issue discussed was the presence of bias in subjective and objective studies. Bias such 

as the Hawthorne effect, Placebo effect, Experimenter expectancy effect and Novelty effect 
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were highlighted as possible sources which could affect responses to one’s productivity. While 

the Hawthorne effect influences results by the mere fact of the participant being monitored, the 

Placebo effect impacts on results just by the expectancy of an effect even when such an effect 

is observed by the participant. The Experimenter expectancy effect represents situations when 

the research consciously or unconsciously influences the outcome of an experiment or survey 

(such as in questionnaires). The Novelty effect describes an effect of the novelty of a product 

or an environment on the outcome of results (e.g. a new office environment).  

The second issue discussed was the productivity proxy indicators used by these studies. It was 

explained that self-assessed (perceived) productivity does not represent actual productivity and 

is mostly affected by the bias identified above. Performance tests and embedded tasks do not 

represent normal working conditions. While performance tasks only measure the ability of a 

participant to complete a particular task, embedded tasks do not offer information on what 

affected the observed change in productivity. It could be a function of factors that are not 

related to the IEQ factor being studied. Absenteeism is not a good measure of productivity 

except if presence at work was regarded as an office task. It was also pointed out that studies 

carried out in controlled or simulated environments do not take into account the various 

activities which are at play in a real office environment.  

Another issue that was identified was the error of singular questions used in questionnaires 

which try to measure perceived productivity. Of particular interest was the BUS questionnaire, 

which is the questionnaire examined in this research. It was noted that the single question on 

productivity in this questionnaire does not identify the various aspects of the perceived 

productivity, but assumes that these aspects are represented in the question. Hence, there is the 

possibility of denying the respondent of many options since one can only answer the question 

asked. 
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Diversity in preference was highlighted as an issue in the measurement of productivity and 

factors that affect it. It was noted that there is diversity in the preference of what constitutes an 

ideal working environment. It was noted that the modern office environment is made up of 

people from different cultural and social backgrounds. As such, even if a building achieved the 

required criteria for IEQ, not all the occupants will be satisfied.  

Furthermore, it was pointed out that comfort/satisfaction does not necessarily lead to 

productivity. The fact that an occupant is comfortable with the environmental conditions in an 

office does not mean that he/she will be productive in it. There are other factors that could 

result in a stagnation of or a decline in productivity.  

This led to the issue of the change law of productivity. It was discussed that productivity is not 

always incremental.  Productivity is dependent on the time of work. It was illustrated that 

productivity changes with work time from a time when it increases to when it stagnates and 

finally declines.  

Finally, the effect of factors other than IEQ factors on productivity was discussed. It was 

pointed out that research has shown that there are other factors which have an effect (if not a 

greater effect than IEQ factors) on productivity. 

This chapter aimed at evaluating the adequacy of methods used by past studies to measure the 

effect of IEQ on productivity. This review has shown that these methods were insufficient and 

did not accurately measure productivity.  

The findings of this chapter support the conclusions of Chapter 3 that studies have been 

unsuccessful in adequately measuring occupant productivity in an office environment. 

Furthermore, it has been demonstrated that the methods of measuring the relationship between 

IEQ and productivity are unreliable. Thus, this leads to the question –how reliable is the present 
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common method through which the productivity of occupants in Green certified buildings is 

measured and deduced to have increased as a result of the IEQ in these buildings? Answering 

this question will lend towards proving/disproving the hypothesis of this research - the 

relationship between productivity and IEQ is not significantly different for a building that is 

accredited Green status than any other reasonably well-designed building. This question is 

answered by fulfilling Objective 2 of this research in the next chapter (5). Chapter 5 analyses 

the reliability of the most common method of POE of Green certified office buildings in 

measuring occupant productivity in order to ascertain the claimed positive effect of IEQ on 

occupant productivity.
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 THE RELIABILITY OF THE BUS QUESTIONNAIRE IN MEASURING 

PERCEIVED PRODUCTIVITY: EMPIRICAL EVIDENCE 

5.1 Introduction 

This chapter fulfils Objective 2 of this research. It tries to answer the question asked in the 

concluding section of chapter 4 –how reliable is the present most common method of POE 

through which the productivity of occupants in Green certified buildings is measured and 

deduced to have increased as a result of the IEQ in these buildings? As shown in chapter 4, 

self-assessment is the most common survey method of measuring productivity in the office 

environment and results from this type of survey have been widely used to prove that Green 

certified office buildings increase productivity.  Out of the various self-assessment survey 

instruments that are presently employed, the BUS questionnaire from PROBE is most 

commonly used in office buildings and thus, is investigated in this chapter. 

Simply put, this chapter deals with the measurement of productivity using self-assessment 

questionnaires. It demonstrates the limitations of current questionnaires in measuring perceived 

productivity by comparing post occupancy evaluations of a Green certified building and a non-

Green certified building undertaken using the BUS questionnaire. This questionnaire has been 

widely used for POE, especially in New Zealand. For example, most of the published 

measurements of productivity (see Table 4-1) have used this technique to measure productivity 

and the factors affecting it.  

5.2 Case studies 

As discussed in section 3.5, findings from POE study have played a significant role in the claim 

that the IEQ of Green certified buildings increase the productivity of the occupants. This 

prompts questions about the adequacy of techniques used to measure productivity. With a focus 
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on the BUS questionnaire, a field study was carried out as part of this research to investigate 

the strengths and weaknesses of this technique to measure and compare the effect of IEQ on 

productivity in two office buildings. This would assist in the evaluation of whether there is a 

difference in perceived productivity between the occupants of a Green certified building and a 

conventional building. Based on the previous analysis in this thesis, it is hypothesised that the 

occupants of the Green certified building will perceive increased productivity in their 

workplace, while the occupants of the conventional building will be less likely to perceive an 

increase in their productivity. To achieve this, the occupants’ perception of the IEQ, comfort 

and productivity in their office buildings in both buildings were evaluated based on the 

following objectives: 

1. To ascertain whether the occupants are comfortable and satisfied with the performance 

of each building.  

2. To assess the occupants’ perception of the IEQ factors in each building. 

3. To assess and compare differences in perceived productivity as a result of the IEQ 

between each building. 

The results of this study are unlikely to be conclusive for many reasons: 

A. The two buildings are under different management regimes. This means that the level 

of commitment of occupants to their organisations might differ and affect the results of 

this survey.  

B. The building design and construction are dissimilar, which will lead to differing 

environmental performance (Table 2-3). 

C. Office layouts and the nature of the jobs will differ. 

Hence, the purpose of this experiment is more to test the protocol and pragmatics of using the 

BUS questionnaire than it is to try and validate it. 
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5.3 Methodology 

The BUS questionnaire was outlined in section 2.3.2.1. The sample population included all the 

occupants of the two office buildings used for this study. As explained in section 2.3.3, the 

buildings are identified as Building A (the Green certified office building) and Building B (the 

conventional office building). The average temperature during this period was recorded at 120C 

with an average monthly rainfall of 0.5 mm. For both buildings, the questionnaires were 

administered by hand on the first day of the survey week (Monday). Collection was carried out 

in the afternoons and took between 2 and 3 days of the week in accordance with the 

requirements of the questionnaire licence. 

5.4 Results 

The results of these surveys were analysed by the licencing company – BUS Ltd. The 2012 

New Zealand BUS benchmark, comprising 32 buildings in New Zealand that were mostly 

designed to high building standards, was used as a comparison. The position of the study 

building amongst the 32 studied buildings in New Zealand is represented by a building 

percentile. This shows how well the building has performed in comparison with other buildings 

that have been studied. 

It is worth mentioning here that the NZ BUS benchmarks used for the study buildings are 

different. The BUS benchmarks change over time as the overall database of results becomes 

larger. Both the buildings were surveyed during the winter season (1 month apart), but the 

results of the 2 buildings were processed at different times. Building A’s results were processed 

in August 2012, while Building B’s results were processed in January 2013 (5 months apart). 

As such, different BUS benchmarks were produced for the study buildings. This development 

was expected as there might have been more buildings surveyed; thus the difference in 

benchmarks. However, it does not affect the results of the comparison carried out on the study 
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buildings significantly. The buildings were compared based on their respective benchmarks 

and response rates. 

The overall perception of occupants on the study buildings gave the general performance of 

the buildings by the standards of the occupants. The general performance is represented by the 

satisfaction, comfort, forgiveness and summary indices as calculated by BUS Ltd. Baird (2010) 

provided an explanation for theses indices: 

 Comfort Index: this index encapsulates an overview of users’ perceptions of the 

building’s comfort in a single figure. It is calculated from the Z-scores for Comfort 

Overall, together with the main environmental factors of Lighting Overall, Noise 

Overall, Temperature Overall in both winter and summer, and Air Overall in both 

winter and summer.  

 Satisfaction Index: The Satisfaction Index (SI) encapsulates the users’ overall 

satisfaction with the building in a single figure. It is calculated from the Z-scores of the 

overall ratings for Design, Needs, Health and Productivity. The Z-scores are 

standardised scores which measure the relationship of an individual score with the mean. 

Z scores are used here to give equal weight to the constituent values of the index (Baird, 

2010). 

 Summary Index: the Summary Index (SuI) is simply the arithmetic average of the 

Comfort and Satisfaction indices. It provides a combined value for the perception scores 

of the occupants.  

 Forgiveness Factor: the Forgiveness Factor (FF) represents an attempt to quantify the 

users’ tolerance of the environmental conditions in the building. It is simply the ratio 

of the score for Comfort Overall to the average of the scores for the six environmental 

factors: Lighting Overall, Noise Overall, Temperature Overall in both winter and 
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summer, and Air Overall in both winter and summer. Values greater than 1 are taken to 

indicate that the occupants may be more tolerant or forgiving of the conditions (Leaman 

& Bordass, 2007).  

5.5 Background 

75% of Building A’s occupants responded to the survey, the majority of whom (60%) were 

male. Most of the respondents (68%) were aged thirty and above. Almost all the respondents 

(99%) stated that the building is their normal work base and 54% had worked in the building 

for less than a year. More than half of the respondents (57%) have a window seat and 59% had 

worked in their present work area for less than a year.  

For Building B, fifty eight per cent (58%) of the sample population responded to this survey, 

of which 62% were female and 72% aged thirty and above. Seventy six per cent (76%) stated 

that the building was their normal work base, while 71% have worked in the building for a year 

or more. A substantial number of the respondents (82%) have the window seat and 68% have 

worked in their present work area for one year or more. Table 5-1 shows the background 

characteristics of the respondents.   
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Table 5-1: Background information on the study buildings. Source: Author 

5.5.1 The satisfaction of occupants with the performance of each building (Objective 

1) 

5.5.1.1 Comfort Index, Satisfaction Index and Forgiveness Factor 

The occupants of Building A were comfortable with their building’s performance (CI = 0.56) 

and were satisfied with their building (SI =1.19). The occupants were also tolerant of the 

environmental conditions in the building (FF =1.07).  

For Building B, the occupants were comfortable with their building’s performance (CI = 0.51) 

and are satisfied with their building (SI =1.13). The occupants were also tolerant of the 

environmental conditions in the building (FF =1.16) (Table 5-2). This indicates that there is 

little difference between the two buildings with the exception that the Forgiveness Factor for 

Building B is significantly greater than Building A. 

 

 

 Building A Building B 

Age 68% over 30 years old; 32% under 30 

years 

72% over 30 years old; 28% under 30 

years 

Sex 60%  male; 40% female 38% male; 62% female 

Normal work base 99% 76% 

Window seat 57% 82% 

Worked at present 

desk/work area 

59% 68% 

Worked in building for 

a year or more 

54% 71% 

Type of Organisation 

(s) 

Architecture, music, web development, 

engineering, design. 

Research, business, training 
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Table 5-2: Occupant perception indices for study buildings. Source: Author 

 Building A Building B 

Study mean Building Percentile Study mean Building Percentile 

Comfort Index (CI) 0.56 81 0.51 78 

Summary index (SuI) 0.88 87 0.82 87 

Satisfaction index (SI) 1.19 93 1.13 92 

Forgiveness factor (FF) 1.07 63 1.16 99 

5.5.1.2 Overall responses for Building A 

A total of 345 questions were answered, of which 262 were related to the IEQ in the building, 

while the others were demographic responses. The occupants were asked to give examples of 

issues that hinder their work in their offices, and examples of issues that usually work well. 

They were also asked to rate the overall comfort of the building environment, taking all aspects 

of the building in account.  

The different questions produced a spread of responses. The question on “Things that hinder 

work” received the highest number (47). “Design” received the 2nd highest number (40) of 

responses, which were mostly positive. This was followed by “Things that work well” (37).  

“Change in behaviour because of conditions in building” and “Requests for change” were next 

with 26 responses each. These were followed by responses on the suitability of the storage 

arrangements, which received 23 responses. Next in line were responses on whether the 

facilities in the building as a whole met the needs of the occupants with 20 responses. The 

question on productivity received 18 responses while the  question on health received 12 

responses. Generally, there were more negative responses (94) than positive responses (49), 

and only 9 indecisive responses.  This is in line with Baird’s (2010) observation that building 

users are more likely to complain rather than praise.  

Almost all the responses were related to comfort irrespective of the question asked and the 

section in this survey. For example, although the respondents were asked about the design of 
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the building, the answers were generally centred on how comfortable they were in the building. 

Answers relating to comfort made up 99% of the total number from the respondents. These 

responses included how the occupants felt in their respective workstations and how the 

different IEQ factors affected their comfort in the building. Answers to what works well mainly 

indicated the lighting followed by the ventilation and open-plan office layout. Things that cause 

hindrance to work were mainly centred on a cold temperature, inadequate storage and the 

malfunctioning car parking system. The respondents stated that they wore more clothes/ jackets 

to keep warm.  

5.5.1.3 Overall Responses for Building B 

A total of 123 responses were received in Building B, 91 of which were on the IEQ. The rest 

were demographic. The occupants were asked to give examples of things that hinder their work 

in their offices and examples of things that usually work well in their offices. These questions 

provided an avenue to identify what the occupants did and did not appreciate about the building. 

The occupants were also asked to state their satisfaction of the IEQ factors in the building 

environment. This assisted the researcher in determining the comfort level that the building 

provides in relation to the perception preferences of the occupants. 

Not all questions received the same number of responses. The question on “Things that hinder 

work” received the highest number of responses (15). “Change in behaviour because of 

conditions in building” and “Design” received the 2nd highest number of responses (12). This 

was followed by “Request for changes” (11).  “Things that work well” and “Needs” were next 

with 10 responses each. The question on Needs demanded responses on whether the facilities 

in the building as a whole meet the needs of the occupants. “Noise” followed with 9 responses. 

The question on productivity received only 6 responses, while the question on health received 

just 7 responses. Generally, there were more negative responses (44) than positive responses 
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(8), and only 2 indecisive responses. This also supports the observation by Baird (2010) that 

building users are more likely to complain rather than praise.  

Like Building A, almost all the responses was related to comfort irrespective of the question 

asked and the section where they are written. For example, although the respondents were 

expected to comment on the design of the building, the responses were generally centred on 

how comfortable they were in the building. Responses on comfort make up about 90% of the 

total number of responses from the respondents. These responses include how the occupants 

felt in their respective workstations and how different factors affected their comfort in the 

building. Responses on what works well were mostly the facilities in the building. Things that 

cause hindrance to work were mainly centred on noise, lack of enough space and storage, and 

air-conditioning in the building. Table 5-3 provides a summary of responses on the IEQ in 

buildings A and B. 

Table 5-3: Trend in Responses in study buildings. Source: Author 

IEQ factors Responses in Building A (262 responses) Responses in Building B (91 responses) 

Positive  Indecisive  Negative Positive  Indecisive  Negative  

Comfort  41% - 59% 75% - 25% 

Design  40% - 60% 17% - 83% 

Health  55% 9% 36% 29% - 71% 

Lighting  13% - 87% - - 100% 

Needs  14% - 86% 20% - 80% 

Noise  20% - 80% 13% - 87% 

Productivity  35% 47% 18% - 33% 67% 

Work well  79%: Light, Ventilation and Open spaces. 60%: Facilities. 

Hinder  76%: Temperature (cold); Car park, Not   

enough storage 

50%: Noise 

Behaviour  Wear more clothes/jacket. Shut out noise, leave office, adjust blinds. 

5.5.1.4 Building design 

The occupants were asked to rate the overall building design. The results showed that most of 

the occupants in Building A were satisfied with the design of the building (88%). The building 
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scored higher than the NZ BUS benchmark (5.51; 4.72 respectively). The majority of the 

respondents in Building B were also satisfied with the design of the building (75%). The 

building also scored higher than the NZ BUS benchmark (5.45; 4.87 respectively). 

Building design received the 2nd highest number of responses from the respondents in 

Buildings A and B. The responses in Building A were mostly positive where they concerned 

the design of the building, but the IEQ in the building generated a few complaints. Responses 

like “good design”, “interesting/changing circulation spaces”; “love the non-parallel lines of 

the building design and “has a very organic feel”, “modern”, “nice exterior design” highlighted 

the occupants’ satisfaction with the design of the building.  

On the other hand, the responses in Building B were mostly negative when they concerned the 

design of the building. Responses like “impersonal; lacking character, “no visible stairs 

between levels 1 and 2”, “badly designed doors”, “stairway structure unsupported”, “wasted 

spaces”, “overuse of the lifts” highlight the shortcomings of the building design. On a general 

note, responses on the building’s overall design were not in line with the satisfactory 

satisfaction rating of the occupants. 

5.5.1.5 Image 

The occupants were asked how they rate the image that the building as a whole presents to 

visitors. The majority of the occupants (96%) in Building A responded that the building has a 

good image. This result is in line with the awards this building has received in the field of 

construction and design. The building scored much higher than the NZ benchmark, with a mean 

of 6.39 against the benchmark of 4.84.  

The occupants of Building B rated the building’s image well (96%), noting that the building 

has a good image. This is an interesting result. Although the building design failed to satisfy 
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the occupants, its image was rated as being good for visitors. The building scored much higher 

than the NZ benchmark, with a mean of 6.52 against the benchmark of 4.97. 

5.5.1.6 Needs 

The occupants were asked whether the facilities in the building as a whole met their needs. In 

response to this question, 83% of the respondents in Building A felt that the facilities met their 

needs. The building had a high percentile in the NZ BUS benchmark (77) with a mean of 5.33 

against 4.78. Most respondents in Building B (87%) also noted that the facilities in the building 

met their needs.  With this result, the building had a high percentile (77) in the NZ BUS 

benchmark with a mean of 5.55 against 4.93. 

The majority of responses for this question in Building A concerned the malfunction of the 

building’s car parking system. Other responses highlighted the inadequacy of the thermal 

control method and toilet facilities. Comments like “car park not good”, “car park breaks down 

all the time”, “need a new car park” were prevalent as well as others such as “cold in winter”, 

“passive environmental control does not work”, “heating is bad in winter” that emphasised less 

satisfaction with the thermal comfort method in the study building. It is interesting that the 

occupants preferred to comment on the limitations of the facilities despite noting their high rate 

of satisfaction.  

For Building B, the majority of the responses were centred on the lack of space for activities 

in the building. Other responses highlighted the inadequacy of the central thermal control 

method. Responses like “need staff spaces”, “need a 2nd cafe”, “not enough group/training 

spaces” were prevalent as well as others such as “the central control, rooms all linked together 

air-conditioning system is not user-friendly and problem occurs”, “we have no way to adjust 

the individual room temperature because the air-conditioning of rooms in the same level are 
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linked”, “our room has no window” that emphasised less satisfaction with the thermal comfort 

in the study building. 

5.5.1.7 Furniture 

For the question “How do you rate the usability of the furniture provided at your desk or 

normal work area?” 96% of the respondents in Building A agreed that the furniture provided 

was adequate for their use in their work areas, although the type of furniture varied considerably 

throughout the building. The building had a percentile of 90 and scored higher than the NZ 

benchmark with a mean of 6.12 against 5.07. The occupants were also asked whether they had 

enough space at their desk or normal work area. 66% of the respondents were satisfied with 

the space allocated to them. The occupants were also satisfied with the space in the building 

(78%). However, the same could not be said for the suitability of the storage arrangements in 

the building. A significant level of dissatisfaction was found (36%). For this, the study building 

had a percentile of 46 and scored almost the same as the NZ benchmark (4.2; 4.05). 

For Building B, eighty six per cent (86%) of the respondents agreed that the furniture provided 

was adequate for their use in their work areas, giving the building a percentile of 76. It scored 

higher than the NZ benchmark with a mean of 5.59 against 5.16. 90% of the respondents were 

satisfied with the space available in their work areas. 68% were also satisfied with the space in 

the building and 85% were satisfied with the suitability of the storage arrangements in the 

building. 

Most of the responses received on the availability of space at the desk and normal work area in 

Building A (16) were positive, with statements like “space is adequate”, “suits my needs”, 

“perfect”. Responses to storage space (23) were mostly negative with responses like “hardly 

any storage”, “no storage available”, “not enough”. In Building B, the responses ranged from 
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the space being too small to the space been enough for work. The occupants complained that 

the available storage was not big enough for the technical equipment in the building. 

5.5.1.8 Cleanliness 

Cleanliness in Building A was regarded as satisfactory by almost all the respondents (90%). 

This gave the study building a high mean score (5.68) in relation to the NZ benchmark (4.38), 

placing it in the 96th percentile amongst other buildings. A similar result was obtained in 

Building B. Almost all the respondents (93%) perceived the cleanliness in the building as 

satisfactory. This gave the study building a high mean score (6.21) in relation to the NZ 

benchmark (4.56), placing it in the 97th percentile amongst other buildings.  

5.5.2 The occupants’ perception of the IEQ factors in their workplace (Objective 2) 

5.5.2.1 Temperature and air quality 

Questions on comfort asked the occupants to describe the typical working conditions 

(temperature and air quality) in their normal work area in the winter and summer.  

For Building A, the temperature in summer was rated comfortable (69%) while the temperature 

in winter was rated comfortable (24%).  Air quality in summer was rated satisfactory (67%), 

whilst the satisfaction rating for air in winter was low (26%). The temperature in summer was 

observed as neither cold nor hot, and it varied during the day. The temperature in winter was 

regarded as too cold, and it also varied during the day. The air in summer was noted as neither 

dry nor humid and mostly fresh and odourless.  The air in winter was regarded as dry, neither 

still nor draughty and fresh and odourless. From these results, it can be observed that Building 

A did not perform well in the winter season. This could have something to do with the fact that 

the survey was carried out in winter, which could have influenced the occupants’ perceptions. 

The building is also naturally ventilated. With respect to the NZ benchmark, the building 
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performed below the benchmark for air quality and temperature in winter but above the 

benchmark for air quality and temperature in summer.  

In the case of Building B, the temperature in winter was rated comfortable (63%), while the 

temperature in summer was not comfortable (59%).  The results were the same for air quality. 

The air in winter was perceived as satisfactory (64%), but the Air in summer was not (50%). 

The temperature in summer was observed as mostly high and varied during the day. The 

temperature in winter was rated too cold and also varied during the day. The air in summer was 

noted to be mostly dry, stuffy and odourless, while the air in winter was regarded as dry and 

fresh. These results show that Building B didn’t perform well in the summer season. This may 

be due to the fact that the thermal control system employed in this building is not performing 

to the satisfaction of the occupants. In respect to the NZ benchmark, the building performed 

above the benchmark for air quality in winter and temperature in summer and winter but below 

the benchmark for air quality in summer only. In conclusion, the study building performed well 

in the winter season but not very well in the summer season. 

5.5.2.2 Noise 

The occupants were asked to describe the noise in their normal work areas. Building A received 

a commendable satisfaction rate as 71% of the respondents were satisfied with the overall noise 

level. The noise from colleagues and noise from inside the office were regarded as normal and 

there were few or no unwanted interruptions. The respondents also noted that the noise from 

outside was a bit higher than normal. This is expected considering that the building is located 

on one of the busiest streets of Auckland and is naturally ventilated, requiring operable 

windows for air flow. Despite this, the building scored higher than the NZ benchmark (5.22; 

4.27).  
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In Building B, 55% of the respondents were satisfied with the overall noise level. There was 

also dissatisfaction with the noise from inside the building (74%), noise from other people 

(85%) as well as unwanted interruptions (70%). The noise from colleagues and noise from the 

outside were regarded as normal. This is expected considering that the building has a larger 

number of occupants. However, as this building is designed to house offices, proper articulation 

of zones in the building could have mitigated the noise in this case. Despite this, the building 

scored slightly higher than the NZ benchmark (4.48; 4.35). 

There were 15 responses to noise in the respondents’ work areas from the respondents in 

Building A. The responses were mostly negative (12), centring on the noise generated from 

outside the building. Responses like “very noisy when front sliders are open”, “traffic outside 

sirens”, “can hear a lot of noise if people outside tenancy are talking” were prevalent. Other 

responses like “it can be noisy depending on number of people; open plan office”, 

“reverberation on hard surfaces” identified other sources of noise in the building. In the case 

of, the responses on noise were also mostly negative. Responses like “can hear voices, phones 

in adjoining offices quite clearly. Discussions on social bridge area carry clearly to my office”, 

“high noise level from ground floor”, “partitions do not stop noise from adjoining offices 

particularly telephone cables” were prevalent. Other responses like “I like noisy places”, 

“There is a lot of ambient noise in the building but it can usually be occluded or ignored” 

indicates the high noise level in the building. 

5.5.2.3 Lighting 

The question concerning lighting asked the occupants “How would you describe the quality of 

the lighting in your normal work area?” The majority of the respondents in Building A 

perceived that the over lighting condition in this building as satisfactory (81%). Artificial 

lighting was perceived to be satisfactory while natural lighting had some associated problems 

for many of the respondents. Glare from the sun and sky was also perceived as somewhat high, 
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whereas glare from lighting was perceived as minimal. Overall, the building performed above 

the NZ benchmark with a mean score of 5.78 against 4.96.  

In Building B, the overall perception of the occupants was satisfactory (83%). Both the 

artificial and natural sources of lighting were rated as normal (48%; 46% respectively), and 

there was little or no glare from lights, sun and sky. This is quite commendable considering 

that the building is 80% glazed. However, a later study for this research on the use of blinds 

and lights on this building showed that the blinds are almost always drawn all year round and 

artificial lights are constantly switched on during work time. While this measure might have 

resulted in the occupants viewing the lighting as highly satisfactory, it raises concerns over the 

effect of this on the energy consumption and usage of the building. The building scored higher 

than the NZ benchmark for all aspects of lighting with a mean of 5.62 against 5.07 for lighting 

overall, giving it a percentile of 87. 

Responses to the quality of lighting (16) in Building A were mixed. While, the respondents 

complained of glare from sun and sky, there were also notes mentioning a good mix of artificial 

and natural lighting. Generally, the lighting was perceived to be satisfactory with the exception 

of glare from sun and sky. There were no comments on the glare from the interior lighting. The 

respondents also complained that the toilets were too dark, which could be a result of the colour 

of the interior walls. Responses in Building B on the quality of lighting (16) contradicted the 

satisfaction rating obtained. All the answers given by the respondents were negative. The 

complaints included: “blinds need to be closed most of the year”; “the blinds need to block 

more light”; “impossible to dim or alter lighting”, many areas are too bright”; “prefer not to 

have 2 tubes per light fitting in my office – too much”. A respondent noted that the glass panels 

which are intended to block the light seemed totally ineffective. 
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5.5.2.4 Personal control 

The occupants of Building A acknowledged the importance of having control over the IEQ 

factors in their building. The majority of the respondents stated that they had no control or 

partial control over the cooling (77%), heating (70%) and noise (96%) in their workplace. On 

the other hand, a substantial number of the respondents acknowledged that they had partial or 

full control over lighting (63%) and ventilation (62%). Despite the difference in perception, 

the study building scored higher than the NZ benchmark in all aspects of control. 

The occupants of Building B also acknowledged the importance of having control over the IEQ 

factors in the building. The occupants rated control over cooling and heating in the building to 

be poor as the majority gave the response partial or no control over cooling (72%) and heating 

(89%). It was the same for control over ventilation (69%) and noise (75%). Control over 

lighting was rated to be satisfactory (62%). This result relates significantly to the occupants’ 

dissatisfaction with the temperature and noise in the building. 

5.5.2.5 Health 

The occupants were asked the question “Do you feel less or more healthy when you are in the 

building?”  The majority of the respondents in Building A stated that they did not feel less nor 

more healthy in the building (52%). 34% felt they were more healthy, while 14% stated that 

they were less healthy in the building. This gave the building a percentile of 90 amongst 

buildings in New Zealand. The building also scored higher than the NZ benchmark (4.4; 3.63). 

In Building B, fifty-two per cent (52%) of the respondents stated that they were more healthy; 

17% stated otherwise and 31% stated that they were neither less nor more healthy in the 

building. This gives the building a percentile of 94 amongst buildings in New Zealand. The 

building also scored higher than the NZ benchmark (4.59; 3.73). 
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Responses on health in Building A were mostly positive. However, the quality of these 

responses described the preference of occupants in relation to previous buildings. The 

responses were concerned with comfort and did not illustrate or give an indication of the 

perceived health impact of the IEQ in the building on the occupants. As most of the respondents 

chose neutral as a response to the question whether they felt more or less healthy in the building, 

the responses were complimentary and addressed other issues. The reason for this might be as 

a result of an inability to state or even evaluate an increase or reduction in health in the absence 

of potential negative effects, i.e. it is not possible to say whether one feels healthier or not, 

except if the occupants are ill. In the case of Building B, the responses on health were mostly 

negative. The respondents complained of fumes that travel through air-conditioning, sore throat, 

headaches from glare and the stuffy environment. 

5.5.2.6 Comfort overall 

The occupants were asked to rate the overall comfort of the building environment. In response 

to this, 69% rated Building A as comfortable. This building scored higher than the NZ 

benchmark (5.05; 4.58), giving it a percentile of 78 amongst buildings in New Zealand. 

Building B was also rated as quite satisfactory (79%) in terms of overall comfort. The building 

scored higher than the NZ benchmark (5.45; 4.7) and had a percentile of 87.This result 

contradicts the numerous complaints by the respondents about the building. 

Responses on the overall comfort in Building A were mixed. While some respondents termed 

the building as “a pleasant environment”, “perfectly fine balance” etc., others complained 

about the temperature of the building during winter. One response stated that the building 

would be the best building in New Zealand if the temperature issue was worked out. Generally, 

the building was regarded as satisfactory. The responses in Building B were mostly negative. 

The respondents made responses like “too hot all year round as no air comes through air vents; 

totally useless air-conditioning”; “Would prefer not to have glass panels near doors 
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unobstructed. Do not need to be constantly exposed”; “temperature reduces the overall rating 

here as it is never right – either too hot or too cold and we have no real control over our own 

situation”. 

The satisfaction ratings of the factors evaluated in both buildings are presented in Table 5-4. 

Table 5-4: Satisfaction ratings in study buildings. Source: Author 

 Building A Building B 

Building 

Design    

Temperature 

in Summer  
  

Temperature 

in Winter  

 

Air in Summer 
  

Air in Winter 

 
  

Overall noise  

 
  

Overall 

lighting  
  

Control over 

cooling  
  

Control over 

heating  
  

Control over 

lighting 
  

Control over 

noise 
  

Control over 

ventilation 
  

Health 
  

Overall 

comfort  
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5.5.3 Change in productivity as a result of the IEQ in the study buildings (Objective 

3) 

5.5.3.1 Productivity at work 

The occupants were asked to estimate how much they think their productivity at work is 

decreased or increased by the environmental conditions in the building.  

55% of the respondents in Building A reported an increase in their productivity at work (+10% 

to +40% or more), 15% reported a decrease (-10% to -40% or less), while 30% reported that 

their productivity had neither increased nor decreased (0%). The close response rate between 

those that stated a positive increase and those which were neutral is in line with the response 

received for the question on perceived health. With this result, Building A attained a percentile 

of 90, with a higher score mean than the NZ benchmark (7.67; -1.93).  

In the case of Building B, forty-four per cent (44%) of the respondents reported an increase in 

their productivity at work (+10% to +40% or more), 32% reported a decrease (-10% to - 40% 

or less) while 25% reported that their productivity had neither increased nor decreased (0%). 

This result is in line with the one on Health. Building B attained a percentile of 87, with a much 

higher mean score than the NZ benchmark (5.36; -1.04). This is an interesting finding: the 

closest correlation of any environmental issue in buildings with productivity is health (Baird & 

Thompson, 2012; Thomas, 2010). And yet, health is not a defined quality unless somebody is 

ill. 

The responses on productivity were somewhat different from the rating received. The 

respondents made comments such as “don’t know”, “can’t really say, but it is a lovely building 

to arrive to everyday”, “not so sure”, “not aware that this is affected”. There were also 

responses that identified other factors which are not related to the indoor environment of the 

building as potential factors that influenced an increase in their productivity. These are 
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evidenced in responses made such as “productivity, affected as much by other factors of people 

culture and work projects”, “energy of other co-workers; work/home separation”, “affected 

by colleagues”. Some respondents stated that adapting to the environment has had an influence 

on their productivity. Responses that related to the building environment were centred on 

comfort rather than productivity with responses like “hard to work when you are freezing”, 

“too cold in winter, too hot in summer”, “having the ability to have fresh air within the tenancy 

rather than ac modulated definitely better for productivity”.  

In Building B, the responses were in line with the ratings. The majority of the responses showed 

that the occupants did not think their productivity had been increased nor decreased by the 

environmental conditions in the building. The respondents gave answers such as “can’t know 

if it affects productivity”, which illustrates a lack of awareness of the effect of IEQ on 

productivity. The ratings are presented in Table 5-5. 

Table 5-5: Productivity ratings in study buildings. Source: Author 

 Building A Building B 

Productivity 

at work   

 

5.6 Deductions and limitations 

5.6.1 Building A 

 This survey was carried out in the winter season. The time of survey might have had an 

influence on the occupants’ perception of the comfort level, especially in the case of 

questions which deal with comfort in winter. A further survey is required during the 

summer season to ascertain whether the same results will be obtained. This indicates 

how important the time of year is when carrying out surveys. Buildings may be 

seasonally productive. However, the BUS questionnaire provided questions that catered 



 

 

127 
 

for IEQ in both the winter and summer seasons. As such, it could be assumed that the 

difference between the seasons is covered in the results obtained. 

 Apart from temperature and air in winter, Building A scored very high in the perception 

of its occupants. This is a good result and illustrates to some extent the success of 

employing natural ventilation in office buildings. However, it also correlated with the 

image of the building. This may indicate that respondents were influenced by the 

architectural awards that the building has obtained. 

 After two years of occupation, the fine tuning of a building’s services should have been 

completed. However, on-going maintenance has been raised as a major issue in both 

buildings. This raises the question of whether the BUS questionnaire was measuring 

the properties of a building design (as claimed by Green accreditation) or the building 

maintenance. The respondents’ views of productivity may be more closely aligned with 

building maintenance rather than building design, an issue that is not one of the criteria 

for a Green building.  

 The majority of the respondents have worked in the study building for less than a year 

(54%). The length of time that a respondent has been in a building is of significant 

importance especially if they have only recently moved into or out of an air-conditioned 

office space. Adaptation time is required, which is not fully accounted for in the 

questionnaire.  

 The occupants’ perception of productivity and health had interesting results. While the 

majority of the occupants (55%) thought that their productivity had increased as a result 

of the Green IEQ in the building, a large group of occupants (44%) did not perceive 

any increase. With regard to the responses on productivity, the occupants of this 

building largely stated that they were unable to measure a change in productivity and 

health as a result of the environmental factors in the building. This raises an important 
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question as to what respondents understand by the word ‘productive’, something which 

is undefined in the questionnaire. 

5.6.2 Building B 

 Firstly, it is noted that responses often contradict the ratings. It was expected that the 

responses would support the ratings of the respondents.  But the reverse was the case 

for this building. For example, the occupants rated the building’s comfort as satisfactory 

despite the greater number of negative comments about the discomfort they felt in this 

building. 

 This survey was carried out in the winter season, but unlike Building A, it did not 

influence the occupants’ perception of the comfort level, especially during winter. The 

occupants still rated the summer period as worse in terms of comfort. A further survey 

would be required during the summer to ascertain whether the same results would be 

obtained. 

 Generally, this building did not do well in terms of comfort. Temperature and air quality 

in summer and noise were the lowest rated aspects of comfort for this building.  

 The occupants’ perception of productivity and health were the same. The majority of 

the occupants noted an increase in productivity despite many of them complaining 

about the IEQ. However, their responses indicated that they were unaware of the effect 

of the IEQ on productivity. This reinforces the issue raised above that respondents may 

not know how to judge, let alone define their own productivity. 

5.6.3 Comfort rating in relation to NZ BUS benchmark 

A summary of comfort rating scores in comparison with the NZ BUS benchmark is presented 

in Table 5-6. The results indicate that while Building A scored worse than the NZ benchmark 
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in “temperature in winter” and “air in winter”, the study building scored better than the 

benchmark in all other factors.  

Building B scored the same as the NZ benchmark in “temperature in summer”, “tir in summer” 

and “noise” but higher than the benchmark in the rest of the factors compared (temperature in 

winter, air in winter, design, health, lighting, comfort, image to visitors, perceived productivity 

and needs).  

Generally, it can be said that the study buildings performed extremely well with respect to the 

NZ BUS occupant survey benchmark. The buildings’ percentiles in the NZ benchmark are 

shown in Appendix 6. 

Table 5-6: Comfort ratings relative to the NZ BUS benchmark (Amber = same as the NZ BUS benchmark; Green = 

better than the NZ BUS benchmark; Red = worse than the NZ BUS benchmark). Adapted from Study buildings’ results 

(BUS Ltd).  

Variables Building A Building B   

Temperature in summer Green Amber 

Temperature in winter Red Green 

Air in winter Red Green 

Air in summer Green Amber 

Lighting Green Green  

Noise Green Amber 

Comfort  Green Green                                                                        

Design  Green Green 

Needs  Green Green 

Health  Green Green 

Image to visitors  Green Green 

Perceived Productivity  Green Green 

5.7 Discussion 

This survey showed that occupants of Buildings A and B were highly satisfied with the building 

overall as the SI = 1.19; 1.13 respectively (where any score above 1.0 indicates high 

satisfaction). They also perceived that they were comfortable in the buildings (CI =0.56; 0.51 

respectively, on a scale of -3 to +3) and that they were forgiving of the limitations in the 



 

 

130 
 

buildings (FF =1.07; 1.16, where any score greater than 1 shows high tolerance). Occupants of 

both buildings were highly satisfied with the design, facilities and image of the building; and 

perceived that the buildings met their needs. Generally, both buildings performed well 

irrespective of the fact that one is certified Green and the other is not. Both buildings also 

performed above the NZ BUS benchmark.  

In comparative terms, the occupants of Building A were slightly more satisfied and comfortable 

than their counterparts in Building B. However, they were less tolerant of the shortcomings of 

their building that the occupants of Building B. This might be because of their high 

expectations of Building A, a Green certified building, unlike Building B, which is not Green 

certified. This result differs from that of Leaman and Bordass (2007), who found that users are 

generally more tolerant of Green buildings than conventional ones. Perception of the IEQ in 

Building A was conclusive. The occupants were satisfied with the overall comfort in the 

building. They were also satisfied with the lighting (81%) and noise levels (71%) in the 

building. With regard to temperature and air quality, the occupants were highly satisfied with 

the temperature and air quality in summer; they stated that the building was pleasant during the 

summer period of the year. However, the temperature in winter (24%) and air in winter (26%) 

did not meet their expectations. They noted that they were too cold in the winter. This can be 

attributable to the passive measures of indoor environment control employed in the building. 

There are no major means of heating up the building during winter except for the personal 

heaters used by the occupants. It was noted that the heating systems found in the offices were 

installed by the occupants and varied considerably. Furthermore, this survey was carried out in 

the winter season and could have influenced the perception of the occupants.  

In the case of Building B, the occupants did not perceive the IEQ as positively, even though 

they were satisfied with the overall comfort in the building. The occupants were reasonably 

satisfied with the temperature and air quality in summer (59%; 50%). However, there were 
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more complaints than praise about the temperature and air quality in this building. Some 

occupants complained that the building was too hot for most of the year. At the time of this 

survey, the building had undergone a period whereby the air-conditioning system had been 

faulty and this might have affected the occupants’ perception of the IEQ in the building. It is 

also noted that most of the occupants’ workstations are located next to a window (82%) and 

the building is extensively glazed. These could be a reason for the heat gain and thermal 

discomfort as most of the windows are not operable windows but instead glazed facades. IN 

addition, a significant number of offices are located in-between corridors and do not have direct 

access to the exterior. Despite this, noise in the building received the highest number of 

complaints (45%). The occupants raised issues over noise in the foyer, corridors and social 

bridges. On a more positive note, the occupants were very satisfied with the lighting (81%), 

temperature in winter (63%) and air quality in winter (64%) in the building.  

5.7.1 Perceived productivity in Green certified and conventional study buildings 

In terms of productivity, it was found that the occupants of both buildings perceived their 

productivity to have increased as a result of the IEQ in these buildings. Productivity in Building 

A increased by 7.67%, and productivity in Building B by 5.36%. This result is quite interesting 

considering the fact that both buildings performed differently in terms of the occupants’ 

satisfaction with IEQ. However, it could also be because of the Hawthorne effect: the 

respondents were aware that the study was part of the author’s university research (a 

requirement by the Ethics Committee of the University to inform respondents of the study).  

While there were some complaints about the temperature and air quality in Building A in winter, 

Building B received more complaints and could be said to have performed worse than Building 

A in terms of satisfaction with IEQ. Despite the differences, the productivity of the occupants 

in both buildings increased above the NZ BUS benchmark (-1.93; -1.04 respectively).  In 

particular, perceived productivity ratings in both buildings received a diverse distribution of 
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response. More occupants agreed that their productivity had increased as a result of the IEQ in 

the buildings (55%, 44% respectively). A significant amount of people did not perceive any 

change in their productivity as a result of the IEQ (44%, 25%). However, more occupants in 

Building B (32%) felt that their productivity had got worse due to the IEQ than in Building A 

(15%). This refutes the assumption of this survey that the occupants of the Green certified 

building will be perceived to be productive unlike those of the non-Green certified building 

with obvious performance issues. It can be concluded that occupants in both buildings 

perceived an increase in productivity even though Building B seemed to have performed worse 

than Building A. This result also conflicts with the argument that Green certified office spaces 

improve occupant productivity and non-Green certified office spaces do not (Madew, 2006). 

In the case of this survey, both categories of buildings improved the productivity of their 

occupants. 

5.7.2 Is productivity adequately measured? 

Carrying out this survey on two buildings is not conclusive evidence of the validity of the 

questionnaire. Many more buildings would need to be surveyed, which was outside the scope 

of this research due to the time taken to obtain approvals from owners, landlords, tenants, sub-

tenants and occupants. However, the study provides a useful means of testing the strengths and 

weaknesses of the questionnaire.  

It can be seen from this survey that the use of self-assessment as a measurement of productivity 

did not provide adequate information to support the claim that Green buildings increased 

occupant productivity compared with conventional buildings. The fact that the occupants of 

the conventional building perceived that their productivity had increased despite their 

dissatisfaction with the IEQ in the building indicates the limitation of self-assessed productivity. 

This may be due to the importance that an employee places on productivity. . The occupants 

who stated that they perceived an increase in their productivity could have done so out of fear 
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of misinterpretation. An occupant could be inclined to think that such survey will indicate how 

unproductive one is at work in general. As an employee, one would like to present oneself as 

capable of weathering all storms and being productive in any situation. As such, it is possible 

that occupants could rate an increase in productivity even when such an effect has not been felt. 

This could account for the low number who indicated decreased productivity and the higher 

number who indicated increased productivity in both the Green and conventional buildings. 

An occupant is unlikely to indicate a significant decrease in productivity, except when he/she 

has an overwhelming number of problems with the building. Furthermore, the two study 

buildings were regarded to be of good performance standard in terms of by the occupants (0.56; 

0.51 respectively) even though Building B was not built with the Green IEQ criteria as a target. 

Hence, an occupant’s reason for responding (which could be to avoid being seen as 

unproductive) could affect their ratings. This might be interpreted as increased productivity as 

a result of the IEQ of the building. It is usually in the response sections in questionnaires where 

the occupants air their views on the building’s IEQ.  

Survey tools such as the one used here were originally designed to evaluate the performance 

of buildings with respect to the satisfaction of occupants. As seen from the results, both 

buildings had their shortcomings as well as good points with regard to their performance. The 

question on productivity was meant to be only an indicator of how the building measured up 

and the effect that this has on an occupant’s perception of their productivity. It is unlikely that 

this question was originally designed to evaluate the significance of IEQ for productivity. As 

such, an adequate basis on which an occupant can assess the effect of IEQ on their productivity 

is not provided –especially as there is only one question on productivity and no definition of 

the word ‘productive’. Associating such surveys on IEQ in office buildings with productivity 

and interpreting the results to indicate so deviates from the original purpose of such surveys – 

the assessment of a building’s performance in relation to an occupant’s experience in the 
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building. While an occupant’s experience with comfort can be assessed through this means (it 

is easier to assess if one is comfortable or not in an environment), such measures cannot 

adequately measure productivity in totality. 

The results of this survey show a significant disconnect between the occupants’ responses on 

the effect of IEQ factors on productivity and their productivity ratings. While they mostly 

complained of how the IEQ negatively affected their productivity, they still rated their 

productivity as having increased. This could be a function of various biases identified in 4.4.1 

which affect the judgment of occupants or it could relate to the observation by Baird (2010) 

that building users are more likely to complain rather than praise. Yet, it shows that there is a 

knowledge gap with regard to the effect of IEQ on occupant productivity which is yet to be 

accommodated by current survey tools. It could also the IEQ does not have a direct effect on 

productivity. What is seen and regarded as an effect of the IEQ on productivity may instead be 

the result of a complex relationship between various factors that are in constant interaction with 

each other in the office environment (discussed in section 4.4.7). If actual productivity is 

measured, there may not be an association between the Green IEQ criteria and productivity; 

and even if there was, it could be mediated by other factors yet to be acknowledged in this field 

of research. These other factors were discussed in section 6.6. 

Perceived productivity can be said to be given far too much prominence especially by 

stakeholders who wish to sell office spaces or organisations that use it as a means to advertise 

their companies as places where increased productivity is guaranteed. The results of this survey 

have shown that productivity can be increased in an office building that is not certified as a 

Green office space and where the IEQ does not meet the satisfaction of occupants. 

The increase in productivity amidst dissatisfaction with IEQ, as found in this survey, not only 

only highlights the limitation of self-assessment but also suggests a possible disconnection 
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between an occupant’s perception and what is analysed from questionnaire surveys. This 

disconnection could be due to the researcher’s own perception of productivity. Most 

questionnaires are designed based on the knowledge of the researcher and interpreted 

accordingly. Hence, there is the possibility that the respondents’ views will be misinterpreted. 

For example, an occupant might rate that his/her productivity has increased for a question 

which requires the occupant to “rate the change in productivity by the environmental conditions” 

in the building studied. This can be interpreted that the occupant’s productivity has been 

increased by the environmental conditions and misinterpreted that the indoor environmental 

conditions of the building is responsible for the change in productivity. While the first 

interpretation defines environmental conditions as contributing factors to productivity, the 

second statement accords the fundamental responsibility to environmental conditions. 

Whichever is the case, publications of POE surveys of this kind could showcase these results, 

implying that the productivity of the occupants is a function of the environmental conditions. 

This might not be the case if the occupants were to interpret such results. There might be an 

indication that there are other factors could be interplaying with environmental (IEQ) factors 

to amount to the change in productivity that is experienced by the occupant. 

Another interesting observation is the manner in which questions concerning productivity are 

asked in questionnaires. For example, the question on productivity in the BUS questionnaire 

used for this survey “estimate how much they think their productivity at work is decreased or 

increased by the environmental conditions in the building?” requests that the occupant makes 

a judgment on effect of environmental conditions alone on their productivity – a task even 

scientists find difficult to illustrate (see section 3.4). No other factors tested in the 

questionnaires (such as storage space, cleanliness, or image) are used to influence the results. 

For instance, it is presently not possible to judge how much daylighting affects productivity 

without considering other factors such as health or pay rises. A question such as this denies the 
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respondent the opportunity to evaluate the effect of IEQ factors against other factors on their 

productivity. Only when such an opportunity is given can the results be interpreted as showing 

that IEQ factors are perceived to be responsible for productivity. This is addressed in the next 

chapter. 

A further interesting feature of the questionnaire is that the change in productivity is given to 

two significant figures (see section 5.5.3.1). This gives the illusion that it is highly accurate, 

precise and conclusive, and raises the question of how one single subjective and self-evaluating 

question can result in such a precise answer. 

5.8 Conclusion 

This chapter has demonstrated the limitations of current questionnaires in measuring perceived 

productivity (Objective 2). This was achieved by an experiment to test the protocol and 

pragmatics of using the BUS questionnaire. Post occupancy evaluations of a Green certified 

building and a non-Green certified building were undertaken using the BUS questionnaire.  

Three objectives were set to test the adequacy of the BUS questionnaire. Firstly, to ascertain 

whether the occupants were comfortable and satisfied with the performance of each building, 

secondly, the questionnaire was used to assess the occupants’ perception of the IEQ factors in 

each building; and thirdly, to assess and compare the differences in perceived productivity as 

a result of the IEQ in each building.  

At the end of this study, it was observed that the occupants of both buildings were comfortable 

and satisfied with the building’s performance. Although the occupants of the Green certified 

building were slightly more comfortable and satisfied than those in the conventional building, 

they were less tolerant of the shortcomings of the Green certified building. It was also observed 

that the occupants’ perception of the IEQ factors in the Green certified building was better than 

the perception of the occupants in the conventional building. The occupants of the Green 
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certified building perceived all the IEQ factors as satisfactory except for the temperature and 

air quality in winter. The occupants of the conventional building complained about the 

temperature, air quality and noise in the building.  

With regard to perceived productivity, it was interesting to observe that despite the difference 

in perception of the IEQ, occupants in both buildings felt that their productivity had increased 

as a result of the IEQ in the buildings. In other words, both buildings, with different Green 

status and IEQ satisfaction ratings, had increased the productivity of the occupants above the 

NZ BUS benchmark.  

This experiment was successful because it demonstrated that the BUS questionnaire could not 

adequately measure perceived productivity. It showed that perceived productivity is liable to 

bias as it is unlikely that a respondent will rate that he/she is unproductive.  It was also pointed 

out that such questionnaires are originally designed to be an indicator of a building’s 

performance. They were not meant to be evidence of the effect of IEQ on productivity. Hence, 

sufficient basis on which an occupant can assess their productivity is not provided. The problem 

of singular questions was evidenced in this survey. The BUS questionnaire used only one 

question to measure productivity. It did not cater for productivity in totality. 

This evidence supports the hypothesis of this research - the relationship between productivity 

and IEQ is not significantly different for a building that is accredited Green status than any 

other reasonably well-designed building, as it showed also that occupant productivity may be 

increased in a conventional building even when the IEQ in that building is not totally 

satisfactory. Furthermore, the findings of this research indicated that factors other than IEQ 

factors could be responsible for the increased perceived productivity observed in both buildings. 

This is investigated further by achieving Objective 3 of this research and is presented in the 
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next chapter (6). Chapter 6 examines these other factors in order to evaluate their significance 

to perceived productivity in relation to IEQ factors.
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 SIGNIFICANCE OF FACTORS AFFECTING PERCEIVED PRODUCTIVITY IN 

THE OFFICE: EMPIRICAL EVIDENCE 

6.1 Introduction 

As illustrated in chapter 5, the use of perceived productivity as a measure of productivity in 

questionnaires does not necessarily provide a satisfactory evaluation of productivity. The 

anomalies are such that questionnaires are picking up issues other than the design of the 

building; for example, maintenance or furnishings, which are not distinguishable between a 

Green and a non-Green office building. Occupants in both office buildings perceived increased 

productivity irrespective of the Greenness of the office spaces10. It was also observed that 

questionnaires such as the one used in the survey (BUS questionnaire) do not capture perceived 

productivity in its totality or the effect of IEQ factors in isolation from other factors. It was 

proposed that questions which evaluate the significance of IEQ factors against other factors 

should be included in surveys. This will ascertain whether IEQ factors are responsible for an 

increase in productivity. The empirical study described in this chapter constitutes an attempt to 

understand the relative significance of other factors compared with environmental factors in 

perceived productivity. This chapter reports on a field study of how occupants understand the 

meaning of productivity and the value that they accord to other factors which affect their 

productivity in the workplace. It involves an online questionnaire survey of office workers in 

a university complex. This survey was also carried out on Green certified and conventional 

buildings.  

                                                 
10 The findings can be associated with the measurement factors discussed in chapter 6 of this thesis. Please refer 

to section 4.4. 
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6.2 Background 

Chapter 5 showed that questionnaires used to measure perceived productivity gain or loss have 

shortcomings which render them imprecise at best and they certainly do not have anything like 

the accuracy that they purport to have.. This is perhaps because they are not targeting the 

diverse determinants of productivity. Exploring other proxy indicators would require 

identifying an occupant’s notion of productivity as this could broaden the more relevant factors 

that have not been identified by the research mentioned in the literature review in section 4. 

This concept is derived from Haynes’ (2007a) model of office productivity, which allows for 

the evaluation of both the physical and behavioural factors of the office environment. Haynes 

(2007b) noted that the behavioural environment has the greatest impact on office productivity. 

He demonstrated that the behavioural environment constitutes the dynamic elements of the 

office environment, such as interaction and distraction, which are perceived as having the 

greatest positive and negative influences on self-assessed productivity. This was also the 

conclusion of Fleming (2004), who suggested that an occupier perspective is necessary for 

understanding the behavioural dimension of the office environment.  

As noted by Vischer (2008), worker productivity is not only a matter of improving the speed 

and accuracy of routine tasks but increasingly also one of generating new ideas, being creative, 

working effectively in teams and generating knowledge that adds value to the organisation. 

Conclusions drawn from surveys which are purposely limited to certain factors exclude the 

effects of other factors that might have comparable or even greater effects on productivity. For 

example, can a 10% increase in daylight be more important to productivity than a pay raise, or 

can a pleasing furniture arrangement increase productivity more than access to a relaxing view?  

To bridge these potential problems, a survey was carried out which attempted to understand 

productivity from an occupant’s point of view and test the effect of IEQ factors combined with 
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other factors on productivity. With the confusion over what productivity means and represents 

(CABE, 2004), there is the potential that what is interpreted from survey data is different from 

what the respondents intended to say concerning their productivity. It is also possible that the 

focus on IEQ factors has excluded other factors which have a significant effect on occupant 

productivity in the workplace. 

6.3 Methodology 

This study examines occupants’ response on productivity. It assessed the degree of the 

relationship between variables where factors impacting on productivity are the independent 

variables and perceived productivity is the dependent variable in this study.  The process for 

developing this questionnaire has been explained in depth in section 2.3.2.2. For a comparative 

analysis, the 35 factors evaluated against IEQ factors. All the factors were grouped into five 

main groups are explained thus: 

 IEQ factors: These are environmental factors which deal with the building’s physical 

characteristics. They are usually found in building standards and codes such as the 

Green building rating tools and relate to features such as daylight, glare, too hot/too 

cold, artificial lighting, too noisy/too quiet, view and air quality. These factors are the 

same as the ones that the BUS questionnaire evaluates.  

 Social factors: These comprise factors that deal with the relationship between a worker 

and others both within and outside the workplace which have the potential to influence 

productivity. They include: relationships at work, relationships outside work, 

distraction/disturbance. 

 Personal factors: These do not have an obvious connection with the building but 

directly affect the occupants. These are unique to each occupant and include: injury, 

loss of sleep, life experiences, other financial stress, medication effects, 
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health/wellbeing, transport to work, relationships outside work, and relationships at 

work. 

 Organisational factors: These are factors under the control of the particular business 

or workplace, such as policies and regulations put in place in the organization that affect 

the wellbeing of workers in same way. These include: job security, access to health care, 

workload, refreshments at work and poor management. 

 Convenience factors: These are physical factors, facilities and amenities made 

available to the occupant. They include: overcrowding, insufficient equipment, 

uncomfortable furniture, position relative to equipment, cleanliness, office décor, 

personal storage, privacy, position relative to colleagues, poor equipment and furniture 

arrangement. 

6.4 Data collection 

In order to sample more than a single situation/population, this survey was carried out on two 

(2) sets of participants. The first was a sample population that represents a variety of workers 

not in the same building but all part of a single organisation. This was done online to try to 

capture as many responses as much as possible. All the respondents were employees of the 

University of Auckland and comprised academic, administrative and other staff involved in 

training, research and facilities management. The survey was sent to the Human Resources 

section of the University, which contacted the employees. This sampling method was used in 

the hope of including a wide range of office workers.  

The second set of respondents who were selected were workers in the Green certified building 

and the conventional building previously surveyed in section 5 to enable a comparative analysis 

to be carried out. For this set of respondents, the survey was carried out in a paper-based form. 
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6.5 Results 

As explained in section 2.5, the relative importance index (RII) was used to analyse the data 

obtained. The results of this survey are presented below. 

6.5.1 Online survey 

This survey was administered online through surveymonkey.com. A period of two (2) months 

was set aside to collect responses from the participants. From a sample of 5,000 university staff, 

the first 100 responses were selected for this survey. At the end of the survey, the data was 

sorted and 88 responses out of the targeted 100 responses (88%) were found to be usable.  

6.5.1.1 Background 

74% of the respondents were 35 years or over in age, 23% were between the ages of 25 and 35, 

while only 3% were younger than 25 years old (Figure 6-1). Thus, the respondents were mainly 

mature adults and would be expected to be capable of answering questions on productivity. Job 

descriptions were grouped under three headings: training and research, administration, and 

other professionals (Figure 6-2). Sixty-one per cent (61%) of the respondents were teachers or 

involved in some form of research work, 16% were involved in administration, while the 

remaining 23% were grouped as other professionals. Most of the respondents (83%) had 

worked in their respective jobs for more than 2 years, 10% had worked between 1 and 2 years, 

while 7% had worked for less than a year (Figure 6-3). Thus, the majority of the respondents 

had spent enough time in their particular job to be able to answers questions about productivity, 

since many of the respondents are teachers and researchers, who typically spend a substantial 

amount of time in an office space. 
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Figure 6-1: Age distribution of occupants. Source: Author 

 

Figure 6-2: Job description of occupants. Source: Author 
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Figure 6-3: Work duration of occupants. Source: Author 

6.5.1.2 Productivity 

The open-ended questions for this section were designed to uncover the respondents’ 

perceptions and feelings concerning their productivity and what they understand it to be.  

The first question ‘Other than the ability to produce more, how would you interpret the word 

‘productive’?’ was designed to free respondents from a conventional description of a quantity 

of goods or services produced. While the majority of the responses were inclined towards the 

quality of work produced and the efficient use of time, other answers included ‘efficient use of 

resources’, ‘feeling good about what you produce’, ‘customer satisfaction’ and 

‘issues/problem solving’. Others mentioned ‘holding useful meetings’, ‘being up to date’, 

‘meeting or exceeding targets’, ‘having better relationships/ plans for the future’, ‘being 

creative/critical/collaborative/communicative’ and ‘enjoying emotional happiness’. The range 

in these answers indicates very clearly that productivity means different things to different 

people. 

The second question asked ‘How do you think you could measure the increase or decrease in 

productivity?’ For this, the most frequently occurring response focused on the quality of the 

7%

10%

83%

Work duration

less than 1 year Between 1 and 2 years More than 2 years



 

 

146 
 

outcomes of work done. Other answers were: ‘the level of concentration given to work done’, 

‘feedback from others’, ‘accuracy’, ‘time spent on work’, ‘feeling of achievement’, ‘how long 

it takes to solve a problem’, ‘the time one leaves work to go home (early = productive)’, ‘social 

change achieved’ and ‘number of publications’. In general, the responses are concerned with 

achievement; either in quality, time, or peer recognition. However, some of the responses are 

‘perceived’ as productivity, and the objective measures are simplistic and derived from the 

‘time and motion’ type study of Frederick Taylor (see section 3.4.1).  

The third question ‘What could be done to increase your productivity?’ was most frequently 

answered by ‘better management’, ‘more support’ and ‘less workload’. Other answers were 

‘gaining more experience on the job’, ‘time management skills’, ‘pay raise’, ‘decrease noise’, 

‘personal motivation’, ‘less disruption’, ‘appropriate work tools or equipment’, ‘higher level 

of job security’, ‘better life/work balance’ and ‘fix health problems’. The responses generally 

shift towards the responsibility being on the employer and the workplace rather than any form 

of self-reflection. 

I the question ‘How easy did you find it to describe and measure ‘productivity’?’, the 

respondents were required to choose ‘easy’; ‘hard’ or ‘very hard’. 10% of the participants 

responded that they found it very hard to describe and measure productivity; 45% found it hard, 

while 45% noted that they found productivity easy to describe and measure. This result is 

somewhat inconclusive as there is an almost even split between easy and hard to measure. This 

relates to question 2, where several of the proposed methods of measurement are related to 

‘time and motion’ studies and are, therefore, easy to put forward as a response to the question. 

The final question ‘Did you look up the meaning of productivity from any resource?’ was 

asked to find out whether the respondents depended on other resources or their own perception 

and intuition for the meaning of productivity. 99% of the respondents said they did not look up 



 

 

147 
 

the meaning of productivity from any source. Hence, the responses given were mainly the 

individual’s perceptions. The results on the questions of productivity are shown in Table 6-1: 

Table 6-1: Productivity description by occupants. Source: Author 

Questions on productivity Most frequent answer(s) 

1. Other than the ability to produce more, how 

would you interpret the word ‘productive’? 

Quality of work; efficient use of time; happiness with 

work done; developing meaningful relationships at work 

2. How do you think you could measure the 

increase or decrease in productivity? 

Achievement; either in quality, time, or peer recognition. 

Measurements relate to ‘time and motion’ studies. 

3. What could be done to increase your 

productivity? 

Better management; more support; less workload 

4. How easy did you find it to describe and 

measure ‘productivity’? 

Easy (45%); Hard (45%); Very Hard (10%) 

5. Did you look up the meaning of productivity 

from any resource? 

No (99%); Yes (1%) 

6.5.1.3 Factors affecting productivity 

This section addresses the factors that were selected in the pilot test as influencing productivity. 

Although past studies have shown that IEQ factors appear to have some effect on productivity, 

it is important that other factors be tested alongside IEQ factors in order to determine their 

relative importance. Each factor was given equal opportunity to be identified as important by 

arranging all factors with no particular priority in sets of five. There were 35 factors for 

participants to respond to.  

A simple question was asked: ‘How much do these factors affect your productivity in your 

workspace? Respondents ticked the relevant box that described the significance of the factor. 

A relative importance index (RII) of each factor was used to determine a priority ranking. The 

factors are ranked in the order of importance in Table 6-2. 
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Table 6-2: RII of individual factors affecting productivity. Source: Author 

Factors affecting productivity RII Rank 

Health/wellbeing 1.535211 1st 

Poor management 1.52459 2nd 

Poor equipment 1.5 3rd 

Relationship at work 1.492754 4th 

Air quality 1.491525 5th 

Insufficient equipment 1.45 6th 

Undervalued at work 1.442623 7th 

Distraction/disturbance 1.416667 8th 

Too hot/ too cold 1.396825 9th 

Job security 1.366197 10th 

Workload 1.358974 11th 

Loss of sleep 1.353846 12th 

Overcrowding 1.340426 13th 

Transport to work 1.322034 14th 

Privacy 1.230769 15th 

Underpaid at work 1.214286 16th 

Relationship outside work 1.208333 17th 

Life experiences 1.19697 18th 

Cleanliness 1.180328 19th 

Personal storage 1.176471 20th 

Other financial stress 1.157895 21st 

Glare 1.150943 22nd 

Daylighting 1.148148 23rd 

Uncomfortable furniture 1.129032 24th 

Too noisy/ too quiet 1.107692 25th 

Position relative to equipment 1.031746 26th 

Injury 1.022727 27th 

Position relative to colleagues 1.016393 28th 

Artificial lighting 0.964912 29th 

Refreshments at work 0.962963 30th 

View 0.93617 31st 

Access to healthcare 0.866667 32nd 

Medication effects 0.833333 33rd 

Furniture arrangement 0.811321 34th 

Office décor 0.75 35th 
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Considering the first 10 factors influencing productivity, temperature (too hot/too cold) and air 

quality were the only two IEQ factors seen as important by the respondents. On the other hand, 

health/wellbeing, poor management and poor equipment were identified as being most 

important for productivity.  

In terms of the groups in which the factors were classified, social and organisational factors 

(see section 6.3 above) were noted as being more important for productivity than IEQ factors. 

Social factors were perceived as most important for productivity (RII: 1.373). This is followed 

by organisational factors (RII: 1.216) as the 2nd most important factors for productivity. IEQ 

factors (RII: 1.171), personal factors (RII: 1.161) and convenience factors (RII: 1.147) were 

perceived as being the 3rd, 4th and 5th most important factors for productivity. The results are 

laid out in Table 6-3. 
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Table 6-3: RII of group of factors affecting productivity. Source: Author 

Group of factors Factors analysed RII Mean RII Rank  

Social factors Relationship at work 1.492754 1.373 1st 

Relationship outside work 1.208333 

Distraction/disturbance 1.416667 

Organisational factors Job security 1.366197 1.216 2nd 

Access to health care 0.866667 

Workload 1.358974 

Refreshments at work 0.962963 

Poor management 1.52459 

Underpaid at work 1.214286 

IEQ factors Daylighting 1.148148 1.171 3rd 

Glare  1.150943 

Artificial lighting  0.964912 

Too hot/too cold 1.396825 

Too noisy/too quiet 1.107692 

View 0.93617 

Air quality 1.491525 

Personal factors Injury 1.022727 1.161 4th  

Loss of sleep 1.353846 

Life experience 1.19697 

Other financial stress 1.157895 

Medication effects 0.833333 

Health/wellbeing 1.535211 

Transport to work 1.322034 

Access to health care 0.866667 

Convenience factors Overcrowding 1.340426 1.147 5th 

Insufficient equipment 1.45 

Uncomfortable furniture 1.129032 

Position relative to equipment 1.031746 

Cleanliness 1.180328 

Office décor 0.75 

Personal storage 1.176471 

Privacy 1.230769 

Position relative to colleagues 1.016393 

Poor equipment 1.5 

Furniture arrangement 0.811321 
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6.5.1.4 Deductions 

From the survey, the following deductions can be made: 

1. Health/wellbeing was perceived as the most important factor affecting productivity, 

followed by poor management and poor equipment. 

2. Generally, social factors were perceived as most important for productivity, followed 

by organisational factors and then IEQ factors. 

This has substantial significance for questionnaires concerned with self-evaluation of 

productivity. While the importance of the individual factors chosen for the questionnaire can 

be debated, the overall outcome is that IEQ is not necessarily a strong proxy-indicator of 

productivity compared with other factors. 

6.5.2 Survey in study buildings 

The findings of the online survey indicated clearly that factors other than IEQ have a stronger 

influence on productivity. As this research is concerned with the claim that Green office spaces 

increase productivity as a result of the IEQ features present in these offices, it was necessary 

to assess some real office buildings to find out whether there is any difference for workers in a 

Green certified office building compared with a conventional office building located in 

Auckland. The survey was carried out in the winter season when the average daily temperature 

during the time of survey was recorded at 120C, and there was a substantial amount of rainfall 

(monthly avg. of 198mm). This means that IEQ factors that deal with temperature are likely to 

be of greater significance with external temperatures being below normal. 

The questionnaire was administered immediately after the BUS questionnaire had been 

completed. The disadvantage of this is that the BUS questionnaire had already sensitised the 

respondents to the IEQ factors prior to the questionnaire on ‘other factors’ being carried out. 

However, if there is any bias to be generated by this observation, it will be in favour of the IEQ 
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factors as good proxy-indicators, rather than the hypothesis raised in this thesis. The 

questionnaire was distributed before 10am on the survey day and collected the same day at 

3pm, as recommended by Leaman and Bordass (1999). 

6.5.2.1 Green certified building 

6.5.2.1.1 Background 

60 people (75% of the occupants) took part in the Green certified building, of which 49 

responses were usable (82%). From the analysis of the results obtained, 60% of the respondents 

were male and 68% were aged 30 and above. Almost all of the respondents (99%) stated that 

the building is their normal work base and 54% had worked in the building for less than a year. 

More than half of the respondents (57%) had a seat near a window and 59% had worked in 

their present work area for less than a year. Table 6-4 shows the statistics.   

Table 6-4: Background statistics of occupants in Green certified study building. Source: Author 

6.5.2.1.2 Factors affecting productivity 

Poor equipment was considered to be the factor which affected the productivity of the 

occupants the most (RII = 1.7). This was followed by loss of sleep (RII = 1.553) and poor 

management (RII = 1.55). The fourth most important factor affecting productivity was 

workload (RII = 1.45) as rated by the respondents. Next were undervalued at work (RII =1.44), 

insufficient equipment (RII = 1.35) and uncomfortable furniture (1.33). Air quality was the 

 Statistics of respondents (%) 

Age 68% (over 30); 32% (under 30) 

Sex 40% (female) ; 60% (male) 

Normal work base 99% 

Window seat 57% 

Worked at present desk/work area 59% 

Work in building 54% 

Type of organisation (s) in the building Architecture, Music, web development, Engineering, Design. 



 

 

153 
 

first IEQ factor (RII = 1.32) to be considered as important to the occupants of this Green 

certified office building. Air quality came in as the 9th most important factor affecting 

productivity. The RII of each factor which affected productivity and their ranked significance 

is listed in Table 6-5.  
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Table 6-5: RII of individual factors affecting productivity. Source: Author 

Factors affecting productivity RII Rank 

Poor equipment 1.738095 1st 

Loss of sleep 1.553191 2nd 

Poor management 1.55 3rd 

Health/wellbeing 1.545455 4th 

Workload 1.456522 5th 

Undervalued at work 1.44186 6th 

Insufficient equipment 1.357143 7th 

Uncomfortable furniture 1.333333 8th 

Air quality 1.325581 9th 

Relationship at work 1.302326 10th 

Too hot/ too cold 1.270833 11th 

Underpaid at work 1.238095 12th 

Transport to work 1.186047 13th 

Glare 1.119048 14th 

Distraction/disturbance 1.097561 15th 

Overcrowding 1.083333 16th 

Relationship outside work 1.069767 17th 

Daylight 1.05 18th 

Cleanliness 1.04878 19th 

Other financial stress 1.04878 

Too noisy/ too quiet 1.022727 21st 

Job security 1.021277 22nd 

Office décor 0.977273 23rd 

Injury 0.973684 24th 

Furniture arrangement 0.904762 25th 

Life experiences 0.883721 26th 

Position relative to equipment 0.871795 27th 

Refreshments at work 0.871795 

Position relative to colleagues 0.833333 29th 

Privacy 0.820513 30th 

Personal storage 0.733333 31st 

View 0.725 32nd 

Artificial lighting 0.714286 33rd 

Medication effects 0.5 34th 

Access to healthcare 0.473684 35th 
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Analysing these results based on the groups to which the factors to productivity belong, it is 

evident that the occupants considered organisational factors to be the most important for 

productivity (mean RII= 1.26). This group was followed by social factors (1.15) and 

convenience factors (1.06). IEQ factors came fourth with regard to importance to productivity 

(1.032). The group of factors considered to be least important to productivity were personal 

factors (1.02). The results are shown in Table 6-6. 
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Table 6-6: RII of group of factors affecting productivity. Source: Author 

Group of factors Factors analysed RII Mean Rank  

Organisational factors Workload 1.456522 1.263 1st 

Poor management 1.55 

Undervalued at work 1.44186 

Underpaid at work 1.238095 

Job security 1.021277 

Refreshments at work 0.871795 

Social factors Relationship at work 1.302326 1.156 2nd 

Distraction/disturbance 1.097561 

Relationship outside work 1.069767 

Convenience factors Overcrowding 1.083333 1.063 3rd  

Insufficient equipment 1.357143 

Uncomfortable furniture 1.333333 

Position relative to equipment 0.871795 

Cleanliness 1.04878 

Office décor 0.977273 

Personal storage 0.733333 

Privacy 0.820513 

Position relative to colleagues 0.833333 

Poor equipment 1.738095 

Furniture arrangement 0.904762 

IEQ factors Too hot/too cold 1.270833 1.032 4th 

Air quality 1.325581 

Glare  1.119048 

Too noisy/too quiet 1.022727 

Daylight 1.05 

View 0.725 

Artificial lighting  0.714286 

Personal factors Injury 0.973684 1.020 5th 

Loss of sleep 1.553191 

Life experience 0.883721 

Other financial stress 1.04878 

Medication effects 0.5 

Health/wellbeing 1.545455 

Transport to work 1.186047 

Access to health care 0.473684 
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These results revealed a significant finding: the respondents placed greater value on other 

factors than IEQ factors in their office space despite the possible bias caused by the initial BUS 

survey. These ‘other factors’ are generally not directly related to a building design or operation 

and are not considered in either the standard BUS questionnaire or in the Green building rating 

tools. However, the survey indicates that they are far better proxy-indicators of productivity 

that IEQ. 

6.5.2.2 Conventional building 

6.5.2.2.1 Background 

58% of the sample population responded to this survey, of which 60% were female and 68% 

aged thirty and above. Seventy-six per cent (76%) stated that the building was their normal 

work base, while 71% hadworked in the building for a year or more. A substantial number of 

the respondents (82%) had a seat near a window and 68% had worked in their present work 

area for one year or more. This data is listed in Table 6-7. 

Table 6-7: Background statistics of the occupants of the conventional study building. Source: Author 

 

6.5.2.2.2 Factors affecting productivity 

In Table 6-8, which shows the relative importance indices for the factors investigated, poor 

equipment emerged as the most importance factor affecting productivity (1.6), followed by 

undervalued at work (1.571), underpaid at work (1.545), too hot/too cold (1.538), too noisy/too 

 Statistics of respondents (%) 

Age 72% (over 30) 

Sex 62% (female) 

Normal work base 76% 

Window seat 82% 

Worked at present desk/work area 68% 

Work in building 71% 

Work area/group occupancy 43% (alone); 25% (8 persons or more) 
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quiet (1.444), insufficient equipment (1.4), loss of sleep, poor management and relationship at 

work came in as the 7th most important factors (1.391 each). Air quality came in at number 10. 
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Table 6-8: RII of individual factors affecting productivity. Source: Author 

Factors affecting productivity RII Rank 

Poor equipment 1.6 1st 

Undervalued at work 1.571429 2nd 

Underpaid at work 1.545455 3rd 

Too hot/ too cold 1.538462 4th 

Too noisy/ too quiet 1.444444 5th 

Insufficient equipment 1.4 6th 

Loss of sleep 1.391304  

7th 

 

Poor management 1.391304 

Relationship at work 1.391304 

Air quality 1.346154 10th 

Overcrowding 1.333333 11th 

Health/wellbeing 1.32 12th 

 Job security 1.32 

Distraction/disturbance 1.285714 14th 

 Injury 1.285714 

Other financial stress 1.272727 16th 

Glare 1.25 17th 

Privacy 1.24 18th 

Cleanliness 1.230769 19th 

Workload 1.2 20th 

Transport to work 1.16 21st 

Uncomfortable furniture 1.142857 22nd 

Office décor 1 23rd 

 Position relative to equipment 1 

Position relative to colleagues 0.958333 25th 

Relationship outside work 0.956522 26th 

Personal storage 0.95 27th 

Access to healthcare 0.947368 28th 

Furniture arrangement 0.916667 29th 

Daylight 0.888889 30th 

Life experiences 0.85 31st 

Refreshments at work 0.814815 32nd 

View 0.8 33rd 

Medication effects 0.733333 34th 

Artificial lighting 0.666667 35th 
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Analysing these results based on the groups to which the factors to productivity belong, it is 

evident that the occupants considered organisational factors to be the most important for 

productivity (mean RII = 1.30). This group is followed by social factors (1.21) and convenience 

factors (1.18). IEQ factors came fourth with regard to importance for productivity (1.13). The 

group of factors considered as least important for productivity were convenience factors (1.12). 

The results are shown in Table 6-9. 
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Table 6-9: RII of group of factors affecting productivity. Source: Author 

Group of factors Factors analysed RII Mean RII Rank  

Organisational factors Workload 1.2 1.307 1st 

Poor management 1.391304 

Undervalued at work 1.571429 

Underpaid at work 1.545455 

Job security 1.32 

Refreshments at work 0.814815 

Social factors Relationship at work 1.391304 1.211 2nd 

Distraction/disturbance 1.285714 

Relationship outside work 0.956522 

Convenience factors Overcrowding 1.333333 1.185 3rd 

Insufficient equipment 1.4 

Uncomfortable furniture 1.142857 

Position relative to equipment 1 

Cleanliness 1.230769 

Office décor 1 

Personal storage 0.95 

Privacy 1.24 

Position relative to colleagues 0.958333 

Poor equipment 1.6 

Furniture arrangement 0.916667 

IEQ factors Too hot/too cold 1.538462 1.133 4th 

Air quality 1.346154 

Glare  1.25 

Too noisy/too quiet 1.444444 

Daylight 0.888889 

View 0.8 

Artificial lighting  0.666667 

Personal factors Injury 1.285714 1.120 5th 

Loss of sleep 1.391304 

Life experience 0.85 

Other financial stress 1.272727 

Medication effects 0.733333 

Health/wellbeing 1.32 

Transport to work 1.16 

Access to health care 0.947368 
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6.5.2.2.3 Deductions 

The following can be concluded from the occupants’ responses: 

1. In the Green rated building, ‘poor equipment’, ‘loss of sleep’ and ‘poor management’ 

were regarded as the most important factors influencing productivity, while the 

occupants of the conventional building considered ‘poor equipment’, ‘undervalued at 

work’ and ‘underpaid at work’ as the most important factors to productivity. 

2. Analysis based on factor groups showed that for both buildings, organisational factors 

are perceived as most important for occupant productivity. This is followed by social 

factors and convenience factors. IEQ factors were regarded as the fourth most important 

factors for productivity. 

6.6 Discussion 

Defining productivity and what it represents has been a hurdle to articulating how it can be 

measured as well as how factors affect it. The survey on university employees revealed that the 

meaning and interpretation of productivity are not limited to merely the quantity and quality of 

work done. They included the efficient use of time and meeting targets and goals set in their 

interpretation of productivity. They also regarded developing meaningful relationships at work 

and happiness with work done as part of being productive. This survey shows the complex 

nature of productivity and the indicators of productivity as perceived by the building occupants. 

Asking the occupants how they would measure their productivity resulted in two main 

methods: 1) objective measures such as those used in ‘time and motion’ studies and 2) 

subjective measures such as ‘personal achievement’ or recognition by others. It was intriguing 

that the occupants did not suggest IEQ factors as a way to improve their productivity. 

An interesting finding is the perception of the importance of lighting and view of productivity. 

All the aspects of lighting which were tested had a low relative importance index (RII) value 
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(daylight, glare and artificial light) by the respondents. Though, in both buildings, glare was 

the most important lighting feature in relation to productivity. This could be interpreted to mean 

that apart from the discomfort of glare, lighting (be it artificial or natural) is not as strong an 

influence on productivity as has been shown in the past research (e.g. Heschong Mahone 

Group, 1999, 2003). It was also surprising to note that view was regarded as less important by 

the respondents of both the Green rated and conventional building (32nd and 33rd respectively). 

This is interesting since both buildings provide adequate access to a view for the occupants. 

The Green certified building’s facade is glazed on the south and north views while the 

conventional building is extensively glazed on all facades to give occupants the privilege of a 

“view”. It could be that environmental factors, such as a ‘view’ in this case, are ranked low on 

a scale when they are taken for granted.  

An observation from this survey is that the IEQ factors identified as important are those which 

received more complaints from the respondents in BUS survey carried out earlier. In the case 

of factors that were not complained about, there might simply be a threshold of adequacy, and 

when that is reached, further improvement is unnecessary as it unlikely to produce any increase 

in perceived productivity. For instance, the conventional building houses institutional workers 

who carry out research and academic work. As such the importance of a factor such as noise 

level is heightened (5th most important factor affecting productivity). On the other hand, the 

occupants of the Green certified building would not see noise level as an important factor if 

their job requires a lot of interaction between workers. This finding is supported by van 

Koetsveld and Kamperman (2011), who suggested that the design of a workplace should be 

tailored to the specific organisation’s activities – even though there is no evidence that this will 

increase productivity. 

From these surveys, other factors, apart from IEQ factors, which affect productivity, have been 

shown to have a greater significance. These findings are supported by other surveys (Haynes, 
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2008, Adbou et al., 2006). For example, Adbou et al, (2006) found that other factors such as 

labour-management relations and interaction between workers are far more important to 

worker productivity. Alhoa and Polo-Kantola (2007) also observed that there is a direct 

correlation between sleep deprivation and performance. This supports the importance accorded 

to loss of sleep in this survey. Other supporting studies were discussed in section 4.4.7. 

Although there might be indication of a relationship between productivity and the way offices 

are designed, identifying the most salient ones is a challenge to designers. Past studies have 

tried to emphasise the importance of IEQ factors for productivity and this has encouraged the 

unwavering support of stakeholders for the Green IEQ criteria of Green rating systems. The 

belief of a resultant increase in productivity as an end product of Green IEQ still prevails. As 

a consequence, other even more important factors are downplayed. This results in a huge 

discrepancy in survey results, whereby the same effect on productivity is not felt in all Green 

certified buildings. The results of the survey described in this chapter have shown that this 

could be explained by a lack of understanding of how productivity is perceived and measured 

by occupants. Productivity proxy indicators used by occupants to measure change in 

productivity are not limited to quantity and time; other indicators that are human related are 

also important while measuring productivity. The results of this survey have indicated the 

significance of other factors above IEQ factors for productivity. The solutions to most 

productivity-related problems in the workplace might be much cheaper than constructing a new 

building or even renovating an existing one to include IEQ standards if other factors that impact 

on productivity are given attention. 

6.7 Conclusion 

This chapter has evaluated the influence of factors other than IEQ factors on the perceived 

productivity of occupants (Objective 3). A productivity questionnaire was developed for this 
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purpose. Thirty-five (35) factors were grouped under social factors, organisational factors, 

convenience factors, personal factors and IEQ factors, and investigated for their significance 

vis-a-vis others. It also assessed occupants’ perception and knowledge on productivity. This 

questionnaire provided an opportunity for occupants to describe productivity and how they 

thought it could be improved. 

The questionnaire survey was carried out on office workers in a university complex. It revealed 

that productivity had different meanings to the occupants. In the eyes of the occupants, 

productivity could be measured by achievement; either in quality, time, or peer recognition. 

Ways through which productivity can be improved were perceived to be more the responsibility 

of the employer and the workplace rather than any form of self-reflection. Regarding the 

significance of factors affecting productivity, social and organisational factors were perceived 

as more important than IEQ factors for productivity. 

This survey was extended to a Green certified office building and a conventional office 

building. These study buildings were those surveyed in section 5. The aim was to ascertain 

whether the Green status of the buildings would affect the perception of the occupants. The 

questionnaire was administered after the BUS questionnaire survey had been carried out. This 

meant that the awareness of the importance of IEQ factors had been heightened and thus, the 

ratings could have gone in favour of the IEQ factors. Despite this, it was found that 

organisational, social and convenience factors were perceived as being more significant for 

productivity in both buildings. On an individual basis, poor equipment and loss of sleep were 

identified as being most significant in the Green certified building, while poor equipment and 

being undervalued at work were identified as most significant in the conventional building. 

This survey has demonstrated that other factors such as social, organisational and convenience 

factors are more important than IEQ factors for perceived productivity. This evidence indicates 
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that the productivity of occupants in Green office buildings may not be a function of the IEQ 

in the office environment but could be related to other factors. These other factors have been 

discussed in chapter 4 (section 4.4.7).  

As this chapter has proven that IEQ factors are not perceived to be more important and thus 

not so influential than other factors on the productivity of occupants, it is important to review 

the IEQ criteria specified by the NZ Green rating tool. This review will achieve objective 4 of 

this research by examining the science behind the NZ Green Star IEQ criteria. This is aimed at 

verifying the appropriateness of these criteria in representing the suitable IEQ levels at which 

it is claimed that occupants are not just comfortable but more productive. This review will 

critically investigate the theories and principles that support these standards and the resultant 

effect on indoor environment control of office buildings. This review is carried out in the next 

chapter and adds to the credibility of the claim that these Green Star IEQ criteria may not 

increase the productivity of office building occupants. 
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 A CRITICAL REVIEW OF THE GREEN STAR IEQ CRITERIA  

7.1 Introduction 

The promise of productivity gains has increased public interest in Green buildings. It is likely 

that this has had a significant impact on the demand for Green accreditation of buildings since 

only a 1% increase in productivity has been estimated to be 4 times more financially rewarding 

than reducing the energy demand (Byrd, 2012). With this incentive in mind, Green buildings 

are designed according to the specified IEQ criteria. This chapter will argue that the IEQ criteria 

have either driven or reinforced a particular form of environmental control system and, hence, 

architecture; highly glazed, air-conditioned buildings without appropriate solar control. These 

buildings tend to look very alike with similar building envelopes and height. This chapter draws 

on the results obtained in chapter 6 which show that IEQ factors are not as significant as other 

factors for productivity according to the perception of office workers. As such, it is necessary 

to review these standards in a bid to ascertain their reliability in providing appropriate indoor 

environment quality (IEQ) and thus possibly increasing occupant productivity (Objective 4). 

This chapter will examine the theories and principles that gave birth to the IEQ criteria. The 

resultant effects of Green certification on the characteristics of office buildings which tend to 

conflict with the principles of sustainable architectural design will be analysed. An assessment 

of the characteristics of Green office buildings will also be carried out to find out whether these 

trends in facade characteristics conflict with occupant comfort and perception of the indoor 

environment.  

7.2 NZ Green Star Rating tool 

The term Green has become a common description for buildings that claim to adopt the 

principles of sustainable construction and design; they are known as Green buildings. This term 
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is used by Green rating systems to represent buildings that have been rated and certified upon 

fulfilment of the required criteria in the specific rating tool. As such, a building is not regarded 

as Green if it has not been rated and certified by a Green rating system. Green rating tools are 

an environmental rating scheme which evaluates the environmental attributes of buildings by 

using a set of rating tool kits developed to be applicable to different building types and function 

(NZGBC, 2013b).  

As a response to the increasing awareness of sustainability, Green rating tools aim at 

encouraging the design and construction of energy efficient buildings with minimal effect on 

the natural environment. In addition, the aim of these tools is broadened to include economic 

and social benefits. Lee and Guerin (2010) noted that the Green certification aims to improve 

the quality of living and the productivity of the buildings’ occupants, while having an indirect 

but very specific impact on financial and social issues. These tools are designed to evaluate 

buildings by means of a selected standard of environmental performance (Giama & 

Papdopoulos, 2012).  

In New Zealand, the Green Star rating tool is applied in commercial settings (interior or whole 

building) and rates buildings at the design stage. It is a voluntary rating tool. It evaluates 

buildings against eight environmental categories namely: Management (MAN), Indoor 

Environment Quality (IEQ), Energy (ENE), Transport (TRA), Water (WAT), Materials (MAT), 

Land Use and Ecology (ECO) and Emissions (EMI). Points are awarded for a demonstration 

of design strategies which meet the overall objectives of the rating tool. An addition credit 

point can be achieved with a 9th category – Innovation (INN). The credit points make up the 

overall weighting scores out of 100%, with IEQ making up 20% (2nd highest) of this score 

(Table 7-1).  
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Table 7-1: NZ Green Star Weighting Categories. IEQ has the second highest score after Energy. Source: Smith (2008) 

Environmental Category NZ Green Star Weightings 

MAN Management 10% 

IEQ Indoor Environment Quality 20%  

ENE Energy 25% 

TRA Transport 10% 

WAT Water 10% 

MAT Materials 10% 

ECO Land Use and Ecology 10% 

EMI Emissions 5% 

 Total 100% 

The points are weighted and a credit is awarded, which determines the Green Star rating of the 

building. The ratings range from One Star to Six Star (Table 7-2). 

Table 7-2: NZ Green Star ratings. Source: Smith (2008) 

Single Overall Score Rating Outcome 

0-19 One Star Not eligible for formal certification, signifies ‘Minimum 

Practice’ 

20-29 Two Star Not eligible for formal certification, signifies ‘Average 

Practice’ 

30-44 Three Star Not eligible for formal certification, signifies ‘Good Practice’ 

45-59 Four Star Eligible for Four Star Green Star NZ certification, signifies 

‘Best Practice’ 

60-74 Five Star Eligible for Five Star Green Star NZ certification, signifies 

‘New Zealand Excellence’ 

75+ Six Star Eligible for Six Star Green Star NZ certification, signifies 

‘World Leader’ 

Currently, there are about 30 rated office buildings in the country, with the majority of them 

located in Auckland and many others on their way to certification. At the time of writing, the 

Green Star Office 2009 was the most recent rating tools to focus on the workplace. A copy of 

the IEQ criteria in this rating tool which are relevant to this thesis is provided in Table 7-3. 

This tool stipulates the IEQ criteria which are said to enhance occupant productivity. This claim 

of greater productivity appeals to developers, commercial users, accrediting organisations and 
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building professionals (Lasalle, 2011b). However, are the standard IEQ criteria (e.g. light levels, 

views and temperatures) representatives of a good working environment? Evidence is needed 

to demonstrate that the criteria are representative of a building that is conducive for comfort 

and performance; otherwise there is no substance in the claim that that a Green certified 

building is a productive building. 



 

 

Table 7-3: Overview of Green Star NZ - Office 2009 IEQ criteria for thermal and visual comfort and, external views. Source: NZGBC (2013d) 

Ref No. Title Aim of Credit Credit Criteria Summary No. of Points 

Available 

IEQ-7 Thermal 

comfort 

To encourage and 

recognise buildings that 

facilitate user control of 

thermal comfort. 

Up to three points are awarded where it is demonstrated that assessments have been made of thermal comfort 

levels and used to evaluate appropriate servicing options.  

The following Predicted Mean Vote (PMV) levels, calculated in accordance with ISO 7730, (or equivalent 

using Draft ASHRAE Comfort Standard 55 and "Developing an Adaptive Model of Thermal Comfort and 

Preference - Final Report on ASHRAE RP884"), must be achieved during Standard Hours of Occupancy and 

using standard clothing, metabolic rate and air velocity values for 90% of the year: 

For mechanically ventilated and mixed mode buildings: 

One point = PMV levels are between -1 and +1 

Two Point = PMV levels are between -0.75 and +0.75 and 

Three points = PMV levels are between -0.5 and +0.5. 

For naturally ventilated buildings: 

Two Point = PMV levels are between -1 and +1 and 

Three points = PMV levels are between -0.75 and +0.75. 

 

 

 

 

 

2 

1EQ-8 Daylight To encourage and 

recognise buildings that  

provide good levels of 

daylight for building  

users. 

Up to three points are awarded where it is demonstrated that a nominated percentage of the assessable area 

has a Daylight Factor not less than 2.5% as measured at the floor level under a uniform design sky, as follows: 

One point where 30% of the assessable area complies 

Two points where 60% of the assessable area complies  

Three points where 90% of the assessable area complies 

 

 

 

3 

IEQ-10 External 

views 

To encourage and 

recognise reduced  

Up to two points are awarded where it is demonstrated that a percentage of the assessable area has a direct 

line of sight through vision glazing, either externally or to an adequately sized and naturally lit internal atrium, 

as follows:  
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eyestrain for building 

occupants by allowing  

long distance views and 

the provision of  

visual connection to the 

outdoors. 

One point = 60% of the assessable area  

Two points = 90% of the assessable area. 

The distance to the nearest vision glazing is to be no more than eight metres. The external length of view must 

also be no less than eight metres. 

 

2 

IEQ-11 Electric 

lighting 

 To 

encourage and 

recognise office 

lighting 

provided by the base 

building that improves 

visual comfort. 

Up to three points are awarded as follows: 

One point is awarded where 80% of each of the wall and ceiling area meets the following: 

Surface finishes have reflectances of not less than 65% for ceilings and 40% for walls.  

An average surface illuminance of at least: 

20% of the required task lighting levels (as defined by AS/NZS1680.1:2006) on the ceiling and 

40% on the walls.  

Two points are awarded where the above point has been achieved and 80% of each of the wall, ceiling and 

floor area meets the following: 

Surface finishes shall have reflectances of not less than 75% for ceilings, 50% for walls and 20% for floors. 

An average surface illuminance of at least: 

30% of the required task lighting levels (as defined by AS/NZS1680.1:2006) on the ceiling 

50% on the walls and 

20% on the floors. 

One point is awarded where: 

The office lighting design has an average maintained illuminance level (as defined by AS/NZS1680.1:2006 

1.4.4) of no more than 400 Lux with a uniformity of no less than 0.6 for 95% of the assessable area as measured 

at the working plane (700mm AFFL) with a standard maintenance factor of 0.76. 
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7.3 The NZ Green Star IEQ criteria (Lighting, views and thermal 

comfort) 

This section looks into the NZ Green Star Office 2009 IEQ criteria. In particular, the criteria 

for thermal comfort, daylighting, electric lighting and views are examined.  

7.3.1 IEQ indicators for visual environments 

The New Zealand Green Star criteria address both natural and electric light. The 

recommendation is that average electric lighting levels be 400 lux on the working plane. It 

gives points for Daylight Factors (DF) that exceeds 2.5% on the floor and these points are 

allocated proportionally to the floor area where the DF is exceeded. A linear increase in DF 

across the floor results in an exponential increase in the area of glazing. It has been 

demonstrated (Byrd 2012) that the walls need to extensively glazed to achieve the maximum 

number of points for daylighting, resulting in excessive lighting and potential glare effects 

(Figure 7-1).  

 

Figure 7-1: The exponential relationship between the % of glazing required to achieve Green credits for the NZ Green 

Star Office Design rating tool. Source: Byrd (2012) 
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Reinhart, Christoph, Mardaljevic and Rogers (2006) mentioned that design recommendations 

based on DF are the same for all facade orientations and building locations as daylight factor 

does not consider season, time of the day, direct solar ingress, variable sky conditions, building 

orientation, nor location. As a result, glare, which is known to be most prominent for east and 

west facades, cannot be prevented in design except with the use of blinds (50% annually). This 

reduces the availability of light in the space. Nabil and Mardaljevic (2005) also noted that the 

the Daylight Factor approach was unrealistic as it is founded on a measure of illumination 

under a single, idealised overcast sky and cannot be applied to conditions where the 

contribution of direct sunlight leads to large differences between the maximum and minimum 

daylight levels. Moreover, the authors explained that the illuminance from the sun and non-

overcast skies are not taken into account. As such it is invariant to building orientation. 

The Lighting criteria require measurements to be taken from a point on the working plane; this 

is usually 700mm above floor level. The assumption in these criteria is that there is increasing 

satisfaction with ever increasing levels of light on a working plane and that the quantity of light 

on a horizontal plane is the appropriate measure for the perception of light in an office. 

These assumptions have been challenged for decades (Lynes, 1979) and more recent re-search 

has shown that is inappropriate to assume that the appearance of lighting in a space can be 

measured by a level of incident light on a working plane and that more light necessarily results 

in improved appearance or performance (Cuttle 2009). Cuttle (2009) noted that there were no 

empirical studies carried out to justify the recommended light levels in offices; they were based 

on “reason rather than research” (Cuttle, 2009). Chynoweth (2005) pointed out that such 

assumptions do not consider human perception of light. Using the level of light on a working 

plane is not a representative measure with which to assess appearance since perception of 

lighting is based on the light that ‘exits’ from all surfaces in a room (Cuttle, 2009).  
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This idea is extended into clear methods of evaluating and prescribing lighting appearance, 

whereby illumination adequacy is specified in terms of density of reflected light (not incident 

light) with a level that is an ambient quantity not related to a particular plane, position or 

direction of view (Cuttle 2013). This achieves an overall perception of brightness or dimness 

of illumination for the occupant from which the occupant can adequately judge his/her visual 

space (Figure 7-2). Bellia, Bisegna and Spada (2011) drew attention to the significance of an 

evaluation of “light at the eye” when they argued that illuminances at the eye, or the spectral 

distribution of the radiant power that strikes on the eyes should be evaluated to better 

understand the relationships between the luminous environment and the visual response. 

Villecco et al. (1979) cited in Parpairi (2004) supported this view when they pointed out that 

lighting does more than just make things visible; it is still, first and foremost, a perceptual issue. 

In other words, visual satisfaction could be influenced by the perception of the distribution of 

light rather than absolute light levels. 

 

Figure 7-2: Light perception; a result of reflected rather than incident light. Source: Author 

In terms of task visibility, which is important in office spaces, the empirical work that has been 

carried out (Weston, 1945) indicates that, under normal conditions, 11 lux is a satisfactory level 

to perform office tasks. An earlier study by Percy Waldram in 1928 found that a one foot candle 

Level of illuminance on a work 
plane as measured by the IEQ 

criteria 

Room appearance: a result of reflected 

light from room surfaces 
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(10.76lux) is sufficient for reading and for ordinary purposes if this 1-foot candle of light from 

the sky is available to over half the area of the room (Defoe & Ian 2007). Although, these levels 

of light might not be adequate for ‘appearance’ only (Defoe, 2009), Cuttle (2013) argues that 

the generally accepted highest practical relative visual performance (RVP) in lighting 

applications is just 20 lux to read black 12-point type on white paper for a normal sighted 25-

year-old subject; to exceed 100 lux, the font size will have to be reduced to 6-point. Cuttle also 

points out that with recent advancements in technology; we now live in an era where most of 

the things that we need to be able to see have been designed to be seen. This is evident in the 

replacement of analogue workplace facilities for digital which emit sufficient light for visibility. 

Examples are electronic formats such as e-paper or e-readers where the devices emit sufficient 

light for readability. 

The importance of this for Green building criteria is that precise levels of illumination on a 

working plane (400 lux) bear little or no relation to either the performance of a task or the 

perceived appearance of a room, and are therefore poor indicators of productivity. Cuttle (2009) 

pointed out that the requirement for 400 lux on a working plane could be reduced tenfold 

provided that other lighting indicators are achieved.  According to Chynoweth (2005), there is 

no evidence to show that this criterion is based on empirical investigations involving human 

perception of light. The same principle can be extended to the Daylight Factor. It is not so much 

the level of daylight on a working plane as an indicator of appearance or performance, but the 

relative distribution of light reflected from room surfaces. Fully glazing walls of offices is 

unlikely to achieve this and is likely to cause other problems such as glare or problems 

associated with excess direct sunlight (Butera, 2005; Onyeizu & Byrd, 2011).  

There is a negative side to extensive glazing. Although a certain amount of daylighting is 

beneficial to the occupants’ wellbeing (Heschong et al., 2003), its benefits can be undermined 
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by a number of setbacks if not properly designed. Such setbacks include glare, lack of privacy, 

overheating, energy waste by the use of artificial lighting (when the window blinds are drawn), 

thermal discomfort, eye strain (Boyce, 2004; Kim & Wineman, 2005; Nabil & Mardaljevic, 

2006; Roaf et al., 2009; Butera, 2005; Shuttleworth, 2008; The efficient windows collaborative 

tools for schools, 2011).  

7.3.2 IEQ indicator for views 

The external view IEQ criterion awards 1 point if it is demonstrated that 60% of the assessable 

area has a direct line of sight through vision glazing and 2 points if this can be demonstrated 

for 90% of the assessable area (Table 7-3). These criteria are based on calculating the direct 

line of sight through glazing, which encourages the design of excessive areas of glazing. Early 

field studies on occupants’ appreciation of views appear to have been forgotten. Keighley 

(1973) demonstrated that satisfaction with views was closely correlated with the percentage of 

glazing and that there was virtually no increased satisfaction as the percentage increased above 

30% of the external wall area.  

Other research has shown that to qualify as a ‘view’, a visual connection to the outside from a 

point in a building has to extend above a minimum solid angle width and height, the size of 

which depends on the type of view (Farley, 2001; Ne'eman & Hopkinson, 1970). Phillips (2004) 

also argued that the quality of a view depends on the surroundings of the building and the 

height at which it is experienced. As such, when a movable shading device attached to a view 

is frequently fully lowered due to glare, the value of view is obviated and hence the criterion 

becomes meaningless (Reinhart et al., 2006). The Green Star IEQ criteria for external views 

are simplistic in assuming that more glass results in better views. The research described above 

indicates that an adequate view can be obtained with constrained areas of glazing, thus avoiding 

associated problems such as glare and high energy use for both cooling and heating. 
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7.3.3 IEQ indicators for thermal environments 

There is a strong parallel between research in the visual and in the thermal environments. In 

both cases, research challenges the idea that specific and constant levels of the environment are 

an appropriate indicator of comfort, and it appears that adaptation to a wider range of conditions 

is not being adequately considered. The specific and constant levels of the environment are 

based on the PMV model, while the adaptive comfort model proposes the adaption to wider 

range of thermal conditions. Whereas the adaptive comfort model has struggled to be accepted 

as an efficient model for thermal comfort, the PMV model is the fundamental standard for most 

thermal comfort measurements and is used by the NZ Green Star IEQ criteria for thermal 

comfort. A brief description of the two thermal comfort models will be provided as a 

background for the discussion that follows. 

7.3.3.1 Predicted Mean Vote (PMV) model 

The PMV was developed by Fanger in the second half of the 1960s and is defined as the mean 

response of a large group of people according to the ASHRAE thermal sensation scale 

(Goncalves & Umakoshi, 2010). This scale is defined as +3 = hot; +2 = warm; +1 = slightly 

warm; 0 = neutral; -1 = slightly cool; -2 = cool; -3 = cold. This predictive model defines 

conditions that must be fulfilled in order for a person to be thermally comfortable. It is based 

on laboratory studies and presumes that there are certain optimum levels at which IEQ 

conditions are comfortable for occupants. This model is widely used for the design and field 

evaluation of comfort conditions in artificially conditioned environments, such as in most 

office buildings (Goncalves & Umakoshi, 2010). 

To develop the PMV, Fanger (1970) noted that the mean skin temperature and sweat secretion 

at a given activity level were closely connected with the sensation of thermal comfort. He 

observed this in an experiment involving college-age subjects in a controlled climate chamber 
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under steady state conditions. When combined with a heat balance for the human body, a 

comfort equation for any activity level and any clothing which calculates combinations of air 

temperature, mean radiant temperature, relative velocity and air humidity was achieved. The 

author presumed that this comfort equation would create optimal thermal comfort for human 

beings. 

However, this comfort equation was not so applicable for the assessment of a given room 

climate. It only indicated how the variables should be combined in order to obtain optimal 

thermal comfort. To bridge this gap, Fanger (1970) developed the PMV, which gives 

information on the degree of discomfort within a given room on a psycho-physical scale. The 

PMV includes all the major variables influencing thermal sensation. It quantifies the absolute 

and relative impact of six factors –air temperature, mean radiant temperature, air velocity, 

relative humidity, activity level and clothing insulation (Hoof et al., 2010). The PMV is 

represented in tables since the mathematical point of view was considered complicated (Fanger, 

1970).  

As the PMV predicts the thermal sensation of a group of people within a given room, Fanger 

thought it more useful to consider whether or not people will be satisfied or not. Hence, he 

developed the Predicted Percentage Dissatisfied (PPD) equation. The rational for the PPD was 

that since it is actually the dissatisfied people who will be inclined to complain about the 

thermal environment, the magnitude of the PPD would seem to be meaningful in rating the 

thermal quality of a given indoor environment (Fanger, 1970). Hence, the PPD predicts the 

percentage of people who are likely to feel ‘too warm’ or ‘too cool’. 

Generally, the PMV model is a ‘static’ model, i.e. it advocates for a defined thermal point at 

which it presumes that a larger percentage of occupants will be thermally comfortable. The 

environmental control system that the PMV follows can be described as one that tends to flatten 
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the curve of environmental control (Figure 7-3). It assumes that thermal comfort is achieved 

by a constant condition. 

 

 

 

To explain the figure above, the external natural environment is typically modified with a 

building structure oriented in accordance with the prevalent climatic conditions to produce 

comfort levels. Thermal comfort in a given room can be further achieved by the type of building 

materials employed and the design principles adopted, such as the size of wall openings, and 

the height and depth of the room space. Further modifications can be obtained by the occupants 

themselves, such as opening and shutting windows, wearing extra clothing or even moving 

around the office space to find improved conditions (Willey, 1978; Drake et al., 2010). This 

type of environmental control is based on such responsive behaviour from the occupants and 

leads to climatic adaptation to the outdoor environmental conditions. These modifications 

LEGEND: 

 

        External environment 

        Building Structure 

        Building materials 

        Air conditioning systems 

         

Optimum comfort levels of 

IEQ (promoted by Green 

rating systems) 

Extreme IEQ  
 

Adaptive IEQ  

Extreme IEQ  

  

  

  

  

  

  
 

 

 

Flattening the curve 

towards a straight line 

(Optimum comfort levels 

of IEQ) 

Adaptive IEQ  
 

 

 

 

Figure 7-3: Flattening the environmental condition curve. Adapted from Olgyay & Olgyay (1963) 
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reduce the environmental conditions from an extreme IEQ to an adaptive IEQ. Application of 

the PMV model modifies this adaptive IEQ condition further with the use of mechanical 

systems (artificially conditioned). With the total dependence of modern buildings on 

mechanical systems, the environmental control curve tends to flatten towards a straight line of 

optimum IEQ levels.  

The PMV is used in ASHRAE Standard 55-20120 to set the requirements for indoor thermal 

comfort. It is used to set the criteria for thermal comfort in the NZ Green Star rating tool (see 

Table 7-3).  

7.3.3.2 Adaptive comfort model 

The Adaptive model was first proposed in the 1970s and developed by Humphrey and Nicol in 

2002. It assumes that people are able to adapt to the thermal environment by means of 

behavioural adjustments, relaxation of expectations and acclimatisation to the conditions to 

which they are exposed (Frontczak & Wargocki, 2011). This model is based on the observation 

that there are significant discrepancies between thermal comfort sensations in real building 

occupants versus laboratory conditions (Goncalves & Umakoshi, 2010).  

Unlike the PMV-PPD model, the Adaptive model purports that energy saving can be achieved 

through adaptation (de Dear & Brager, 2002). It also claims that the PMV model is unable to 

articulate the underlying causal relationships that cause a shift in temperature and cannot 

account for the feedback that might initiate this shift or other behavioural responses (de Dear 

& Brager, 1998). On the other hand, the Adaptive model acknowledges that thermal perception 

in real world settings is influenced by the complexities of past thermal history, non-thermal 

factors and thermal expectations (de Dear & Brager, 1998). de Dear and Brager (1998) 

observed from field evidence that there was a clear distinction between the responses of 

occupants in a naturally ventilated building as opposed to an air-conditioned building. 
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Nicol and Humphrey (2002) observed that there is a range of things we can do to achieve 

thermal comfort. If a change causes discomfort, people react in ways that tend to restore 

comfort. The authors showed that the comfortable thermal temperature in naturally ventilated 

buildings depends on the monthly mean outside air temperature. Studies by de Dear and Brager 

(1998) have shown that occupants in naturally ventilated buildings were tolerant of a wider 

range of temperatures as a result of behavioural and physiological adjustments. The adaptive 

model acknowledges that factors such as demographics, context and cognition interact with 

thermal perception through the process of adaptation (de Dear et al., 1997). The authors 

identified three categories of adaptation responsible for this – behavioural adjustment, 

physiological adaptation and psychological adaptation (de Dear et al., 1997). The interplay of 

these categories creates an environmental control loop system of the Adaptive model such as 

the one illustrated in Figure 7-4.  
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Figure 7-4 : Interactive Adaptive Environmental Control. Adapted from Wiley (1978) 
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To explain this figure, a set of external environmental disturbances D (such as the weather 

condition) impinges upon a person, interacting with the set of physical variables (such as 

temperature, humidity), which determines an occupant’s level of thermal comfort. This 

interaction is often mediated with the introduction of a filter F (e.g. building structure) to 

enclose people and create an internal environment (I). In the internal environment, the 

interaction between D and C then occurs through a channel containing behavioural (e.g. 

adjusting clothes), physiological (e.g. acclimatisation) and psychological (e.g. altered 

perception of sensory information) control measures, N. These control measures affect the 

transmission from D to C and thus, the thermal sensation of the occupants. As this interaction 

is continuous and changes in magnitude and levels occur within a short period, adjustments are 

constantly made to control measures F and N represented by R (e.g. taking off or putting on 

extra clothing) and P (e.g. opening or shutting of windows and doors). The adjustments R and 

P are usually dependent on the external environment, D. These actions make up the adaptive 

control system.  

Unlike the PMV model, the adaptive model has struggled to be recognised as a standard in 

thermal comfort measurement such as the ASHRAE and is unpopular with Green rating tools 

such as the NZ Green Star Office 2009 tool (Table 7-3).  

7.3.4 Discussion 

The criteria used for thermal comfort in NZ Green Star office tool are based on the Predicted 

Mean Vote (PMV), with more points being allocated as the range of temperatures is narrowed. 

This method of measurement dates back to laboratory research by Fanger in 1967 that used a 

thermal-balance model of the human body to derive an acceptable interior thermal environment 

for at least 80% of a building’s occupants (Shove, 2004). As a result of his findings, the mantra 

for thermal comfort became ‘cold, dry, still indoor air’ (Fanger, 2001). Even though this 
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method (published as ASHRAE Standard 55) was originally intended to provide guidelines for 

centrally controlled HVAC (Brager & de Dear, 2000), it formed the basis on which thermal 

comfort is evaluated in both naturally ventilated and mechanically air-conditioned buildings. 

This method has been criticised as being unsuitable for naturally ventilated or mixed mode 

buildings (Brager & de Dear, 2000) since the ‘voting’ on PMV was carried out in air-

conditioned offices. This is because it is often difficult to meet this narrow specification of 

thermal comfort without HVAC even in relatively mild climatic zones like New Zealand. As a 

consequence, designers tend to go for air-conditioned office buildings, especially when more 

points are awarded if tighter PMV levels are demonstrated (see Table 7-3).  

There are actually more points available for air-conditioning than for natural ventilation in the 

Green Star system (Cichy, 2011). For instance, Cichy observed that out of 151 credits in the 

tool, 17 points could potentially be achieved for both natural ventilation and mechanical 

ventilation, whereas an additional 7 points can be achieved by using only mechanical systems. 

This encourages a heavy reliance on mechanical systems by designers even though higher 

energy efficiency can be achieved through natural ventilation. For instance, Roaf et al. (2009) 

noted that the LEED rating tool does not support passive design strategies and is devised to 

promote the use of mechanical services system; which in turn heightens energy use.  

The disadvantages of PMV as a measure of comfort are highlighted (Arens, Humphreys, de 

Dear & Zhang, 2010) within the context of the high energy penalty that is incurred when near 

isothermal conditions are maintained. The important results of field trials described by Arens 

et al. indicate that spaces with tightly controlled temperatures do not provide higher 

acceptability/tolerance than spaces with less control. The authors conclude that the theoretical 

basis of tight PMV/PPD building control is flawed.”p10. Adaptive models which recognise 
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human tolerance of varying thermal conditions are suggested as more suitable metrics (Brager 

and de Dear, 2000) (Figure 7-5).  

 

Figure 7-5: Observed and predicted comfort temperature between Buildings with Centralised HVAC and Buildings 

with Natural Ventilation. Source: Brager & de Dear (2000) 

The limitations of the PMV metric for thermal comfort include one implied by users: ignorance 

of the influence of cultural, social and contextual factors (Brager & de Dear, 2000). According 

to the authors, the physics governing a body’s heat balance (basis for PMV) is inadequate for 

fully explaining the relationship between perceived thermal comfort in naturally ventilated 

buildings and exterior climatic conditions. These factors have been found to play a significant 

role in the adaptive ability of occupants in any given thermal environment. This adaptive 

capacity in practice is the implementation of effective strategies to react to stresses to reduce 

the likelihood of harmful outcomes (Kwok & Rajkovich, 2010). This includes involuntary 

(shivering, sweating) and voluntary (adding or removal extra clothing, fanning) actions through 

which an occupant exerts control and adapts to the environment. These activities are practical 

over wider ranges of thermal environments than those specified by the IEQ thermal criteria 

(PMV values), and are exercised in both mixed mode and naturally ventilated buildings. Brager 
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and de Dear (2000) noted that the total range of clothing worn by building occupants is much 

wider in naturally ventilated buildings.  

The requirement for tightly controlled thermal environmental conditions and maximum light 

levels results in architecture that has a highly glazed and sealed envelope with ventilation and 

temperature control achieved by air-conditioning. Once the decision is made to air-condition a 

building, the advantages of passive environmental control, such as thermal mass to smooth out 

diurnal changes in temperature, is negated. Furthermore, the need for solar protection is 

diminished as a larger air-conditioning plant to combat overheating is generally a cheaper 

initial option than the installation of effective solar shading. 

Over the last decade or more, research into IEQ has moved away from models that assume 

comfort to be an adequate measurement of conditions to an acceptance that diversity within, 

and adaptability to, the physical environment are more conducive to comfort and possibly 

productivity (Shove, 2004). This is similar to a finding made by Healey and Webster-Mannison 

(2012) in their survey on qualitative factors that influence thermal comfort: “the common 

theme among respondents was that as long as one was able to work at a satisfactory rate and 

without major distraction, there was no problem with the indoor conditions” (p173).  

Vischer (2008a) noted that a workspace cannot be designed to be a one-time, final and 

permanent ergonomic support for all office tasks, but rather it needs to be adaptable and 

‘negotiable’ to be supportive to users. This is because people differ and respond differently to 

the same conditions (Frontczak & Wargocki, 2011). 
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7.4 Summary of the IEQ criteria 

The findings of this study have prompted some suggestions, which the NZ Green Star and other 

rating tools could consider as may be applicable: 

 The Daylight Factor is not a suitable metric for daylighting as it encourages over-glazing 

(the rating tool imposes no limit). As noted by Reinhart et al. (2006), it was never meant 

to be a measure of good lighting design but rather a minimum legal lighting requirement. 

 The use of light level incident on a working plane is not an appropriate measure of lighting 

levels. The reflected light from room surfaces is an appropriate metric. Further explanation 

of this metric is given by Cuttle (2013). This should ultimately result in a reduction in the 

400 lux of lighting specified in the lighting IEQ criteria and ultimately demand a better 

thought process andarticulation on how to provide adequate and not excess lighting in the 

workspace. 

 The Adaptive comfort standard is a better model for thermal comfort. Evidence has shown 

that this standard is in close agreement with the measured comfort vote of occupants and 

could better predict the thermal comfort of subjects (Moujalled, Cantin, & Guarracino, 

2005). Buildings should give occupants the opportunity to adjust environmental conditions 

as it suits (Nicol & Humphreys, 2002). This will also result in significant energy efficiency 

in office buildings. 

 More points are allocated for HVAC in office buildings than for natural ventilation design 

strategies. Potential energy saving is huge and reduction in the environmental impact can 

be achieved through natural ventilation. It is recognised that it might not be easy for 

occupants who have been used to air-conditioned buildings to adjust to natural ventilation. 
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They might find the adjustment unpleasant initially. However, it is anticipated that once 

the majority of occupants adapt to the thermal environment of natural ventilation, 

discomfort will be less of an issue, and a win-win situation will be achieved which satisfies 

the occupants and is environmentally sustainable. 

7.5 Conclusion 

This chapter critically examined the standards used in the NZ Green Star IEQ criteria. The 

standards were reviewed to ascertain their ability to represent how occupants perceive the indoor 

environment. This review achieved Objective 4 of this research. 

The NZ Green Star rating tool was briefly described. The credit points allocated for each 

environmental category evaluated by the tool were presented. It was pointed out that the IEQ 

category carried 20% of the entire credit points. This makes it the 2nd highest weighted category 

after Energy in the IEQ category. The IEQ criteria for Electric lighting, Daylighting, External 

views and Thermal comfort were also presented. 

The critical review carried out showed that the daylighting criterion of a minimum 2.5% Daylight 

Factor across the floor is inappropriate for visual performance. It encourages an increase in glazing 

in a bid to achieve a linear increase in the DF and thus, more points for daylighting. This has led 

to extensively glazed facades in office buildings. The DF approach was also shown to be invariant 

to building orientation. As such, it is the same for all facades irrespective of the illuminance from 

the sun. 

The electric lighting criteria require that light be measured from a point on the working plane. It 

was pointed out that this requirement ignores the fact that the human eye cannot see incident light 

at a point in any given space. Light perception is the result of reflected light from all surfaces in a 



 

 

189 

 

given room. It was also mentioned that visual perception is the result of the relationship between 

the luminous environment and visual response. 

In respect to task visibility, this chapter pointed out that the specified 400lux is far higher than 

what it needed for visual performance. 11lux of light was shown to be adequate to perform office 

tasks. Furthermore, recent advancements in technology have seen the replacement of analogue 

workplace facilities with digital ones that emit sufficient light for visibility. 

The review on external views criteria revealed that the 90% of the assessable area in the direct line 

of sight through a vision glazing is made impractical if a visual connection is not established from 

a point in the building extending above a minimum solid angle width and height. The size of this 

visual connection depends on the type of view.  It was also shown that the quality of this view is 

dependent on a building’s surroundings and the height at which the view is experienced. 

The thermal comfort criteria were critiqued on the basis that it encourages more dependence on 

HVAC and other mechanical systems that are not energy efficient. It was shown that the rating 

tool awards more points for mechanical systems than for passive ventilation design strategies. This 

was further explained with a description of the PMV static model and the Adaptive thermal 

comfort models for environmental control. 

This chapter has shown that the NZ Green Star IEQ criteria are a poor indicator of how occupants’ 

perception of the indoor environment should be represented (objective 4). The findings obtained 

from this review demonstrate that the NZ Green Star IEQ criteria do not provide an IEQ that 

characterises the perception of occupants on comfort let alone stimulates an increase in 

productivity. This evidence significantly supports the views of previous chapters (4, 5 and 6) that 

increase in occupant productivity is not necessarily a function of NZ Green Star IEQ as stipulated. 
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Chapter 4 showed that occupant productivity has not been adequately measured while chapter 5 

proved that perceived productivity was not influenced by the Green status of a building. Chapter 

6 demonstrated that factors other than IEQ have more effect on perceived productivity. This means 

that the claim that Green office buildings increase occupant productivity as a result of the IEQ in 

these building has been disproved. Thus, these findings support the hypothesis of this research that 

the relationship between productivity and IEQ is not significantly different for a building that is 

accredited Green status than any other reasonably well-designed building.  

The outcome of this chapter prompts the question – what then is the effect of contemporary Green 

certified office buildings features (i.e., buildings that have been designed based on the stipulated 

standards of the NZ Green Star IEQ criteria) on occupant comfort in the office environment? To 

answer this question, objective 5 of this research will be achieved. This is presented in this next 

chapter (chapter 8). Chapter 8 examines the features of Green certified office buildings through 

an unobtrusive survey method that minimises to a greater extent the limitations of self-assessment 

(observed in chapter 5) and other methods (discussed in chapter 4).  
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 UNOBTRUSIVE SURVEY OF OCCUPANT BEHAVIOUR ASSOCIATED WITH 

HIGHLY GLAZED BUILDINGS 

8.1 Introduction 

This chapter draws on the findings of the previous chapter, which shows the IEQ criteria of the 

NZ Green Star rating tool do not fully represent how the indoor environment is perceived by 

occupants and as such tend to encourage excessive glazing and reliance on artificial environmental 

control (HVAC). The aim of this chapter is to investigate the effects of these Green certified 

building features on the comfort and satisfaction of occupants with IEQ. The findings of this 

chapter achieved objective 5 of this research. 

It will also discuss the resultant impact of the features of Green certified buildings on energy use 

in the study building. The findings were compared with those from a conventional building which 

has similar building façade characteristics. This is done to find out whether there is a difference 

between certain aspects (in particular glare and lighting) of occupant comfort in Green and 

conventional office buildings.  

8.2 Methodology 

The unobtrusive method was used to monitor the frequency of use of operable blinds and electric 

lights in the selected study buildings (see section 2.3.4 for details). The following assumptions 

were made: 

1. The frequency of drawing blinds represents visual and/or thermal discomfort 

caused as a result of glazing. It has been demonstrated that blinds are used to avoid 

visual and thermal discomfort (Reinhart & Voss, 2003).  
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2. The frequency with which lights are turned on during the day is related to visual 

comfort. 

Byrd (2012) has suggested that when daylight is blocked by lowered blinds, electric lights are 

used. Hence, blind use is a causal factor for high electric light use.  

8.2.1 Data collection 

The survey involved visiting the sample buildings twice a day for one working month 

(approximately 20 days). Each visit entailed making a pictorial record of roller blind closure and 

the windows and electric lights switched on at each elevation for the morning and afternoon time 

periods. This amounted to a total of forty (40) visits. The morning record was taken in the between 

9 a.m. and 11 a.m, while the afternoon record was taken between 2 p.m. and 4 p.m. The survey 

was carried out in the winter season of the year. Hence, it is expected that there will be low 

temperature and sunshine will be low during the time of surveys on the study office buildings  

8.3 Study results 

The temperature at the time of the visits to the buildings ranged from 90C to 170C. This means that 

the weather was relatively cold with low sunshine and less heat. It was therefore expected that 

there would less use of blinds since there should be less glare and lower levels of sunshine. It was 

also expected that as a result of this, fewer lights would be switched on. It was noticed that the 

pattern of blind use in the buildings was quite repetitive each week. For analysis, the degree of 

blind use for each building over 20 working days was averaged to 5 working days representing 

each day of the week. In the case of electric light, usage at the beginning and the end of the week 
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were almost the same and changed towards the middle of the week. The results for each of the 

buildings are presented below. 

8.3.1 Building A 

In this building, 2160 windows were studied. However, only 1080 were analysed. The East and 

West elevations were not included in the analysis because the East elevation was not directly 

connected with offices. The author presumed that this view houses the toilets and storage facilities 

of the building. The West elevation data had all its blinds completely drawn (100%). The reason 

they are completely closed all the time is that this facade of the building is a double-skin facade. 

Other researchers (Safamanesh & Byrd, 2012) found that the radiant temperatures from the facade 

were so high that occupants kept the blinds permanently closed to try and mitigate the effect. 

Furthermore, the use of 10080 blinds was analysed (5040 for morning and afternoon sessions 

each). From the analysis, 3301 blinds were 0–30% drawn (33%) while 6779 blinds were 40–100% 

drawn (67%) (Table 8-1). 
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Table 8-1: Frequency of blinds drawn in Building A. Source: Author 

% of blinds drawn at 

each window 

Number of blinds drawn during observation 

Morning Afternoon Total 

0 564 656  

 

3301 

10 279 448 

20 279 389 

30 324 362 

40 271 291  

 

 

6779 

50 348 430 

60 456 538 

70 422 394 

80 582 525 

90 607 554 

100 908 453 

Total 5040 5040 10080 

This means there was a high frequency in the use of blinds within the 40–100% blind use segment 

(Figure 8-3). The morning and afternoon usage did not differ significantly (Figure 8-2). A majority 

of blinds were left virtually unchanged for the whole day during this survey except for those in 

the 100% blinds drawn segment, where differences were found for the morning and afternoon 

sessions. The South elevation received the lowest with most blinds 0% drawn. Variations were 

found in the North elevation. 
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Figure 8-1: Use of blinds and electric lights in Building A. Photographer: Author 

 

Figure 8-2: Frequency of % blinds at Building A. Source: Author 

  

Figure 8-3: Overall % of blind use showing more blinds drawn in Building A. Source: Author 
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High use of electric lights was also observed in this building. The lights were switched on for 

nearly all of the day and the time of the day did not affect the frequency of. Figure 8-1 shows two 

of the views of the building from the collected data and plots of the blind usage. It can be seen that 

the West elevation (picture 1) had its blinds drawn 100% throughout the survey, while the North 

elevation (picture 2) shows variations in use of blinds.  

8.3.2 Building B 

Eighty (80) windows were surveyed and used for analysis. These windows were located in the 

South and West elevations. The North and East elevations of this building were not included in 

this survey as the facades were not in direct contact with offices and did not have any blinds. In 

total, an average of 680 blind use entries were analysed (340 for morning and afternoon sessions 

each).  

Table 8-2: Frequency of blinds drawn in Building B. Source: Author 

% of blinds drawn at 

each window 

Number of blinds drawn during observation 

Morning Afternoon Total 

0 31 23  

 

144 

10 4 7 

20 12 11 

30 23 33 

40 17 14  

 

 

536 

50 15 29 

60 31 46 

70 46 35 

80 69 56 

90 34 44 

100 58 42 

Total 340 340 680 

The blind use had a similar pattern to that of Building A. It was observed that 144 blinds were 0–

30% drawn (24%) while 536 blinds were 40–100% drawn (76%) (Table 8-2). This shows that a 



 

 

197 

 

large majority of the spaces had their blinds drawn (Figure 8-4). The electric lights were switched 

on throughout the day.  

 

Figure 8-4: Use of blinds and electric lights in Building B. Photographer: Author. 

Generally, blind use was high. The majority of the windows using blinds was high (40–100% 

drawn) during both the morning and afternoon surveys (Figure 8-6). The West and South 

elevations of this building received morning and midday sunlight, which contributes to the high 

use of blinds. Figure 8-6 shows the frequency of blind use in the morning and afternoon. As blinds 

were mostly 80% drawn, electric light use was high in this building to remedy the daylight lost. 
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Figure 8-5: Frequency of % blinds closure for Building B. Source: Author 

  

Figure 8-6: Overall % of blind use showing more blinds drawn in Building B. Source: Author 

8.4 Discussion of results 

The results are indicators of some aspects of occupant comfort in Green-intent buildings, 

especially those certified by Green rating systems. Buildings A and B showed evidence of 

occupant discomfort from either glare or the thermal discomfort from solar heat gains. This 

explained the extensive use of blinds. This supports the findings of Inkarojrit (2007) that the 

probability of window blind closing in air-conditioned offices increases as the effects of physical 
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environmental conditions increase. These buildings also had electric lights always switched on 

when blinds were lowered. This supports Byrd’s (2012) contention that electric lights will be used 

when blinds are lowered. This finding is also in line with those of Foster and Oreszczyn (2001), 

wherein they observed that despite over-glazing of buildings for daylighting, there is an increased 

use of electric lighting. They suggest that occupants’ use of blinds is mostly unaffected by solar 

availability as often modelled. Byrd (2012) also suggested that electric lights are left on all of the 

time to try and correct the high contrast of daylight, but also noted that this might simply be the 

result of habit.  

The results of this survey indicated that occupants are ready to forego of the value of a view for 

visual comfort. Another observation is that while solar gains are usually very high during the 

summer season (Altan et al., 2008), the results of this survey indicate that a solar gain and its 

associated disadvantages can also be felt during the winter season in extensively glazed buildings, 

especially as the sun is lower and penetrates deeper into a building. Generally, it can be deduced 

that Buildings A and B followed almost the same pattern with a higher frequency of 40–100% of 

blinds drawn and showed a high use of electric lights. 

The following conclusions can be drawn from the results of the survey: 

 The fact that blinds need to be closed in the daytime is a clear indication that large areas 

of glazing cause discomfort (such as glare and overheating due to direct sunlight).  

 Closing blinds has the benefit of reducing glare, but brings disadvantages such as cutting 

views to outside whilst not significantly reducing cooling loads.  

 The need to turn on lights results in an additional cooling load, which has been shown to 

almost double the energy use of the building (Byrd, 2012). 
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 These negative effects show that the buildings are not fully providing comfort and 

increased productivity of the occupants is unlikely due to the effects of extensive glazing.  

8.5 Conclusion  

This chapter presented the unobtrusive survey of occupant behaviour in extensively glazed and 

air-conditioned office buildings in Auckland, New Zealand. It aimed to identify the behavioural 

indications of occupant discomfort as a result of the features of the office buildings surveyed. This 

was carried out to achieve the final objective (Objective 5) of this research. 

This field survey took the form of an investigation into blind use and electric light use in the two 

(2) Green-intent buildings under use. The survey was carried out for one working month and 

entailed two (2) visits each day for the morning and afternoon sessions for 20 working days. 

At the end of the survey, it was observed that occupants evidenced discomfort through extensive 

blind use as well as use of electric lights. Even when blinds were not used, electric lights were still 

switched on. A comparison of results between the Green certified building and conventional 

building studied showed significant similarities.  

These suggest that while Green certified buildings claim to provide the most comfortable 

environment for occupant comfort, the implications drawn from first-hand observations suggest 

otherwise, i.e., that they may not fare better than their conventional counterparts. The only 

difference is the Green label attached to them. 

Furthermore, the Green criteria (section 7.3) promote high levels of glazing, which may make the 

Green building perform worse than ordinary office buildings with lower proportions of glazing in 

their facades. 
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The findings of this survey demonstrated a mass vote on discomfort by occupants of buildings 

with extensive glazing (an encouraged feature of NZ Green Star IEQ criteria). This evidence 

indicates that occupants of Green certified office buildings that are extensively glazed may not be 

as comfortable as stipulated; let alone more productive than they would have been in conventional 

office buildings. Instead, adherence to NZ Green Star IEQ criteria and thus Green certification of 

office buildings, has encouraged the increased glazing of building facades. This is further 

examined in the next chapter (9). Chapter 9 looks into the resultant effect of the Green certification 

on the features of office buildings across the globe and especially in New Zealand. The change in 

building façade architecture and indoor environment control systems is analysed in order to 

establish the extent to which such standards can influence/distort architecture in the building 

industry.  
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 THE RESULTANT EFFECT OF GREEN CERTIFICATION 

9.1 Introduction 

This chapter will examine the resultant consequence of Green certification of office buildings in 

the building industry. It will look at the changing face of commercial buildings in the 21st century 

as a result of the crusade for Green certification of buildings; as well as the change in motivation 

for Green buildings. The end product – Green office building - will be analysed in terms of its 

current physical characteristics and environmental control system. This discussion draws from the 

findings of the previous chapter that demonstrated that occupants of extensively glazed façade 

office buildings are not as comfortable as publicised – a practice encouraged by Green certification. 

Finally, the concept of Greenwashing will be discussed as it relates to Green certification. 

9.2 21st Century Green Architecture 

Sustainable architecture refers to a design approach which produces technologically, materially, 

ecologically and environmentally stable buildings (Attmann, 2010) and indoor spaces that are 

conducive for their occupants. According to the author, Green architecture is an umbrella term 

which involves a combination of values [….] and seeks to reduce the negative environmental 

impact of buildings by increasing efficiency and moderation in the utilisation of building materials, 

energy, and development space. Green thus requires a balance between sustainability, ecology and 

performance (Attmann, 2010) of which Green architecture aims to achieve. The product of this 

balance is a Green building (Figure 9-1). Yudelson (2007) grouped the characteristics of Green 

buildings into five broad areas: Sustainable site planning, Safeguarding water and water efficiency, 

Energy efficiency and renewable energy, Conservation of materials and resources, and Indoor 

environmental quality (IEQ).  
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Figure 9-1: Relationship between categories of Green architecture. Adapted from Attmann (2010) 

In terms of its definition and the technical processes it proposes, Green architecture should be 

consistent with environmental sustainability. However, its success as a positive response to 

environmental issues depends heavily on its adaptability and applicability to specific 

circumstances. Green architecture should acknowledge local resources, technologies, climatic 

conditions and culture, and be responsive to future goals and operation to minimise adverse effects 

on the environment. As noted by Cole (2008), Green architecture should represent an ideological 

shift that acknowledges the need to accommodate local conditions, expectations and ways of life.  

21st century Green architecture tends to apply generalised benchmarks that govern Green rating 

systems across the world. With only slight variations, Green rating tools are applied for different 

geographical regions with diverse local characteristics. For instance, the NZ Green rating tool is 

based on the Australian Green rating tools which draws its benchmarks from LEED and 

subsequently the BRE Environmental Assessment Method (BREEAM) (GBCA, 2009). As 

pointed out by Cichy (2012), their point-awarding systems are similar to each other. The difference 

is in the importance given to the credit points in specific categories (NZGBC, 2009). There is even 
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a suggestion/proposal for a common rating system for Green buildings across the globe (Reed et 

al., 2009). In fact, three of the most common rating tools (BREEAM, LEED and Green Star, 

Australia (AU)) are seeking to develop common metrics that will help international stakeholders 

compare buildings in different cities (Kennett, 2009). As a result, there is greater similarity 

between the rating tools, leading to a trend towards common concepts and technologies across the 

globe.  

The situation is most interesting in the case of developing countries that are trying to copy the 

iconic images of their developed counterparts. For instance, the sight of high-rise commercial 

buildings distorting the skyline of urban cities like New York City and Tokyo has become an 

inspiration for cities that wish to be admitted into the elite world of urbanisation (Figure 9-2 and 

Figure 9-3). According to Sklair (2010), these buildings acquire aesthetic significance and fame, 

which make them benchmarks in the industry. These buildings are characterised by massive glass 

towers that inevitably demand high-energy use for environmental control.  

Furthermore, these buildings do not take the climatic differences of their geographical locations 

into account.  Aboulnaga (2006) and Assem and Mumin (2010) have reported the widespread use 

of fully glazed high rise buildings in the Arabian Gulf region where conditions are hotter than in 

Europe or the US regions from which they originate. These buildings are often not comfortable to 

work in and certainly not energy efficient. Cole (2008) pointed out that much of the contemporary 

Green design involves an overly literal transfer of technical strategies from fundamentally 

different climatic and cultural contexts without any serious look at either their validity locally or 

their acceptance and engagement by the building occupants.  

In addition, they are not as capable of achieving a meaningful infusion of sustainability thinking 

into the building process (Kaatz, Root, & Bowen, 2004). As such, there is a disconnection between 
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the technical progress towards environmentally friendly buildings and what dominates cities and 

is termed ‘Green buildings’. These buildings do not reflect the balance between the three 

categories of Green architecture in Figure 9-1. 

 

Figure 9-2: New York City (left) and the city of Tokyo (right) showing the dominance of high rise glazed buildings. Sources: 

World Property Channel Staff (2012)11 and Wikipedia (2012)12 

                                                 
11 Image source: New York City: Brookfield to Create Commercial Real Estate Giant. Real Estate News | North America Commercial News. 
Retrieved from: http://www.worldpropertychannel.com/north-america-commercial-news/brookfield-property-to-acquire-brookfield-office-

property-commercial-real-estate-office-space-brookfield-place-first-canadian-place-7422.php. Accessed 2/10/2012 at 1.07pm 

 
12  Image source: City of Tokyo: List of tallest structures in Tokyo. Wikipedia, the free encyclopedia. Retrieved from: 

http://en.wikipedia.org/wiki/List_of_tallest_structures_in_Tokyo. Accessed 2/10/2012 at 1.07pm 
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Figure 9-3: The cities of Dubai (left) and Singapore (right) showing the dominance of high rise glazed buildings. Source: 

FoxNews.com (2013)13 and Wikipedia (2012)14 

9.3 The quest for Green certified office buildings 

As argued in Chapter 3, recent corporate goals of pursuing sustainability through productivity 

have played a significant role in the growth of Green commercial buildings (von Paumgartten, 

2003; Henley, 2013; Yudelson, 2008). The promise of increasing productivity and/or long term 

running cost savings that will offset the initial construction cost has lured many organisations to 

invest in Green buildings. As noted by von Paumgartten (2003), owners and operators have begun 

to see Green buildings as a financial business strategy. A real estate survey shows that the market 

is now attaching substantial monetary value to Green buildings (Fuerst & McAllister, 2008). A 

report by McGraw-Hill shows that the overall operation costs of a Green building in comparison 

                                                 
13  Image source: City of Dubai: Experts fear Dubai's skyscrapers could become towering infernos. FoxNews.com Retrieved from 

http://www.foxnews.com/world/2013/05/02/experts-fear-dubai-skyscrapers-could-become-towering-infernos/ accessed 2/10/2013 at 1.07pm 
14  Image source: City of Singapore: List of tallest buildings in Singapore. Wikipedia, the free encyclopedia. Retrieved from: 

http://en.wikipedia.org/wiki/List_of_tallest_buildings_in_Singapore. Accessed 2/10/2012 at 1.07pm. 

 

http://www.foxnews.com/world/2013/05/02/experts-fear-dubai-skyscrapers-could-become-towering-infernos/
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to a conventional one is said to be lower 8–9% lower (Nelson, Rakau & Dorrenberg, 2010). 

Yudelson (2008) stated that projects which are not certified by a national third-party rating system, 

e.g. Green rating tools, will be functionally outdated the day they are completed and very likely 

underperform in the market as time passes. The Property Council of New Zealand released a recent 

report claiming that Green Star certified buildings deliver an 8.9% return investment against 6.4% 

in non-certified buildings (Tunstall, 2012). A real estate specialist Charles Lockwool (2006) 

pointed out that trillions of dollars of commercial property around the world would soon drop in 

value because Green buildings are going mainstream and would render those properties less 

desirable.  

Such claims have spurred the growth of Green buildings in the real estate market. Motivation 

towards building Green has now changed from being the ‘right thing to do environmentally’ to 

‘claimed financial benefits’ (Figure 9-4) (McGraw-Hill, 2012 cited by Henley, 2013). 

 

Figure 9-4: The recent shift in motivation for building Green. Lower operating costs include savings due to increased 

productivity. Source: McGraw-Hill. The business Case for Green buildings (Hensley, 2013). 
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According to LaSalle (2011a), the main reasons companies pursue sustainability strategies (which 

can earn them credits from the Green building rating systems) are to significantly increase 

employee health/productivity. The authors noted that CRE executives may well be pursuing Green 

strategies that can enhance employee productivity in the workplace.  Moreover, a study by Kats 

(2003) of 33 Green buildings in the USA showed that a change in present value benefits of $37– 

$55/sq ft were achieved as a result of productivity gains.  

Developers also play a significant role in the shift in motivation for Green buildings. For example, 

Boston Properties’ Bryan J. Koop (n.d.) stated that he had learned from research that Green 

buildings actually improve the productivity of the people working within them. According to the 

senior Vice President and regional manager of this Real Estate investment trust, the IEQ of a Green 

building which is better than a traditional building can translate into a worker productivity increase 

of up to 18% (Koop, n.d.). Nelson (2008), the Vice President of RREEF Research, noted that the 

features of a Green building put together can increase worker productivity. The author also 

emphasised that the business case of Green buildings has become more compelling as the returns 

are becoming ever-more favourable, particularly when productivity gains are considered. Smith 

(2007) of Pramerica Real Estate Investors (2007) stated that the features which are typically 

incorporated into new Green office buildings to ensure a healthy indoor environment can generate 

significant gains in worker productivity. Perhaps most enticing is the idea by Kats (2003), which 

measures that generated productivity gains of around 1% would be equivalent to reducing property 

costs by 10%, which translates into about $3.00 per square foot of space. According to Nelson 

(2007), enlightened tenants should be motivated to pay a premium for space yielding tangible 

productivity gains, regardless of their energy-saving and other environmental benefits. The author 

concluded that Green buildings are fundamentally altering Real Estate market dynamics – the 
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nature of the product demanded by tenants, constructed by developers, required by government 

and favoured by capital providers. 

These results can be used by developers as a marketing tool to sell Green certified buildings. They 

also make Green certified buildings attractive to companies/organisations in their quest to increase 

their employees’ productivity and the potential benefits associated with increased productivity as 

discussed in section 3.3. For example, Eichholtz et al. (2009) observed that firms in the oil industry 

and legal and financial services are major consumers of Green office spaces and support the notion 

of productivity benefits from Green buildings. 

This change in motivation for Green buildings can be associated with the importance of the office 

worker (who is also the building occupant) to the success of any organisation. This draws attention 

to the impact of the workplace environment (i.e. IEQ) on their productivity and how this 

environment can be enhanced to have a positive influence on their productivity. As noted by 

Vischer (2008), “employers are increasingly concerned that their employees invest their energy in 

work […] rather than in coping with adverse or uncomfortable workspace conditions”. Since a 

performing workplace is designed to optimise worker productivity (Clement-Groome, 2000), 

many organisations have invested a substantial amount of resources to ensure that workers are 

provided with the required IEQ that will encourage greater productivity. Green buildings are thus 

marketed with the expectation that there will be improved organisational productivity as a result 

of improved IEQ (Charles, Danforth, Veitch, Zwierzchowski, Johnson & Pero, 2004).  

Some organisations which occupy these Green buildings have testified to this benefit by 

publishing survey results that show an increase in worker productivity. For example, a report by 

the New Zealand Green Building Council noted an 11.5% increase in staff productivity from a 
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post occupancy study carried out on a certified Green building (NZGBC: Publications, 2010). A 

study reported by Gabe, Greenaway and Morgan (2007) concluded that there is potential for 

sustainable Green buildings to increase employee productivity. However, there are other findings 

that seem to suggest otherwise. For instance, a report by Building Quality of Life (2009) noted 

that so-called ‘Green buildings’ introduce unwanted levels of complication that baffle and 

overwhelm employees. They were of the opinion that the science of ‘efficient design’ to help make 

our buildings Greener has often failed occupants and not taken their true needs into account. 

McCunn and Gifford (2012) observed that Green design in office buildings does not have a 

positive effect on employee engagement or on environmental attitudes and behaviour.  

To provide this comfortable IEQ, Green buildings are expected to provide sufficient light for 

visual activities by daylighting if possible to reduce the need for electric lighting while avoiding 

visual discomfort such as glare. They are also required to provide a suitable temperature for 

activities with good environmental control and to avoid thermal discomfort. Furthermore, a Green 

office environment should have good acoustics to enable easy communication and appropriate 

soundscape while reducing possible unwanted noise (distraction, disturbance). It is also expected 

to provide appropriate air quality, free from odours and contaminants. All of these should be 

achieved with minimal energy use (zero carbon footprint)15. When all these have been achieved, 

it is then claimed that they have created a comfortable work environment which will inevitably 

enhance the workers’ productivity while being energy efficient. But to what extent is this theory 

a reality?  

                                                 
15 These requirements are explained further in Yudelson (2007). 
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Balancing the need to create a comfortable IEQ for occupant comfort with ensuring energy 

efficiency seems to be the dilemma of 21st century Green office buildings. Since stakeholders are 

more concerned with financial gains rather than environmental gains, more attention is given to 

achieve an IEQ wherein occupants should be comfortable with the assumption that this will make 

them more productive. As a result, the sustainability and ecological responsibilities of Green 

architecture are downplayed as more importance has been placed on providing a comfortable 

working environment for the occupants.  

The efficient use of energy in operating a building is a major determinant of a building’s level of 

Greenness (Attmann, 2010). Hence, a building which does not use minimal energy throughout its 

lifespan may not be regarded as Green. But in the case of some Green rated buildings, the predicted 

energy savings are not realised. For example, during the design to renovate an Auckland office 

building to 5 Star Green rating, its estimated energy consumption of 170kW/sqm/yr before 

renovation (Wendy, 2011) increased to an energy consumption (recorded during occupancy) of 

249kW/sqm/yr; an increase of 45%. Bordass (2001) pointed out that carbon dioxide emissions 

from supposedly Green buildings are commonly two or even three times as much as predicted.  

The energy consumption problems of Green certified buildings may be due to the fact that most 

certification is carried out on building designs, thus on expected not actual performance of these 

buildings. This is the case with the New Zealand rating system, where there is no requirement to 

monitor the performance of buildings in-use. Indeed, it could be said that there are no Green 

buildings in NZ, only Green designs. Irrespective of the predicted performance of building designs, 

most Green certified buildings have been observed to perform below expectation, especially in 

terms of energy efficiency (Leaman, Thomas & Vandenberg, 2007). The authors noted that Green 

buildings place too much emphasis on good intentions at the design stage, rather than the practical 
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reality of their management and use only to find that energy consumption estimates at the design 

stage are grossly exceeded in reality. Roaf, Crichtin, and Nicol (2009) noted that current Green 

rating systems do not focus on a building’s energy performance improvement to the extent that 

has been claimed. They point out that a sustainability assessment which does not focus on real 

energy efficiency could be misleading. Leaman and Bordass (2007) renamed such buildings 

‘Green Intent’ buildings. 

A study of occupants in a proven energy efficient building in Melbourne showed that despite its 

design being consistent with what is considered good practice from a sustainability perspective, 

the occupants were not satisfied with the noise and lighting levels in the building (Paevere & 

Brown, 2008). An occupancy survey of a Green certified building in Auckland showed a 10.5% 

increase in satisfaction after renovation attributed to the Green IEQ of the building; while the 

actual energy consumption recorded a 46% increase in the estimated consumption (Wendy, 2011). 

After a survey of sustainability and comfort issues for multi-glazed windows, Menzies and 

Wherett (2005) concluded that their findings do not support the hypothesis that environmental 

sustainability necessarily leads to improved comfort and productivity. According to the prevailing 

view, Green buildings should be environmentally sustainable and comfortable for occupants, but 

practical evidence refutes this.   

The reason for this may be found in the standards and criteria set for comfort in Green buildings 

(IEQ criteria of Green rating tools). As explained in section 7.3.4, the standards of IEQ as laid out 

in Green rating tools neither capture nor consider in totality the varying environmental 

requirements and expectations of occupants. They are also not flexible enough to accommodate 

such variations. Cole (2003) pointed out that buildings designed with excellent Green performance 
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standards can be severely compromised because the specifications and technical performance fail 

to adequately account for the users’ needs, expectations and behaviour. 

Another reason could be the techniques by which comfort and environmental sustainability are 

achieved in these buildings. Energy efficiency is better achieved with passive environmental 

control systems (Drake et al., 2010). This system of control assumes that human beings are able 

to adapt to a reasonably wide range of temperatures and can modify the environment to suit their 

comfort preference (Brager & deDear, 1998; Tiwari1, Pandey, & Sharma, 2010; Tuohy, Roaf, 

Nicol, Humphreys, & Boerstra, 2010) (see section 7.3.3.2). On the other hand, comfort is highly 

dependent on the expectations and perceptions of occupants, who are influenced by popular trends. 

As noted by Vischer (2008), the modern occupant’s expectations and perception is said to be 

dominated by trends and technology. This has resulted in a preference for certain IEQ criteria that 

cannot be achieved by passive means. Instead, they require the extensive use of mechanical 

systems (e.g. HAVC) to meet these expectations – a shift away from passive control systems. Thus, 

there is this conflict between satisfying occupants’ expectations and being environmentally 

sustainable (Figure 9-5).  
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Figure 9-5: An illustration of indoor environment control dilemma in Green buildings. Energy efficiency and adaptable 

comfort on the right hand side; monotonous environment and low energy efficiency on the left hand side. Source: Author. 

However, historical studies indicate that human beings are adaptable to wider environmental 

conditions than those that have become specified (Kwok, 2000; Nicol & Humphreys, 2002). In 

other words, it might be possible that comfort can be achieved in passive environments. For 

example, Moujalled et al., (2005) observed that occupants in free running (passive) buildings are 

comfortable in a wider range of conditions than those recommended. The occupant satisfaction 

survey carried out in the Green certified, naturally-ventilated building for this research (chapter 4) 

showed high satisfaction with the environmental conditions in this building. An indication that, in 

New Zealand, passive buildings are potentially sophisticated enough to provide comfortable IEQ 

conditions and also be environmentally sustainable. 

One way of achieving greater occupant comfort with passive control system is by giving the 

occupants more control over the IEQ in their local environment. This way, they are responsible 

for changing their behaviour (and expectations) in buildings. Leaman and Bordass (1999) noted 

that people who have greater control over their indoor environment are more tolerant of wider 
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ranges of temperature. As argued by Brager and de Dear (2003), quality of life is inherently 

improved in environments that are enriched by a more variable sensory palette of thermal and 

other experiential qualities. Furthermore, the option for people to react to a specific thermal 

situation (as offered by passive control systems) reflects the opportunities to adapt to their 

environment and the possibility of achieving good levels of comfort (Drake et al., 2010). The level 

of comfort provided in a passively controlled environment should be tailored to satisfy the comfort 

needs of each occupant. 

9.4 The Green office building 

A Green certified building can be defined as one that achieves a given amount of credits under a 

certain rating system. It is implied that the design of such a building is supposedly Green and that 

‘Greenness’ is intrinsic in the very shape, envelope and style of the building. Heerwagen (2000) 

pointed out that Green accreditation results in a building where certain values of IEQ are achieved; 

thereby creating comfort conditions which induce higher worker productivity. Improving 

occupant productivity at a minimal cost is always welcomed in the business world. As such, 

marketing Green office buildings as the best environment to ensure greater worker productivity 

has been a major driver in the demand for Green certified office buildings. As a result of the 

purported benefit of greater productivity returns and more (Fullbrook, Jackson & Finlay, 2006), 

Green certified buildings have succeeded in attracting higher market values (Henley, 2010). For 

example, a study by Jones Lang LaSalle and CoreNet Global in 2010 showed that 48% of 

Corporate Real Estate (CRE) executives would pay up to 10% more rent to occupy a sustainable 

(Green) building (LaSalle, 2011a).  

The level of interest in the Green rating system is high as many organisations hope that having a 

Green rated building will give them more productive employees and subsequently bring in more 
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return on this investment (von Paumgartten, 2003; Henley, 2013; Yudelson, 2008). Kats (2003) 

suggest that if Green design measures can increase productivity by 1%, this would, over time, 

have a fiscal impact roughly equal to reducing property costs by 10%. Charles et al. (2004) noted 

that Green buildings are often marketed with the expectation that there will be improved 

organisational productivity due to an improved indoor environment. 

But then, a closer look into the characteristics of Green certified buildings shows that these office 

buildings are mostly extensively glazed and air-conditioned. Out of 5 buildings with a 5 star Green 

rating located in Auckland, New Zealand (Table 9-1) only one is naturally ventilated and it has 

50% glazing. According to Kwok and Rajkovich (2010), it is important that we begin to future-

proof our buildings with adaptive opportunities for passive, low energy buildings in response to 

the unprecedented climatic variability presented to us by climate change. The effects of these 

features were illustrated in section 8. Further discussion on these features is presented in the 

section below. 

Table 9-1: Characteristics of five (5) Green Star certified office buildings in Auckland city, New Zealand. Source NZGBC: 

(2013a) 

 5 Star Green certified buildings Thermal comfort system Façade system 

1. 21 Queen Street, Auckland Air conditioning system 100% glazing 

2. 80 Queen Street, Auckland Air conditioning system 100% glazing 

3. 150–154 Karangahape Road, Auckland Natural ventilation 50% glazing 

4. 30 Mahuhu Crescent, Auckland Air conditioning system 100% glazing 

5. Sylvia Park Auckland Air conditioning system 80% glazing 

 

9.4.1 Glass architecture  

Glass architecture (the style of fully glazing building facades) has become very popularas the art 

of glazing seem to have become an integral part of a Green building. As observed by Byrd (2012), 
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a common characteristic of many Green office buildings is a high proportion of glazing. From 

tropical Bangkok to warm and sunny Dubai and from continental Toronto to temperate London, 

highly glazed facades are the vanguard of Green office buildings. Accredited Green buildings in 

New Zealand often have facades which are more than 80% glazed (Byrd, 2010). Popular Green 

certified buildings such as 21 Queen Street and 80 Queen Street both located in Auckland are all 

glass buildings (NZGBC: Case Studies, 2013). The Bullitt Center, commonly known as the 

Greenest commercial building in United States of America, is mostly a glass building (Wilson, 

2013). According to Wilson, some of the world’s most prominent Green skyscrapers […] wear 

the mantle of Green with transparent facades.  

The popularity of glass as a major indication of a building’s Greenness can be said to be aided by 

the spread of globalisation. An effect of globalisation is that cities are copied and imitated across 

the world. For instance, there is a high level of similarity between the cities of New York and 

Tokyo as well between London and Dubai in terms of commercial infrastructure. So, it is not 

surprising that office buildings across the globe have the same characteristics irrespective of their 

locations and meteorological conditions. It has become common practice nowadays to design tall 

facades with extensively glazed areas. As observed by Bahaj, James and Jentsch (2008), the 

skyline round the world is dominated by glass towers. Thomas O’Connor (2003), an architect at 

Smith Group, Inc., comments  

“I like a lot of glass in buildings, and that is the trend in design today. Glass is back, and 

it’s a 21st century material.” 

Glass was used in buildings long before the advent of Green architecture. In the 13th century, glass 

panes were used in houses as evidence of wealth and affluence (Butera, 2005). Green architecture 
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enhanced its use with the potential to reduce electric lighting by daylighting and the provision of 

views for the psychological benefit that nature offers, and an associated massive save in energy 

use. (Ander, 2003, The efficient windows collaborative tools for schools, 2011; Menzies & 

Wherrett, 2003; Reinhart et al, 2006; Nabil & Mardaljevic, 2006). Moreover, glass architecture 

represents a technological innovation that could be said to improve the appearance of building’s 

façade (especially high rise) without much effort (Onyeizu & Byrd, 2011). It provides sunlight, 

ventilation, solar gain/loss in summer/winter and in other cases, emergency exist, as well as 

regulating the biological clock in the body (Aboulnaga, 2006). The simplicity of its design and 

installation (despite how sensitive it can be) makes it a favourite building envelope material 

(Onyeizu & Byrd, 2011).  

The incorporation of glass architecture into Green architecture means that “the exploitation of 

natural light” is now possible and even commendable. As noted by Butera (2005), the architectural 

language of the last few decades has begun placing more and more emphasis on ‘lightness’ and 

the ‘transparency’ of buildings, thus pushing towards fully glazed envelopes. The emphasis on 

‘lightness’ and ‘transparency’ of buildings is often associated with Green architecture, the idea 

being that the more transparent and light the building looks, the more Green the building will 

likely be. Thus, the idea that glazing leans towards sustainability becomes a justification for 

extensive glazing. 

The other common justification for extensive glazing in office buildings is the purported 

association of daylighting with increased productivity. The studies carried out by the Heschong 

Mahone Group (1999; 2003) quantified the effects of daylighting on human performance (see 

section 4.2.1.3.1). Other studies have pointed out indirect relationships between access to windows 

and human health which can enhance productivity (see the abovementioned discussion). While 
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acknowledging these benefits, Straube (2008) has pointed out that floor-to-ceiling glass is not 

required to achieve that. In fact, other survey results have shown that buildings with higher 

percentages of windows do not support the theory that environmental sustainability necessarily 

leads to improved productivity (Menzies & Wherrett, 2005). As quoted by Butera (2005)  

“These buildings are the most dangerous type of buildings from the point of view of a dull 

and uncritical replication, hardly sustainable if well designed and definitely unsustainable 

if badly designed”. 

So, the association of glass architecture with Green architecture is equivocal (Butera, 2005; Gratia 

& de Herde, 2007). For instance, the unprecedented replication of glass office buildings all around 

the world irrespective of cultural preference and climatic conditions casts doubts on its 

sustainability. As mentioned earlier, Green architecture needs to be specific to geographical and 

climatic regions so as to accommodate local context and not alienate the core characteristics of 

those regions. The duplication of glass towers on every city in the world conflicts with the agenda 

of Green architecture and these glass towers are the dominant office buildings and the major 

contributors to energy use in the construction industry. Many modern office buildings have highly 

glazed facades (Eriksson & Blomsterberg, 2009). Gratia and de Herde (2007) found that glazed 

facades (double skin) increase cooling loads, while Byrd (2012) pointed out that the higher the 

glazing, the more energy is required – blinds must be used to prevent glare and hence, there is 

subsequent use of electric light to brighten up the interior. As noted by Straube (2008) most of the 

gains in glazing technology over the past 25 years have been squandered on increased window 

areas, not on improved performance. 



 

 

220 

 

This does not imply that the contribution of glass architecture to Green architecture is all negative. 

Rather, glazing does bring benefits if it is well employed. Selection of the amount and type of 

glazing depends on many factors, including the orientation and location of the building. Menzies 

and Wherrett (2005) noted that well-oriented, high performance windows are a major part of 

energy efficiency in buildings. The Efficient Windows Collaborative Tools for Schools (2011) 

stated that windows should be sized to allow for access to daylight and views while avoiding 

excessive glare, solar heat gain and winter heat loss. Christoffersen, Johnsen, Petersen and 

Valbjørn (2000) suggest that there is probably an optimum window size, beyond which windows 

in direct sunlight reduce the number of satisfied workers. Menzies and Wherrett (2005) observed 

that discomfort from glare is reduced in buildings if the glazed percentage does not exceed 40%. 

But it has been noted that sustainability has not been a major factor in the selection of 

windows/glazing (Menzies & Wherrett 2005). They observed that financial or performance related 

issues often lead designers and clients to choose less sustainable options in windows and 

components. Cost as the determining factor for the selection of glazing is short sighted if external 

shading devices such as blinds are required to reduce the negative effects of poor window 

components. The extra cost spent on these devices could be avoided by a reduction in glazing in 

the design. 

It could be argued that highly glazed buildings are mainstream for Green certified and non-Green 

certified buildings, especially high-rise buildings. However, it is imperative that features such as 

extensive glazing are not encouraged by building regulations let alone the Green building system. 

This is because, as this thesis has indicated, there is a conflict between high proportions of glazing 

and environmental sustainability. As such, it is surprising that Green certified buildings are highly 

glazed (study building surveyed in chapter 8). For New Zealand, the LTV (Lighting, Thermal & 
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Ventilation) Method for sub-tropical climates indicates a lower proportion of glazing (lower than 

50%) in a building’s envelope (Hyde, 1998). This is in contrast to the 70% – 80% glazing used in 

office buildings. 

9.4.2 Air-conditioning 

Most Green certified office buildings are air-conditioned. This means that they rely mainly on 

mechanical systems for their environmental control. The consequence of this is that the occupants 

of such buildings become finely tuned to these very narrow range/levels of IEQ and might not be 

comfortable in natural indoor environment conditions without time to reacclimatise (Brager & de 

Dear, 2000; Roaf et al, 2009). People now typically accept working patterns that are remote from 

the natural world; they have become accustomed to more sedentary lifestyles, and have come to 

expect buildings to automatically regulate indoor temperatures (Roaf, 2005). A consequence of 

this is an increase in the incidence of airborne infections and Sick Building Syndrome (SBS). 

Clausen et al. (2002) found that filters, ducts and plants of air-conditioning systems are often filthy, 

introducing air that is dirtier than if one simply opened the window. Raw (1992) cited in Roaf 

(2005) observed that a significant factor in the rise of SBS over the last two (2) decades has been 

the increased use of air-conditioning systems and compared with naturally ventilated buildings, 

the indoor air quality in air-conditioned buildings can be worse (Roaf et al., 2009). Roaf (2005) 

went on to comment that in post 1960s buildings, designers often appear to be intent on following 

fashion and adhering to stereotypes – for example ‘minimalism’ or ‘modernity’ –  to the extent 

that they produce buildings which are hard, sterile and inhuman.  

Another consequence is the variations found in occupant satisfaction results in these Green 

buildings. While most post occupancy surveys imply that occupants are satisfied with the IEQ 
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found in Green buildings, in-depth analysis of these results show a discrepancy between the overall 

and specific satisfaction indices. One example is the study of a Green building (Paevere & Brown, 

2008), where it was noted that the occupants’ satisfaction with ‘building overall’ is likely to have 

a greater impact on perceived productivity than aspects of IEQ. Leaman, Thomas and Vandenberg 

(2007) also noted that Green buildings have higher perception ratings of image, health, design and 

meeting needs than ratings on physical indoor environment variables like temperature and 

ventilation. According to Leaman and Bordass (2007), Green buildings are rated better for more 

all-embracing summary variables such as ‘comfort overall’ or ‘lighting overall’, but when these 

are divided into their components, the favourable responses are less clear-cut. 

As mentioned in section 9.3, the energy performance of Green certified buildings often does not 

achieve the expected result of energy efficient buildings. An intriguing question which, although 

quite obvious, has eluded Green rating systems is how sustainable 100% air-conditioning could 

be. Since most Green certified office buildings are fully air-conditioned, the reliability of the 

Green rating tool in ensuring the energy efficiency of buildings during their operation and the total 

life cycle of these buildings is in doubt. This also implies that a building can achieve Green 

building status without reducing its energy use and subsequent carbon impact on the environment. 

The only difference between such buildings and their non-Green certified counterparts is the Green 

label achieved through the certification process. As previously noted, the design-based 

certification of these buildings does not fully account for the actual energy use. Most of the time, 

the actual energy used in running these buildings exceeds the estimations made during certification 

(see section 9.3). It is often too difficult to capture the diverse interactions and specific situations 

that occur in a normal workplace at the design stage. Moujalled et al. (2005) suggests that these 
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complex interactions need to be considered if energy consumption in sustainable buildings is to 

be reduced. 

Green rating tools have also been blamed for encouraging mechanical control systems (HAVC) 

which rely heavily on energy to function. As illustrated earlier, the points awarded for HVAC 

systems and the ease of gaining such points by merely installing HVAC encourages designers to 

opt for them. Hence, designers are no longer interested in the actual design of workspaces to 

achieve good environmental control, but are instead more concerned with what needs to be done 

to achieve Green certification – which installing HVAC helps to guarantee. 

Finally, studies which show increased productivity that is attributed to Green buildings (Fuerst & 

McAllister, 2008; Kats, 2003; Baird, 2010; CABE, 2004; Heschong et al., 2003) have been 

criticised on the point that people tend to be influenced by predominant trends (Frontczak & 

Wargocki, 2011). In other words, occupants tend to follow the prevalent fashion in their preference 

and expectations of comfort. As such, they dislike certain environmental conditions which they 

are naturally adaptable to. This is most evident in office buildings where the use of mechanical 

systems such as HVAC is dominant. Authors have noted that the introduction and use of new 

technology has affected workers’ perceptions of and attitude towards their physical environment 

and workspace (Cascio, 2000; Lai, Levas, Chou, Pinhanez, & Viveros, 2002). For example, Brager 

and de Dear (2000) observed that occupants of buildings with centralised HVAC systems become 

finely tuned to the very narrow range of indoor temperatures presented by current HVAC practices. 

The authors stipulated that these occupants develop high expectations for homogeneity and cool 

temperatures and soon become critical if thermal conditions do not match these expectations; in 

contrast to occupants in naturally ventilated buildings, who are more tolerant of a wider range of 

temperatures.  
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Another limitation is identifying the point at which level comfort begins to increase productivity 

(Czikszentmihalyi, 2003; Roaf, 2005). Whereas there might be a consensus on limits to comfort, 

it has yet to be determined at what point comfort affects productivity; or whether productivity is 

enhanced when a level of comfort is achieved. It is also worth noting that there is evidence that 

discomfort can be an enabler of productivity. Pepler and Warner (1968) observed that young 

people worked best (and were thus more productive) for short periods when they were 

uncomfortably cold.  

9.5 GreenWash – the case of Green certification  

In this section, a book which discusses the issues of the ‘Green revolution’ in depth is reviewed 

and related to the points made by the author to the Green certification of office buildings. With 

the ‘Green building’ revolution that has dominated the construction industry, the book – 

GreenWash: Big Brands and Carbon Scams by Guy Pearse (2012), contributes to the discussion 

in this thesis of the illusion of greater productivity as a result of Green certification of office 

buildings – an idea echoed by stakeholders in the Green building system.  

From simple household issues like beer and sex to complex global issues such as fashion and 

banks, this book highlights the discord that lies between publicity and practice amongst the 

forerunners of the climate change crusade. The author points out that misleading advertisements, 

whose sole aim is to entice consumers, are being used worldwide. For example, the author noted 

that both television adverts and billboards which seem to portray the commitment of organisations 

to reducing their carbon footprint are well articulated and present facts/data that are not incorrect, 

but at the same time do not represent the absolute truth. He emphasised that there are realities 

embedded in these advertisements which tend to say the opposite of what is proclaimed by the 
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organisations.; showing the dark side of advertising as well as the unintended consequence of the 

Green revolution – Greenwashing.  

Pearse (2012) gave a narrative description of organisations’ climate friendly publicity, which 

includes planting trees, showing how sexy coal can be, selling Green bottles, Green slogans and 

logos and many more; and terms them “carbon scams”. According to the author, these adverts are 

tricks to deter scrutiny and portray these organisations as concerned players. Most surprising is 

the idea that these organisations have transferred the responsibility of climate change to ignorant 

consumers (the more you buy their products, the more they claim you help to reduce their carbon 

footprint). This could be the result of the willingness of people to protect the planet and create a 

safe world for us and our future generations. Hence, the idea that the little that can be done will 

definitely make an impact and lean towards a greater good is a motivation to purchase goods that 

are advertised as climate friendly. If all that is required to achieve this greater good is choosing a 

particular brand or flying with an airline or even going with an eco-friendly love nest, it should 

have a huge impact. But then, the author points out that unknown to many people, more important 

climatic offences which are not brought to our notice are committed – the huge carbon footprint 

figures that are incurred annually by these gigantic organisations. 

The author goes further to explain that this deceit goes beyond hidden carbon footprints. He states 

that many organisations might have minimal carbon footprints but invest heavily in smaller 

organisations that do not. According to the author, these organisations turn a blind eye to the 

carbon footprint of the smaller companies that they fund. While these large companies are 

presented as forerunners in the Green revolution campaign, they shy away from admitting their 

contribution to climatic offences. Pearse (2012) also mentioned that some of these organisations 

care very little about the total emissions produced from the use of their products since less is 
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produced during the manufacture of these products. When consumers purchase these products 

which might have been manufactured in an environmentally friendly process, they are oblivious 

to the greater environmental impact these products will cause when they are used. In the words of 

the author, the consequence is a drift towards a dangerous and expensive adaptation to the more 

extreme climate change impact scenarios, with political hopes pinned on an advertised revolution 

that we now know is false.  

The story presented in this book offers the opportunity to examine the Green building crusade of 

rating systems. It leads to the question “is our advertising real? Are our Green certified buildings 

as Green as we claim?”  

The Green building movement has endeavoured to preach the gospel of “Green” to both 

practitioners and clients, and has been hugely successful in the process with advertisements (as 

discussed in section 9.3). It can be generally agreed that every player in the building and property 

industry is to some extent aware of the need to go Green especially in  office buildings where 

energy consumption is extremely high. However, this campaign seems to be infected by 

Greenwashing. This term is used to represent the idea presented by Green rating systems in terms 

of productivity and environmental sustainability irrespective of the potential indoor environmental 

control mishaps and huge energy use of most Green certified buildings.  

As is shown by the activities of big organisations in terms of the crusade on environmental 

sustainability, these organisations may well be striving for Green building certification that would 

portray their buildings as sustainable, overlooking the more important environmental offences that 

can be easily hidden in the buildings. For example, most Green certified buildings are based on an 

assessment at the design stage and not monitored while in-use. The only extra form of rating 

embarked on is aimed at proving how productive their occupants are as a result of the IEQ in these 
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buildings. Little or no attention is given to the subtle yet critical aspects, such as the negative 

effects of some features of these buildings on both the occupants and the environment that they 

claim to protect (see section 8.4 for further discussion).  

In New Zealand, the Green building crusade could be said to be heading towards the concept of 

Greenwashing if this is not remedied. As mentioned in section 9.3, publications show data that 

supports the claim that Green Star certified office buildings deliver a return on investment in 

environmental sustainability. In one of the publications, the Property Council chief executive 

expressed his delight with the figures saying (Kashka, 2012):  

“What we are seeing [. . .] is the value of environmentally sustainable property assets 

quantified and made available to those in the industry interested in increasing their capital 

returns”. 

Furthermore, the New Zealand Green Building Council chief executive noted (Kashka, 2012): 

“It is fantastic to see from these results that Green Star-certified ratings are de-risking 

property, making these buildings quality long-term investment propositions that will 

outperform non-rated assets [……]. Green buildings also offer healthier working spaces 

and long-term operational savings for occupants, resilience against rising energy, water 

and other climate costs, […]. We encourage other property owners to put forward their 

Green Star buildings for the Green property index”. 

While these statements seem to be factual, what we are not told is how these figures came about. 

This kind of advert tends to shift the environmental oriented purpose of a Green building to a 

profit-oriented one. In simple terms, it could be saying – the more Green Stars your building gains, 

the more money you will make.  
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But the question remains – do these buildings actually reduce their carbon footprint? With the 

dependence of most office activities on phones, computers and office electronics, there is greater 

use of electricity, which is a huge contributor to energy consumption. The study carried out in this 

research has shown that despite being characterised by extensive glazing in a bid to reduce electric 

lights, occupants still switch on the electric lights in most Green certified commercial buildings 

(see section 8.4). So how Green are these buildings if they rely on artificial systems which possibly 

lead to significant energy use?  

Looking beyond their carbon footprint, most of these buildings could potentially offer 

uncomfortable working conditions for their occupants. The results of the unobtrusive study carried 

out as part of this research provides evidence that occupants in most extensively glazed office 

buildings draw their blinds to mitigate the uncomfortable working environment (see section 8.4). 

Could it be that Green certified buildings are Greenwashed? 

9.6 Conclusion 

This chapter addressed the implications of current trends and practices, supported by Green rating 

systems, on the facade of office buildings. A review of the literature indicated that there has been 

a change in the architecture of office buildings; similar building facades are becoming the norm 

in cities across the globe. This change is irrespective of local characteristics and the energy 

implications of such trends for occupant comfort and environmental sustainability.  

The drivers for the certification of buildings were identified as including the real estate market 

value of Green certified buildings in view of the promised increase in occupant productivity. The 

energy efficiency of Green certified buildings was reviewed and compared with passive design 
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strategies. This revealed that occupant comfort and energy efficiency can be better achieved 

through passive designs. 

 A review of the characteristics of Green certified office buildings in Auckland was carried out. It 

was pointed out that most of the office buildings are extensively glazed and air-conditioned. The 

implications of extensive glazing and air-conditioning were highlighted.  

Finally, a review of the book Greenwashing (Pearse, 2012) was presented. This review compared 

the Green crusades of organisations to those of the Green building movement in the building 

industry. Similar to the Green crusade of big organisations that gloss over their environmental 

crimes, the purported claims with regard to productivity by the Green rating system might have 

shifted the intention of stakeholders from the essence of Green buildings. These buildings are now 

advertised as ‘productivity pills’, while ignoring the environmental mishaps experienced in the 

buildings after occupancy. Most of these Green certified buildings have been shown to be energy 

inefficient with indoor environments that are uncomfortable for the occupants.  

The findings of this chapter have demonstrated that the crusade on and thus, quest for, Green 

certification of office buildings lead to inappropriate architectural practices such as extensive 

glazing and more dependence on artificial indoor environment control systems. These practices 

are not energy efficient and do not uphold the concept and principles of environmental 

sustainability. This has resulted in Greenwashing wherein what is obtainable from these Green 

certified buildings does not illustrate the idea of a Green building. 
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 DISCUSSION 

At the beginning of this thesis, the claim of whether Green certified office buildings improved 

productivity was set to be scrutinised. It was hypothesised that the relationship between 

productivity and IEQ is not significantly different for a building that is accredited Green status 

than any other reasonably well-designed building. To test this hypothesis,  

 Available literature on the subject  was reviewed (see section 4),  

 A qualification as a Green building accredited professional was obtained (see Appendix 

8),  

 A licence to carry out the most commonly used post-occupancy evaluation tool was 

obtained (see Appendix 4), 

 The POE questionnaire was applied to Green and conventional buildings (see section 5), 

 A productivity questionnaire was designed to investigate occupants’ understanding of 

productivity (see section 6), 

 The NZ Green Star Office 2009 IEQ criteria for Daylighting, Electric lighting, External 

views and Thermal comfort were reviewed (see section 7). 

 Field studies that examined occupancy satisfaction by unobtrusive means were carried out 

(see section 8).  

While going through this process, a more basic question was raised: why would anybody want to 

get their building accredited Green? While different organisations and groups may have different 

motivations, it appears that, for office buildings, the motivation is predominantly that of ‘brand 

image’. In New Zealand, many of the office buildings to become accredited are either banks, 

insurance companies, utility organisations or landlords looking to sublet. These organisations have 
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realised that a Green image not only helps to sell their product but also their building. In section 

9.3, it was noted that the capital value of Green certified buildings is becoming higher than that of 

conventional buildings. 

Behind this is the faith in the claim that Green certified office buildings result in a more productive 

work force. This is important since the cost of labour in office buildings is at least one hundred 

times greater per square meter than energy costs (section 7.1). Therefore, letting or owning a Green 

certified building allows (if increased productivity is to be believed) an organisation to either 

employ fewer people for the same tasks or make more profit with the same number of people. Like 

any piece of technology that increases the means of production, it has greater capital value. 

This could be a good thing for two reasons: firstly, a more efficient and content workforce and, 

secondly, a building that is gentler on the natural environment (uses fewer energy resources and 

produces fewer carbon emissions). However, the indications are that many Green certified 

buildings in New Zealand are not necessarily achieving either of these benefits.  

The energy performance of office buildings is not the focus of this thesis. However, it is important 

to note that there is significant evidence from monitored Green certified buildings (Byrd & 

Leardini, 2011; Byrd, 2012; Safamanesh & Byrd, 2012; Zainal & Byrd, 2012) that the highly 

glazed Green certified buildings (see section 9.4.1) consume 150 to 200% more energy than 

conventional buildings. The additional energy use is accounted for by air-conditioning systems 

compensating for excess solar heat gains and additional artificial lighting to overcome glare and 

the effects of the widespread use of blinds to overcome issues of direct sunlight penetration 

(section 8). 
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For those buildings which do not perform well environmentally, there is even more emphasis 

placed on achieving productivity in order to justify their Green credentials and for those that are 

‘selling’ Green-accreditation, marketing energy performance is a by-product of marketing 

‘productivity’. Energy savings are of little concern when labour costs are at least one hundred 

times greater. In New Zealand, unlike BREEAM and LEED widely used in other countries, there 

is no requirement to monitor a Green certified building’s performance. This results in no lessons 

learnt about the performance of a design but it also results in effective censorship that can protect 

the building owner who has ‘purchased’ a Green brand image but may have a building that does 

not perform well.  

This lack of concern with energy was highlighted by Byrd (2010), who found evidence that “[a] 

new building can potentially achieve a 4 or 5 star rating while only just achieving the minimum 

required code standards for the thermal performance of the building envelope. This means it is 

possible to achieve “best practice” or “New Zealand Excellence” rating while the building 

envelope is almost breaking the law”( p3). 

The onus for those selling accreditation then lies in providing evidence of improved productivity 

and this has come from the understanding that the criteria for the IEQ are directly related to 

productivity: greater comfort results in greater productivity. This raises two questions: 1) whether 

the IEQ criteria represent comfort and, 2) if the criteria should be unrepresentative, does it have 

any negative impacts on the building design. 

In sections 7.3 and 9.4, the criteria (thermal, lighting and view) were examined and shown to be 

out-dated, unrepresentative of comfort and to encourage the use of excessive glazing and air-

conditioning, resulting in greater energy consumption and carbon emissions. These issues have 
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been well documented for at least the last decade, so it is surprising that the Green rating system 

in New Zealand does not acknowledge the advancements in research in these areas. 

However, this raises yet another issue about the exclusivity of the IEQ criteria. The basis of the 

criteria which is now widely adopted (but not for ‘Green accreditation) for both the lighting and 

thermal environments is that of ‘adaptability’ (section 7.3.3.2). It recognises that humans are very 

adaptable and can not only tolerate but also find comfort in a wider range of temperatures and 

levels of light than previously recommended. If this ‘adaptability’ criteria was accepted by Green 

accreditation, then almost all existing naturally ventilated and daylit buildings, which have 

controlled undesirable solar access, would comply with the criteria and could be considered to be 

equally ‘productive’ (if not more so) than many Green certified buildings. If that was the case, 

then few organisations would want to seek Green accreditation. 

The link between IEQ and productivity has been the focus of this thesis and the argument put 

forward is that any correlation is illusory. Attempts at finding the link go back almost a century to 

the Hawthorne experiment (section 3.4.2), which was inconclusive about the relationship of 

productivity and light level but concluded that subjects behave differently when they are part of 

an experiment. Subsequently, other ‘effects’ have been recognised that also distort experiments 

on attitude measurement, such as the Placebo effect, the Novelty effect and the Social desirability 

effect (section 4.4.1). The overwhelming number of experiments on IEQ and productivity (see 

Table 4-1) utilise a questionnaire to firstly ask about comfort conditions and then a self-evaluation 

concerning perceived productivity. They are all subject to these ‘effects’, which result in a biased 

outcome. 

The results of these surveys appear to have provided adequate evidence for the Green accreditors, 

who use the results as proof of the correlation between Green certified buildings and productivity. 
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This thesis questions and critiques these surveys not only because of the bias inherent in the 

experiments but also because, in a questionnaire of over 30 questions, only one question asks the 

respondents to self-evaluate their productivity (see section 4.4.3). Furthermore, it does not define 

productivity, which, in a subsequent productivity questionnaire designed for this thesis, was found 

to mean very different things to different people. 

To try and understand the complexities and shortcomings of using the questionnaire, two buildings 

were selected (one Green, the other conventional) and the questionnaires were administered 

strictly in accordance with the licence agreement (section 5). It was not anticipated that the results 

would in any way validate, or not, this method of assessing productivity; it was simply a way of 

obtaining first-hand experience of the collection, processing and interpretation of the results. One 

of the most interesting results was that respondents tended to answer the questionnaire not on the 

basis of their long-term memory of IEQ but more on the IEQ conditions at the time of completing 

the form. The responses are as good an indicator of the prevailing weather conditions as they are 

of the seasonal performance of the building. 

The results also began to highlight that factors other than IEQ also influence perceived 

productivity. A further experiment was set up to try and establish the importance of IEQ in 

comparison to other factors which have an impact on productivity in the office (section 6). When 

asked to ‘weight’ various factors against IEQ factors, there was a strong indication that IEQ 

provides a weak proxy indicator for productivity. In other words, when completing the standard 

productivity questionnaires, the responses to comfort may have been difficult to separate from 

their working conditions (emotional, financial and health). 

To those unaware of these limitations, the results of the BUS questionnaire on perceived 

productivity appear impressive. There are several pages of useful analysis but the interesting 



  

235 

 

feature is the precision given to productivity. A result of the survey is provided that measures 

productivity to two significant figures (e.g. 5.32). Such apparent accuracy makes the evidence 

compelling and provides useful data for further marketing of the Green accreditation system. 

A final field experiment was carried out in order to begin to measure the impact that IEQ criteria 

have on architectural design (section 8). To avoid the problems of bias inherent in attitude 

measurement, an ‘unobtrusive’ study was carried out on the use of blinds and lights in highly 

glazed buildings. The findings indicated that excessive glazing result in blinds being closed, which 

then results in lights being turned on during the day. All of this indicates that the assumed benefits 

of a better view and high levels of daylight are lost. 

However, it is important to try and distinguish between whether excessive glazing is dictated by 

Green criteria or whether there was a design intention to have an ‘all-glass’ aesthetic from the 

outset of the design. In effect, it does not matter since they both reinforce each other. In other 

words, a highly glazed design will be justified by Green criteria and a building design with low 

levels of glazing may have its glazing increased to achieve more Green points. 

It could be argued that the use of blinds in an office space shows that the occupants are given the 

opportunity to adjust their immediate environment according to their comfort needs. As such, a 

building without blinds could be criticised for not providing occupants with any control over their 

environment. While this notion is acceptable, it cannot be ignored that when the majority of 

occupants are observed to respond in the same manner, it is an indication that it is no longer a 

personal choice but a general issue. The data obtained from this survey show a clear mass response 

to an environmental problem – a mass vote on users’ dissatisfaction with the IEQ in their offices. 

Also, it is unlikely that the intent of such building designs is to have the blinds drawn all the time. 
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This is also an indication of the differing performance of buildings after occupancy from their 

design intents. As stated in this thesis, most Green certified buildings are rated based on their 

designs and not the actual performance of these buildings in use. 

An important point to note is that it is not the intention of this thesis to imply that all occupants of 

highly glazed buildings are unproductive. Given the number of other factors which have been 

shown to affect perceived productivity, occupants of highly glazed buildings may be highly 

productive depending on the factors that are influencing their productivity. However, their 

productivity is more likely to be related with these other factors and not IEQ factors. It was also 

noted in chapter 4 that it is difficult to separate IEQ factors from other factors based on their effect 

on perceived productivity. As such, claims that such buildings make their occupants more 

productive through Green IEQ cannot be entirely true. 

Combining the analysis of the relationship between IEQ and comfort together with the relationship 

between IEQ and perceived productivity, there does not appear to be a convincing argument that 

there is a correlation between Green certified buildings and the enhanced productivity of its 

occupants. Based on the evidence produced in this thesis, the concept of Green when associated 

with buildings could be argued to be an ‘empty signifier’. However, it should be pointed out that 

there are probably Green certified buildings’ which perform well, are comfortable and productive. 

The argument presented here is that implementing Green IEQ criteria is no guarantee of this. 
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 CONCLUSION 

This research addressed the purported claim that increased productivity results from meeting the 

Green IEQ criteria specified in Green building rating tools. With particular focus on the NZ Green 

Star Office 2009, this research set out to investigate whether or not the relationship between 

productivity and IEQ is significantly different for a building which is accredited Green than any 

other reasonably well-designed building.  

This research was carried out using a triangulation method of investigation. This method of 

investigation involved a review of past studies, questionnaire surveys and an unobtrusive 

observation of occupant comfort in office buildings in Auckland, New Zealand. The outcome of 

this research shows that this claim is invalid. 

Chapter 1 introduced the research purpose and arguments that were verified. It described the 

claimed link between IEQ in Green certified office buildings and productivity. Following an 

overview of the research background, the hypothesis and objectives were introduced. A 

description of the originality of this research was presented, and the limitations encountered while 

carrying out the research were outlined. The structure of this thesis was also explained to guide 

the reader. 

In Chapter 2, the methodology employed to achieve the objectives of this research was described. 

The research strategy was a logical argument which was supported by a literature review and field 

studies.  
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The literature review involved past studies that have attempted to prove a causal link between IEQ 

and productivity. The aim of this review was to ascertain whether productivity has been adequately 

measured. 

Another literature review was carried out on the NZ Green Star IEQ criteria for thermal and visual 

comfort in the office environment. This review was done to ascertain the sufficiency of these 

criteria in representing occupant perception of the environment and comfort. 

The first field study included a questionnaire survey which focused on how respondents to a BUS 

questionnaire interpret the word ‘productivity’. The reason for choosing the BUS questionnaire is 

that it is one of the most popularly used questionnaires to measure perceived productivity in the 

office environment. This questionnaire does not define what ‘productivity’ means and there is 

only one question in the questionnaire relating to productivity. Therefore, the response to the 

productivity question was very sensitive to the respondents’ interpretation of the word.  

The second field study concerned the balance of other factors as well as IEQ (i.e. environmental) 

factors that could influence the outcome of a BUS questionnaire survey. If, for example, working 

relationships are more important for productivity than IEQ factors, then this could distort the 

results of a survey that does not include them. 

A third field study was carried out to observe the response of occupants in buildings that claim to 

be Green and are extensively glazed. This was carried out by unobtrusive observations from 

outside the building which involved analysing the frequency of use of blinds and electric lights. 

It is important to note that none of these studies was expected to categorically prove or disprove 

the relationship between the IEQ in Green certified buildings and productivity (see ‘limitations’ 

in section 2.6). It is the combination of the literature review, the questionnaires and the 
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observations that led to my final conclusions. These conclusions are based on the balance of 

evidence of all of these studies. 

In Chapter 3, definitions of productivity were discussed and the historical problems involved with 

measuring productivity in both offices and industry were reviewed. This included the notorious 

‘Hawthorne’ (increased lighting levels) case and the ‘Productivity Paradox’ (computers in the 

workplace), where ‘common sense’ dictates that productivity should have increased, but there was 

no evidence for this. 

Recent methods of measuring productivity in the offices were then introduced. These were 

categorised into two groups: the IQ type tests carried out under controlled situations and the self-

evaluation questionnaires that have evolved from POE. It was noted that POE has strategically 

shifted since its inception from observing the relationship between building performance and 

human behaviour to a relationship of building behaviour and human performance. POE in offices 

has become synonymous with productivity measurement. This saw the inclusion of a fourth class 

of POE usage in its historical recount. This fourth class was termed ‘the using class’ and 

highlighted the current use of POE to show that occupant productivity increases in Green certified 

buildings as a result of the IEQ in these buildings. 

Chapter 3 also discussed how productivity has been used as a marketing device to promote the 

idea that the workforce is not only more productive in Green certified buildings but that the 

buildings themselves are more valuable.  However, a review of literature on this subject indicated 

that there were differences of opinion on whether or not Green certified buildings promote 

productivity. Much of the debate focuses on two main issues: the relevance of IEQ standards to 

comfort and the method of measuring productivity. 
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This chapter concluded that there are conflicting views of the relationship between productivity 

and Green certified office buildings, and that there is no clear and objective test that has proven 

this relationship. 

Chapter 4 was a detailed literature review of studies that have either claimed to have found a 

correlation between IEQ and productivity or found that there is no correlation (Objective 1). Forty 

(40) studies were examined and forty-six (46) findings from these studies either showed a 

correlation or none. Thirty-seven per cent (37%) of the findings could not show a correlation, 

while 63% considered that there was a correlation. 

The method by which they had measured the relationship also varied. Twenty per cent (20%) used 

objective methods, such as performance tests, 62% used self-evaluation questionnaires 

(subjective), and 18% used a combination of both methods. Since the majority of the evidence 

comes from self-evaluation tests, this further justified the reasons for the field studies that indicate 

shortcomings in these surveys. 

Sixty-eight per cent of the studies (68%) were carried out in real office environments such as office 

spaces in commercial buildings, while 32% were carried out in controlled environments. The 

controlled environments required that some aspects of the environment (lighting, temperature) be 

kept constant at specified levels. 

The review carried out on these studies observed several limitations in either the performance tests 

or self-evaluation questionnaires employed in these studies. Seven (7) sets of limitations were 

discussed. They include bias in human research, issues with the productivity proxy indicators 

tested, the error of singular questions, diversity in preference, comfort/satisfaction and 

productivity, change in productivity, and the effect of factors other than IEQ on productivity. 
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The Hawthorne effect was shown to be one of aspects of bias in human research which influences 

productivity; subjects tend to become more productive because they are aware that they are under 

observation. A Placebo effect was also indicated, i.e., the expectancy of an effect causing a 

participant to be more productive even if such an effect has not been observed. The manner by 

which questions are asked in questionnaires was shown to alert a participant to the effects of IEQ 

that they were unaware of (Experimenter expectancy effect). Other sources of bias mentioned were 

the Novelty effect (the curiosity of a new product or environment), which is temporary and wears 

off once familiarity with the environment is established; and social desirability (the tendency to 

respond in favour of the general opinion even when such an effect has not been observed). These 

sources create a bias which affects the results of studies on productivity.  

This is particularly the case where the responses of Green certified building occupants are often 

compared with responses from occupants in older buildings, and where the Green occupants are 

aware that their building may have special characteristics that are claimed to be beneficial.  

This chapter also noted that performance tests and embedded tasks are not good productivity 

proxy-indicators. Performance tasks measure the ability of the participants to complete a specific 

task. They do not represent in totality the activities that an occupant carries out in during work. 

Embedded tasks do not specify which factors caused the change in productivity. An observed 

change might not be the sole influence of the intervention being study. Other factors could have 

mediated this effect. 

Commonly used questionnaires for measuring perceived productivity were argued to be affected 

by the error of singular questions, which do not address perceived productivity in its totality. It 

was noted that these questionnaires do not consider how occupants define and measure 

productivity. 
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The environmental conditions that have been controlled during some studies were shown to not 

represent normal working conditions. In a normal working environment, there are different 

moderating factors that can mitigate the effect of certain conditions on the comfort and 

productivity of occupants. 

Diversity in preference was pointed out as another limitation. It was argued that even though 

certain IEQ standards are met in an office environment, not all the occupants will be satisfied with 

the environment and be productive under the same physical conditions.  

But then, this assumes that comfort/satisfaction is synonymic with productivity. The 

misrepresentation of the relationship between comfort/satisfaction with productivity was 

discussed. Due to the possible correlation between comfort/satisfaction and productivity, it was 

found that the results of most comfort studies are being used to imply that this effect can be 

associated with productivity. However, unlike comfort or satisfaction, productivity requires that 

actual work be done.  

The likelihood that factors unrelated to IEQ will a significant effect on productivity was also 

discussed. It was noted that previous studies have indicated the influence of these other factors on 

productivity. Such factors include social, organisational, personal and convenience factors. 

Finally, it was pointed out that productivity is not continuously incremental; it increases, stagnates 

and also declines. Hence, in the event that productivity is increased, it is not guaranteed that this 

increase will be sustained. Productivity is bound to stagnate and even reduce with work time.  

It is worth mentioning here that it was not my intention to design an alternative method of 

measuring productivity, but rather to review the existing methods. The conclusion of this literature 

review and analysis was that there is no clear objective measurement of the relationship between 
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IEQ and productivity; and that the evidence and counter evidence for this relationship is weak. 

There is probably no effective way of measuring productivity in an office environment which 

relates IEQ to productivity. There appears to be a desire to promote Green certified buildings, 

which may account for the majority of the research finding evidence in favour of Green certified 

buildings. 

Chapter 5 reported on the first field study of this research, wherein a BUS questionnaire survey 

was carried out, under licence from the authors, on both a Green certified and a conventional 

building. The purpose of this study was to analyse the questionnaire and attitude measurement 

techniques. It was not intended to compare the buildings since the sample size was too small. 

The results illustrated some interesting anomalies in the survey. In one building, for example, 

despite indicating dissatisfaction with the IEQ, the respondents considered that their productivity 

had increased. The overall best indicator that correlated with productivity was perceived ‘health’ 

rather than IEQ. Furthermore, ratings for comfort appeared to correlate more closely with 

prevailing weather conditions at the time of the survey rather than the seasonally averaged 

conditions that the questions anticipate. Overall, the occupants were very satisfied with both 

buildings, but for differing reasons.  

The responses did not support the ratings of the occupants. While the occupants seemed to provide 

more negative responses than positive, their ratings of the relevant factors were much better. In 

most of the responses on productivity, the occupants mentioned that they were unaware that their 

productivity was affected by IEQ. This raises doubt about their ability to rate the effect of IEQ on 

their productivity if they had no previous knowledge that such an effect existed. Thus, it might be 

that these occupants evaluated the effect of IEQ on their comfort and not on their productivity. As 

the sample size was small, this result may not have much significance. However, the process of 
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using the BUS questionnaire indicated that results are not always conclusive and can be 

contradictory. 

However, it is acknowledged that the BUS questionnaire was not originally designed to evaluate 

the effect of IEQ on productivity but instead was designed to be used as a post occupancy 

evaluation tool for building assessment. Hence, using the results of such surveys to prove that 

Green IEQ increases productivity was noted as inappropriate and has the potential to produce 

misleading results.  

The most important criticism of the survey was that there is only one simple question on 

productivity and that the word productivity is not defined. This denied the respondent the 

opportunity to express what they understand as ‘productivity’ and how they could measure it. It 

was also pointed out that such single questions do not offer the occupant the opportunity to rate 

the effect of the IEQ in the building in question on his/her productivity, while considering the 

effect of other factors. This is a significant shortcoming in a method that is most commonly used 

for measuring productivity, and the results of which are most commonly used as evidence in favour 

of Green certified buildings. 

Chapter 6 looked into the relative importance of IEQ factors for productivity compared with 

social, convenience, personal and organisational factors. This investigation was carried out to 

bridge the gaps observed by the use of the BUS questionnaire in Chapter 5. A productivity 

questionnaire survey was designed and tested on a sample of office workers. 

The questionnaire grouped questions so that there was an even distribution of all factors within 

any one question. Social, organisational and convenience factors were considered to be more 

important overall than IEQ.  
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Levels of lighting (whether daylight or artificial light) were found to have very little significance. 

This is of interest as over half of the studies in the literature review (Chapter 4) were concerned 

with lighting level and the overwhelming majority claimed that there was a relationship between 

productivity and the lighting level in buildings. 

In the discussion section of chapter 6, it was noted that other researchers have found that an 

occupant’s experience of the indoor environment is transformed by their behaviour. The way in 

which they respond to questions about their IEQ cannot be separated from other factors affecting 

their working lives.  

This led to the conclusion that IEQ responses may well be influenced by non-IEQ factors. For 

example, job satisfaction may make a difference to the response ratings of the IEQ factors. If a 

person strongly likes the office environment in a building, then this may be more of a reflection 

of the organisation than of the IEQ. This survey may not be conclusive by itself, but it adds 

additional doubt to the validity of measuring productivity in offices by means of current 

questionnaires.  

Chapter 7 discussed the technical aspects of IEQ criteria specified in the New Zealand Green Star 

office 2009 rating tool. It analysed each criterion to establish their relevance and validity in 

producing comfort conditions which are conducive to productivity. 

For example, in the case of daylighting, it was demonstrated that that there is an exponential 

relationship between Green credits and large areas of glazing in a bid to increase the level of 

daylighting available in the space. This level of lighting is not necessary for visual performance 

in an office and leads to problems of glare and negative thermal effects. Similarly, the criteria for 
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‘views’ encourage excess glazing, which has been shown by other researchers to have little benefit 

to an occupant’s perception of views. 

Artificial lighting levels were shown to be higher than those required in an office and are based 

on standards which were never tested. Thermal criteria are based on PMV standards which are 

out-dated and encourage the use of air-conditioning. Furthermore, there are more Green credits 

available for mechanical ventilation systems than there are for natural systems. 

It was argued that these IEQ criteria have led to, or encouraged the further use of, highly glazed 

office buildings which are air-conditioned. This is illustrated by an analysis of the proportions of 

glazing and use of air-conditioning in office developments in Auckland. 

An important conclusion of this chapter is that even if the Green IEQ criteria are strictly adhered 

to in the design of an office building, it is likely to produce an uncomfortable environment that is 

not conducive to productivity unless mechanical means (air-conditioning and artificial lighting 

during the daytime) are used to compensate for the poor environmental performance. 

Chapter 8 outlined a further case study, which set out to provide a real-world example of the 

findings of chapter 7. An unobtrusive field study was set up to observe, from external evidence, 

the use of blinds and artificial lighting in highly glazed buildings. Two buildings were analysed, 

one of which is a 5 star certified building. 

The study recorded the frequency and extent to which blinds and lights were utilised. The 

assumption was that they compensate for the deficiencies in the building design: over-glazing with 

inadequate solar protection. 

The results illustrated a high use of both blinds and artificial lighting. It is assumed that the blinds 

were used to reduce glare, direct sunlight and radiant heat. In closing the blinds, the lighting 
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distribution levels were compensated for by turning on the artificial lights. This results in an 

increased air-conditioning load and discomfort caused by a poorly designed building envelope. 

The conclusion was that following the IEQ criteria can lead to an energy inefficient building, 

which is not necessarily conducive to increased productivity. 

Chapter 9 discussed the motivation behind Green certified buildings and why productivity has 

taken a leading role. It was argued that where there is economic gain, people are likely to seek out 

evidence in favour of their interests. 

The chapter identified that where environmental issues (e.g. energy use or carbon emissions) were 

once the main motivation of Green rating tools, more importance is placed on ‘productivity’. 

A review of the book GreenWashing was carried out to further illustrate the points discussed so 

far in this thesis. This review compared the Green crusade in the Commercial industry with that 

in the Building industry. The delusion of Greenwashing by multinational organisations (as 

demonstrated by the author) was related to proclamations of Green certification by Green building 

systems. The significance of this review is that it highlighted similarities between the motivation 

behind Green certified buildings and that of the Green crusade by multinational organisations. It 

was noted that just as the Green crusade by big organisations covers up the environmental crimes 

of these organisations, Green certified buildings may also be Green washed. These buildings are 

marketed on the claim of financial gains (productivity) that seem to ignore the fact that most of 

these buildings are energy inefficient with indoor environments that are not essentially conductive 

for occupants. 
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Chapter 10 recapped the theoretical journey undertaken to achieve the objectives of this research. 

The questions that sprung from the findings of each stage of this research were highlighted. The 

relevance of these questions to the conclusions that were made in this research was also discussed.  

The milestones achieved and the conclusions drawn from the findings of the studies carried out in 

this research were illustrated.  

In conclusion, the hypothesis made at the onset of this research has been proven by its outcome. 

It was hypothesised that there is no significantly improved relationship between established 

methods of measuring productivity and a building that is accredited Green than there is in any 

other reasonably well-designed building. Through logical argumentation, the outcome of this 

research has shown that this hypothesis is valid.  

Is there are relationship between increased productivity and Green certified buildings? 

With the arguments presented in this research, there is no evidence why a reasonably well-

designed non-green certified office building should not be just as productive (if not more) as/than 

a Green certified office building. A Green certified office building is an indicator that its sponsor 

could afford to utilise the rating system as much as anything else. Until it is proven that Green 

certified buildings increase occupant productivity, the productivity claim of Green certified 

buildings should not be used as an incentive to use the criteria of the Green Building Council to 

build Green buildings. 

This thesis provides new evidence that Green accreditation may not be able to achieve true Green 

designs. It calls for a review of the certification process of Green buildings. Perhaps a way forward 

would be to give Green certification based on the actual performance of these buildings and not 

solely on their design. A Green Star could be given on how the buildings perform in reality – 
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environmental performance and user satisfaction. This way, we will learn from the successes and 

mistakes of certified buildings. We could also learn what actually makes buildings perform better. 

Without in-use study, the mistakes of past and present Green certified buildings will continue. It 

can be deduced from the findings of this research that certifying a building design as Green does 

not necessarily mean that the building will perform well during occupancy.  

Another option could be to indicate that these buildings are Green design intent certified buildings 

and not Green buildings. Thus, a difference can be established between buildings which are 

actually Green and those which have been designed to be Green. This will also assist the property 

industry in providing correct information to clients on the type of buildings they purchase or rent. 

Finally, this research challenges the existing assumption and status quo of the Green building 

movement and provides a platform for a more robust assessment of building performance. The 

success of this work leads to these questions: what is the impact of discrediting an accreditation 

system which has resulted in such a huge financial investment? If Green certified buildings do not 

necessarily increase productivity, what is the future of Green buildings in the commercial industry? 

Should productivity gains be relevant to Green certification of buildings? Could it be that 

commercial architecture in the 21st century has been drawn into the dogma of sustainable self-

gains and away from the ideals of environmental sustainability? There is a need to redirect the 

focus of Green buildings on environmental sustainability. It is important that the performance of 

buildings and the prescribed design criteria for Green buildings are centred on reducing the impact 

of buildings on the environment. 
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 FUTURE RESEARCH 

This research has proven that there is no substance to the claim that Green certified buildings 

improve the productivity of their occupants. The logical argument made in this research 

prompts avenues for further studies. The literature reviews that were carried out indicate gaps 

in the knowledge on productivity measurement and the factors that affect it. The empirical 

studies have indicated areas that require more research. These avenues for future research are 

discussed below. 

12.1 Occupant productivity and factors that affect it  

The literature review carried out in Chapter 4 on the effect of IEQ on occupant productivity 

has shown that the methods used to measure productivity have limitations. Future studies could 

be carried out on productivity in the office environment with the aim of identifying how it can 

be adequately measured to overcome the limitations observed in this research.  

The outcome of this review has also shown that various issues influence the outcome of study 

results. These issues should be considered while measuring productivity. Hence, more research 

into these issues and how they influence study results could be carried out. This would entail 

identifying ways by which these issues could be mitigated if not eliminated. 

The empirical studies described in Chapter 6 on the definition of productivity showed that 

productivity means different things to different people. Future research could study these 

different meanings of productivity and how they relate to the office environment. Of particular 

interest is how productivity can be increased. These definitions could provide useful insights. 

While current research has concentrated on IEQ, there is a need to investigate the effect of 

factors other than IEQ on productivity. This research has indicated the significance of social, 

organisational and convenience factors. It was also noted that there is currently limited research 
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on the effect of these identified factors on occupant productivity in an office environment. 

Further studies on how these factors affect productivity would be useful to design better 

working environments for building occupants. 

12.2 The use of questionnaires to measure perceived productivity 

The outcome of the field study detailed in Chapter 5 showed that the use of questionnaires 

originally designed for building evaluation is insufficient to measure perceived productivity. It 

was pointed out that these questionnaires do not evaluate the respondents’ perception of 

productivity in its totality. The error of singular questions was noted as a limitation. Future 

research could draw insights from the productivity questionnaire designed solely for this study 

and develop questionnaires which adequately measure perceived productivity. 

12.3 IEQ, comfort/satisfaction and perceived productivity 

Another area for further research is the relationship between IEQ, occupant comfort and 

satisfaction, and how this relationship affects perceived productivity. It was shown in the field 

study in Chapter 5 that despite the obvious dissatisfaction of occupants with the IEQ in a study 

building, their perceived productivity still increased. There is a need for further research to 

understand the reasons for this observation. Questions such as: can dissatisfaction enable 

increase in productivity or can productivity increase independent of comfort/satisfaction? 

Furthermore, the effect of IEQ on comfort and satisfaction also needs to be better understood. 

This could be achieved by understanding different human characteristics and perception of the 

environment. More research in this field is required as little is known about how this effect 

operates and if it can be isolated during studies.  

Behavioural indications that could represent occupant satisfaction with the IEQ in the office 

environment require further investigation. It was shown in this research that occupants show 

several behaviours (chapter 8) as a reaction to the comfort level in their environment. The 
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identification of these behavioural indications would provide information on Green design 

strategies that work and those that do not work well in the office environment. 

12.4 NZ Green Star rating tool and Green certified office buildings 

This research focused on the NZ Green Star rating tool only. Hence, the analysis carried out in 

chapter 7 may not be transferrable or applicable to other rating tools. Comparative research 

involving other rating tools is required, as there could be avenues that need to be reviewed. 

The empirical studies carried out in this research involved only three Green certified office 

buildings in Auckland. While the results obtained were adequate for this research, future 

studies could be carried out on more Green certified office buildings. The scope of the field 

studies could be widened to include Green certified office buildings in other cities in New 

Zealand. This will provide more generalisable results.  

The review carried out in chapter 9 indicated that the Adaptive comfort model could achieve 

environmental sustainability and indoor environment comfort for occupants better than the 

PMV model used in the NZ Green Star IEQ criteria for thermal comfort. It was also empirically 

evidenced, in chapter 5, that naturally ventilated office buildings can be comfortable for 

occupants. Hence, additional studies could evaluate naturally ventilated office buildings in 

New Zealand. This will ascertain whether the adaptive comfort model is in accordance with 

the climatic conditions and comfort preference of occupants. 

12.5 Sample population 

Finally, the empirical studies carried out in this research involved small and specific samples 

of occupants. This research could be usefully scaled up within different organisations and on 

several Green certified and conventional buildings. 



  

253 

 

 REFERENCES 

A 
Abdou, O., Gamal, M. & Abdou, A. (2006). Correlation between Indoor Environmental 

Quality and Productivity in Buildings. 19th International Association for people-

environment studies. Alexandria, Egypt. 

Aboulnaga, M. (2006). Towards Green buildings: Glass as a building element—the use and 

misuse in the gulf region. Renewable Energy 31 (2006) 631–653. 

Alhola, P. & Polo-Kantola, P. (2007). Sleep deprivation: Impact on Cognitive Performance. 

Neuropsychiatr Dis Treat, 3 (5): 553–567.  

Altan, H., Ward I., Mohelnikova, J. & Vajkay, F. (2008). Daylight, Solar Gains and 

Overheating Studies in a Glazed Office Building. International Journal of Energy and 

Environment, 2(2), 2008. 

Alby, V. (1994). Productivity: Measurement and management. Transactions of AACE 

International, 1994, MAT4.1. 

Ander, G. (2003). Daylighting Performance and Design (Second Edition ed.). Canada: John 

Wiley & Sons, Inc. 

Arens, E., Huphreys, M., de Dear, R., Zhang, H. (2010). Are ‘class A’ temperature 

requirements realistic or desirable? Building and Environment 45 (2010) 4–10. 

Assem, E. & Al-Mumin, A. (2010). Code Compliance of Fully Glazed Tall Office Buildings 

in Hot Climate. Energy and Buildings, 42(7), 1100-1105. 

Attmann, O. (2010) Green Architecture: Advanced Technologies and Materials. USA: 

McGraw-Hill Companies, Inc.  

Avery, R., Tonidandel, S., & Phillips, G. (2008). Similarity on sports sidelines: How mentor–

prote´ge´ sex similarity affects mentoring. Sex Roles, 58, 72– 80. 

B 
Bahaj, A., James, P., & Jentsch, M. (2008). Potential of emerging glazing technologies for 

highly glazed buildings in hot arid climates. Energy and Buildings, 40(5), 720-731. 

Baird, G. (2010). Sustainable Buildings in Practice: What the Users think: Routledge Taylor 

& Francis Group, 2 Park Square, Milton Park, Abingdon, Oxon OX14 4RN. 

Baird, G., & Thompson, J. (2012). Lighting conditions in sustainable buildings: results of a 

survey of users’ perceptions. Architectural Science Review, 55(2), 102-109. 

doi:10.1080/00038628.2012.667941. 

Baird, G., Leaman, A., & Thompson, J. (2012). A comparison of the performance of 

sustainable buildings with conventional buildings from the point of view of the users. 

Architectural Science Review, 55(2), 135-144. doi:10.1080/00038628.2012.670699. 

Baker R., (2007). Measure what matters to customers: using key predictive indicators (KPIs). 

John Wiley & Sons, Inc., Hoboken, New Jersey. 



  

254 

 

Bellia, L., Bisegna F., & Spada G., (2011). Lighting in indoor environments: Visual and non-

visual effects of light sources with different spectral power distributions. Building and 

Environment 46(10): 1984-1992. 

Bluyssen, P., Aries, M., & van Dommelen, P. (2011). Comfort of workers in office buildings: 

The European HOPE project. Building and Environment, 46(1), 280-288. 

doi:10.1016/j.buildenv.2010.07.024. 

Bordass, W. (2001). “Flying Blind: Things You Wanted to Know About Energy in Commercial 

Buildings but Were Afraid to Ask”. Paper presented at The Association for the 

Conservation of Energy and the Oxfordshire Energy Advice Centre, UK, October. 

Boyce, P. (2004). Reviews of Technical Reports on daylight and Productivity. Rensselaer 

Polytechnic Institute. Accessed 26/07/2013 from 

http://www.daylighting.org/BoyceHMGReview.pdf. 

Boyce, P., Veitch, J., Newsham, G., Jones, C., Heerwagen, J., Myer, M., & Hunter, C. (2006). 

Lighting quality and office work: two field simulation experiments. Lighting Research 

and Technology, 38(3), 191-223. doi:10.1191/1365782806lrt161oa. 

Brager, S. & de Dear, R.J. (1998). Thermal adaptation in the built environment: a literature 

review. Energy and Buildings 27: 83-96. 

Brager, S. & de Dear R. (2000). A standard for natural ventilation. ASHRAE Journal, 42(10), 

21-28. 

Brager, S. & de Dear R. (2003). Historical and Cultural Influences on Comfort Expectations. 

Book chapter in Buildings, Culture and Environment: Informing local and global 

practices. Edited by Raymond Cole & Richard Lorch., 2003. Blackwell Publishing 

Ltd, 9600 Garsington Road, Oxford OX4 2DQ, UK. 

Brager, S. & Baker, L. (2009). Occupant satisfaction in mixed-mode buildings. Building 

Research & Information, 37(4), 369-380. doi:10.1080/09613210902899785. 

Brauer, C. & Mikkelsen, S. (2010). The influence of individual and contextual psychosocial 

work factors on the perception of the indoor environment at work: a multilevel 

analysis. International Architectural Occupation Environment Health, 83(6), 639-651. 

doi:10.1007/s00420-010-0511-9. 

Brill, M. & Weidemann, S. (2001). Disproving Widespread Myths about Workplace Design: 

Kimball International 2001. 

Briner, R. B. (2000). Relationships between work environments, psychological environments 

and psychological well-being. Occup. Med., 50(5), 299-303.  

Brown, & Cole, (2009). Influence of occupants’ knowledge on comfort expectations and 

behavior. Building Research and Information 37 (3): 227 – 245. 

Bryman, A. (2004). Triangulation And Measurement, Department of Social Sciences, 

Loughborough University Loughborough, Leicestershire, www.referenceworld.com/ 

sage/socialscience/triangulation.pdf. 

Brynjolfsson, E. (1993). The productivity Paradox of Information Technology: 

Communications of the ACM 36(12), 67 -77. 



  

255 

 

Butera, F. (2005). Glass architecture: is it sustainable? Paper presented at the International 

Conference “Passive and Low Energy Cooling for the Built Environment”, May 2005, 

Santorini, Greece. 

Building Quality of Life, (2009). A report on the property industry’s key role in delivering a 

better life in Britian. Commissioned by Development Securities PLC. Accessed 

9/10/2013 from: 

http://www.developmentsecurities.com/devsecplc/dlibrary/documents/QualityofLife

_March2010.pdf . 

Buttonwood, (2013). Technology and our standard of living: Are we really better off than the 

numbers show?  The Economist. Accessed 9/10/2013 from: 

http://www.economist.com/blogs/buttonwood/2013/08/technology-and-our-

standard-living . 

Byrd, H. (2010). Architectural science vs. Green buildings: issues for New Zealand. In: 

Proceedings of the 44th ANZAScA conference, 24–26 November, 2009, Unitec, 

Auckland. 

Byrd, H. (2012). Post Occupancy Evaluation of Green Buildings: The Measured Impact of 

Over-Glazing. Architectural Science Review. Volume 55, Issue 3, pp 206-212. 

Byrd, H. & Leardini, P. (2011). Green Buildings: issues for New Zealand. Procedia 

Engineering, 21, 481-488. 10.1016/j.proeng.2011.11.2041 

URL: http://hdl.handle.net/2292/18792 

C 
CABE, (2004). The impact of office design on business performance. A report for Architecture 

& the Built Environment and the British Council for Offices, May 2005. Accessed 

24/04/2012 from: 

http://webarchive.nationalarchives.gov.uk/20110118095356/http:/www.cabe.org.uk/

files/impact-office-design-full-research.pdf. 

Callegaro, M. (2008). Social Desirability: Encyclopedia of Survey Reasearch Methods. SAGE. 

Cascio, W. (2000). Virtual workplaces: implications for organisational behavior. Inc. Cooper 

& D. Rousseau (Eds.). Trends in Organisational Behavior (6) The Virtual 

Organisation, Wiley, New York. 

Charles, K., Danforth, A., Veitch, J., Zwierzchowski, C., Johnson, B. & Pero, K. (2004) 

"Workstation design for organizational productivity." Accessed 4/04/2014 from: 

http://irc.nrccnrc.gc.ca/pubs/fulltext/nrcc47343/nrcc47343.pdf. 

Chau, C., Leung, T., & Law M. (2006). Importance of Being Connected to the Outside in the 

Workplace. Architectural Science Review, 49(1), 91-98. doi:10.3763/asre.2006.4911. 

Christoffersen J., Johnsen K., Petersen E., & Valbjørn, O. (2000). Daylighting and window 

design: post-occupancy studies in office environments, Light and Lighting. 19, 31–33. 

Chynoweth, P. (2005). "Progressing the rights to light debate: Part 2: the grumble point 

revisited." Structural Survey 23(4): 251-264. 

Cichy M. (2011). Energy Efficiency of Tall Buildings: Practical Methodology for Integrated 

Design. PhD Thesis. University of Auckland. 

http://www.economist.com/blogs/buttonwood/2013/08/technology-and-our-standard-living
http://www.economist.com/blogs/buttonwood/2013/08/technology-and-our-standard-living
http://dx.doi.org/10.1016/j.proeng.2011.11.2041
http://hdl.handle.net/2292/18792
http://irc.nrccnrc.gc.ca/pubs/fulltext/nrcc47343/nrcc47343.pdf


  

256 

 

Clausen G., Olm O. & Fanger P.O., (2002) The impact of air pollution from used ventilation 

filters on human comfort and health, Proceedings of the 9th International Conference 

on Indoor Air Quality and Climate, Monterey, vol. 1, 2002, pp. 338 – 43.  

www.indoorair2002.org. 

Clements-Croome, D. (2000). Indoor environment and productivity, in Clements-Croome, D. 

(Ed.), Creating the Productive Workplace, E & FN Spon, London, pp. 3-17. 

Cohen, R., Standeven, M., Bordass, W. & Leaman, A. (2001). Assessing building performance 

in Use 1: the Probe process. Building Research and Information, 29(2): 85–102.  

Cole, R. (2003). Buildings, Culture and Environment. Blackwell Publishing Ltd, 9600 

Garsington Road, Oford OX4 2DQ, UK. ISBN 1-4051-0004-4. 

Cole, R. (2008). Green Buildings — Reconciling Technological Change and Occupant 

Expectations, in Buildings, Culture and Environment: Informing Local and Global 

Practices (eds R. J. Cole and R. Lorch), Blackwell Publishing Ltd, Oxford, UK. doi: 

10.1002/9780470759066.ch5. 

Corporate Leadership Council, (1998). Utilizing Employee Opinion Surveys to Improve 

Business Performance, Washington: Corporate Executive Board. 

Cron, W. & Sobol, M. (1983). The relationship between computerization and performance: A 

strategy for maximizing the economic benefits of computerization. J. Inf. Manag. 6, 

171-181.  

Cuttle, C. (2009). Towards the third stage of the lighting profession. Lighting Research and 

Technology, 42(1), 73-93. 

Cuttle, C. (2013). A New Direction for General Lighting practice. Lighting Research & 

Technology, February 2013 45: 40-51. 

Czikszentmihalyi, M. (2003). Good Business: Leadership, Flow and the Making of Meaning. 

New York: Viking. 

D 
de Dear R., Brager G. & Cooper D., (1997). Developing an adaptive model of thermal comfort 

and preference. Final report ASHRAE RP- 884. 

de Dear, R. & Brager, G. (1998). Developing an adaptive model of thermal comfort and 

preference. ASHRAE Transactions, 104 (1): 145-167. 

de Dear, R. & Brager G. (2002). Thermal comfort in naturally ventilated buildings: revisions 

to ASHRAE standard 55. Energy and Buildings 2002; 34 (6):549–61. 

Defoe, P. (2009). "Waldram was wrong!" Structural Survey 27(3): 186-199. 

Defoe, P. & Ian F. (2007). ""Was Waldram wrong?"." Structural Survey 25(2): 98-116. 

Derbyshire, S. (2001). “Editorial: Probe in the UK Context”, Building Research & Information, 

29(2), 79-84.  

http://www.indoorair2002.org/


  

257 

 

Djellal, F. & Gallouj, F. (2013). The productivity challenge in services: measurement and 

strategic perspectives. The Service Industries Journal, 1–18. 

doi:10.1080/02642069.2013.747519. 

Drake, S., de Dear, R., Alessi, A., & Deuble, M. (2010). Occupant comfort in naturally 

ventilated and mixed-mode spaces within air-conditioned offices. Architectural 

Science Review, 53(3), 297-306. doi:10.3763/asre.2010.0021. 

Duffy, F. (1998). The New Office, Conran Octopus, London. 

E 
e-cubed Building Workshop Ltd, (2008). Meridian Office Wellington – Productivity. Accessed 

10/03/2014 from: http://www.e3bw.co.nz/meridian_office_wellington_-

_productivity. 

Eichholtz, P., Kok N., & Quigley J. (2009). Why Do Companies Rent Green? Real Property 

and Corporate Social Responsibility. Working Paper, Fisher Center for Real Estate 

and Urban Economics, University of California-Berkeley, July 2009. 

Eriksson, B. & Blomsterberg, Å. (2009). Energy efficient glazed office buildings with double 

skin façades in Europe. Eceee 2009 summer study • Act! Innovate! Deliver! Reducing 

energy demand sustainably. 

Evans, G. & Cohen, S. (1987). Environmental stress. In D. Stokols & I. Altman (Eds.), 

Handbook of Environmental Psychology, Vol. 1 (pp. 571-610). New York: Wiley. 

F 
Fanger P. (2001). Human requirements in future air-conditioned environments. International 

Journal of Refrigeration, 24, 148-153. 

Farley, K. & Veitch, J. (2001). A room with a view: A review of the effects of windows on work 

and well-being. Canada: National Research Council. 

Fleming, D. (2004). Facilities management: a behavioural approach. Facilities. 22(1/2): 35-43.  

Fletcher Construction Company Limited (2014). Owen G Glenn Building for the University of 

Auckland Business School. Accessed 8/04/2014 from 

http://www.fletcherconstruction.co.nz/projects.php?id=186&action=search&projectn

ame=Owen%20G.%20Glenn%20Building%20for%20the%20University%20of%20

Auckland%20Business%20School. 

Foster, M. and Oreszczyn, T. (2001). Occupant control of passive systems: the use of venetian 

blinds.  Building and Environment. 36(2) 149-155.  

Francescato, G., Weidemann, S., Anderson, J., & Chenoweth, R. (1979) Residents’ Satisfaction 

in HUD-Assisted Housing: Design and Management Factors. Washington D.C: US. 

Department of Housing and Urban Development.  

Franke, R. (1987). Technological revolution and productivity decline: Computer introduction 

in the financial industry. Tech. Forecast. Soc. Change 31.  

Franz, G. (2006). Space, Color, and Perceived Qualities of Indoor Environments. Environment, 

Health, and Sustainable Development - IAPS 19, - IAPS 19. M. Tolba, S.  Soliman 

and A. Abdel-Hadi (Eds.). 

http://www.e3bw.co.nz/meridian_office_wellington_-_productivity
http://www.e3bw.co.nz/meridian_office_wellington_-_productivity


  

258 

 

Frontczak, M. & Wargocki, P. (2011). Literature survey on how different factors influence 

human comfort in indoor environments. Building and Environment, 46(4), 922-937. 

Fuerst F. & McAllister, P. (2008). Green Noise or Green Value? Measuring the Effects of 

Environmental Certification on Office Values. Real Estate Economics, 39(1), 45-69.  

Fullbrook D., Jackson Q. & Finlay G. (2006). Value case for Sustainable Building in New 

Zealand. Published by Ministry for the Environment Manatū Mō Te Taiao. Accessed 

23/07/2013 from: http://www.mfe.govt.nz/publications/sus-dev/value-case-

sustainable-building-feb06/value-case-sustainable-building-feb06.pdf. 

G 
Gabe, J., Greenaway, A., & Morgan, F. (2007). Employee satisfaction and attitudes within a 

more sustainable commercial laboratory and office building. PP 1 - 11 Paper number: 

462 SB07 New Zealand. Accessed 4/04/2014 from: 

http://www.branz.co.nz/cms_show_download.php?id=e3b3183c9846fb4197bb0f664

f48488bd2e2c710. 

GBCA, (2009). Green Star overview: Background. Green Star: GBCA. Accessed 6/10/2013 

from: http://www.gbca.org.au/Green-star/what-is-Green Star/background/2140.htm. 

Giama, & Papadopoulos, M. (2012). Sustainable building management: overview of 

certification schemes and standards, Advances in Building Energy Research, 6:2, 242-

258. Accessed 3/06/2013 from: http://dx.doi.org/10.1080/17512549.2012.740905. 

Goncalves, C., & Umakoshi, E., (2010). The Environmental Performance of Tall Buildings. 

London, Earthscan, 2010. 

Grady, S., Singh A., Syal, M. & Korkmaz, S. (2010). Effects of Green Buildings on Employee 

Health and Productivity. American Journal of Public Health 100(9) September 2010. 

Gratia, E. & De Herde, A., (2007). Greenhouse effect in double skin facade. Energy and 

Buildings, 39, 199–211. 

Green Consumer Guide.com, (2013). Door and Windows: Low-E-Glass. Accessed 6/10/2013 

from: 

http://www.Greenconsumerguide.com/domesticll.php?CLASSIFICATION=25&PA

RENT=19. 

H 
Haka, M., Haapakangas, A., Keranen, J., Hakala, J., Keskinen, E. & Hongisto, V. (2009). 

Performance effects and subjective disturbance of speech in acoustically different 

office types--a laboratory experiment. [Research Support, Non-U.S. Gov't]. Indoor 

Air, 19(6), 454-467. doi:10.1111/j.1600-0668.2009.00608.x. 

Hameed, A. & Amjad, S. (2009). Impact of Office Design on Employees’ Productivity: A Case 

study of Banking Organizations of Abbottabad, Pakistan. Journal of Public Affairs, 

Administration and Management, 3(1), 1-13.  

Hauge, Å., Thomsen, J., & Berker, T. (2011). User evaluations of energy efficient buildings: 

Literature review and further research. Advances in Building Energy Research, 5(1), 

109-127. doi:10.1080/17512549.2011.582350. 

http://www.mfe.govt.nz/publications/sus-dev/value-case-sustainable-building-feb06/value-case-sustainable-building-feb06.pdf
http://www.mfe.govt.nz/publications/sus-dev/value-case-sustainable-building-feb06/value-case-sustainable-building-feb06.pdf


  

259 

 

Haynes, B. (2007a). Office productivity: a theoretical framework. Journal of Corporate Real 

Estate, 9(2), 97-110. 

Haynes, B. (2007b). The impact of the behavioural environment on office productivity. Journal 

of Facilities Management, 5(3), 158-171. doi:10.1108/14725960710775045. 

Haynes, B. (2007c). An Evaluation of Office Productivity Measurement. Journal of Corporate 

Real Estate, 9(3), 144-154. 

Haynes, B. (2007d). Office environments that enable human contribution. Sheffield Hallam 

University, Built environment division, Faculty of Development and Society. 

Haynes, B. (2008). Office Productivity A Self Assessed Approach To Office Evaluation. Paper 

presented at the PRRES 14th Annual Conference. Accessed 9/10/2013 from: 

http://www.prres.net/papers/Haynes_Office_Productivity_A_Self_Assessed_Approa

ch_To_Office_Evaluation.pdf. 

Healey, K. & Webster-Mannison, M. (2012). Exploring the influence of qualitative factors on 

the thermal comfort of office occupants. Architectural Science Review, 55(3), 169-

175. doi:10.1080/00038628.2012.688014. 

Hedge, A. & Gaygen, D. (2010). Indoor Environment Conditions and Computer Work in an 

Office. HVAC&R Research, 16(2), 123-138. doi:10.1080/10789669.2010.10390897. 

Heerwagen, J. (2000). Green buildings, organizational success and occupant productivity. 

Building Research & Information, 28(5-6), 353-367. 

Henley, J. (2010). Building better environments. The McGraw Hill report Green Outlook 2009: 

Trends Driving Change. Accessed 26/07/2013 from: 

http://www.celsias.co.nz/article/building-better-environment/? 

Henley, J. (2013). The business case for Green buildings. Presentation at seminar on 26th 

September 2013. Accessed 4/04/2014 from: 

http://www.nzgbc.org.nz/images/stories/Jane_Henley.pdf. 

Heschong Mahone Group, (1999). “Daylighting in schools: an investigation into the 

relationship between daylighting and human performance.” A report submitted to 

Pacific Gas and Electric. Accessed 4/04/2014 from: www.pge.com/pec/daylight/.  

Heschong L., Saxena M., Wright R., Okura S., & Aumann, D. (2003). Offices, Windows and 

Daylight: Call Center Worker Performance. Technical Report for California Energy 

Commission. P500-03-082-A-9. Accessed 4/04/2014 from: 

http://www.mendeley.com/research/windows-classrooms-study-student-

performance-indoor-environment/. Accessed on 23/04/2012. 8.09pm. 

Hepner, C., & Boser, R. (2006). Architects' Perceptions of LEED Indoor Environmental 

Quality Checklist Items on Employee Productivity. International Journal of 

Construction Education and Research, 2(3), 193-208. 

doi:10.1080/15578770600907156. 

Hróbjartsson, A. & Norup, M. (2003). "The use of placebo interventions in medical practice--

a national questionnaire survey of Danish clinicians". Evaluation & the Health 

Professions 26 (2): 153–65. doi:10.1177/0163278703026002002. PMID 12789709. 

http://www.prres.net/papers/Haynes_Office_Productivity_A_Self_Assessed_Approach_To_Office_Evaluation.pdf
http://www.prres.net/papers/Haynes_Office_Productivity_A_Self_Assessed_Approach_To_Office_Evaluation.pdf
http://www.celsias.co.nz/article/building-better-environment/
http://www.nzgbc.org.nz/images/stories/Jane_Henley.pdf


  

260 

 

Huizenga, C., Abbaszadeh, S., Zagreus, L., & Arens, E. (2006). Air Quality and Thermal 

Comfort in Office Buildings: Results of a Large Indoor Environmental Quality Survey. 

Proceedings, Healthy Buildings 2006, Vol. III, 393-397, Lisbon, Portugal, June. 

Hyde R. A (1998) Lighting Thermal and Ventilation (LTV) Design Tool for Non-domestic 

Buildings in Tropical and Subtropical Regions: Preliminary Assessment of Design 

Integration. In: Baird G, Osterhaus W. Science and design: opportunities for a 

cooperative spirit in the creation of architecture. Proceedings of the 32nd annual 

Conference of the Australia and New Zealand. Architectural Science Association; 15-

17 July 1998, Wellington, pp.41-48. 

I 
Inkarojrit V. (2007). Multivariate Predictive Window Blind Control Models For Intelligent 

Building Façade Systems. Proceedings: Building Simulation 2007. Accessed 

28/03/2014 from: http://www.ibpsa.org/proceedings/BS2007/p519_final.pdf. 

Inoue, T., Kawase, T., Ibamoto, T., Takakusa, S. & Matsuo, Y., (1988). The development of 

an optimal control system for window shading devices based on investigations in 

office buildings. ASHRAE Transactions 104, 1034–1049. 

J 
Johnson, J., & LeBreton, J. (2004). History and use of relative importance indices in 

organizational research. Organizational Research Methods, 7, 238–257. 

Johnson, J., & Johnson, K. (2001). Rater perspective differences in perceptions of executive 

performance. In M. Rotundo (Chair), Task, citizenship, and counterproductive 

performance: The determination of organizational decisions. Symposium conducted 

at the 16th annual conference of the Society for Industrial and Organizational 

Psychology, San Diego, CA. 

Juslen, H., Wouters, M. & Tenner, A. (2007). Lighting level and productivity: a field study in 

the electronics industry. Ergonomics, 50(4), 615-624. 

doi:10.1080/00140130601155001. 

K 
Kaarlela-Tuomaala, A., Helenius, R., Keskinen, E., & Hongisto, V. (2009). Effects of acoustic 

environment on work in private office rooms and open-plan offices - longitudinal 

study during relocation. [Comparative Study Research Support, Non-U.S. Gov't]. 

Ergonomics, 52(11), 1423-1444. doi:10.1080/00140130903154579. 

Kaatz, E., Root, D. & Bowen, P. (2004). Implementing a Participatory Approach in a 

Sustainability Building Assessment Tool, in Proceedings of the Sustainable Building 

Africa 2004 Conference (SB04), 13-18 September 2004, Stellenbosch, South Africa 

(CD Rom, Paper No. 001). 

Kashka, T. (2012). Green Star investments show good returns. Waikato Times. Accessed 

26/03/2014 from: http://www.stuff.co.nz/waikato-times/business/7945525/Green-

Star-investments-show-good-returns. 

Kampschroer, K. & Heerwagen, J. H. (2005). The strategic workplace: development and 

evaluation. Building Research & Information, 33(4), 326-337. 

doi:10.1080/09613210500161976. 

http://www.ibpsa.org/proceedings/BS2007/p519_final.pdf
http://www.stuff.co.nz/waikato-times/business/7945525/Green-Star-investments-show-good-returns
http://www.stuff.co.nz/waikato-times/business/7945525/Green-Star-investments-show-good-returns


  

261 

 

Kats, G. (2003). Green Building Costs and Financial Benefits. A report for the Massachusetts 

Technology Collaborative. 1-10. Accessed 4/04/2014 from: 

http://www.bouldercolorado.gov/files/commercial_Green_building_costs_and_benef

its_-_kats_2003.pdf. Accessed on 24/04/2012, 10.51am. 

Keeler M. & Burke B. (2009). Fundamentals of Integrated Design for Sustainable Building. 

John Wiley & Sons, Inc. USA. 

Kekäläinen P., Niemelä R., Tuomainen M., Kemppilä S., Palonen J., Riuttala H. & Reijula, K. 

(2010). Effect of reduced summer indoor temperature on symptoms, perceived work 

environment and productivity in office work. Intelligent Buildings International, 2(4), 

251-266. doi:10.3763/inbi.2010.0051. 

Keighley, E. (1973), Visual requirements and reduced fenestration in office buildings–A study 

of window shape. Building Science, 8(4), 311–320. 

Kennett, S. (2009). BREEAM and LEED to Work Together on New Global Standard. Building 

UK, Accessed 4/04/2014 from: www.building.co.uk. 

Kim, J. & Wineman, J. (2005). Are Windows and Views Really Better? A Quantitative 

Analysis of the Economic and Psychological Value of Views. Report for Daylight 

Dividend Program of the Lighting Research Center, Rensselaer Polytechniqic 

Institute. 

Kim, S. & Kim, J. (2007). Influence of light fluctuation on occupant visual perception. Building 

and Environment, 42(8), 2888-2899. doi:10.1016/j.buildenv.2006.10.033. 

Klepeis, N., Nelson, W., Ott, W., Robinson, J., Tsnag A., Switzer, P., Behar, J., Hern, S. & 

Engelmann, W., (2001). The National Human Activity Pattern Survey (NHAPS): A 

resource for assessing exposure to environmental pollutants, Journal of Exposure 

Analysis and Environmental Epidemiology, 11, 231 -252. 

Kolarik, J., Toftum, J. r., Olesen, B., & Shitzer, A. (2009). Occupant Responses and Office 

Work Performance in Environments with Moderately Drifting Operative 

Temperatures (RP-1269). HVAC&R Research, 15(5), 931-960. 

doi:10.1080/10789669.2009.10390873. 

Koop B. (n.d.). Case Study “Impact of Buildings on the Environment” Energy & Environment 

Working Group, Boston Properties, USA. Retrieved 9/10/2014 from 

http://www.allianceforbusinessleadership.org/wp-content/uploads/2012/05/Impact-

of-Buildings-on-the-Environment-PBLN-Conference-10_26_07.pdf 

Koopmans, L., Bernaards, C., Hildebrandt, V., Schaufeli, W., de Vet Henrica, C., & van der 

Beek, A. (2011). Conceptual Frameworks of Individual Work Performance. Journal 

of Occupational and Environmental Medicine, 53(8), 856–866. 

doi:10.1097/JOM.0b013e318226a763. 

Kwok, A. (2000). 'Thermal Boredom', 17th International Conference on Passive and Low 

Energy Architecture, Cambridge, UK. 

Kwok A. & Rajkovich N. (2010), Addressing climate change in comfort standards. Building 

and Environment Vol 45 (2010) 18-22. 

http://www.allianceforbusinessleadership.org/wp-content/uploads/2012/05/Impact-of-Buildings-on-the-Environment-PBLN-Conference-10_26_07.pdf
http://www.allianceforbusinessleadership.org/wp-content/uploads/2012/05/Impact-of-Buildings-on-the-Environment-PBLN-Conference-10_26_07.pdf


  

262 

 

L 
Lai, J., Levas, A., Chou, P., Pinhanez, C., & Viveros, M. (2002). Bluespace: Personalizing 

workspace through awareness and adaptability. International Journal of Human-

Computer Studies, 57(5), 415 - 428. 

Lan, L., & Lian, Z. (2009). Use of neurobehavioral tests to evaluate the effects of indoor 

environment quality on productivity. Building and Environment, 44(11), 2208-2217. 

doi:10.1016/j.buildenv.2009.02.001. 

LaSalle, (2011). Green Buildings Driving Employee Productivity. Jones Lang LaSalle, 

Advance publications September 2011. Accessed 9/10/2013 from:  

http://www.nzgbc.org.nz/index.php?option=com_content&view=article&id=267:Gr

een-buildings-driving-employee-productivity&catid=15:publications&Itemid=270. 

Leaman, A. (2012). Usable Buildings. Accessed 4/04/2014 from: 

http://www.usablebuildings.co.uk 

Leaman, A. & Bordass, B. (1999). Productivity in buildings: the ‘killer’ variables, Building 

Research & Information, 27:1, 4-19. 

Leaman, A., & Bordass, B. (2001). Assessing building performance in use 4: the Probe 

occupant surveys and their implications. Building Research & Information, 29(2), 

129-143. doi:10.1080/09613210010008045. 

Leaman, A. & Bordass, B. (2007) Are building users more tolerant of Green buildings? 

Building Research & Information, 35:6, 662-673, DOI: 10.1080/09613210701529518. 

Leaman A., Thomas L. & Vandenberg M. (2007). Green Buildings:  What Australian Building 

Users Are Saying. EcoLibrium Forum. November 2007. Accessed 6/10/2013 from: 

http://mail.airah.org.au/downloads/2007-11-01.pdf. 

Leblebici, D. (2012). Impact of Workplace Quality on Employees' Productivity: Case Study of 

a Bank In Turkey. Journal of Business, Economics & Finance, 1(1), 38 - 49.  

Lee, S. (2000). Understanding productivity improvement in a turbulent environment: A 

symposium introduction. Public Productivity & Management Review, 23, 423-427. 

Lee, S., & Brand, J. (2010). Can personal control over the physical environment ease 

distractions in office workplaces? Ergonomics, 53(3), 324-335. 

doi:10.1080/00140130903389019. 

Lee, Y. & Guerin, D. (2010). “Indoor environmental quality differences between office types 

in LEED-certified buildings in the US.” Building and Environment, 45(5), 1104–1112.  

Lenoir, A., Baird, G. & Garde, F. (2012). Post-occupancy evaluation and experimental 

feedback of a net zero-energy building in a tropical climate. Architectural Science 

Review, 55(3), 156-168. doi:10.1080/00038628.2012.702449. 

Lehrl, S., Gerstmeyer, K., Jacob, J., Frieling, H., Henkel, A. W., Meyrer, R. & Bleich, S. (2007). 

Blue light improves cognitive performance. Journal of Neural Transmission (Vienna, 

Austria: 1996), 114(4), 457–460. doi:10.1007/s00702-006-0621-4 . 

http://www.nzgbc.org.nz/index.php?option=com_content&view=article&id=267:Green-buildings-driving-employee-productivity&catid=15:publications&Itemid=270
http://www.nzgbc.org.nz/index.php?option=com_content&view=article&id=267:Green-buildings-driving-employee-productivity&catid=15:publications&Itemid=270
http://www.usablebuildings.co.uk/
http://mail.airah.org.au/downloads/2007-11-01.pdf


  

263 

 

Levitt, S. & List, J. (2007). What Do Laboratory Experiments Measuring Social Preferences 

Reveal about the Real World? The Journal of Economic Perspectives, 21(2), 153-174. 

doi:10.2307/30033722. 

Levitt, S. & List, J. (2011). Was There Really a Hawthorne Effect at the Hawthorne Plant? An 

Analysis of the Original Illumination Experiments. American Economic Journal: 

Applied Economics, 3(1), 224-238. doi:10.1257/app.3.1.224. 

Lievens, F., Highhouse, S., & De Corte, W. (2003).The importance of traits and abilities in 

managers’ hirability decisions as a function of method of assessment. Poster 

presented at the 18th annual conference of the Society for Industrial and 

Organizational Psychology, Orlando, FL. 

Littler, C., (1978). Understanding Taylorism. The British Journal of Sociology, Vol. 29, No. 2 

(Jun., 1978) , pp. 185-202. doi: 10.2307/589888. 

Linhart, F. & Scartezzini, J. (2011). Evening office lighting – visual comfort vs. energy 

efficiency vs. performance? Building and Environment, 46(5), 981-989. 

doi:10.1016/j.buildenv.2010.10.002. 

Liu, K., Chiang, C. & Lin, Y. (2010). Influences of visual fatigue on the productivity of subjects 

using visual display terminals in a light-emitting diode lighting environment. 

Architectural Science Review, 53(4), 384-395. 

Lockwood, C. (2006). “As Green as the Grass Outside”, Barron’s, December 25, 2006, 

Accessed 4/04/2014 from: 

http://pnline.barrons.com/article/SB116683352907658186,html?mod=9_0031_b_thi

s_weeks_magazine_main. 

Lynes, J.: (1979). A Sequence for Daylight Design. Lighting Research and Technology Vol. 

11(2). 

M 
Madew, R. (2006). The dollars and sense of Green buildings. Building the Business Case for 

Green Commercial Buildings in Australia. Accessed 28/03/2014 from: 

http://www.ilgbc.org/download/files/DollarsandSenseofGreenBuildings2006.pdf. 

Mak, C. & Lui, Y. (2012). The effect of sound on office productivity. Building Services 

Engineering Research and Technology, 33(3), 339-345. 

doi:10.1177/0143624411412253. 

Manning P. (Ed.), (1965). Office Design: A study of Environment, Pilkington Research Unit, 

Department of Building Science, University of Liverpool, Liverpool, England. 

Markus T. et al., (1972). Building Performance, Halstead press, New York. 

McCarney, R., Warner, J., Iliffe, S., van Haselen, R., Griffin, M. & Fisher, P. (2007). "The 

Hawthorne Effect: a randomised, controlled trial". BMC Med Res Methodol 7: 30. 

doi:10.1186/1471-2288-7-30. PMC 1936999. PMID 17608932. 

McCunn, L. & Gifford, R. (2012). Do Green offices affect employee engagement and 

environmental attitudes? Architectural Science Review, 55(2), 128-134. 

doi:10.1080/00038628.2012.667939. 

http://pnline.barrons.com/article/SB116683352907658186,html?mod=9_0031_b_this_weeks_magazine_main
http://pnline.barrons.com/article/SB116683352907658186,html?mod=9_0031_b_this_weeks_magazine_main
http://www.ilgbc.org/download/files/DollarsandSenseofGreenBuildings2006.pdf


  

264 

 

Meijer, E., Frings-Dresen, M. & Sluiter, J. (2009). Effects of office innovation on office 

workers' health and performance. Ergonomics, 52(9), 1027-1038. 

doi:10.1080/00140130902842752. 

Menzies, G. & Wherrett, J. (2003). Issues in the Design and Selection of Sustainable Multi-

Glazed Windows: a study of qualitative issues in Scotland.: 1-6 Paper presented at 

Proceedings of CIBSE/ASHRAE Conference, Building Sustainability, Value & profit. 

School of the Built Envrionement, Hariot-Watt university, Edinburgh. 

Menzies, G. & Wherrett, J. (2005). Windows in the workplace: examining issues of 

environmental sustainability and occupant comfort in the selection of multi-glazed 

windows. Energy and Buildings, 37(6), 623-630. 

Merriam Webster Dictionary, (2013). Hawthorne Effect. Accessed 4/04/2014 from: 

http://www.merriam-webster.com/dictionary/hawthorne%20effect. 

Metro Glasstech (2013). Laminated: Sound Control. Accessed 6/10/2013 from 

http://www.metroglasstech.co.nz/products/safety-glass/laminated.aspx. 

Michigan State University, (2008). Implementation of Post-occupancy Evaluation: A Potential 

Tool for Building Asset Management and Creating More Productive, Cost- Effective 

and Sustainable Buildings at MSU. C2P2AI, SPDC.  

Mistry, S. & Bhatt, R. (2013). Critical Factors Affecting Labour Productivity In Construction 

Projects: Case Study Of South Gujarat Region Of India. International Journal of 

Engineering and Advanced Technology (IJEAT) 2 (4) 583 – 591.  

Monfared, I. & Sharples, S. (2011). Occupants’ perceptions and expectations of a Green office 

building: a longitudinal case study. Architectural Science Review, 54(4), 344-355. 

doi:10.1080/00038628.2011.613636#2011. 

Moshagen, M., Musch, J., & Goritz, A. S. (2009). A blessing, not a curse: experimental 

evidence for beneficial effects of visual aesthetics on performance. Ergonomics, 

52(10), 1311-1320. doi:10.1080/00140130903061717. 

Moujalled, B., Cantin, R. & Guarracino , G. (2005). Adaptive thermal comfort evaluation in a 

field study. International Conference “Passive and Low Energy Cooling 225 for the 

Built Environment”, May 2005, Santorini, Greece. Accessed 18/06/2013 from: 

http://www.inive.org/members_area/medias/pdf/Inive/palenc/2005/Moujalled.pdf.  

Mullins, L., (2004). Management and Organisational Behaviour (7th ed.), Financial Times–

FT Press–Prentice-Hall–Pearson Education Ltd, ISBN 978-0-273-68876-1. 

Mundel, E. (1986). Measuring the Productivity of Commercial Banks: Algorithms and PC 

Programs/Book and Disk. Unipub Kraus Intl, 1986.

N 
Nabil, A. & Mardaljevic, J. (2006). Useful daylight illuminances: A replacement for daylight 

factors. Energy and Buildings, 38(7), 905-913. 

Neely, A. (1998). Measuring Business Performance, Economist Books, London. 

http://www.merriam-webster.com/dictionary/hawthorne%20effect
http://www.metroglasstech.co.nz/products/safety-glass/laminated.aspx


  

265 

 

Ne'eman, E., & Hopkinson, R. G. (1970). Critical minimum acceptable window size: A study 

of window design and provision of a view. Lighting Research and Technology, 2, 17-

27. 

Newman, O. (1973) Defensible Space: Crime Prevention through Urban Design, Collier 

Books, New York. 

Nelson A. (2007). The Greening of U.S. Investment Real Estate- Market Fundamentals, 

Prospects and Opportunities. RREEF Research Number 57 November 2007. Accessed 

9/10/2014 from 

http://realestate.deutscheawm.com/content/_media/Research_The_Greening_of_US

_Investment_Real_Estate_November_2007.pdf 

Nelson A. (2008). Globalisation and Global Trends in Green Real Estate Investment. RREEF 

Research Number 64. September 2008. Accessed 9/10/2014 from 

http://realestate.deutscheawm.com/content/_media/Research_Globalization_and_Gl

obal_Trends_in_Green_Real_Estate_Investment_September_2008.pdf 

Nelson, A., Rakau, O. & Dörrenberg, P. (2010). Green Buildings – A niche becomes 

mainstream Deutsche Bank Research www.dbresearch.com. Accessed 4/04/2014 

from: http://sallan.org/pdf-docs/DB_2010_Green%20Buildings.pdf. 

Newsham, G., Brand, J., Donnelly, C., Veitch, J., Aries, M., & Charles, K., (2009). Linking 

indoor environment conditions to job satisfaction: a field study, Building Research & 

Information, 37:2, 129-147.  

Nicol, J., (2001). Characterising occupant behaviour in buildings: Towards a stochastic model 

of occupant use of windows, lights, blinds, heaters and fans. In: Proceedings of the 

7th IBPSA Conference, Rio de Janeiro, Brazil, pp. 1073–1077. 

Nicol, F. & Humphreys, M. (2002). Adaptive thermal comfort and sustainable thermal 

standards for buildings, Energy and Buildings, 34: 563-572. 

Niemela, R., Hannula, M., Rautio, S., Reijula, K., & Railio, J. (2002). The effect of air 

Temperature on Labour productivity in call centres - a case study. Energy and 

Buildings, 34, 759 - 764. 

New Zealand Green Building Council, (2009). Green Star NZ Technical Manual: Office Design 

& Built 2009. 

New Zealand Green Building Council, (2010). The Value Case for Green Building in New 

Zealand, NZGBC: Publications. September 2010. Accessed 7/10/2013 from: 

http://www.nzgbc.org.nz/index.php?option=com_content&view=article&id=153:nz

gbc-value-case-for-Green-building&catid=15:publications&Itemid=270. 

New Zealand Green Building Council, (2013a). Case Studies. Accessed 4/04/2014 from: 

http://www.nzgbc.org.nz/index.php?option=com_content&view=article&id=46&Ite

mid=116 

New Zealand Green Building Council, (2013b). About Green Star. Accessed 4/04/2014 from: 

http://www.nzgbc.org.nz/index.php?option=com_content&view=article&id=17&Ite

mid=117 Accessed 11.4.2013. 

http://sallan.org/pdf-docs/DB_2010_Green%20Buildings.pdf
http://www.nzgbc.org.nz/index.php?option=com_content&view=article&id=153:nzgbc-value-case-for-green-building&catid=15:publications&Itemid=270
http://www.nzgbc.org.nz/index.php?option=com_content&view=article&id=153:nzgbc-value-case-for-green-building&catid=15:publications&Itemid=270
http://www.nzgbc.org.nz/index.php?option=com_content&view=article&id=46&Itemid=116
http://www.nzgbc.org.nz/index.php?option=com_content&view=article&id=46&Itemid=116


  

266 

 

New Zealand Green Building Council, (2013c). Green Star Accredited Professional Pathway. 

Accessed 4/04/2014 from: 

https://www.nzgbc.org.nz/index.php?option=com_content&view=article&id=102&I

temid=208. 

New Zealand Green Building Council, (2013d). Downloads: Green Star Tool Overviews. 

Green Star NZ – Office 2009. file:///C:/Users/eony001/Downloads/-OFF.pdf. 

Accessed 4/04/2014 from: 

http://www.nzgbc.org.nz/index.php?option=com_content&view=article&id=152&It

emid=275. 

O 
OECD research release. Accessed 23/07/2013 from: 

http://www.cnbc.com/id/42880702/page/11 

Olgyay, V., & Olgyay, A., (1963). Design with Climate: Bioclimatic Approach to Architectural 

Regionalism, Issue 1, Princeton University Press, 1963. 

Onyeizu, E. & Abu Bakar, A. (2011). Assessing Key Factors in Design in The Industrialised 

Building System (IBS) Approach: Stakeholders’ Opinions in Malaysia. International 

Journal of Academic Research 3 (4) 168 - 175. 

Onyeizu, E. & Byrd, H. (2011). Understanding the Relationship between Occupants’ 

Productivity and Daylighting in Commercial Buildings: A Review of Literature. A 

paper presented at the 5TH International Conference & Workshop on Built 

Environment in Developing Countries (ICBEDC), 6th – 7th December 2011, Penang, 

Malaysia. 

Oseland, N. (1999). Environmental Factors Affecting Office Worker Performance: A Review 

of Evidence, Technical Memoranda TM24: CIBSE, London. 

O’Connor, T. (2003). Why glass is the red-hot Green building material, The glass guide. 

Accessed 4/04/2014 from:  

http://www.glasswebsite.com/techcenter/articles/glass%20guide%200602.pdf. 

O’Grady, J. & McCabe, B. (2002). Productivity in the Construction Industry: Concepts, Trends 

and Measurement Issues. Accessed 9/10/2013 from 

http://www.ogrady.on.ca/Downloads/Papers/Productivity%20in%20the%20Constru

ction%20Industry.pdf. 

P 
Paevere, P., & Brown, S. (2008). Indoor Environment Quality and Occupant Productivity  in 

the CH2 Building: Post-Occupancy Summary. PO Box 56, Highett, VIC, 3190: 

CSIRO.  

Park, H., Thomas, S., & Tucker, R. (2005). Benchmarking of Construction Productivity. 

Journal of Construction Engineering and Management. 131(7):772-778. 

Parpairi, K. (2004). Daylight Perception. Environmental Diversity in Architecture. M. A. 

Steane and K. Syeemers. New York, Spon Press. 

Pavlina, S. (2005). What is productivity? (Web log post) Accessed 24/04/2012 from 

http://www.stevepavlina.com/blog/2005/10/what-is-productivity/. 

https://www.nzgbc.org.nz/index.php?option=com_content&view=article&id=102&Itemid=208
https://www.nzgbc.org.nz/index.php?option=com_content&view=article&id=102&Itemid=208
file:///C:/Users/eony001/Downloads/-OFF.pdf
http://www.cnbc.com/id/42880702/page/11
http://www.glasswebsite.com/techcenter/articles/glass%20guide%200602.pdf


  

267 

 

Pearse, G., (2012). Greenwash: Big Brands and Carbon Scams. Black Inc. ISBN-13: 

9781863955751. 

Pepler, R., & Warner, R. (1968). Temperature and Learning: an experimental study. ASHRAE 

Transactions, 74(2), 11-19.  

Phillips, D. (2004). Daylighting: Natural light in Architecture. Oxford: Architectural Press. 

Prakash, P. (2005). Effect of indoor environmental quality on occupant’s perception of 

performance: A comparative study. Master of interior design Thesis, University of 

Florida 2005. 

Preiser, W. & Vischer, J. (eds) (2005). Assessing Building Performance, Butterworth- 

Heinemann, Oxford. 

Preiser, W., Rabonowitz, H., White E. (1988). Post-occupancy Evaluation. Van Nostrand 

Reinhold Company, New York. 

Preiser, W. F. E. (1989). Building evaluation, Plenum Press, New York. 

Pulakos, E. (2007) Performance measurement. Applied measurement: Industrial psychology in 

human resources management. Book Chapter by Whetzel D. & Wheaton G. Mahwah, 

N.J. : Lawrence Erlbaum Associates, 2007 pg 293. 

R 
Rea, M.S., (1984). Window blind occlusion: A pilot study. Building and Environment 19 (2), 

133–137. 

Reed, R., Bilos, A., Wilkinson, S. & Schulte, K. (2009). International Comparison of 

sustainable rating tools. JOSRE Vol 1 No. 1. 

Reinhart, C., (2001). Daylight Availability and Manual Lighting Control in Office Buildings 

Simulation Studies and Analysis of Measurements. Ph.D. thesis, Technical University 

of Karlsruhe, Germany, October 2001. 

Reinhart, C. & Voss K. (2003) Monitoring Manual Control of Electric Lighting and Blinds. 

The International Journal Lighting Research & Technology, 35:3 pp. 243-260, 2003. 

Reinhart, C., Mardaljevic, J., & Rogers, Z. (2006). Dynamic daylight performance metrics for 

sustainable building design. NRC Institute for Research in Construction; National 

Research Council Canada 3(1), 1-25. 

Roach, S. (1987). "America's Technology Dilemma: A Profile of the Information Economy," 

Morgan Stanley Special Economic Study (April). 

Roach, S. (1991). Services under siege-- The restructuring imperative. Harvard Bus. Rev., 82- 

92.  

Roaf S. (2005). Closing the loop: Benchmarks for sustainable buildings. RIBA Publications, 

London. 

Roaf S., Crichtin D., & Nicol F. (2009). Adapting Buildings and cities for climate change: A 

21st Century Survival Guide. Architectural Press. 2nd Edition. Oxford OX2 8DP, UK. 



  

268 

 

Rosenthal, R. (2004). Experimenter Expectancy Effect in Encyclopedia of social science 

research methods. Editors: Lewis-Beck M., Bryman A and Liao T. SAGE 

Publications Inc. 357-358. 

Roelofsen, P. (2002), "The impact of office environments on employee performance: the 

design of the workplace as a strategy for productivity enhancement", Journal of 

Facilities Management, Vol. 1 No.3, pp.247-64.  

Roethlisberger, F. & Dickson, W. (1939). Management and the Worker. Cambridge, MA.: 

Havard Univeristy Press. 

Roulet, C., Johner, N., Foradini, F., Bluyssen, P., Cox, C., De Oliveira Fernandes, E., & 

Aizlewood, C. (2006). Perceived health and comfort in relation to energy use and 

building characteristics. Building Research & Information, 34(5), 467-474. 

doi:10.1080/09613210600822279. 

Rubin, A., Collins, B., & Tibott, R. (1978). Window blinds as a potential energy saver––a case 

study. NSB Building Science Series 112, National Bureau of Standards, Washington. 

S 
Safamanesh, B., & Byrd, H., (2012). The two sides of a double-skin facade: built intelligent 

skin or brand image scam? In: Building on Knowledge: Theory and Practice. 46th 

Annual Conference of the Architectural Science Association (ANZAScA), 14-16 

November 2012, Griffith University, Gold Coast, Australia. 

Sapsford, S. (2007). Survey Research. 2nd Edition. Los Angeles: Sage. 

Schwartz, T. (2011). The Twelve Attributes of a Truly Great Place to Work. Accessed 

23/1/2013 from: http://blogs.hbr.org/schwartz/2011/09/the-twelve-attributes-of-a-

tru.html. 

Sensharma N., Woods J., & Goodwin A. (1998). Relationships between the indoor 

environment and productivity: A literature review. ASHRAE Transactions. 104 (part 

1A), pp 686-701. 

Shove, E. (2004). Comfort, Cleanliness and Convenience: The Social Organization of 

Normality (New Technologies/New Cultures) Journal of Consumer Policy 26: 395–

418. 

Shuttleworth, R. (2008). Form and Skin: antidotes to Transparency in High Rise Buildings. 

Paper presented at the CTBUH 8th World Congress on March 3-5 2008, Dubai. 

Sklair, L. (2010). Iconic architecture and the culture-ideology of consumerism. Theory, Culture 

& Society, 27(5), 135-159. 

Smith A. (2007) To Be Green or Not to Be Green? Why That Is Not the Question. Pramerica 

Real Estate Investors research. 8 Campus Drive Parsippany, NJ 07054, USA. 

retrieved 9/10/2014 from 

http://www.pramericarei.com/pramerica/pdf/realestate/Pramerica_Green_Bldg_Nov

_07.pdf 

Smith, J., (2008). Implementation of a Building Sustainability Rating Tool: A Survey of the 

New Zealand Building Industry. Master of Building Science. Thesis. Victoria 

University of Wellington, 2008. 

http://blogs.hbr.org/schwartz/2011/09/the-twelve-attributes-of-a-tru.html
http://blogs.hbr.org/schwartz/2011/09/the-twelve-attributes-of-a-tru.html
http://www.pramericarei.com/pramerica/pdf/realestate/Pramerica_Green_Bldg_Nov_07.pdf
http://www.pramericarei.com/pramerica/pdf/realestate/Pramerica_Green_Bldg_Nov_07.pdf


  

269 

 

Smith, M., & Bayehi, A. (2003). Do ergonomics improvements increase computer workers' 

productivity?: an intervention study in a call centre. [Comparative Study Research 

Support, U.S. Gov't, P.H.S.]. Ergonomics, 46(1-3), 3-18. 

doi:10.1080/00140130303522. 

Smither, R. (1998). The Psychology of Work and Human Performance, 3rd ed., Addison-

Wesley, New York, NY. 

Strassmann, P. (1990). The Business Value of Computers. Information Economics Press, New 

Canaan, Conn.  

Straube, P. (2008). Can Highly Glazed Building Façades Be Green? INSIGHT -006, 

www.buildingscience.com. 

Sullivan, J. (2013). Tubular Daylighting Devices and People: A comparison of the human 

responses to Tubular Daylighting Devices and fluorescent lighting. Master of Building 

Science, Thesis. Victoria University of Wellington, 2013. 

Sweis, R., Sweis, G., Hammad, A., & Rumman, M. (2009). Modelling the Variability of Labor 

Productivity in Masonry Construction. Jordan Journal of Civil Engineering, 3(3). 

T 
Tanabe, S. (2007). ‘Indoor temperature, productivity and fatigue in office tasks'. HVAC&R 

Research. 13(4) 623-633. 

Tanabe, S., Iwahashi, Y., Tsushima, S., & Nishihara, N. (2013). Thermal comfort and 

productivity in offices under mandatory electricity savings after the Great East Japan 

earthquake. Architectural Science Review, 1-10. doi:10.1080/00038628.2012.744296. 

Taylor, F. (1911), Principles of Scientific Management, Harper and Brothers, New York, NY.  

The Economist, (1990). Working harder, doing less. 17.  

The Efficient Windows Collaborative, (2011). The Efficient Windows Collaborative Tools for 

Schools. Retrieved from www.efficientwindows.org/ToolsForSchools.pdf. Accessed 

on 24/04/2012, 7.07pm. 

The Wall Street Journal, (1997). "Frederick Winslow Taylor. The Wall Street Journal 

Bookshelf, June 13, 1997 pg. A17. Accessed 28/03/2014 from 

http://www.cftech.com/BrainBank/TRIVIABITS/FredWTaylor.html.  

Thomas, L. (2010). Evaluating design strategies, performance and occupant satisfaction: a low 

carbon office refurbishment. Building Research & Information, 38(6), 610-624. 

doi:10.1080/09613218.2010.501654. 

Tiwari1, R., Pandey, M. & Sharma, A., (2010). An Approach to Human Adaptability towards 

its Built Environment: A Review. Energy and Power Engineering, 2010, 2, 90-94. 

doi:10.4236/epe.2010.22013. 

Tonidandel, S. & Lebreton, J. (2011). Relative importance Analysis: A useful Supplement to 

Regression Analysis. Journal Bus. Psychol. (2011) 26: 1-9. 

Tonidandel, S., LeBreton, J. M., & Johnson, J. W. (2009). Determining the statistical 

significance of relative weights. Psychological Methods, 14, 387–399. 

http://www.buildingscience.com/
http://www.cftech.com/BrainBank/TRIVIABITS/FredWTaylor.html


  

270 

 

Tse, W. & So, T. (2007). The Importance of Human Productivity to Air-Conditioning Control 

in Office Environments, HVAC&R Research, 13:1, 3-21.  

Tunstall, K. (2012). Green Star investments show good returns. Accessed 4/04/2014 from: 

http://www.stuff.co.nz/waikato-times/business/7945525/Green-Star-investments-

show-good-returns. 

Tuohy, P., Roaf, S., Nicol, F., Humphreys, M. & Boerstra, A. (2010). 21st Century Standards 

for Thermal Comfort: Fostering Low Carbon Building Design. Energy Systems 

Research Unit, University of Strathclyde, Glasgow, G1 1XJ, 00 44 141 548 5765. 

U 
USGC (2002). LEED Green Building Rating System for New Construction & Major 

Renovations Version 2.1. Washington D.C. 

USGBC (2014). USGBC History. Website information. Accessed 7/11/2014 from 

http://www.usgbc.org/about/history. 

V 
van der Ryn, S. & Silvertein, M., (1967). Dorms at Berkeley, University of California, Center 

for Planning and Research, Berkeley, Calif. 

van Koetsveld, R. & Kamperman, L. (2011). How flexible workplace strategies can be made 

successful at the operational level. Corporate Real Estate Journal 1(4). Accessed 

19/11/2013 

from :http://www.veldhoencompany.com/workspace/uploads/publicaties/crej-1-

4_p303-319-definitief-50d33a3566de3.pdf.  

von Paumgartten, P. (2003). The Business Case for High-Performance Green Buildings: 

Sustainability and its Financial Impact. Journal of Facilities Management, 2(1), 26-

34 

Venetjoki, N., Kaarlela-Tuomaala, A., Keskinen, E., & Hongisto, V. (2006). The effect of 

speech and speech intelligibility on task performance. [Research Support, Non-U.S. 

Gov't]. Ergonomics, 49(11), 1068-1091. doi:10.1080/00140130600679142. 

Vischer, J. (2008). Towards an environmental Psychology of Workspace: How People are 

affected by Environments for Work. Architectural Science Review, 51(2), 97-108.  

Vorapat, I. (2008). Monitoring and modelling of manually-controlled Venetian blinds in 

privateoffices: a pilot study, Journal of Building Performance Simulation, 1(2), 75-

89, DOI: 10.1080/19401490802021012. 

W 
Wargocki, P. (2008). Productivity and schools. IA2008 Summary. Accessed 4/04/2014 from: 

www.isiag.org/publications/summary-Wargocki.pdf. 

Warr, P. (2002). Psychology at Work. 5th Edition. Penguin Books: London. 

Wang, N., & Boubekri, M. (2010). Investigation of declared seating preference and measured 

cognitive performance in a sunlit room. Journal of Environmental Psychology, 30(2), 

226–238. doi:10.1016/j.jenvp.2009.12.001. 

http://www.stuff.co.nz/waikato-times/business/7945525/Green-Star-investments-show-good-returns
http://www.stuff.co.nz/waikato-times/business/7945525/Green-Star-investments-show-good-returns
http://www.isiag.org/publications/summary-Wargocki.pdf


  

271 

 

World Architecture News.com (2009). Meeting Sustainability with open arms….FJMT and 

Archimedia collaborate to create iconic new Auckland University building does the 

business. Accessed  9/10/2014 from 

http://www.worldarchitecturenews.com/wanmobile/mobile/article/11127 

World Building Design Guide (WBDG) (2012). Productive. Productive Committee Accessed 

9/10/2013 from: http://www.wbdg.org/design/productive.php . 

World Building Design Guide (WGBC) (2013). The Business Case For Green Building: A 

Review of the Costs and Benefits for Developers, Investors and Occupants. 

www.worldgbc.org. 

Webb, E., Campbell, D., Schwartz, R., & Sechrest, L. (1966). Unobtrusive Measures: 

Nonreactive Measures in the Social Sciences. Chicago: Rand McNally. 

Wendy, J. (2011). Bank of New Zealand. Green Property Submit 24 March 2011. Accessed 

6/10/2013 from: 

http://webcache.googleusercontent.com/search?q=cache:qgZo3EqLLgoJ:www.nzgb

c.org.nz/images/stories/downloads/public/Knowledge/Presentations/WendyJones.pd

f+&cd=5&hl=en&ct=clnk&gl=nz. 

Weston, H. (1945). The relation between illumination and visual efficiency - The effect of 

brightness contrast. London, His Majesty’s Stationery Office, 1945. 

Wharton, A. (2009). The Sociology of Emotional Labor. Annual Review of Sociology  34: 147-

65.  

Wikipedia.org., (2013). Placebo. Accessed 8/10/2013 from: 

http://en.wikipedia.org/wiki/Placebo. 

Wiley, H., (1978). A theoretical framework for environmental control. (Unpublished PhD 

dissertation). University of Cambridge, UK. 

Wilson Learning Inc., W. (2006). Redefining Employee Satisfaction: Business Performance, 

Employee Fulfillment, and Leadership Practices. Wilson Learning Worldwide 8000 

W. 78th Street, Suite 200 Edina, MN 55439 800.328.7937: © 2006 Wilson Learning 

Worldwide Inc. 

Wilson, A. (2013). America’s Greenest Office Building. Energy Solutions, 21 May 2013. 

Accessed 6/10/2013 from:  http://www2.buildingGreen.com/blogs/americas-

Greenest-office-building. 

Woods, J. (2002). Research Protocols for Evaluating the Relationship between the Indoor 

Environment and Productivity: Final Report ASHRAE Research Project 700-RP. 

Atlanta, George 30329. 

Wyon, D., Fisk, W., & Rautio, C., (2000). WS 1 Research needs and approached pertaining to 

the indoor climate and productivity. Healthy Buildings 2000. 

Y 
Yang, H., Chen, X., & Zelinsky, G. (2009). A new look at novelty effects: Guiding search away 

from old distractors. Attention, Perception, & Psychophysics 2009, 71 (3), 554-564 

doi:10.3758/APP.71.3.554. 

http://www.worldgbc.org/
http://webcache.googleusercontent.com/search?q=cache:qgZo3EqLLgoJ:www.nzgbc.org.nz/images/stories/downloads/public/Knowledge/Presentations/WendyJones.pdf+&cd=5&hl=en&ct=clnk&gl=nz
http://webcache.googleusercontent.com/search?q=cache:qgZo3EqLLgoJ:www.nzgbc.org.nz/images/stories/downloads/public/Knowledge/Presentations/WendyJones.pdf+&cd=5&hl=en&ct=clnk&gl=nz
http://webcache.googleusercontent.com/search?q=cache:qgZo3EqLLgoJ:www.nzgbc.org.nz/images/stories/downloads/public/Knowledge/Presentations/WendyJones.pdf+&cd=5&hl=en&ct=clnk&gl=nz
http://en.wikipedia.org/wiki/Placebo
http://www2.buildinggreen.com/blogs/americas-Greenest-office-building
http://www2.buildinggreen.com/blogs/americas-Greenest-office-building


  

272 

 

Yudelson, J. (2007). Green Building A to Z: Understanding the Language of Green Building. 

USA: McGraw-Hill Companies, Inc.  

Yudelson, J. (2008). The Green Building Revolution. USA: Island Press. Accessed 4/04/2014 

from: http://en.wikipedia.org/wiki/Sustainable_architecture. 

Z 
Zainal, H. & Byrd, H. (2012). Highly overrated, highly glazed, high rises: the product of Green 

rating systems. In: Fragmented Futures: the built environment in a volatile world. 

4th-5th December 2012, University of South Australia. 

Zhang, H., Arens, E., & Pasut, W. (2011). Air temperature thresholds for indoor comfort and 

perceived air quality. Building Research & Information, 39(2), 134-144. 

doi:10.1080/09613218.2011.552703. 

Zhao, J., Zhu, N., & Lu, S. (2009). Productivity model in hot and humid environment based on 

heat tolerance time analysis. Building and Environment, 44(11), 2202-2207. 

doi:10.1016/j.buildenv.2009.01.

http://en.wikipedia.org/wiki/Sustainable_architecture


  

273 

 

APPENDEXES  

Appendix 1: Ethics approval from UAHPEC for BUS 

questionnaire and Productivity questionnaire 

Office of the Vice-Chancellor 
Research Integrity Unit 

 

 
The University of Auckland 
Private Bag 92019 
Auckland, New Zealand 
 
Level 10, 49 Symonds Street 
Telephone: 64 9 373 7599 
Extension: 87830 / 83761 
Facsimile: 64 9 373 7432 
 

 

 
UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS COMMITTEE 
 
07-Jun-2013 
 
MEMORANDUM TO: 
 
Dr Robert Byrd 
Architecture & Planning 
 
Re: Application for Ethics Approval (Our Ref. 8179) 
 
The Committee considered your request for change for your project titled Can architecture improve 
productivity? A case of Green buildings? on 06-Jun-2013. 
 
The Committee approved the following amendments: 
 
1. To had a new productivity questionnaire to the project which will be used in addition to the previously 
approved one. Apart from the added questionnaire the project will remain the same. 
 
The expiry date for this approval is 22-Jul-2015. 
 
If the project changes significantly you are required to resubmit a new application to the Committee for 
further consideration. 
 
In order that an up-to-date record can be maintained, it would be appreciated if you could notify the 
Committee once your project is completed. 
 
The Chair and the members of the Committee would be happy to discuss general matters relating to 
ethics approvals if you wish to do so. Contact should be made through the UAHPEC secretary 
athumanethics@auckland.ac.nz in the first instance.   
 
All communication with the UAHPEC regarding this application should include this reference 
number: 8179. 
 
(This is a computer generated letter. No signature required.) 
 
Secretary 
University of Auckland Human Participants Ethics Committee 
 
c.c. Head of Department / School, Architecture & Planning 
      Dr Dorothy Reeves 

mailto:humanethics@auckland.ac.nz


  

274 

 

      Assoc Prof Sarah Treadwell 
      Dr Marjorie van Roon 
      Miss Eziaku Onyeizu 

 

  

Office of the Vice-Chancellor 
Research Integrity Unit 

 

 
The University of Auckland 
Private Bag 92019 
Auckland, New Zealand 
 
Level 10, 49 Symonds Street 
Telephone: 64 9 373 7599 
Extension: 87830 / 83761 
Facsimile: 64 9 373 7432 
 

 
 

UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS COMMITTEE 
 
 
22-Jun-2012 
 
 
MEMORANDUM TO: 
 
Dr Robert Byrd 
Architecture & Planning 
 
Re: Application for Ethics Approval (Our Ref. 8179) 
 
The Committee considered your application for ethics approval for your project entitled Can 
architecture improve productivity? A case of Green buildings?. 
 
Ethics approval was given for a period of three years. 
 
The expiry date for this approval is 22-Jun-2015. 
 

If the project changes significantly, you are required to submit a new application to UAHPEC for 
further consideration.  
 
In order that an up-to-date record can be maintained, you are requested to notify UAHPEC once 
your project is completed. 
 
The Chair and the members of UAHPEC would be happy to discuss general matters relating to 
ethics approvals if you wish to do so. Contact should be made through the UAHPEC Ethics 
Administrators athumanethics@auckland.ac.nz in the first instance.   
 
All communication with the UAHPEC regarding this application should include this reference 
number: 8179. 
 
 
 
 
 
(This is a computer generated letter. No signature required.) 
 
UAHPEC Administrators 
University of Auckland Human Participants Ethics Committee 
 
c.c. Head of Department / School, Architecture & Planning 
      Dr Dorothy Reeves 
      Dr Marjorie van Roon 

mailto:humanethics@auckland.ac.nz
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      Assoc Prof Sarah Treadwell 
      Miss Eziaku Onyeizu 
 
 

 
 Additional information: 
1. Do not forget to fill in the 'approval wording' on the Participant Information Sheets and Consent Forms, giving the dates of 

approval and the reference number, before you send them out to your participants. 

2. Should you need to make any changes to the project, write to the UAHPEC Administrators by email 

(humanethics@auckland.ac.nz) giving full details of the proposed changes including revised documentation. 

3. At the end of three years, or if the project is completed before the expiry, please advise UAHPEC of its completion. 

4. Should you require an extension, write to UAHPEC by email before the expiry date, giving full details along with revised 

documentation. An extension can be granted for up to three years, after which a new application must be submitted. 

5. If you have obtained funding other than from UniServices, send a copy of this approval letter to the Manager - Funding 

Processes, UoA Research Office. For UniServices contracts, send a copy of the approval letter to the Contract Manager, 

UniServices. 

6. Please note that UAHPEC may from time to time conduct audits of approved projects to ensure that the research has been 

carried out according to the approval that was given. 
 

 

 

mailto:humanethics@auckland.ac.nz
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Appendix 2: Building Manager’s PIS and Consent form 

Department of Architecture, NICAI 

Building 421 

Level 6, 26 Symonds St, 

The University of Auckland 

Private Bag 92019 

Phone no: +64 9 373 7599 ext. 88134 or 88596 

PARTICIPANT INFORMATION SHEET 

The Manager, Building X 

Project Title: Can Architecture improve Productivity? A case of Green Buildings 

Name of Researcher: Eziaku Nwanyieze Onyeizu 

Supervisor: Dr. Hugh Byrd 

Researcher introduction 

I am a doctoral candidate of the Department of Architecture, National Institute of Creative Arts 

and Industry, University of Auckland. 

Project description and invitation 

The purpose of my study is to examine how your occupants see their productivity in your 

buildings. Your building has been selected for this study because is a Green office building. I 

will ask your occupants to fill in a questionnaire that has been specially designed for this kind 

of study. I will also take pictures of some features that can show how your occupants see the 

environment they work in. The process is stress free and will not distort any office activity.   

This project is not part of any contractual agreement and it is not funded by any organisation. 

This study is being carried out for my doctoral research. I seek your permission to conduct this 

study in the building. 

Project Procedures 

The procedure for this exercise is simple and requires little of the occupants’ time 

(approximately 15 minutes). A questionnaire will be delivered to the occupants and it is solely 

your choice whether or not to complete the questionnaire. The questionnaire is a BUS 

Methodology two-page occupant questionnaire 2011 used for Building in Use Occupant 

Survey. It is an internationally recognised questionnaire with license from Building Use 

Studies (BUS) Ltd 201116. The questionnaire will be given to the occupant in the morning 

                                                 
16 More details of this approach can be found at www.usablebuildings.co.uk/WebGuideOSM/index.html. 



  

277 

 

hours (9 -10am) of the day. A drop box will be made available in each office reception wherein 

the answered questionnaires are to be dropped off. I will be available to collect it from the 

office reception in the afternoon (3-4pm). This is to avoid compromising the participant’s 

anonymity. The questions are easy to answer without any ambiguities.  

The next exercise does not require any action other than the occupants to carry out their normal 

duties for the period of study. It is an observation process which involves taking pictures of 

window blind levels and positions; furniture arrangements, use of lights. in the building for a 

period of one (1) month. There will not be any audio or video taping of activities. If I have to 

use photographs with identifiable faces in them for my report, I will block out the faces of 

occupants. Also, since the questionnaires are anonymous, individuals cannot and will not be 

identified. This project is sponsored by the University of Auckland. 

Data storage/retention/destruction/future use 

Data collected during this exercise will be stored for a Period of 6 years17 in its original format 

and in an electronic format in a locket cabinet on the university premises. This is to enable the 

researcher use the data when required. The data collected will be analysed statistically using 

SPSS. The results of this exercise will be used for academic purposes only. These include PhD 

thesis, peer reviewed journals and conferences. The data has no future use. All paper copies 

will be shredded and electronic copies deleted upon completion of the research.  

Right to Withdraw from Participation 

Please be assured that as a participant, you have the right to withdraw the participation of the 

building occupants from this study at any time up to the 1st of July 2012.  

Anonymity and Confidentiality 

1. The questionnaire is a licensed document and cannot be altered. However, it is solely 

the choice of the occupant whether or not to give his/her name and department. 

2. Should the participant choose to give his/her identity, it will be kept confidential to 

the researcher and not be used in any report or publication. 

Contact Details  

Miss Eziaku Nwanyieze Onyeizu –  Department of Architecture, NICAI 

     University of Auckland 

     eony001@aucklanduni.ac.nz 

     Phone: +6493737599 ext. 87507 mobile: 02102890180 

Dr. Hugh Bryd (Supervisor) -  Department of Architecture, NICAI 

                                                 
17 The period data is to be kept will be commensurate to the scale of its research. For peer reviewed 
publication that might be further developed, the university expects six (6) years.  
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     University of Auckland 

h.byrd@auckland.ac.nz 

     Phone: +6493737599 ext. 88691 

For any queries regarding ethical concerns you may contact the Chair, The University of 

Auckland Human Participants Ethics Committee, The University of Auckland, Office of the 

Vice Chancellor, Private Bag 92019, Auckland 1142. Telephone: 09 373-7599 ext. 83711. 

MANAGER’S CONSENT FORM 

Department of Architecture, NICAI 

Building 421 

Level 6, 26 Symonds St, 

The University of Auckland 

Private Bag 92019 

Phone no: +64 9 373 7599 ext. 88134 or 88596 
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CONSENT FORM 

  BUILDING X 

THIS FORM WILL BE HELD FOR A PERIOD OF 6 YEARS 

Project Title: Can Architecture improve Productivity: A case of Green Buildings? 

Researcher: Eziaku Nwanyieze Onyeizu 

Supervisor: Dr. Hugh Byrd 

I have read the Participant Information Sheet; have understood the nature of the research and 

why I have been selected. I have had the opportunity to ask questions and have them answered 

to my satisfaction. 

 I accept your request for access to the above mentioned building and its occupants.  

 I understand that this project is not part of any contractual agreement and it is not funded 

by any organisation. This study is being carried out for a doctoral research.   

 I understand that the questionnaire is a licenced document and cannot be altered. 

However, it is solely the choice of the occupant whether or not to give his/her name and 

department.  

 I understand that should the participant choose to give his/her identity, it will be kept 

confidential to the researcher and not be used in any report or publication. 

 I understand that the questionnaires are to drop off the questionnaires in the drop box 

to be placed in the office reception. I understand this is to avoid compromising 

anonymity of the participants. 

 I understand that I am free to withdraw the participation of the building occupants at 

any time, and to withdraw any data traceable to me up to 1st of July 2012. 

 I understand that the data collected will be kept for 6 years in its original format and in 

an electronic format in a locket cabinet on the university premises. 

 I understand that upon completion of this research, all paper copies of data will be 

shredded and electronic copies deleted upon completion of the research. 

Name: ______________________________________________________________  

Signature: ____________________________Date: _______________________________ 
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Appendix 3: Participation Information Sheet for Bus 

Questionnaire 

The Occupant, Building X 

Project Title: Can Architecture improve Productivity: A case of Green Buildings? 

Name of Researcher: Eziaku Nwanyieze Onyeizu 

Supervisor: Dr. Hugh Byrd 

Researcher introduction 

I am a doctoral candidate of the Department of Architecture, National Institute of Creative Arts 

and Industry, University of Auckland. 

Project description and invitation 

The purpose of my study is to examine your perception about your productivity in your office 

building. Your building has been selected for this study because is a Green office building.  

This project is not part of any contractual agreement with your employer or the owner of your 

office building and it is not funded by any organisation. I have obtained permission from the 

managers of the building to conduct this study in the building. This study is being carried out 

for my doctoral research.  

Project Procedures 

The procedure for this exercise is simple and requires little of your time. A questionnaire will 

be delivered to you. It is solely your choice whether or not you complete the questionnaire. The 

questionnaire is a BUS Methodology two-page occupant questionnaire 2011 used for Building 

in Use Occupant Survey. It is an internationally recognised questionnaire with license from 

Building Use Studies (BUS) Ltd 201118. The questionnaire will be given to you in the morning 

hours (9 -10am) of the day. A drop box will be made available in your office reception wherein 

you can drop your answered questionnaires. I will be available to collect it from your office 

reception in the afternoon (3-4pm). This is to avoid compromising your anonymity. The 

                                                 
18 More details of this approach can be found at www.usablebuildings.co.uk/WebGuideOSM/index.html. 
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questions are easy to answer without any ambiguities. It will take approximately 15 minutes to 

answer the questions. 

The next exercise does not require any action other than to carry out your normal duties for the 

period of study. It is an observation process which involves taking pictures of your window 

blind levels and positions; furniture arrangements and use of lights in the building for a period 

of one (1) month. There will not be any audio or video taping of your activities. If I have to use 

photographs with identifiable faces in them for my report, I will block out the faces. Also, since 

the questionnaires are anonymous, individuals cannot and will not be identified. This project 

is sponsored by the University of Auckland. 

Data storage/retention/destruction/future use 

Data collected during this exercise will be stored for a Period of 6 years19 in its original format 

and in an electronic format in a locket cabinet on the university premises. This is to enable the 

researcher use the data when required. The data collected will be analysed statistically using 

SPSS. The results of this exercise will be used for academic purposes only. These include PhD 

thesis, peer reviewed journals and conferences. The data has no future use. All paper copies 

will be shredded and electronic copies deleted upon completion of the research.  

Right to Withdraw from Participation 

Please be assured that as a participant, you have the right to withdraw from this study at any 

time up to the 1st of July 2012.  

Anonymity and Confidentiality 

3. The questionnaire is a licenced document and cannot be altered. However, it is solely 

your choice whether or not to give your name and department.  

4. Should you choose to reveal your identity, it will be kept confidential to the researcher 

and not be used in any report or publication. 

5. In a case of incidental findings, please be assured that the source of information will 

not be revealed. 

                                                 
19 The period data is to be kept will be commensurate to the scale of its research. For peer reviewed publication 

that might be further developed, the university expects six (6) years.  
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Information about Research 

No information concerning the results of this study can be made available to you as no record 

of your contact details will be maintained. Should you wish to get information, you can contact 

me. My contact details are given below. 

Contact Details and Approval Wording 

Miss Eziaku Nwanyieze Onyeizu –  Department of Architecture, NICAI 

     University of Auckland 

     eony001@aucklanduni.ac.nz 

Dr. Hugh Bryd (Supervisor) -  Department of Architecture, NICAI 

     University of Auckland 

h.byrd@auckland.ac.nz 

For any queries regarding ethical concerns you may contact the Chair, The University of 

Auckland Human Participants Ethics Committee, The University of Auckland, Office of the 

Vice Chancellor, Private Bag 92019, Auckland 1142. Telephone: 09 373-7599 ext. 83711. 
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 CONSENT FORM  

  The Occupant, Building X 

THIS FORM WILL BE HELD FOR A PERIOD OF 6 YEARS 

Project Title: Can Architecture improve Productivity? A case of Green Buildings. 

Researcher: Eziaku Nwanyieze Onyeizu 

Supervisor: Dr. Hugh Byrd 

I have read the Participant Information Sheet and; understand the nature of the research and 

why I have been selected to participate.  

 I accept to participate in this study. 

 I understand that I am to fill in my name and department in the questionnaire if I accept 

pictures of my workspace to be taken. 

 I understand that my name and department will be kept confidential to the researcher 

and not be used in any report or publication. 

 I understand that in a case of incidental findings, I am assured that the source of 

information will not be revealed. 

 I accept that if in any case my face or any other occupant’s face is identifiable in any 

picture taken, it will be blocked out should the pictures be used in any report or 

publication.  

 I understand that the data collected will be kept for 6 years in its original format and in 

an electronic format (password protected) in a locket cabinet on the university premises. 

 I understand that upon completion of this research, all paper copies of data will be 

shredded and electronic copies deleted upon completion of the research. 

Name: ___________________________________________________________________  

Department: _______________________________________________________________ 

Signature: ____________________________Date: _______________________________ 
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APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS 

COMMITTEE ON 22 JUNE 2012   FOR (3) YEARS   REFERENCE NUMBER 8179 
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Appendix 5: BUS questionnaire sample 
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Appendix 6: Participant Information Sheet for Productivity 

questionnaire 

Director of Administration/Building Manager 

Project Title: Can Architecture improve Productivity? 

Name of Researcher: Eziaku Nwanyieze Onyeizu 

Supervisor: Dr. Dory Reeves 

 

Researcher Introduction 

I am a doctoral candidate of the Department of Architecture & Planning, National 

Institute of Creative Arts and Industry, University of Auckland. I would be grateful if 

you could give me the permission to carry out this study on your staff as part of my 

academic requirements. 

 

Project Description 

The purpose of my study is to examine how occupants perceive their own productivity. 

To achieve this, I will ask occupants to fill out two questionnaires which are specially 

designed to obtain the overall perception on self-productivity. This study is not part of 

any contractual agreement and it is not funded by any organisation. It is being carried 

out a part of my doctoral research in Architecture. 

 

Project Procedures 

The questionnaires are one-page anonymous questionnaires on productivity. The 

questions are easy to understand and require little time (approximately 5 minutes). It is 

an online questionnaire for ease. It is open online until the 31st of July 2013 except 

if extended. 

Data storage/retention/destruction/future use 

Data collected from this study will be stored for a Period of 6 years
1 

in its original 

format and in an electronic format (password protected) in a locked cabinet on the 

university premises. This will ensure the safety of the data and enable me access the data 

when required. The results of this exercise will be used for academic purposes only. These 

include PhD thesis, peer reviewed journals and conferences. Outside of these, the data has 

no future use. All paper copies will be shredded and electronic copies deleted at the end 
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of my research. 

 

Contact Details 

Miss Eziaku Nwanyieze Onyeizu –  Department of Architecture & Planning, NICAI, 

University of Auckland 

Email: eony001@aucklanduni.ac.nz  

Phone: +6493737599 ext. 87507 

Mobile: 02102890180 

 

Dr. Dory Reeves (Supervisor) -     Department of Architecture & Planning, NICAI. 

University of Auckland 

Email: d.reeves@auckland.ac.nz  

Phone: +6493737599 ext. 83944 

 

For any queries regarding ethical concerns you may contact the Chair, The University 

of Auckland Human Participants Ethics Committee, The University of Auckland, Office 

of the Vice Chancellor, Private Bag 92019, Auckland 1142. Telephone: 09 373-7599 ext. 

83711. 

 

APPROVED BY THE UNIVERSITY OF AUCKLAND HUMAN PARTICIPANTS ETHICS 

COMMITTEE ON 6
th 

June 2013 FOR (3) YEARS.   REFERENCE NUMBER: 8179.

mailto::%20eony001@aucklanduni.ac.nz
mailto:d.reeves@auckland.ac.nz
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Appendix 7: Productivity questionnaire 

 



  

293 

 



  

295 

 

Appendix 9: Study buildings’ percentile in the NZ benchmark. Study results. Source: BUS Ltd. 

Building design 

Building A         Building B 

 

Image  

Building A         Building B 
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Needs 

Building A         Building B 

 

Furniture 

Building A         Building B 
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Cleanliness 

Building A         Building B 

 

Temperature in summer 

Building A         Building B 
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Temperature in winter 

Building A         Building B 

  

Air quality in summer 

Building A         Building B 
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Air quality in winter 

Building A         Building B 

  

Lighting 

Building A         Building B 
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Noise 

Building A         Building B 

 

Health 

Building A         Building B 
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Comfort overall 

Building A         Building B 

 

Productivity at work 

Building A         Building B 
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