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The indoor environmental quality (IEQ) in commercial office buildings involves 
numerous parameters that are critical to improving occupant performance in 
workplaces. This paper presents an overview of the key research findings pertinent to 
understanding the connection between indoor environmental quality and occupants’ 
perception of and performance in commercial office buildings. The current emphasis 
on facilities evaluation of indoor environmental quality characteristics and impacts on 
occupants’ perceptions of indoor environment and performance in workplaces is 
discussed. The paper further discusses an on-going research project in Australia in 
which a facilities performance evaluation mechanism is used to measure the impact of 
environmentally sustainable design features on IEQ and occupant perception of 
commercial office buildings. 
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INTRODUCTION 
The purpose of this paper is to critically review the available evidence on the 
relationships between indoor environmental quality (IEQ), building occupants’ 
comfort and office work performance. Recently, indoor environmental quality, 
occupants’ health and productivity in workplaces have emerged as “somewhat vexing 
questions” (Leaman and Bordass 1999): it is worthy of investigating with a view to 
understanding users’ perspectives. 

There is a substantial body of work on the relationship between indoor environmental 
quality and occupants’ comfort, sustainable environment and workplace productivity 
(Hershong Mahone Group 2003). There is also a growing understanding in the 
sustainable environment community (Heewargen 1998), that energy efficient building 
may be a vital tool by which these issues can be resolved. A range of IEQ attributes 
are of concern, including ventilation, air quality, temperature, humidity, natural and 
artificial lighting and noise. This is especially true for those health problems related to 
human activity and natural causes e.g. sick building syndrome-building related 
illnesses (SBS-BRI) that could reduce the workplace productivity. Research reports 
and commentaries on the relationships of IEQ to the health, comfort, and productivity 
of occupants have arisen considerably within the last 15 years (Fisk et al. 2002), but an 
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in-depth understanding is hampered by technical complexity and insufficient data 
(Mendell 2003, Molhave and Krzyzanowski 2003). 

Workplaces are recognized as comprising good design where the office environment is 
friendly and sociable, improves workers’ well-being and adds value to corporate 
balance sheet. Yet, it is obvious that the costs of IEQ problems have risen rapidly, 
despite significant and increasing efforts at building insulation and enhancing 
occupant’s safety. People who try to gauge and diagnose IEQ, often complicate 
problems through wrong methodologies (Leaman and Bordass 1999, Gann 2003). This 
is a big challenge to those responsible for designing and managing the built 
environment, not least because stakeholders do not have a proper understanding of 
what design quality means or how to gauge it (Gann and Whyte 2003). In spite of 
many reports, a critical gap exists for facilities performance evaluation to gauge the 
impact of IEQ on health and workplace productivity, and the best methods and costs 
of improving them (Fisk et al. 2002). 

In this paper, indoor environmental quality is reviewed and the scope for the IEQ 
performance measurement of buildings is examined. This is followed by a discussion 
of the IEQ problems (IEQ impact assessment component means indoor characteristics 
that have been examined to the extent that they are reported and recorded). Thirdly, 
Facilities performance evaluation practices currently applicable are discussed together 
with issues relating to their limitations. Finally, an on-going research project is 
discussed in which FPE and IEQ is to be carried out on two similar buildings with 
different design concepts. 

INDOOR ENVIRONMENTAL QUALITY  
Indoor environmental quality and occupant comfort levels are influenced by a mixture 
of the quality of air people breathe, natural-lighting, thermal conditions, acoustic 
levels, ventilation, visual ambience and even the electromagnetic fields produced by 
electric and electronic devices (Lewis 1999, Laurentin, Berrutto and Fontoynont 
2000). The issue that has received the most attention is indoor air quality. Poor indoor 
air quality results from dust particles from carpets; volatile chemicals such as 
formaldehyde and glue from building materials; air pollutants from office equipment 
such as photo-copiers and printers; mould from moisture or dirt in HVAC systems; 
animal (pets and rodents) and other biological allergens; other materials used in 
interior furnishings; building processes such as cleaning and equipment usage (Black 
2002).  

Low ventilation rates in buildings and outdoor pollutants, including vehicle exhausts 
have been identified as primary problems for human health, comfort and productivity 
(Black 2002). These problems and associated illnesses such as Building Related 
Illnesses (BRI) have caused increased absence from work environments (Illozor, 
Ilozor and Okoroh 2003), and have implications for users’ perception of commercial 
buildings.  

SBS has received much attention as it has become more widespread in commercial 
buildings (Fisk 2000, Ilozor, Ilozor and Okoroh 2003). It is currently generally 
recognised to be caused by several factors (Fisk 2000). The identification of SBS in 
buildings has motivated a host of research efforts to resolve the causes and impact of 
poor indoor environments. Leakage from HVAC system can aggravate the risk of SBS 
symptoms, as noted in a study by (Sieber et al. 1996). Research shows that SBS is not 
a diagnosable illness (Williams 2002). Victims simply do not feel well. They report 
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feeling lethargic, having headaches, a mild sore throat, itchy eyes and skin and have a 
sense that the air is stuffy and dry (US EPA 2003). 

Work Place Performance 
Evidence from workplaces, gathered to help establish relationships between building 
users and IEQ exposures, is the primary focus. Such frameworks are usually composed 
of elements that can be categorised into process and standards. Figure 1 shows the 
influences of IEQ on the performance of office employees. Building characteristics 
can influence both indoor pollutant exposures and indoor physical attributes 
(collectively referred to in the paper as IEQ, or as measured IEQ factors). Indoor 
physical attributes can also influence indoor pollutant exposures, and both types of 
IEQ factors can influence health outcomes. Health outcomes can influence 
productivity, energy use and sustainability. Indoor physical conditions can also 
directly influence total workplace performance. 

Building system
 Site, design, construction, operation, maintenance

Indoor pollutants
CO2, dust, radon, VOCs

Indoor physical attributes
Air quality, lighting, noise level

Adverse health outcomes
SBS, BRI: cancer, asthma, eye, skin

Positive outcomes
Social interaction and functioning

Benefits
Improved productivity, energy saving,

sustainable development

Losses
Absenteeism,

reduced performance
 

Figure 1. Influence of IEQ on workplace performance 
 

This paper includes information on reports of the measured impact of IEQ on people 
and workplace performance. At the core of a buildings’ success is its impact on people 
either personally or collectively. In order to identify and assess how a green building 
could positively affect people the research relies on several empirical research reports. 
Although the available evidence does not reasonably document relationships between 
performance and specific indoor pollutants, the study allowed for the evaluation of the 
association between the building and its users; their related tools and techniques are 
simply means to gather information from the people who work in, occupy, manage 
and service the building, in order to learn how the users value their physical 
environment as a resource and a tool to carry out their daily activity. 

The literature shows a strong correlation between IEQ and comfort (as indicated by 
perceived air quality) and health (e.g. SBS symptoms, eyes and skin infections, 
asthma, allergy, absenteeism). It also shows that there is a connection between 
ventilation rate and productivity (as shown by workplace productivity) (Wargocki 
2002, Kats 2003). Thermal sensation complaints are the most common kind of service 
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request and about 75% of thermal discomfort complaints come from occupants in 
commercial buildings (Martin, Federspiel and Auslander 2002).  

Based on laboratory (computer simulation) work by (Wargocki, Wyon and Fanger 
2000), the economic benefits of providing good indoor air quality have been 
documented and indicate that providing indoor air of a higher quality than the 
minimum prescribed by the present ventilation standards will increase productivity. 
(Federspiel 1998) estimated that the labour cost associated with HVAC maintenance 
could be reduced by 20% by reducing the frequency of thermal sensation complaints. 
If findings are linked to all commercial buildings in the U.S. as he asserted, it is 
estimated that the cost savings potential from avoiding thermal sensation complaints in 
commercial buildings is US $2 billion annually. 

The evaluation of occupational and environmental health programs at Polaroid 
Corporation, Massachusetts in 1994 by Milton, Glencross and Walters (2000) found a 
significant association between short-term employee sick leave with high ventilation 
rates and energy savings gains (and well-being) (Myatt et al. 2002). Similarly, (Fisk et 
al. 2002), in another report, indicated the performance differences associated with 
ventilation would be a few percent at most. This is the outcome of a study carried out 
the primary purpose of which was to understand the relationship between ventilation 
rate and healthcare employees’ performance.  

In previous reports, increased ventilation rates and decreased indoor carbon dioxide 
concentrations have been associated with improved health and comfort (Seppanen, 
Fisk and Mendell 1999), and consequently increased productivity in workplaces. Only 
a few studies have evaluated the relationship of ventilation rates with productivity 
(Wargocki 2002). In a study of 35 classrooms in Norway, higher concentrations of 
CO2, which indicate lower rates of outside air ventilation per person, were associated 
with decreased performance in laboratory (computer simulation) tests of reaction time 
(Myhrvold, Olsen and Lauridsen 1996); however, the percentage change in 
performance was not shown. In another laboratory test by (Wargocki, Wyon and 
Fanger 2000) that increasing air quality via decreasing the pollution load or through 
increasing the ventilation rate was associated with improvements of a few percent in 
speed or accuracy of several simulated workplace tasks such as text typing, proof-
reading and mental tasks.  

Work Place Productivity 
As Kats (2003) noted, an increase in occupants’ ability to control ventilation, 
temperature and lighting each provide measured performance benefits from 0.5% up to 
34% of productivity, with average measured workforce productivity gains of 7.1% 
with lighting control, 1.8% with ventilation control, and 1.2% with thermal control. 
Additionally, significant measured improvements have been reported with other IEQ 
attributes. 

There is a substantial body of work in the related areas of indoor environmental 
quality and occupant’s comfort and workplace productivity. Early work on modelling 
thermal comfort by Fisk as cited in (Martin, Federspiel and Auslander 2002) involved 
purely empirical associations between physical characteristics and thermal sensitivity 
ratings from occupants in laboratory studies. However, only a few studies have 
investigated the effects of indoor environmental parameters on the overall productivity 
of non-industrial workers (Kumar and Fisk 2002). Indoor environments in non-
industrial workplaces are of particular public concern because workplace indoor 
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environments are represented by all kinds of indoor environments not related to 
industrial (manufacturing) exposures (Wargocki et al. 2002).  

There is an increased prevalence of SBS symptoms and BRIs in which the worker is 
unable to undertake office tasks as a result of ill health. The interruption in work duties 
can range from absence from the workplace to reduced performance.  

Fresh air quality and improved indoor air quality is a major characteristic of green 
buildings. Improved IEQ is also central to the arguments about non-energy benefits. 
(Fisk and Rosenfeld 1997) noted in their seminal work in office environment in the 
US, that the cost to the US workforce of upper respiratory illnesses was US $35 billion 
in lost work, plus an additional US $29 billion in medi-care liabilities. The study 
indicated enhanced air quality could make significant reductions in illness and 
absenteeism associated with respiratory disease. They estimated productivity gains of 
US $17 billion to US $164 billion annually associated with improved air quality. They 
also estimate improved worker performance from enhancements of the thermal 
environment and lighting to be in the range of US $12 billion to US $125 billion 
annually.  

Very few buildings enable occupants to control lighting, temperature, ventilation rates, 
or noise conditions. By giving people individual control over the environmental 
conditions in their workplaces, designers and facility managers can help increase 
worker satisfaction and productivity. This is the subject of a recent study by Bauman 
(1999). He stated that task/ambient conditioning (TAC) systems allow occupants to 
control temperature, air flow, and in some cases lighting and sound to meet their 
personal desires. In addition to improving worker satisfaction and productivity, this 
combined approach has the potential to improve thermal comfort and indoor air 
quality, reduce energy use and life-cycle building costs in new construction. The 
benefits include increased worker productivity, employee retention, reduced operating 
costs (fewer occupant complaints) and increased market value of facilities. 

The ways in which the physical comfort conditions in classrooms are associated with 
student performance in schools is the subject of research by the Heschong Mahone 
Group (HMG) (architects, engineers and environmental consultant) for the state of 
California, USA. IEQ potential influences such as ventilation, indoor air quality, 
thermal comfort, acoustics, lighting, quality of view, portable plants and the type of 
classroom, e.g. open or traditional plan, or portable classroom were also investigated. 
The study concluded that there is a significant association between IEQ attributes and 
student performance (HMG 2003). 

Another investigation into the influences that the indoor physical environment has on 
office worker performance, especially daylight and view, and ventilation and thermal 
comfort was reported by HMG (2003). The studies have shown that indoor 
environmental conditions can have a measurable relationship to changes in office 
worker performance and have established a range of likely effects that other 
researchers can use to refine the needs of future studies. The studies found several 
physical conditions that were significantly associated with worker performance, when 
controlling for other influences such as better view out of a window or presence of 
vegetation in surrounding environment. 

FACILITIES PERFORMANCE MEASURES  
The fundamental reason for much of the building performance quality agenda is in 
measuring and delivering better quality projects. Measuring and valuing the quality of 
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design has therefore become a key issue confronting architects, construction 
practitioners, facilities managers and users. Evidence abounds of the inherent 
difficulties in trying to measure and account for aspects of social and political choices, 
often prevalent in the design of buildings (Gann 2003). In the built environment, key 
performance indicators and related approaches are being applied to assist stakeholders 
to improve design and construction processes in many places, through initiatives such 
as post-occupancy evaluation (POE) of buildings (see for example (Lackney 2001)).  

Post occupancy evaluations is the process of obtaining this feedback and it comprises 
a set of methods for investigating the building in use (Preiser 2001). More recently, the 
term “Facilities Performance Evaluations (FPE)” in US and “Building Performance 
Evaluations” in UK has been adopted (Fuller and Zimring 2001) as an appropriate 
definition of building systems. FPE are usually performed three months to one year 
after the building is complete and occupied to develop immediately a baseline of 
indoor environmental quality levels and occupant use of the space. During an 
evaluation, a building and its systems are tested, and surveys are conducted to evaluate 
the satisfaction of the building occupants and maintenance and operations personnel. 

As Becker (1990) noted, buildings have always been evaluated, but the commissioning 
process for evaluating performances still begs for answers (Leaman and Bordass 
1999). In the development of performance measurement systems, the importance of 
feedback has long been established. The concept of building performance appraisal in 
building has a history equivalent to more than forty years (Lackney 2001). The 
program started in the early 1960s in USA (late 1960s in UK) as an extraordinary 
marriage of interests among architects, social scientists, and planners in the search for 
comprehensive methods of predicting the outcome of building designs (Lackney 2001, 
Zimring 2002, Mcdougall et al. 2002). The development of the technique of post-
occupancy evaluation is built on the performance concept and aims to measure how 
well buildings meet their occupants’ needs. The purposes of POEs from an 
organisational perspective include improving building performance in terms of:  

• Health and safety, 
• Satisfaction, 
• Energy saving opportunities, 
• Benchmarking,  
• Facilities management, 
• Future decisions (Preiser 1995, Zimring and Rosenheck 2001) 

In order to develop a technique that could be used to measure workplace performance 
it is necessary to develop valid and reliable scales. The difficulty of defining and 
measuring the cognitive performance of workers has been one of the barriers to 
productivity studies in work places. However, for a few types of cognitive work, 
worker performance has been clearly defined and routinely measured by the employer 
(Fisk et al. 2002). Nonetheless, an increasing number of studies and data sets are 
beginning to suggest that occupant well-being and satisfaction with the physical 
environment are fundamental aspects of productivity (for example see Milton, 
Glencross and Walters 2000). As Zimmerman and Martin (2001) pointed out, it is 
common knowledge in social research that designers and clients/occupants evaluate 
buildings differently. 

However, performance measurement is very rarely linked to workplace design and 
management. As measuring workplace performance is not commonly employed in 
corporate environments it is therefore not usually required when carrying out a cost-
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benefit analysis of a workplace. However, the potentially large impact on value for 
non-energy gains makes it appropriate that productivity should be evaluated and 
acknowledged at some level (Oseland 2001). It is often difficult to quantify the 
impacts of specific components of the indoor environment on productivity, because 
worker productivity is connected to many different factors including wage levels, 
physical attributes and environmental comfort (Heewargen 1998, Fisk 2000). It is 
difficult, if not impossible, to isolate the physical features of a building, such as 
windows, in terms of their impact on individual performance (see for instance Lohr, 
Pearson-Mims and Goodwin 1996).  

Does a more satisfied employee translate into a more “productive” worker in the form 
of regular attendance, improved concentration, improved job satisfaction, and more 
effective work? A building can have both positive and negative impact on 
performance (Aronoff and Kaplan 1995). Negative impacts are associated with 
discomforts and absenteeism, which usually hinders occupants’ productivity 
(Heerwagen 2001). Although there are many performance reports about IEQ factor, 
quantification of workplace productivity is a difficult task. Construction Economists 
are at work on the development of better indicators of well-being and satisfaction in 
workplaces. As Heewagen (2001) noted, the absence of problems does not mean that a 
building has what it takes to enhance productivity. Performance enhancement is more 
likely to come from different sets of building components, especially features and 
characteristics of the building that influence motivation and social interaction. 

CONCLUSIONS 
The literature review presented here suggests that there is considerable evidence that 
buildings have far reaching impacts on human well-being and on workplace 
performance. More research is needed to verify and extend these connections. To 
address these issues, a research project entitled: The performance of environmentally 
sustainable development (ESD) design features, in commercial buildings has been 
initiated at the University of Melbourne, Australia. It focuses on making comparative 
facilities performance appraisals of two recently completed commercial buildings at 
the University of Melbourne. Both buildings are equivalent in floor space, location, 
structure, materials, quality, configuration, and use. The benchmark building faces east 
and west and has no with energy-efficient and environmentally friendly features whilst 
the test building is oriented to the north and south direction and is fitted with double-
glazed glass, photovoltaic arrays, building automation controls, and rainwater 
collection and use. 

The specific objective of the study is to evaluate the impact of indoor environmental 
quality (thermal comfort, indoor air quality, lighting, and acoustics) on occupants’ 
perception, performance, and productivity. The overall objective is to develop and 
validate a suitable benchmark that can be used in the design and study of commercial 
buildings countrywide. Some of the research questions to be addressed in the project 
are:  

What parameter/indicators of indoor environmental quality are appropriate to the 
environmental performance of office buildings? 

To what extent do occupants/users of buildings impact the environmental performance 
of buildings in the post-occupancy phase? 

A facilities performance evaluation measure is to be employed to assess occupants’ 
perception of IEQ characteristics of both buildings. The study involves an evaluation 
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of association between IEQ and users’ performance, that is, one that contributes 
significantly to well-being, satisfaction, performance, and corporate objectives. Data 
loggers were installed to collect data on building physical environment (i.e. 
temperature, air circulation, energy consumption and so on). An on-line digital diary 
will be installed at suitable locations where users are encouraged to enter personal 
behaviour-coping and adaptation. Also questionnaires will be administered to building 
occupants; and energy consumption of the two building will be collected. The level of 
indoor air pollutants would be measured and recorded. Noise, lighting levels also be 
recorded.  

The incorporation of the views of commercial building occupants into environmental 
research has not been dealt with in Australia. The findings to be drawn from the 
project are expected to be the level to which IEQ, facilities management and building 
construction can play a part in the quest for ecologically sustainable development. It is 
expected to make a positive relationship between building’s ESD features, workplace 
performance and environmental sustainability. If ESD features enhance IEQ for 
building occupants, they should also be acceptable to the property market in general as 
reflected in the activity of developers, investors and workplace users. 
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