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Abstract: In this paper we challenge the notion that “green” buildings can achieve greater productivity
than buildings that are not accredited as “green”. For nearly two decades, research has produced
apparent evidence which indicates that the design of a “green” building can enhance the productivity
of its occupants. This relationship between building design and productivity is claimed to be achieved
through compliance with internal environmental quality (IEQ) criteria of Green rating tools. This
paper reviews methods of measuring productivity and the appropriateness of the metrics used for
measuring IEQ in office environments. This review is supported by the results of a survey of office
building users which identifies social factors to be significantly more important than environmental
factors in trying to correlate productivity and IEQ. It also presents the findings of observations that
were discretely carried out on user-response in green buildings. These findings demonstrate that,
despite a building’s compliance with IEQ criteria, occupants still resort to exceptional measures to
alter their working environment in a bid to achieve comfort. The work has been carried out on “green”
buildings in New Zealand. These buildings are rated based on the NZ “Green Star” system which
has adopted the Australian “green star” system with its roots in BREEAM. Despite this, the results of
this research are applicable to many other “green” rating systems. The paper concludes that methods
of measuring productivity are flawed, that IEQ criteria for building design is unrepresentative of
how occupants perceive the environment and that this can lead to an architecture that has few of the
inherent characteristics of good environmental design.
Keywords: productivity; green buildings; post occupancy evaluation; internal environmental
quality; questionnaires

1. Introduction
The claim of greater productivity from the occupants of a certified “green” building appeals to
developers, commercial users, accrediting organisations and building professionals [1]. 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 [2–4]. However,
the ontological security in the belief that “green” can be synonymous with productivity has left many
questions unanswered. How can productivity in an office environment be robustly measured? How
does productivity relate to internal environmental quality (IEQ)? Are the standard IEQ metrics (e.g.,
light levels and temperatures) representative of a good working environment? Without these questions
being answered it cannot be claimed that a “green” building is any more productive than a reasonably
well designed non-green building.
While a “green” building can be defined as one that achieves a given amount of credits under a
certain rating system, “green” buildings are marketed by their design and their image as a complete
building. The implication is that the architecture is “green” and that “greenness” is intrinsic in the
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very shape, envelope and even style of the building. This is also embedded in research on green
buildings. For example, the cost benefit of green buildings is not measured by the cost of individual
“green” initiatives but by the whole building costs [5]. The scope of this paper is to assess the
relationship between the architecture of “green” office buildings and the claim that they enhance
productivity. A claim that is based on the assumption that “green” accreditation results in a building
where certain values of IEQ are achieved thereby produce comfort conditions that induce higher
worker productivity [6].
The methods selected in this research analyse the relationship between building design and
productivity by reviewing the literature that claims to relate IEQ criteria to comfort and also the
literature that relates IEQ to the measurement of productivity. The research challenges the claimed
link between IEQ and productivity by the self-appraisal method [7] and presents the results of an
alternative questionnaire carried out on a sample of green’ building occupants. The results indicate
that IEQ is not a significant factor in measuring productivity and this is supported by the literature
review which identifies that a far broader range of IEQ standards, than those specified in green rating
tools, provides comfort conditions and, potentially, greater productivity.
The surveys and fieldwork presented by the authors in this paper have been carried out on “green”
buildings in New Zealand and the criteria for achieving “green” accreditation is based on the New
Zealand Green Star rating tool (New Zealand Green Building Council). While New Zealand has some
special characteristics, such a high proportion of renewable energy and a mild climate, the discussion
and conclusions are likely to apply internationally.
It is important to point out that this research does not address the claimed relationship between
productivity and the specification of internal materials, cleanliness or maintenance [8]. These are not
an intrinsic part of architecture and the ability of a building’s IEQ to enhance productivity should not
be confused with potential reduction in productivity due to poor specification or maintenance.
The principal architectural characteristics of a building that control the natural environment and
have the capacity to enhance productivity by influencing IEQ are the distribution of natural light,
natural ventilation (unless fully air-conditioned) and the control of solar gains (both beneficial and
unwanted). These control systems are manifest in the proportions and type of glazing, the depth of
rooms, thermal mass, solar protection and orientation of the building [9].
The difficulty arises when buildings can satisfy IEQ criteria, such as lighting and temperature
standards, by the use of mechanical means only. Green buildings that are highly glazed, fully
air conditioned, lightweight without solar protection do not achieve a good IEQ by virtue of the
building design (architecture) but by the electromechanical services consuming unnecessary amounts
of energy in order to compensate for a poor design [10]. In these circumstances, buildings tend to
conform to environmental standards within a limited and prescribed “comfort” range which achieve
accreditation as “green” but offer little opportunity for user adaptation. This will be discussed further
in Section 5 below.
2. Measuring Productivity
Workforce productivity is the amount of goods or services that a worker produces in a given
amount of time [11]. While the definition is simple, the means of measuring productivity of workers
in a commercial building is fraught with problems. Much of the produce in an office is intangible
and economic gain or loss may not reflect the amount of labour intensity. In brief, methods of
measurement generally fall into two categories: psychometric tests or self-appraisal [12]. In contrast,
the psychometrics test involves the use of various reasoning tests (diagrams, numerals or verbal)
to measure the productivity of participants; self-appraisal relies on the respondent’s judgement of
his/her productivity.
Psychometric tests have the weakness that they generally consider only one aspect of the
environment (e.g., heat or light) at a time and do not consider the holistic interaction of participants
with the environment [13]. They also tend to suffer from the Hawthorne effect; the responses are
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skewed by the participants’ awareness of being tested. A good example of this is Lan and Lian [14] who
found that participants performed better at psychometric tests under uncomfortably high temperatures
because they wanted to get the test over with quickly.
As an alternative to psychometric tests, self-assessment tests were introduced as a measure
of “perceived productivity”, rather than actual productivity, and rely on participants responding
to questionnaires that primarily attempt to correlate IEQ to productivity. The advantages and
disadvantages of using “perceived productivity” as a surrogate for productivity are discussed by
Leaman and Bordass [15] and while there are advantages in the economy of large samples and uses over
a wide range of building types, there always remains the question of whether “perceived productivity”
is an indicator of actual productivity. There is also the disadvantage, noted by Haynes [12], that
a single question on productivity in a questionnaire is a weakness as there are no benchmarks for
the participant to comprehend the concept of productivity. Haynes concludes that, “it is clear that
the self-assessed measure of productivity is better than no measure of productivity” [12] (p. 153).
Leaman and Bordass [15] also acknowledge that it is impossible to establish a meaningful productivity
measure for office occupants, and propose that, in the absence of any other suitable measure, perceived
productivity be used as a surrogate.
Clements-Croome [16] suggests a wider range of productivity indicators, such as health and
well-being, interruptions to work and overtime but still excludes social factors that may come from
outside the workplace (e.g., loss of sleep, personal and work relationships). What is lacking in the
indicators for productivity is some idea of the magnitude of both social and environmental factors. For
example, is a good breakfast more important than a 10% increase in daylight? While it may be argued
that social factors are outside the control of building designers, the relative magnitude is of importance
as social factors may reduce the validity of self-appraisal that focuses on environmental factors. For
example, sleep deprivation alters cognitive function and can make even the best of environments
intolerable [17].
To demonstrate this issue further a questionnaire was designed [18] to identify the relative
importance of social and environmental factors and is described in more detail in Section 4. The
importance of this survey is not only to show that social factors are often more important than
environmental factors but that self-appraisal questionnaires, that attempt to relate productivity to
IEQ, are in danger of prompting responses and producing biased responses on environmental issues.
However, it is important to discuss what characteristics of the internal environment are relevant and
can be used as a metric for productivity before describing the results of the questionnaire.
3. Measuring IEQ
If there is a link between productivity and IEQ, then it is important to establish which
environmental indicators are relevant to productivity and what value, or range of values, these
indicators should have. This section reviews the literature concerned with this topic and compares
current research with the indicators used by “green” rating tools. Focus is placed on the thermal and
visual environment since these are the main factors that are influenced by architecture and where most
IEQ credits are given.
IEQ criteria considered by both psychometric and self-appraisal methods, include the thermal,
visual and acoustic environments as well as air quality. As discussed above, this analysis focuses
on those indicators that have implications on the architectural form of a building rather than the
specification of materials to avoid poor IEQ. Issues concerning the acoustic environment are mainly
concerned with internally generated noise [19] and have few implications for the building envelope.
Similarly, controlling air-quality has little to do with the architecture of a building as it is either
controlled by a mechanical ventilation system or, if naturally ventilated, the external air quality is
outside the control of the designer.
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3.1. IEQ Indicators for a Visual Environment
The Green Star criteria address both natural and artificial light (New Zealand Green Building
Council). Version 1 recommends that average electric lighting levels are 400 lux on the working plane.
It gives points for Daylight Factors (DF) that exceed 2.5% on the floor and these points are allocated
proportionally to the area of floor where the DF is exceeded. To achieve a linear increase in DF across
the floor results in an exponential increase in the area of glazing and it has been demonstrated [20,21]
that to achieve the maximum number of points for daylighting requires the walls to be effectively fully
glazed. The assumption that is made 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 many decades [22] but more recent research has
demonstrated the flaws in assuming that the appearance of lighting in a space can be measured by
a level of light on a working plane and that more light necessarily results in improved appearance
or performance [23]. This research exposes that there were no empirical studies carried out to justify
the basis for commonly recommended light levels in offices; they were based on “reason rather
than research” [23] (p. 77). The empirical work that has been carried out [24] indicates that, under
normal conditions, 11 lux is a satisfactory level to perform office tasks such as reading and for
ordinary purposes.
However, Cuttle [23] is clear that while this level of light may be sufficient for “performance”
it is inadequate for “appearance”. Furthermore, 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” all surfaces in a room (luminence) rather than the light level that “arrives” at a certain
point in a room (illuminance). This research is then extended into clear methods of evaluating and
prescribing lighting appearance [25].
The importance of this research for “green” building criteria is that precise levels of illumination
on a working plane (400 lux) bear little or no relation to either performance of a task or perceived
appearance of a room and are therefore poor indicators of productivity. The same principle can be
extended to Daylight Factors: it is not so much the level of daylight on a working plane that is an
indicator of appearance or performance, but the relative distribution of light reflected from room
surfaces. Fully glazing walls of offices are unlikely to achieve this. However, it is likely to cause other
problems such as glare or problems associated with excess direct sunlight which are discussed in
Section 5.
Designing excessive areas of glazing is also supported by the Green Star criteria for “external
views” which are based on calculating the direct line of sight through glazing. Early field studies on
occupant’s appreciation of views appear to have been forgotten. In particular work by Keighley [26]
who demonstrated that satisfaction of 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.
3.2. IEQ Indicators for the Thermal Environment
There is a strong parallel between research in the visual and thermal environments. That is
to say, research that challenges the idea that specific and consistent levels of the environment
are an appropriate measure of comfort and that adaptation to a wider range of conditions is not
adequately considered.
The criteria used for thermal comfort in Green Star rating system are based on the Predicted Mean
Vote (PMV) with more points being allocated for an ever narrower range of temperatures. This method
of measurement dates back to the 1970s and is based on laboratory research on optimum thermal
comfort [27]. The implications of this for green rating tools is that, in order to achieve increased
numbers of “green” points, a greater control of the building’s temperature is required to achieve near
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isothermal conditions. Indeed, there are more points available for air-conditioning than for natural
ventilation in the Green Star system [28].
The disadvantages of PMV as a measure of comfort have been described in detail [29] 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 than spaces with less control. As the authors
conclude, “The theoretical basis of tight PMV/PPD building control is flawed.” [29] (p. 10).
3.3. Implications of IEQ Criteria on Building Design
The IEQ criteria for the thermal environment discussed above are based on the assumptions that
a static, closely controlled and an unvarying environment will produce optimal comfort conditions
which, in turn will result in greater productivity. The IEQ criteria for lighting are based on the
assumption that light levels on a working plane should be maximised. The scientific basis for these is
contentious and the evidence for a more varied environment where control is achieved by occupant
adaptation is growing [25,29,30].
For building designers, the requirement for tightly controlled thermal environmental conditions
and maximum light levels results in an 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 means of environmental control, such as thermal
mass to smooth out diurnal changes in temperature, is negated. Furthermore, the need for solar
protection is diminished as an increased size of air-conditioning plant to combat overheating is
generally a cheaper initial option than the installation of effective solar shading. It is not surprising that
the architecture of many “Green” commercial buildings in New Zealand appears is to be no different
from their neighbours; highly glazed and air-conditioned with no consideration to orientation or solar
protection [31].
4. The Accuracy of Measuring Productivity in “Green” Buildings
The methods of measuring both IEQ and productivity have led to an apparent precise science of
measuring the benefits of “green” buildings. For example, using psychometric tests to relate lighting
level to productivity has led researchers [13] to claim that: “Thus, a 20 footcandle (215.3 lux) increase
in daylight at the high end of illumination levels from 80 to 100 footcandles (861 to 1076.4 lux), was
reflected in only a 1% improvement in performance”.
Using the self-assessment method of measuring productivity has led other researchers [32], to
claim that, “The productivity score at the Meridian building is plus 8.96%”.
The argument presented in Section 3 above, in the sections on measuring IEQ, indicate that the
criteria used in both lighting and thermal environments are crude and inaccurate representations
of comfort. Added to this is the problem that productivity has neither been adequately defined nor
measured: there is a tension between the claims that are made for increased productivity and the
science that lies behind such claims. The precision in the claims is not supported by current research
referred to above in Section 3.3 and begs the question; how can productivity be measured to such
accuracy; two significant figures or within 1% as the examples above suggest?
5. Relative Importance of IEQ to Productivity
Over the last decade or more, research into IEQ has moved away from models that assume
comfort to be a precise physical measurement towards an acceptance that diversity within and
adaptability to the physical environment are more conducive to comfort and possibly productivity [27].
This, by its very nature, leads to a less precise way of measuring both IEQ and productivity. For
example, the requirement for a lighting level of 400 lux on a working plane could be reduced tenfold
providing that other lighting indicators are achieved [23]. A similar finding was made by Healey
and Webster-Mannison [33] in their survey on qualitative factors that influence thermal comfort: “the
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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” [33] (p. 173).
If precise levels of IEQ are less important, then perhaps IEQ, in its present form, is not such an
important measure of comfort and, therefore, less of an important indicator of productivity. To test
this hypothesis, a questionnaire was designed [18], that asked office workers to rank a wide range of
factors, both physical environmental and social, considered to be of significance to productivity. The
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being carried out on the coldest day of the year. The next environmental factor in the ranking was
“air quality” coming in at nearly the same ranking as “relationships at work”, “underpaid” and
“inadequate equipment”. Of the factors concerned with lighting, “glare” was just in the top 25% of the
ranked factors while daylight and artificial light were in the lowest 25% and scored lower than “office
décor” and “other financial stress”.
The survey is of limited value in its detail since it would need to be carried out in different
building types and over different seasons in order to be more representative. However, what are of
interest are the relative values of social to environmental factors. This has relevance to perceived
productivity in several ways.
The responses to the environmental questions in self-assessment questionnaires may well be
influenced by social factors. For example, there is a direct correlation between sleep deprivation and
performance [17]. A response with a low scoring IEQ may be more representative of the individual’s
state of mind than of the state of the office environment.
Questionnaires that focus on IEQ not only prompt ideas but also heighten the awareness of a
participant to issues that may be of little or no consequence to productivity.
The published outputs of self-assessed productivity questionnaires, which focus on environmental
factors, put undue emphasis on the accuracy of their results. The examples of precise perceived?
productivity measurement above show that percentage productivity increase can be measured to two
significant figures. For those not familiar with all the assumptions built into the subject, relating IEQ
to productivity would appear to be a very precise science.
6. Post-Occupancy Evaluation from External Evidence
The apparent precision in the correlation between IEQ and productivity has armed “green”
building accreditation schemes with tools that appear on the surface to have a strong scientific basis.
Requiring specific light levels, Daylight Factors or temperatures within certain ranges based on
“predicted mean votes” gives credence to the investment in building accreditation. The literature
review above has indicated that this apparent precision is not well founded and that there is a gap
between current research into the understanding of comfort in buildings and the IEQ standards being
specified for “green” accreditation. If applied rigorously, current IEQ standards may not necessarily
produce comfort conditions.
In order to analyse aspects of environmental performance, without intervention, a pilot study
was set up to observe how occupants in a “green” accredited building responded to environmental
conditions. There have been many post-occupancy evaluations (POEs) carried out on “green”
buildings [35] but these have all been done from the inside of buildings. This has two main
disadvantages: firstly, that the participants are aware of the evaluation (the Hawthorne Effect) and,
secondly, it can be difficult to get access into buildings especially when the occupants or organisations
are concerned about the publication of the findings.
To try and overcome this, a field study of two “green” buildings was set up to carry out a POE
from external evidence. The controls systems available to the occupants were monitored from the
outside without them being aware that they were being observed. The two main features observed
were the window blinds and light switching. The buildings were air-conditioned, but had they not
been, then observing window opening habits would also have been of interest.
Two “green” buildings were observed over a period of one year and a record kept of the number
of window blinds that were being used and the extent to which they were closed as well as the
number of lights that were on during daylight hours. Each visit entailed making a pictorial record
of window blind closure and the windows and electric lights switched on at each elevation for
the morning and afternoon time periods. The morning record was taken between 09:00 and 11:00,
while the afternoon record was taken between 14:00 and 16:00. Other “green” buildings were also
observed for their general patterns to ensure that the two buildings that were rigorously monitored
were reasonably representative. With air-conditioning temperatures largely controlled by building
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management systems, switching of lights and closing of blinds were the only remaining means of
occupant control of the building systems and, therefore, an indicator of visual and thermal comfort.
The two buildings are multi-storey office developments that are glazed evenly around all facades
with all facades being approximately 80% glazed and all windows supplied with internal roller blinds
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The two main factors affecting the operation of blinds were the season and the orientation.
On the north (equatorial facing) facade, the blinds were closed more in winter months than summer.
The average closure of the blinds in July (winter) was 56% reducing to an average of 51% at the
equinoxes and 35% in February (summer). This would imply that blinds are used more for visual
comfort than thermal on this elevation.
Comparing the use of blinds on different facades in winter; the north elevation averaged 56%
closure, the south (no direct solar access) averaged 31% and the west averaged 100%. The results
for the west elevation can be explained by both the low sun in the later part of the day and also a
double-skin facade on that elevation which increased the surface temperatures of the glazing [35].
A further characteristic of blinds being significantly closed was that the lights were turned on. On
all elevations at all times of the year, lights were on when blinds were either fully or partially closed.
This may be due to the blinds reducing daylight levels but it may also be due to the need for a more
uniform lighting within rooms to overcome problems of glare.
The results of this pilot study are necessarily limited as permission to carry out any internal
observations or interviews was not granted. However, there are several useful conclusions that can
be drawn from this study. Firstly, highly glazed buildings are endorsed by the “green” rating system
(see Section 3.1) on the basis of improved daylighting and, hence, productivity. However, with an
overall average of almost half the building’s blinds being closed in the daytime, there is a clear signal
that large areas of glazing introduce other problems such as glare, overheating and direct sunlight
onto working spaces. While the blinds are very useful devices for the occupants, they are used to
combat a discomfort which is likely to cause less productivity. Secondly, while closing blinds has
a benefit of reducing glare it also introduces disadvantages such as reducing views out while not
significantly reducing cooling loads. Thirdly, the need to turn lights on results in not only an additional
and unnecessary use of artificial lighting but also an additional cooling load which has been shown [20]
to almost double the energy use of the building.
7. Discussion
A study carried out in 2011 [31], observed that the majority of “green” accredited buildings in
New Zealand were highly glazed, air-conditioned buildings with inadequate solar control. These are
not characteristics that are usually associated with “green” buildings and subsequent field studies [20]
indicated that these types of buildings were consuming about twice as much energy, compared with
reference buildings with appropriate glazing and shading, in order to achieve comfort conditions
(visual and thermal). However, it has been calculated [20] that energy costs of a building are of the
order of one tenth of the monetary value of increased productivity that “green” buildings are claimed
to achieve. Therefore, the poor energy performance of the building may be a small sacrifice to pay
in comparison with the potential benefits in increased productivity, provided there is evidence of
an increase.
Apparent evidence for an increase in productivity has been provided by both psychometric tests
of performance as well as self-assessment of perceived productivity in office buildings and precise
measures of increased productivity have been claimed for “green” buildings. While methods of
measuring perceived productivity are useful tools for post-occupancy evaluation this paper challenges
these claims of precision in measuring productivity by a review of literature of more recent research
on comfort that indicates that the comfort conditions in buildings are achieved by far broader ranges
of conditions than “green” rating tools recommend. Furthermore, the paper challenges the claimed
precision in measuring productivity since there is no agreed definition of productivity in an office
environment and the method of measurement not only excludes many important social factors but
also prompts responses that heighten the awareness of participants above their normal perception.
This paper argues that methods of measuring perceived productivity are being wrongly used to
endorse “green” rating criteria which not only result in inappropriate IEQs but also inappropriate
architecture. The tenuous link between perceived and actual productivity combined with only a single
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question on productivity in the questionnaires and no definition of “productivity” makes this method
of measurement unreliable.
In the Green Star rating tool, “energy, emissions and IEQ” comprise half of the points available
for accreditation. The pilot study carried out on two “green” buildings has shown that the precise
IEQ found in these building is not as comfortable as portrayed by the Green rating system. Rather, it
creates an unconducive indoor environment that occupants seek various measures to overcome—the
extensive use of window blinds and electric lights. The findings of the study described above indicates
that highly glazed, air-conditioned buildings that have achieved accreditation are high energy users
and have insufficient evidence to claim that they enhance productivity. It is debatable whether the
“green” criteria have been the cause of this type of architecture. Irrespective of this, the criteria endorse
this type of architecture.
8. Conclusions
This paper has focussed on the internal environmental quality of “green” buildings that can be
achieved by architectural design. The concern of this research is whether or not “green” accreditation
enhances architecture that in turn increases comfort and thereby increases productivity.
The literature review indicates that the criteria used for comfort in “green” accreditation are
based on assumptions of visual and thermal comfort that are outdated and unrepresentative. This has
resulted in criteria that favour large proportions of glazing and air-conditioning.
Methods of measuring productivity in offices, whether by psychometric testing or self-assessment,
have been used to endorse the “green” rating criteria resulting in claims that the architecture of green
buildings results in greater productivity. These claims are based on results that appear to be extremely
precise and can measure the percentage increase in productivity to two decimal places.
This paper challenges these claims of precision in measuring productivity by a review of literature
of more recent research on comfort that indicates that the comfort conditions in buildings are achieved
by far broader ranges of conditions than “green” rating tools recommend. Furthermore, the paper
challenges the claimed precision in measuring productivity since there is no agreed definition of
productivity in an office environment and the method of measurement not only excludes many
important social factors but also prompts responses that heighten the awareness of participants above
their normal perception.
With inappropriate criteria for internal environmental quality and imprecise methods of
measuring actual productivity, we conclude that “green” buildings cannot claim to be any more
productive than any reasonably well designed non-green building.
Author Contributions: This study were carried out by Eziaku Onyeizu Rasheed (author 2) under the supervision
of Hugh Byrd (author 1). This paper was written by Hugh Byrd and proof read by Eziaku Onyeizu Rasheed.
The data was analysed by Eziaku Onyeizu Rasheed under the supervision of Hugh Byrd.
Conflicts of Interest: The authors declare no conflict of interest.
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