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1 Executive Summary
This Study has found that a shift by two companies to sustainable office
accommodation has led to improvements in a broad range of business
productivity indicators. Sample sizes were small but many of the individual results
were statistically significant. Taken in their totality the results provide a convincing
case that the shift delivered business gains that far exceed the cost of upgrading
the Indoor Environment Quality (IEQ) of the offices.
500 Collins Street presented a unique opportunity for an IEQ study because
tenants in the building were simply moving to sustainably refurbished space in
their existing building. Thus, there were few changes, other than the improved
IEQ, that might affect results.
A gain in the productivity of 500 Collins tenants following the move would thus
strongly support the business case for owning, developing and occupying a
sustainable office building. The cost of labour accounts for up to 80%-90% of an
office-based company’s total expenditure, overshadowing the cost of operating
the building, including rent, energy consumption and other outgoings. Even a tiny
increase in employee productivity would quickly pay back any increase in these
other costs.
500 Collins Street has a 5 Green Star rating for Office Design – the first tall
commercial building refurbishment in Australia to be so certified. The tenant
studied was Oakley Thompson, a small law firm. In the course of the Study,
another tenant agreed to participate in a staff survey after their move.
An executive of the company, the stockbroking and research firm Lonsec,
had observed that “productivity has gone through the roof.” He wanted to
document this.

1.1 Organisational performance measures
The Study examined both organisational and individual performance. At Oakley
Thompson, organisational performance was examined through sick leave records,
while individual performance was analysed through a typing test for secretaries
and through the lawyers’ billable hours.
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Using these measures, the new office provided:
• A 39% reduction in average sick leave days per employee per month: from
0.46 days before the move to 0.28 after the move.
• A 44% reduction in the monthly average cost of sick leave (senior staff‘s sick
leave fell more than that of support staff).
• A 9% improvement in the average typing speed of secretaries, and a
significant improvement in overall accuracy.
• A 7% increase in lawyers’ billings ratio, despite a 12% decline in the average
monthly hours worked by the lawyers. This would indicate that despite
working less hours after the move, more of the lawyers’ time was spent on
billable work.
Despite the small sample size, the changes were found to be significant when
subjected to statistical tests. Significant, non-work related health incidents prior
to the move were removed from the leave data so that the focus was on short
term sick leave, more likely to be work-related.

1.2 Staff surveys
The Study surveyed staff perception of their physical environment and
productivity, pre- and post-occupancy. The survey was also designed to test for
other factors besides IEQ that might affect productivity, including job satisfaction,
health condition, stress and office relationships. In one instance, deterioration
in work relationships may have influenced an employee’s self-assessment of
productivity, but in a way that is opposite to the prevailing positive trends.
The Oakley Thompson survey was conducted before and after the move. The
Lonsec survey was only conducted after the move, with staff directly contrasting
the new office with their recollections of their previous office.
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1.2.1 Staff perceptions of the work environment and productivity
• Staff expressed much higher satisfaction with the new office: at Oakley
Thompson, the satisfaction index rose from –2 in the old office, to +8 in the
new office. At Lonsec, it rose from –11 to +16.
• At Oakley Thompson, the index for perceived fresh air improved: from –10 in
the old office, to +9 in the new one. At Lonsec it improved from –11 to +16.
• Staff perception of temperature comfort increased by 5% at the Oakley
Thompson office, and by 65% at Lonsec.
• At Lonsec, 64% found the old office ambience tiring compared to only 9% in
the new office; 40% of staff found the new office ‘invigorating’ compared to
zero in the old office.
• Perceptions of lighting quality in both offices improved.
There were also significant improvements in staff’s perception of their health in
the new office as shown in the table below:
Increase/Decrease in frequency (%)
IEQ-related symptoms

Oakley Thompson

Lonsec

Headache

7% reduction

20% reduction

Cold and flu

21% reduction

24% reduction

Sore eyes

25% increase

8% reduction

Fatigue

26% reduction

16% reduction

Poor concentration

20% reduction

5% reduction

At Oakley Thompson, there was no change in the overall assessment of
productivity, despite variations in individual employee’s self-reported changes
in productivity. This is in contrast with the result at Lonsec, where there was a
12% increase in self-reported productivity, confirming the executive’s observation
about productivity increases in the new office. The result at Oakley Thompson
also contrasts with its own business performance results reported above, and
may have been biased by a change in internal staff relationships.
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The Oakley Thompson ‘no-change’ result on productivity, like the 25% increase
in sore eyes, may be normal variations within small sample sizes. Sample sizes
were small, with only eight useable staff data at Oakley Thompson and 24 at
Lonsec. Of course, the same argument could be used to discount the positive
findings. But taken collectively, the above results show an overwhelmingly
positive trend.

1.3 Air quality, temperature and humidity
Carbon dioxide, carbon monoxide, temperature and relative humidity. were
measured at Oakley Thompson before and after the move.

1.3.1 Carbon dioxide and carbon monoxide
Carbon dioxide (CO2) and carbon monoxide (CO) are general indicators of air
quality, reflecting both human and office equipment activity. Very high levels of
CO2 in an office may cause occupants to get drowsy, get headaches, or impede
concentration. CO is directly poisonous.
Little change was found between the before and after data. Both gases were
well below safety limits in both cases. Carbon dioxide levels in the new office
were at 500-600ppm, well within recommended levels but above ambient levels
of 300-400 ppm. Carbon monoxide levels fell from an average of 2.0 ppm in the
old office, to 1.8 ppm in the new office, but the change was not consistent over
different days and may have simply reflected changes in ambient concentrations.
Unfortunately, EPA data on ambient concentrations was not available on the
days internal monitoring took place because of a station move.
The nil result could have been affected by dust and equipment operations in
refurbishment works in other parts of the building. Two ventilation systems
were also operating in tandem in the building: chilled beam technology in the
refurbished offices and the conventional HVAC system in the unrefurbished
ones. The air supply from the HVAC would likely have some impact on the
refurbished floors. This dual system will continue until the whole refurbishment
is complete, and air quality monitoring when the project is completed may
yield a different result.
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1.3.2 Temperature and humidity
Temperature and humidity are key variables in thermal comfort. Rapid
temperature swings and the persistence of cold and hot spots in buildings are
among the most common complaints about indoor comfort.
The average temperature in the new and old offices were both in the range of
22-23oC. However, measurements at Oakley Thompson showed much lower
temperature fluctuations in the new office, confirming the staff’s own assessment
of a 5% increase in temperature comfort.
Measurements of humidity in the Oakley Thompson office showed a 22% rise
in average relative humidity. However, the fluctuations were still high, suggesting
that ambient humidity may have been the dominant influence.

1.4 Conclusion
The results collectively suggest a significant positive impact on staff productivity
and satisfaction resulting from the move. They do not provide the basis for the
construction of a predictive model for productivity gains from sustainable office
accommodation, but do provide a compelling case for IEQ as a positive influence
on staff productivity.
Impacts such as the Hawthorne Effect or arguments that any office upgrade,
whether sustainable or not, leads to a positive boost in productivity, cannot be
fully discounted. However, the length of time between the Oakley Thompson
pre- and post-measurements, and the consistency of the results across many
indicators, make the sustainable refurbishment a more likely explanation.
Given that business is ultimately about making judgements based on best
available information, the link shown here suggests that sustainable office
accommodation is a good business choice. It is also consistent with international
trends that link a sustainable approach to business to superior long term
profitability1.
1

See for example, Show Me the Money: Linking Environmental, Social and Governance Issues to Company Values,
UNEP Finance Initiative, 2004.
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Companies that pursue improved sustainability find that investigating
environmental and social impacts of their business enables them to reduce waste
and to improve customer and stakeholder relationships. Their understanding of
these impacts has a huge pay-off over time through market awareness, superior
business control and risk management.
For companies whose productivity is people-based, such as those occupying
commercial offices, understanding how the internal environment affects staff
productivity should be the top priority, given that this is the key determinant of
business return. In some ways, the findings of this Study are intuitively obvious
– stuffy offices make staff sleepy and thus impede the efficiency of the key
business process. Accepting poor IEQ is just a sloppy approach to business
productivity.
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2 Introduction
2.1 Background: 500 Collins Street refurbishment
500 Collins Street is the first tall commercial building in Australia to be certified
with a 5 Green Star rating for Office Design from the Green Building Council of
Australia.
When the building owner, the Kador Group, purchased 500 Collins Street in
early 2002, the company’s Board decided to refurbish the building with a view
to making sustainability the central focus of the project. The Board was aware
of the commercial risk: it was 2002, and sustainability and climate change did
not yet resonate in the office rental market. Refurbishment proceeded without
any pre-commitments from tenants, despite the premium required by a ‘green
refurbishment’.
According to Kador’s Managing Director, Carolyn Parker, the risk-taking behaviour
was underpinned by a conviction that green refurbishment would create the
competitive advantage Kador needed to compete in the market.
500 Collins Street presented a unique opportunity for an Indoor Environment
Quality (IEQ) study because tenants in the building were simply moving to new
sustainably refurbished space in their existing building. Thus, there were few
changes, other than the improved IEQ, involved in the move that might affect
results – such as changes to the work, a change in commuting travel because
of a changed location, or a different service or recreational environment.
An outline of the key features of the refurbishment of 500 Collins is in Appendix 1.
The Study focuses on a tenant at 500 Collins Street, the law firm Oakley
Thompson, a long-term tenant that moved from its old accommodation to one
of the refurbished storeys in the building. A staff survey was also performed
on another tenant, the stockbroking and securities research firm Lonsec. This
provided an additional source of information but unfortunately, Lonsec was not
able to participate in a more detailed business analysis of their operations.
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2.2 Purpose of the Study
The following are the objectives of the Study:
• To determine if there is an improvement in the productivity in companies
moving from the pre-refurbished offices into the refurbished offices at 500
Collins Street;
• To determine if there is an improvement in the health of employees of
companies moving from old to refurbished offices in the building; and
• To gauge employees’ satisfaction with the indoor environment in the
refurbished offices.

2.3 Productivity-in-green-buildings research in Australia
The Study was commissioned by Sustainability Victoria (SV) and the Kador
Group. The Kador Group is undertaking a staged refurbishment of 500 Collins
Street with a strong commitment to sustainability. Kador’s business ethos is that
they can both do the right thing by the environment, and tap into tenant demand
for sustainable offices. It supported this Study to test whether it could show
potential clients that they too could find a better business outcome by taking a
sustainable path.
SV aims to promote sustainable design of commercial buildings, and through
its Commercial Office Building Energy Innovation Initiative (COBEII), provides
assistance to building designers and architects, as well as to projects that provide
evidence of the benefits of sustainable building design.
If the Study finds improved employee productivity and health in the refurbished
offices, the findings will attract significant market interest and help increase
tenant demand for green offices. A positive link will also contribute to COBEII’s
key objective of reducing the uncertainty and risk currently associated with
implementing ESD initiatives in commercial buildings.
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Improved employee productivity is potentially the defining argument in favour
of a business decision to rent or own sustainable offices. The cost of labour,
including salaries and benefits, accounts for up to 85%-90% of a company’s
total expenditure, largely overshadowing the cost of operating the office or
building, including rent, energy consumption and other outgoings.2 Thus, even
a tiny increase in employee productivity, which flows on to the company’s
overall profitability, would provide a significant payback to any additional costs
associated with occupying a sustainable or ‘green’ building.
Yet, it is very difficult to measure productivity improvements that are directly
attributable to better office environments. To date, most cost-benefit analyses
related to sustainable building design and operation – at least in Australia – are
anchored on savings on energy consumption and on the cost of operating
green buildings. A number of post-occupancy staff surveys have recently been
undertaken, and a major study is underway at the City of Melbourne’s worldleading 6 Green Star new offices. But generally the field is in its infancy.
Overseas, especially in the U.S. and Europe, there is already substantial evidence
of a positive link between employee productivity and improved IEQ afforded by
green buildings. Evidence is based on numerous studies of organisations that
have either upgraded their offices or moved to better, sustainable buildings.

2.4 Uncertainties in productivity research
The oft-cited productivity benefits of improved IEQ include better work
performance, lower employee turnover, and reduced sick leave – which has a
double impact through payments to absent staff and the cost of replacing this
lost labour.
This Study acknowledges that caution must be exercised in drawing conclusions
about employee productivity. Many factors influence staff productivity, including
pay and benefits, intra-office relationships, changes in personal circumstances
and work satisfaction.

2

Zero Net Emissions by 2020: A Roadmap To a Climate Neutral City, City of Melbourne, p.28.

3

For a review, see IEQ: A Positive Campaign Now or Damage Control in the Future, Building Commission
(Victoria) 2004.
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Placebo effects must also be considered. Anecdotally, many in the building
industry claim that any move to new premises always leads to a boost in
productivity as workers are invigorated by the change in their environment.
This ‘change is as good as a holiday’ thesis can neither be substantiated nor
discounted. Placebo effects should diminish in time and so the longer the
period of study, the more likely any such impact would wash out. Unfortunately,
the longer the time period, the more likely other factors – such as technological
change – will come into play and overwhelm the factors attributable to IEQ.
The length of time of this Study is such that the above impact is a possible
factor. No definitive resolution on the matter is possible and so individuals will
have to exercise their own judgement on the relevance of this issue, based on
the collective weight of the indicators used in the Study.
The ‘Hawthorne Effect’ is another placebo factor to consider, whereby research
subjects improve their behaviour simply because they are being studied4. This
theory is now contested on the basis of alleged flaws in experimental design5.
Again, individuals will have to exercise their own judgement as to the relevance
of this issue, based on the collective weight of the indicators used in the Study.
Finally, it should also be acknowledged that there is no direct causal relationship
between a building’s energy and resource consumption and IEQ. Energy
consumption can be reduced by smarter design, natural air flow and natural
lighting, and in the process improve IEQ. But energy consumption in conventional
buildings in hot or cold climates can also most easily be reduced by reducing,
rather than increasing, the amount of fresh air.
Better ergonomics and physical lay-out, which are also key factors in IEQ, have
only an indirect relationship with daylight, views and other elements of building
performance that can be influenced by sustainable design and
resource management.

4

Roethlisberger, F.J.; Dickson, W.J. (1939). Management and the Worker. Cambridge, MA:
Harvard University Press, 14-18.

5

see www.cs.unc.edu/~stotts/204/nohawth.html.
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Given the placebo and extraneous impacts, the Study was mindful that if indeed
an increase in productivity is found after occupancy of an office with improved
IEQ, it would be impossible to de-construct the extent to which each productivity
variable contributed to the increase.
Nevertheless, the Study takes the view that organisations make business
decisions based on evaluations of best available information. Even if we cannot
construct a predictive model, correlations that are intuitively sensible have always
been the basis for business decisions that must be taken in real time.
And a link between IEQ and productivity is certainly intuitively obvious. Cramped,
dingy and stuffy offices create discomfort, drowsiness and discontent that are an
obvious distraction to even the most highly motivated staff.
By incorporating productivity within cost-benefit analyses that either formally or
informally underpin decisions on office space – in addition to costs of energy
consumption and building maintenance – organisations will gain an extra insight
into business performance.

2.5 Study methodology
In consultation with Oakley Thompson, three business performance indicators
were agreed upon, based on data accessibility and the practical logistics of
accessing measurements.
The first two are broad indicators of organisational and individual performance
respectively:
• Level of sick leave before and after the office move, both in terms of time
and its associated cost; and
• Typing speed and accuracy of the company’s typing pool, before and after
the move.
The third business performance indicator agreed upon was a company-specific
indicator of business efficiency. Being a legal firm, the company’s income is
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determined by the number of hours billed to clients. The total income of the
company does not necessarily reflect either its efficiency or profitability.
Income is determined by business activity, which may be affected by a variety
of external factors.
The efficiency of the company’s effort to deliver its service to clients is better
reflected in the administrative load that is required to deliver the service. The
higher the value of billable hours relative to the total hours worked, the more
efficient the company. The non-billable hours reflect the effective administrative
load on the company in delivering a unit of service.
Consequently, the measure agreed upon was the proportion of billable hours
worked to total hours worked – before and after the move. Initially it was hoped
to measure the non-billable hours of both fee-earning and non-fee earning staff
as this would indicate the full administrative load on the company.
However, accurate records of hours worked were only available for the feeearning staff and an effort to collect data on non-fee earning staff proved
unreliable as the non-fee earning staff were not accustomed to recording
their hours. Working set hours, their time records did not have the same
responsiveness to total workload. So, the calculation was based on the ratio
of the billable hours of fee-earning staff to their total hours worked. The total
hours is the sum of their billable and non-billable hours.
The Study also gathered data directly from staff on their productivity and work
environment. Data was gathered through staff surveys before and after the move
to the new office. Self-assessment of productivity through staff surveys is a
widely used general management tool for monitoring and measuring employee
performance. There are also a number of proprietary surveys specifically designed
to assess occupant satisfaction with their newly occupied green or healthy
offices, and to measure the performance of green offices, especially in terms of
IEQ. Business Outlook and Evaluation (BOE) designed a survey specifically for
this Study.
The combination of business performance indicators and staff feedback enabled
cross-checking and confirmation of overall results and trends for each of the
measures.
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In addition to measuring productivity indicators, the Study also made
measurements of carbon dioxide, carbon monoxide, temperature and humidity
in the old and new offices. Measurements were made for one week in each
setting using QTrak Plus, with the assistance of the University of Melbourne.
The Study was conducted in four Phases:
Phase 1: Identify participants
Kador held a presentation to existing tenants explaining the ESD features of the
refurbishment. The presentation aimed to encourage existing tenants to move
to the refurbished offices when their current leases expired. At the same time,
Kador invited companies who would decide to sign new leases to also participate
in the Study.
Oakley Thompson agreed to participate, and for data to be gathered before and
after the company’s move to the refurbished office.
Phase 2: Identify company-specific as well as broad measures of productivity
BOE consulted with Oakley Thompson on organisational and individual
performance indicators, and it was agreed that the following measures would
be used for the Study:
• Billable hours to non-billable hours ratio;
• Word processing accuracy of the secretarial pool; and
• Sick leave level and its associated cost.
Oakley Thompson also agreed to a pre- and post-occupancy survey of staff
assessments of their own personal productivity, and of their attitudes towards
the company and other staff, and towards the old and new offices.
Phase 3: Pre- and post-occupancy data gathering on the above measures,
and air quality measurements in the old and new offices, which were on
different storeys in the building.
Phase 4: Data analysis and report writing
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3.1 Sick leave
Sick leave is of keen interest to businesses because it has a significant impact
on a company’s operating cost. According to CCH Australia, a leading publisher
of human resources and industrial relations publications, unscheduled worker
absences cost Australian businesses $7 billion a year.
The CCH study found that many staff took sick leave when not physically sick –
the renowned Australian ‘sickie’. Some of the reasons included non-work related
factors such as the need to look after sick children. These should be consistent in
pre-and post-move data and so should not affect general trends.
Despite the many factors that influence sick leave, as noted at the outset, the
only significant change in Oakley Thompson’s physical situation during the Study
was the shift to the sustainably refit premises. The staff survey (see Chapter 4)
detected no significant changes in other work motivations such as remuneration,
intra-office relationships or general career aspirations. Changes in sick leave rates
after the move can, therefore, be reasonably linked to the move, although the
issues of placebo effects noted in Section 2.4 must also be considered.
The primary cost associated with sick leave is in the form of lost salaries in the
case of paid leave, but additional costs include entitlements and premiums on
temporary staff hired to replace those on leave. There is also the loss in quality
and quantity of work as temporary staff often don’t match the experience of the
permanent staff being replaced.
For the pre-move sick leave data, Oakley Thompson provided its leave record
from January 2002 to June 2006, a month before the office move. This provided
five years of pre-move data, from which the Study computed the monthly average
sick days per employee. Using the hourly cost of each employee, the actual cost
of sick leave to the company was also computed. The cost of sick leave does
not directly correspond to the number of days lost because the cost of a partner
illness is significantly greater than the cost of an administrative assistant.
The company moved to the new office in July 2006, and nine months of postmove data was collected – from August 2006 to April 2007.
6

Managing Absenteeism and Sick Leave, CCH, July 2004. www.cch.com.au
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Chart 1 below shows a marked reduction in the average monthly sick days per
employee. It must be noted that in this chart and all others in this section, the
before-move figures are five-year monthly averages. The after-move figures were
for each of the nine months after the move, and must be interpreted as a singlemonth result compared with a five-year monthly average. Monitoring the leave
record in future months and years would help establish a better trend.

Prior to the move, the average number of days taken off per employee per
month over the comparable nine-month period was 0.46 days. For the ninemonth period after the move, the average number of days taken by each
employee per month fell to 0.28 days, representing a 39% decline.
The before-move average of 0.46 days average per month, which translates
to 5.5 days annually, was very close to the national average of 5.2 days
annually found by a study of the Australian workforce conducted by
PricewaterhouseCoopers7. But the significant post-move improvement to 0.28
days per month (3.4 days annually) has placed the company well below the
national average.
The 39%-fall in sick leave is in line with a Danish study which attributed onethird of sick leave to the work environment8.
In computing the 5-year averages for the pre-move sick leave, extended sick
leave periods were investigated to see if they were work-related. Several leave
‘spikes’ were found and these were due to non-work related injuries or major
illnesses such as surgery. These spikes were removed from the data in order to
more closely relate the results to the work environment. As a result, the figures
7

Sherrill Nixon, “Workers Call On Sick Leave to Balance Life”, The Age, 10 February 2003.

8

Claus Bo Hansen, Sick Leave in the Nordic Countries, August 2003. www.eurofound.europa.eu.
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below on sick leave cost under-estimate the actual business cost of the sick
leave. No such spikes occurred in the post-move data and so no adjustments
were made.
Chart 2 below shows the same sick leave data presented on a three monthly,
seasonal basis. Not surprisingly, the winter months had the highest sick leave
level, followed closely by the ‘hay fever’ months in spring. The post-occupancy
data does not cover winter, which would be an interesting future investigation.

The after-move fall for each season is greater than one standard deviation,
suggesting at least a 95% statistical significance.
Charts 3 and 4 below show a reduction in the cost of the sick leave days. The
average cost per month fell from $2630 to $1479, a hefty 44% reduction in
the average monthly cost of sick leave during the nine months after the move,
compared to the comparable months of the last five years before the move.
The 44% reduction in cost is slightly higher than the 39% reduction in days,
reflecting a higher fall in the sick leave taken by higher-paid staff. As senior staff
tend to ‘soldier on’ except when totally bed-ridden, the fall in the cost of sick
leave is an even stronger indicator of a reduced incidence of genuine sickness,
and not just a reduction in ‘sickies’.
This fall in recorded sick leave correlates well with findings from the staff surveys,
which recorded falls in other indicators of staff illness such as headaches, colds,
flu and generally feeling ‘off-colour’. The staff survey findings are presented in
Chapter 4.
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3.2 Typing speed and accuracy
In addition to the organisational performance indicator (sick leave), individual
performance indicators were also considered. The Study selected typing, a key
routine task among secretarial staff. A number of overseas studies have assessed
the impact of ventilation rates and air filters (and hence indoor air quality) on the
performance of routine tasks9. These tests were done in highly controlled facilities.
This was not possible in this Study, where air flow, temperature and humidity
could not be controlled with that degree of accuracy. Also, the extent to which
the Study could intrude on the work operations of Oakley Thompson was also
a limitation.

9

See, for example, Federspiel et al, Worker Performance and Ventilation, Centre for Built Environment,
University of California, Berkley. 2002.
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Initially, the Study sought to monitor the keyboard activity of typing staff in order
to detect any increase in the new work environment. A software program was
installed on the workstations of the typing staff which measured keystrokes,
mouse clicks and the distance travelled by the mouse. However, it became
apparent that there were significant down times for staff and that the software
was not able to distinguish between work breaks and ‘thinking’ breaks.
Consequently, a typing speed and accuracy test was substituted to see whether
the changed indoor environment affected the performance of routine tasks.
Typing speed and accuracy are easy to measure, and tests could be conducted
during office hours with minimal disruption to business activities. Individual
productivity is often measured by the quantity and quality of work, and the typing
test allows measurement of both – in terms of speed (quantity) and accuracy
(quality).
The typing pool also provides a range of administrative support to partners and
solicitors, so the faster and more accurate the typists are, the more time they
could spend on other support tasks which, in turn, free more time for the lawyers
to do billable work.
The pre- and post-occupancy typing tests in this Study were not controlled, but
they were undertaken during the weeks when air quality measurements were
being taken. This was to enable the analysis of the typing results in the context
of the indoor air quality in the old and new offices.
Tests were conducted over three days before the move, with five people
participating. BOE prepared three handwritten documents with topics that were
unfamiliar to the typists, including polymer science, neuroscience and sustainable
architecture. The procedure was repeated three months after the office move,
with fresh documents. The use of non-legal documents was to avoid any gains
in speed that can come as the typists become more familiar with the legal issues
dealt with by Oakley Thompson.
The findings are shown in Charts 5 and 6 below. All the typists showed
improvement in speed, with an overall speed improvement of 9%. Given the
gap in time between the tests, it is unlikely that the typists simply ‘tried harder’
in the second test, thus inducing a Hawthorne Effect.
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In any event, an attempt by the typists to increase their speed beyond their
natural speed, would be expected to be accompanied by an increase in error
rates. As shown in Chart 6, this did not occur and in fact the average accuracy
of the typists rose from 97.5% to 98.5%.

The number of typists in the pool was low – only five – and so care needs to
be taken in assessing the above results. The graphs do, however, suggest
a clear trend and a statistical t-test on the before and after results showed
that there was a significant increase in speed after the move, with 47% of the
variance attributable to the move rather than simple statistical chance. A t-test
on accuracy rates also found that the office move accounts for 36% of the gain
in typist accuracy rates.
This result concurs with those of a study that BOE became aware of after the
test. A typing test was one in a series of tests employed in a landmark US study
which demonstrated that the performance of office work could be increased
by 5-10% by improving indoor air quality. In a series of experimental studies in
a laboratory that was made to appear like an office, the researchers controlled
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environmental parameters while the subjects performed tasks including typing,
proof reading and addition. The researchers controlled the environment by, for
example, varying the outside air ventilation rate and adding a source of pollution
(a 20-year old carpet near the subjects)10.
The gain in typing speed and accuracy would directly free up more time among
the secretaries to do other administrative support for the lawyers. This could
be a contributor to the gain in ratio of the lawyers’ billable to non-billable hours,
discussed in the next section (section 3.3 below). Moreover, if there is a significant
gain in the efficiency of routine tasks, the potential gain in more cerebral ‘thinking’
work should be even more significant.

3.3 Billable hour ratios
As described in Section 2.5, the higher the relative value of billable hours to the
value of total hours worked in a legal firm, the more efficient the company is. The
non-billable hours reflect the effective administrative load on the individual lawyers
in delivering their service to clients.
Based on data provided by Oakley Thompson, the Study found that while the
average monthly hours worked by the lawyers declined by 12% after the move,
the proportion of billings to total lawyer value (comprising billings and the value of
non-billable hours) rose from 0.81 to 0.87 of (see Table 1).
The standard deviation of the before move value data was 0.7 and the standard
deviation of the after move data was 0.2. A t-test of a comparable 6 months from
both sets of data showed slightly less than 95% likelihood that the change was
significant – not conclusive but certainly strongly pointing to a substantive gain.
Table 1: Billable hour ratios
Total lawyer hours (monthly average)
Billing/total lawyer value (monthly
average: billings/billings + value of
non-billable hours)
10

Before move

After move

% change

1,273

1,126

-12%

0.81

0.87

+7%

William J. Fisk, Health and Productivity Gains from Better Indoor Environments. Presented at the E-Vision 2000
Conference, October 11-13, Washington DC.
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The results show that despite the lawyers working less hours after the move,
a larger proportion of their time was spent on billable work. This would suggest
that they were working more efficiently.
The fact that the lawyer billing ratio improved while total hours worked declined
is also interesting. Usually, when the total workload declines, the amount of time
devoted to administration increases as the partners catch up on administrative
tasks held over from when they were busier. Here, the opposite has happened,
adding further weight to the view that productivity has improved.
It is also possible that if the productivity of the lawyers in their billing work has
improved, this could have contributed to the reduction in total hours worked.
This raises the somewhat ironical issue that affects all time-billing companies: in
the short-term, any productivity improvement in their consulting time can reduce
the fee income. Of course, in the long-term, higher performing companies will
deliver a superior service and claw back this loss from an improved market
position vis-_-vis their competitors.
Other factors may also be at work that helped push up the billable hours ratio.
For example, the lawyers might be spending more time on billable work because
they have a more efficient secretarial staff. Because the secretaries were typing
faster and more accurately, they could dedicate more time for administrative
support for the lawyers.
Many law companies are increasing the ratio of lawyers to secretaries, mainly
because technology has changed secretarial work: lawyers do more of their word
processing; email, voicemail and text messaging reduce the need for secretaries
to answer telephone calls; and a lot of photocopying has been replaced by
printing. Consequently, some secretaries are being asked to focus on higher-value
activities such as helping manage client relationships, drafting and proofreading
documents, and assembling and reviewing bills.
The data on which these conclusions were made covered only ten months before
the office move, and ten months after the move. Before this period, data was
collected manually and the records were not readily comparable. The differences
in data collection approaches would also make the comparison questionable. As
with the sick leave records, future monitoring may shed further light on this trend.
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Staff surveys are a critical management tool for monitoring employee performance
and productivity. They are also used to obtain staff feedback on – and inputs to
– organisational issues, strategies and policies.
In conjunction with the measurements of business performance indicators,
the Study also conducted staff surveys to ascertain changes in staff attitudes,
practices and well-being that could be related to the changed office environment.
The survey was also designed to detect any changes in conditions other than
the physical environment that might impact on staff productivity. These include
general work satisfaction, recent health incidents (non-work related), stress levels
at work and at home, and relationships with managers and other staff.
At Oakley Thompson, the pre-occupancy survey was conducted four months
before the move, while the post-occupancy survey was three months after the
move, when the employees have had time to settle in the new arrangements.
It was a voluntary survey and of the total of 20 employees (including partners
and solicitors), 12 (60%) agreed to participate.
For the survey to obtain meaningful comparisons, the post-occupancy survey
should cover the same participants as in the pre-occupancy survey. However,
only eight of the 12 original participants responded to the second survey, so that
the comparison covers only 40% of the total staff.
During the course of the Study, another 500 Collins tenant that had shifted to one
of the sustainable-refurbishment floors agreed to participate in the staff survey.
This was the stockbroking and securities research company Lonsec. Lonsec
became interested in the Study because management perceived a significant
improvement in their productivity following the shift, with one Lonsec senior
executive commenting that ‘…our productivity has gone through the roof since
the move’.
Because Lonsec only agreed to join the Study after the move, the survey
could only be retrospective, with participants directly comparing their new
accommodation with their memory of their past accommodation. This is less
objective than asking staff to rate a building before a move and then, some time
later asking them to rate the building again. A generally favourable view of the
building may skew the response to individual variables.
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On the other hand, a retrospective survey may better capture the contrast
perceived by the respondents: carrying out surveys at different times may suffer
from changes in respondents’ relative scoring scales. Both approaches could be
exposed to subjective bias and so the results are primarily valuable for detecting
general trends. Having two approaches (organisational performance measures
and staff surveys) did provide another cross-check for any systemic bias.
The survey had three parts: general background, work environment and health.
The survey results of each part for both Oakley Thompson and Lonsec are
discussed in the following sections.

4.1 Oakley Thompson
4.1.1 General background
The first section of the survey was designed to obtain general background on
staff attitudes, including individual’s attitudes towards their job, the company and
office accommodation, levels of personal and work stress, and overall health
condition. The purposes of the questions under this section included:
• To determine the pre-occupancy baseline health condition of staff to identify
potential outliers in the post-occupancy results on health;
• To ascertain personal stress levels that might influence performance at work;
• To determine individuals’ attitude to their work (job satisfaction) and its influence
on their self-reported productivity; and
• To determine individuals’ attitude towards the office accommodation, and if this
influences their attitude to work and productivity.
The full results of this section are provided in Appendix 2. The significant findings
are summarised here.
Only one respondent reported having had any major health-related problems
in the last 12 months before the move, and the same person reported having a
major health problem in the post-occupancy survey. This was consistent with
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what was found in examining the sick leave records (Chapter 3), which were
normalised to remove non-work environment related health incidents. The
absence of major health issues for other staff suggests that general health is
not an influence on the pre-move and post-move differences in the business
performance indicators, or of staff responses to other survey questions.
Work stress levels were surveyed because they can influence work performance
and/or satisfaction. Personal stress levels were also tested because people can
take their personal problems to work and also affect their performance.
The survey found that reported levels of work stress in the old office were in the
mid-range, and fell slightly following the move to new premises. Personal stress
levels were in the low range and fluctuated between individuals following the
move, but collectively did not change significantly. Stress from workload and/or
personal life were, therefore, also discounted as significant influences on changes
in pre-move and post-move Study results.
In section 3.1, it was discussed that dissatisfaction with work was one of the
major reasons why employees take sick leave. At Oakley Thompson, the preoccupancy survey found that all respondents were satisfied with their job. After
the move, one of the respondents reported being dissatisfied with the job (see
Chart 7 below). The most frequently cited sources of job satisfaction were
consistent before and after the move and were, respectively: satisfying and
challenging work, friendly staff and work environment, and satisfied clients.
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The emergence of one individual dissatisfied with work, would be expected to
have a negative impact on other indicators of work performance. However, it did
not in the Oakley Thompson case, so if anything, the results on all other indicators
would make them an under-estimate of any gains achieved.
The negative change in one of the staff’s attitude toward work was reflected in
the results for the question on employees’ intention to stay with the company,
where one staff reported to be already looking for work after the move. This was
balanced by the greater number of people wanting to stay indefinitely with the
company (see chart in Appendix 2).

4.1.2 Overall satisfaction with the office
The survey gauged the employees’ attitude towards the new office, which is only
two storeys above the old one. Staff satisfaction with their office accommodation
rose significantly following the move. The satisfaction index rose from –2 in the old
office, to +8 in the new office (see Charts 8 and 9 below).
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4.1.3 Work environment and productivity
The second part of the survey, Work Environment, asked employees to assess
both the physical and social environment in the previous and new offices, as well
as their personal productivity.
IEQ is composed of a number of factors, including indoor air quality, thermal
comfort and lighting, and the results show considerable improvements in staff
assessment of the key IEQ variables.
Air quality was perceived by all but one staff to have improved in the new office.
Staff rated air quality with a range from stuffy to fresh, and Chart 10 below shows
that the old office was rated mostly as stuffy, while the new office was rated
mostly as fresh. Based on this response, the fresh air index improved from –10
in the previous office, to +9 in the new one (Chart 11).
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Room temperature is the IEQ factor that probably has more impact on staff
comfort than any other – anecdotally, building managers report that complaints
about offices being too hot or too cold are the most frequent they receive.
Indeed, in the Oakley Thompson pre-move survey, some of the employees gave
multiple answers to the question on temperature, indicating a high variability of
temperature in workspaces. The combinations in multiple replies ranged from
variable-too hot, and too hot-too cold.
There was a significant improvement in temperature rating in the new office, with
the perception of being ‘variable’ falling most strongly. This is consistent with
actual pre- and post-move temperature measurements shown in Chapter 5.
Whereas temperature in the previous office was mostly rated variable, the new
office had more ‘normal’ rating as Chart 12 below shows.
The assessments of whether an office is too hot or too cold showed improvement
but these are subject to individual preference – what is too hot for one person can
be too cold for another. Traditional HVAC systems have a relatively rapid swing
in temperature and create cold and hot spots in the building. 500 Collins Street’s
chilled beam technology provides a far more stable temperature environment and
the survey response suggests staff have responded well to this.

Chart 13 below shows employees’ assessment of the lighting quality and
ambience in the previous and new offices. A majority of the employees (75%)
rated lighting in the new office as ‘normal’, compared to only half in the old
office. None of the employees rated lighting in the new office as ‘variable’.
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Lighting in sustainable buildings aims to optimise natural lighting and thus reduce
energy consumption. However, daylighting sometimes results in uncomfortable
glare, which when combined with glare from computer display terminals, had
caused complaints about sore eyes among employees. At 500 Collins St,
daylighting is balanced with the use of ultra-low brightness T5 lighting, and a
lighting system that provides tenants the ability to control switches and dim lights
when natural lighting levels are high. This individual control may be responsible
for the gain in the ‘normal’ rating.

The question about ambience was included in the survey to gauge employees’
general feeling of wellbeing in the office. Ambience is not a factor of IEQ;
however, this serves to cross-check the assessments on overall satisfaction
with the office. Chart 14 below confirms the result on overall satisfaction with
the office, with a general shift to the right of the graph.
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Surprisingly, the improvements of staff perceptions of their office accommodation
did not translate into a gain in their perceived productivity. Chart 15 below shows
some changes in some of the employees’ perception of their productivity but the
net effect of these self-assessed changes is neutral.

This result contrasts with the business performance indicators presented in
Chapter 3, which showed productivity gains. It also contrasts with the staff
survey results from Lonsec.
The fact that the Lonsec survey asked staff to contrast their pre-move and
post-move productivity within one questionnaire may also be relevant. Oakley
Thompson staff completed a self-assessment of productivity before and after
the move, and were not directly asked to contrast their pre- and post-move
productivity. The length of time between the pre- and post-move surveys meant
that they would not necessarily remember how they rated themselves in the premove survey when making their post-move assessment. As noted in Section 2.4,
this could lead to inconsistent perceptions.
Another factor may have been changes in internal relationships. Chart 16
below indicates some deterioration in the relationship with managers, which in
turn could have influenced the result on job satisfaction, where one employee
reported being dissatisfied with the job after the move (Chart 7).
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4.1.4 Health
People spend over 90% of their time indoors and the concentration of indoor
pollutants is typically higher than outdoors, sometimes by as much as 10 or even
100 times. Poor indoor air quality can affect people in different ways, and in all
cases, they obviously affect health and productivity11:
• Short-term: headaches, poor concentration;
• Medium-term: increased communicable respiratory ailments and symptoms
of sick building syndrome such as irritation of the eyes, nose and skin, fatigue
and difficulty breathing;
• Long-term: terminal illnesses from prolonged exposure to volatile organic
compounds (VOCs).
A landmark study by Fisk and Rosenfeld found that buildings with good overall
EQ can reduce these health symptoms, and the potential financial benefits of
improving IEQ exceed the costs associated with IEQ improvement by a factor of
8 and 1412.
The last section of the staff survey – on health – was designed for staff to assess
their general health in the office. The charts showing the results are in Appendix

11

J.L. Wilson and E. Tagaza, Green Buildings in Australia: Drivers and Barriers. University of Melbourne. August 2005.

12

William Fisk and Arthur Rosenfeld, Potential Nationwide Improvements in Productivity and Health From Better Indoor
Environments, Lawrence Berkeley National Laboratory, May 1998.
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2, and the following is a summary of staff assessments of the frequency of
symptoms related to poor IEQ:
• Fatigue – 26% reduction in frequency of occurrence in the new office
• Clod and flu – 21% reduction
• Poor concentration – 20% reduction
• Headache – 7% reduction
• Sore eyes – 25% increase.
These results are certainly consistent with the reduced incidence of sick leave
reported in Chapter 3 and give credence to the productivity gains in that Chapter.
The increase in reported sore eyes is peculiar, given that staff also reported
improvements in office lighting, as well as in office temperature and air quality.
The shift in the response involved three staff who responded that they never
experienced sore eyes to occasionally experiencing them. It is possible that the
increased light in the office is preferred by staff but that over time it troubles some
people’s eyes.
Alternatively, this result could be a simple sampling anomaly – the number of
respondents at Oakley Thompson was quite small. The same argument could, of
course, be applied to the positive findings. As noted in Section 2.4, because of
the small sample and the many uncertainties of such measures, the findings of
the Study need to be assessed in their totality. They provide an aid to judgement
and do not provide a predictive model.

4.2 Staff feedback at Lonsec
As noted at the start of this Chapter, an opportunity emerged during the course
of the Study to undertake a staff survey at the stockbroking and securities
research company, Lonsec. As Lonsec had already moved to the new office, the
survey was re-designed and relied on employees’ recollections of the previous
office. Twenty-four staff participated in the voluntary survey, representing half of
the total staff in Melbourne.
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The summary charts for the Lonsec survey results are in Appendix 3. The Lonsec
results are broadly consistent with those of Oakley Thompson. Significant gains
were reported across all indicators.

There was a 12% increase in employees’ perceptions of their productivity,
which was in line with the executive’s observation about productivity increases in
the new office. However, it contrasts with the response from Oakley Thompson
staff, and the reasons for this have already been discussed in Section 4.1.3.
The Lonsec sample was also significantly larger than at Oakley Thompson,
which may have improved the reliability of the results.
As in Oakley Thompson, Lonsec staff’s satisfaction with the new office is
significantly higher than that with the old office. The satisfaction index shows
a hefty rise from –11 for the previous office to +16 in the new one.
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The increase in satisfaction index could be linked to staff perceptions of vast
improvements in IEQ in the new office. The IEQ factor that received the highest
rise in improvement was air quality. Chart 21 below shows the rating was mostly
stuffy’ in the old office, and mostly ‘fresh’ or ‘normal’ in the new office.
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The survey also found positive improvements in temperature: 45% rated the
old office as too hot; 59% rated the new office temperature as normal and none
rated it too hot. Likewise, 64% found the old office ambience tiring compared
to only 9% in the new office; 40% of staff found the new office ‘invigorating’.
Collectively, staff clearly perceived the new office conditions to be a major
improvement.
As in Oakley Thompson, staff perceived lighting in the office to be bright.
However, in contrast with Oakley Thompson, the ‘bright’ rating did not translate
to an increase in sore eyes. Indeed, there was a reduction in reported sore eyes
(see the Health survey summary below).

Staff perceptions of their health in the new office have also improved across
the board, with the following reductions in the overall frequency of symptoms.
The relevant charts are in Appendix 3.
• Cold and flu – 24% reduction in the frequency of occurrence
• Headache – 20% reduction
• Fatigue – 16% reduction
• Sore eyes – 8% reduction
• Poor concentration – 5% reduction.
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5 Indoor Air Quality Measurements
The previous Chapters discussed the results of the two dimensions of this Study:
measures of business performance and staff surveys. This Chapter reports on
the third dimension of the Study, the measurements of carbon dioxide, carbon
monoxide, temperature and humidity undertaken in both the previous and new
offices.
The measurements were undertaken with the assistance of the University of
Melbourne’s Department of Civil and Environmental Engineering. Measurements
were taken for a whole working week in the previous office, and then again in the
new office.

5.1 Carbon dioxide
In the indoor environment, carbon dioxide comprises primarily of pollutants
emitted by humans, and office equipment. The level of carbon dioxide is linked
to ventilation: to dilute and remove carbon dioxide and other indoor pollutants,
HVAC systems must bring in adequate amounts of outdoor air and regularly flush
out air from the inside.
CO2 is often taken as a surrogate indicator of overall air quality because
increased human and/or equipment activity will usually increase the number of
other pollutants present.
Natural levels of carbon dioxide are in the range of 300-400 parts per million
(ppm). Very high levels of carbon dioxide in an office may cause occupants to
get drowsy, get headaches, or function at lower activity levels. The National
Institute for Occupational Safety and Health (NIOSH) in the U.S., which conducts
research and provides policy advice on work-related illness and injury, considers
that indoor air concentrations of carbon dioxide that exceed 1,000 ppm are a
marker suggesting inadequate ventilation. And the American Society of Heating,
Refrigerating and Air-Conditioning Engineers (ASHRAE), recommends that indoor
carbon dioxide levels not exceed 700 ppm13.

13

Wikipedia. www.en.wikipedia.org/wiki/Indoor_air-quality.
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Chart 24 below shows the carbon dioxide levels in Oakley Thompson’s previous
and new offices. The graph shows virtually no change. Both before and after
measurements are well within recommended levels, but significantly higher than
fresh air. The average level in the old office was 544.1 ppm, while the average
in the new office was 545.4 ppm. There was no statistical significance in the
readings: the standard deviations were 37 for the old office data and 31 for the
new office data.

The result is surprising, given the increased ventilation provided by chilled beams
in the new offices, which should have reduced CO2 levels. It could be linked
to the fact that when air quality monitoring was undertaken, refurbishment in
the building was continuing so that construction works, including demolition of
indoor concrete walls, ceiling walls and plaster board, might be affecting the
supply of fresh air in the system.
Two ventilation systems were also operating simultaneously in the building:
chilled beam technology in the refurbished offices and the conventional HVAC
system in the unrefurbished ones. The HVAC system may still be pushing air
into the refurbished offices. Finally, the CO2 levels may simply reflect higher
outdoor levels of CO2 in Melbourne’s CBD. An effort was made to source EPA
data on ambient CO2 levels in the CBD at the time of the readings to check
this possibility, but the EPA does not record CO2 levels in the CBD.
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This dual system will continue at 500 Collins Street until the whole refurbishment
is completed in 2009. Indoor environment quality monitoring when the project
is completed may yield a different result, better reflecting the increased flushing
of air through the new ventilation system. Conclusions about overall indoor air
quality improvement, in the interim, are difficult to draw.

5.2 Carbon monoxide
Carbon monoxide (CO) is a highly toxic, colourless and odourless air
contaminant that is produced when fossil fuels such as petrol are burned. It is
one of many chemicals found in engine exhaust and could rapidly accumulate
indoors when there is a faulty HVAC system.
Indoors, the common sources of CO are tobacco smoke and defective heating
systems. Since smoking has been banned inside offices and public buildings,
carbon monoxide has not been a major cause of concern as an indoor pollutant,
and indoor levels correlate strongly to outdoor levels.
The Study attempted to obtain EPA’s carbon monoxide readings on the days
when air quality measurements were undertaken at Oakley Thompson. However,
monitoring took place when the EPA’s monitoring station in the city area, located
on top of a building at RMIT, had to close down. There were available readings
from the Richmond monitoring station, but it was felt that the data would not be
meaningful for comparisons with indoor readings in the city area.
In the US, the current Occupational Safety and Health Administration’s
permissible exposure limit (PEL) for CO is 50 ppm as an 8-hour time-weighted
average (TWA). NIOSH recommends a lower PEL: 35 ppm as an 8-hour TWA
and a ceiling limit (CL) of 200 ppm14.

14

Preventing Carbon Monoxide Poisoning from Small Gasoline-Powered Engines and Tools. National Institute for
Occupational Safety and Health, Publication No. 96-118, 1996. www.cdc.gov/niosh/carbon2.html.
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Chart 25 below shows a stabilisation of CO levels in the new office, which may
be consistent with improved ventilation, but this may have alternatively resulted
from changes in the outside air. As with CO2, detecting a fall in CO readings will
probably need to wait until the building renovations are fully completed.

5.3 Temperature and humidity
Temperature and humidity are key variables in thermal comfort, defined as the
‘state of mind that expresses satisfaction with the surrounding environment’15.
Delivering good thermal comfort is therefore a critical objective of buildings’ air
conditioning systems.
Not everyone in an office will be satisfied by a set of indoor environmental
conditions, especially temperature. Certain ranges of temperatures could be
acceptable to many employees, but not to all. Other important elements of
thermal comfort are low air velocity or the absence of draft, and consistency (no
rapid changes in temperatures). One study found that if very good conditions
were in place, a maximum of 95% of all persons might be satisfied16.
Typical office specifications for heating and air conditioning recommend indoor
temperature control at between 21º and 24ºC. This is generally achieved by
HVAC systems but a frequent complaint of such systems is the high levels of
variability. Rapid changes in temperature make people uncomfortable.
15

Wikipedia. www.en.wikipedia.org/wiki/Thermal_comfort.

16

Ibid. www.en.wikipedia.org/wiki/Thermal_comfort.
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Chart 26 below shows that temperature both in the previous and new offices
are well within the comfort zone. Importantly, temperature variability in the new
office was not as wide as they were in the old office. The chilled beam system
in the new offices also would help reduce forced air movement compared to the
old HVAC system, so this would contribute to temperature stability and reduced
draughts. This is consistent with the staff’s own assessment of improved
temperature comfort at both Oakley Thompson and Lonsec.
Average temperature in the old office was 22.94ºC and dropped slightly to
22.39ºC.

Humidity is also an element of thermal comfort, and engineers suggest that when
relative humidity is kept at about 50%, office workers have fewer respiratory
problems. Health problems associated with low humidity range from dry/sore
eyes, dry throat and stuffy nose, all of which have been associated with flu and
sick building syndrome. The Chartered Institution of Building Services Engineers
in the UK suggests that most people only start to experience these problems
when humidity levels fall to below 30%17.

17

The EMS Guide. www.ems-onlike.co.uk.
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Measurements in the Oakley Thompson office showed no clear trend in humidity
levels. As with CO2 levels, this could reflect both the impact of external humidity
levels, the continuing work on the building and the continued operation of the old
HVAC system in the unrenovated parts of the building.
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