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Abstract: This paper summarises the results of post-occupancy evaluations of eighteen academic 
buildings spread over a range of countries and climatic zones. These were carried out using a Building 
Use Studies questionnaire under licence.  Responses were elicited from around 1,000 staff and 
postgraduates and approximately twice that number of undergraduate students. The mean values, on a 
seven-point scale, for twelve factors are tabulated and the buildings ranked by a Summary Index. The 
context, design characteristics and users’ perceptions of eight of these buildings are then described in 
more detail, four of which had high indices and four low. It is concluded that while the owners and 
designers of all of these buildings had high aspirations, and that all of them applied appropriate design 
methods, more strenuous efforts were needed in order to successfully apply full natural ventilation in 
climates towards the hot-humid end of the range. Noise issues were also evident in naturally ventilated 
buildings where air transfer routes also acted as sound transmission paths, frequently compounded by 
associated hard surfaces. The non-availability of building user guides for the occupants was also noted.  
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1. Introduction 

The overarching aim of the author and his various collaborators for many years has been to provide an 
independent evaluation (i.e., independent of the influence or potential bias of the design teams, the 
building operators or the management of the occupying organisation) of commercial and institutional 
buildings from the users’ point of view. It is an indictment of the building industry that relatively few 
projects are evaluated in this way. After all, the users are the experts on how the building is working in 
terms of its influence on, inter alia, their comfort, health and productivity (Baird et al, 1996). 

The author’s immediate goal is to identify well-performing buildings and to highlight their common 
features (Baird, 2014a). A further aim is to develop reliable user performance benchmarks (Dykes and 
Baird, 2013), and the ultimate challenge is to incorporate these into KPIs and rating tools for building 
projects (Baird, 2009). 
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Triggered by the relatively poor performance of a recently evaluated building on his own university 
campus (Gandhi and Baird, 2015), the aim of this paper was to look specifically at the performance of a 
world-wide set academic buildings. The intention was to assess them in terms of their users’ perceptions 
of the buildings’ performance. The paper will list the buildings evaluated, outline the methodology used, 
note the context and the design features of the ‘best’ and ‘worst’ performers in terms of an overall 
index, and summarise their key characteristics.  

2. The buildings and their users 

The eighteen buildings selected are listed on Table 1. 

Table 1: The buildings surveyed. 

Building and  
Academic Institution 

City Climate Floor 
area m

2
 

Year 
built 

Year of 
survey 

Staff & 
postgrads 
surveyed 

Under-
grads 
surveyed 

CANADA        
CompSci&Eng, York 
University 

Toronto C-T 17,500 2001 2005 70 94 

Liu Institute, UBC Vancouver C-T 1,750 2000 2005 21 na 
ENGLAND        
ZICER Building, U of 
East Anglia 

Norwich M-T 2,900 2003 2005 67 na 

NEW ZEALAND        
Alan MacDiarmid, 
Victoria U 

Wellington M-T 6,200 2010 2011 75 na 

Cotton Building, 
Victoria U 

Wellington M-T 6,700 1979 2011 70 na 

Vivian St (2002), 
Victoria U 

Wellington M-T 6,000 1994 2002 68 324 

Vivian St (2011), 
Victoria U 

Wellington M-T 6,000 1994 2011 55 na 

Kirk Building, Victoria 
U 

Wellington M-T 10,200 1972 2015 68 na 

Wigan St, Victoria U Wellington M-T 2,200 2005 2011 29 na 
Erskine Building, 
Canterbury U 

Christchurch M-T 11,600 1998 2001 57 205 

UCOL (Blocks 6, 7 & 8) Palmerston 
N 

M-T 6,900 1998 2002 86 226 

Inform’n Services,U of 
Otago 

Dunedin M-T 15,000 2001 2004 36 200 

AUT Akoranga Auckland W-T 1,000 2001 2003 25 na 
AUSTRALIA        
Red Centre, UNSW Sydney W-T 17,500 1996 2002 122 327 
Institute of Languages, 
UNSW 

Sydney W-T 3,000 1999 2004 26 380 

General Purposes, 
Newcastle U 

Newcastle W-T 2,100 1995 2005 23 na 

Student Services, 
Newcastle U 

Newcastle W-T 2,700 2001 2005 50 na 
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SINGAPORE        
Institute Technical 
Education  

Bishan H-H 20,300 1994 2001 37 154 

Notes: C-T, M-T, W-T & H-H indicate cold-temperate, medium-temperate, warm-temperate and hot-humid climates 

respectively; na indicates undergraduate students were not housed in the building. 

 All were tertiary-level academic teaching buildings ranging from 1000 to over 20,000m
2
 in floor area 

and located in climates from cold-temperate to hot-humid, with ten in New Zealand, four in Australia, 
two in Canada and one each in England and Singapore. With the exception of the older buildings (Kirk 
and Cotton) most were recipients of national awards or ratings for sustainable or low energy design, or 
in some way pioneered sustainable architecture. Fuller details of a number of these are given elsewhere 
(Baird, 2010).  

Most had been built or refurbished in the course of the last fifteen years, and all had been occupied 
for at least two years before the survey work was carried out, giving most occupants time to experience 
their surroundings over at least a full annual cycle.  

3. Survey Methodology and Analytical Procedures 

Generally speaking, these investigations involved undertaking several visits to each of the buildings to 
personally distribute and collect a questionnaire survey seeking the users' perceptions of a range of 
factors. The questionnaire used was the Building Use Studies (2011) standard two-page office version 
for staff and postgraduates, with a shorter version for undergraduates. This was selected as it enabled 
the researcher to survey buildings during relatively short trips to different localities with minimal 
disturbance to the building users and their organisations followed by rapid analysis and feedback. 
During these visits a detailed tour was undertaken of each building and its facilities, photographing key 
features, and collecting relevant documentation. Key architectural and environmental engineering 
members of the design teams were also interviewed to gain an understanding of the design intent. 
The sixty or so questions of the standard two-page questionnaire used cover a range of issues. Fifteen of 
these elicit background information on matters such as the age and sex of the respondent, how long 
they normally spend in the building, and whether or not they see personal control of their 
environmental conditions as important.  
However, the vast majority asked the respondent to score the following aspects of the building on a 
seven-point scale:  

  operational – image to visitors, space in building, space at desk, furniture, cleaning, meeting-
rooms availability, storage arrangements, and facilities;  

 temperature (overall and whether it is too hot or cold, stable or varies) and air (overall and 
whether it is still or draughty, dry or humid, fresh or stuffy, odourless or smelly) in both winter 
and summer; 

 lighting (overall, whether there is too much or too little Natural Light and Artificial Light, and 
whether there is Glare from sun and sky or from the artificial lights); 

 noise (overall, and whether there is too much or too little from colleagues, other people, inside 
sources, and outside sources; and the frequency of unwanted interruptions);  

 personal control - of heating, cooling, ventilation, lighting, and noise; and 

 satisfaction - design, needs, comfort overall, productivity, and health. 
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Overall, there were some 985 respondents to the full questionnaire from staff and postgraduates 
and some 1,910 to a shorter questionnaire for undergraduate students – see Table 1.  

Analysis of the responses yielded a mean value on a 7-point scale for each variable (other than 
productivity). In addition to calculating these mean values, the analysis also enabled the computation of 
a number of indices in an attempt to provide indicators of particular aspects of the performance of the 
building or of its ‘overall’ performance. These include a Comfort Index which was dependent on a set of 
seven ‘environmental’ factors; a Satisfaction Index, which was dependent on the scores for design, 
needs, productivity, and health; and a Summary Index which is the average of these two indices. These 
are intended to ‘provide snapshots of how a building works for its occupants’ (Leaman and Bordass, 
2001, 130). The Summary Index for each building, together with the scores for the various factors from 
which it is calculated (see Baird (2014b) for the method of calculation), are listed in Table 2. Note that 
the Summary Index scale is from -3 to +3, the productivity scale is in per cent, and in all other cases the 
scale is from 1 to 7 with a score of 7 being the best. 

Table 2: Mean values of the main factors surveyed, ranked by Summary Index. 

Building  
 

Sum 
Index 

Image Comf Light Noise Temp 
W/S 

Air 
W/S 

Des Need Health Prod 
% 

ERSKINE 2.39 6.26 5.86 5.71 5.39 5.25/5.14 5.07/5.23 5.61 5.80 4.52 +9.80 
AUT 1.18 6.00 5.20 4.88 4.92 4.39/4.95 3.96/4.27 5.46 5.26 4.18 +3.64 
AMAC 1.05 6.18 5.50 5.62 4.42 5.31/4.68 5.26/4.84 5.51 5.32 4.06 +2.79 
CS&E 0.81 5.83 4.91 5.49 4.28 4.47/4.41 4.38/4.33 5.11 5.34 3.86 +2.54 
WIGAN 0.43 4.72 4.52 4.46 4.68 4.72/4.95 4.50/4.67 4.79 5.10 3.76 -4.13 
SSC 0.34 4.72 4.52 5.24 4.04 3.93/4.77 4.62/4.76 4.33 4.92 3.44 -2.04 
SoA 02 0.30 5.96 4.49 4.18 4.11 4.52/3.95 4.20/3.93 5.25 5.07 3.54 -4.39 
OTAGO 0.16 6.17 4.59 4.60 4.65 4.66/3.88 4.06/3.73 4.91 4.34 3.06 -4.84 
COTTON 0.14 3.27 4.63 5.50 4.19 3.95/4.72 3.90/4.52 4.16 4.57 3.78 -3.48 
IoL 0.12 5.27 4.65 5.86 3.93 4.23/3.63 4.05/3.50 4.42 4.64 4.04 +0.48 
ZICER 0.07 4.66 4.41 3.80 4.27 5.39/4.90 4.77/4.63 3.55 4.45 3.31 -7.81 
SoA 11 -0.08 4.74 4.13 4.54 4.23 4.43/4.52 4.19/4.21 4.21 4.67 3.29 -2.44 
UCOL -0.34 4.25 3.76 4.87 3.64 4.14/3.78 4.07/3.84 3.83 4.01 3.33 -6.54 
RED -0.37 5.10 3.75 5.32 3.29 3.54/3.22 3.72/3.35 3.63 4.11 3.72 -5.00 
GP -0.39 4.59 3.48 5.70 3.78 3.57/2.18 4.23/2.86 4.00 4.78 3.55 -11.60 
KIRK -0.60 2.34 3.64 4.25 3.92 3.94/4.26 3.98/4.25 3.54 4.07 3.40 -5.55 
LIU -0.71 5.43 3.55 3.79 2.47 3.20/4.44 3.32/3.87 4.00 4,24 3.70 -13.00 
ITE * 3.60 3.29 4.52 3.29 2.70/3.60 2.85/3.55 2.86 3.03 3.00 -10.61 

Notes:  * In the case of Building ITE a Summary Index was not estimated and the Temperature and Air figures are for 

naturally ventilated spaces and air-conditioned spaces respectively. 

In what follows the characteristics of the buildings with the highest and lowest Summary Indices will be 
outlined in an attempt to discern those particular features that may have led to these user perception 
scores and indices. In most cases both staff and postgraduate students were surveyed using the full 
questionnaire, but where there were large numbers of undergraduate student users the shorter 
questionnaire was utilised.  
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4. Characteristics of buildings with highest and lowest Summary Indices 

The features of four of the high-scoring and four of the low-scoring buildings of this set will now be 
outlined. The reasons for high and low perception scores amongst those buildings will be explored, in an 
attempt to reveal the factors that influenced them, and the design features that could be involved. 

4.1. The Erskine Building (ERSKINE) 

Located at latitude 44OS in the medium-temperate climate of Christchurch (winter/summer design 
temperatures of -1OC/+26 OC) this 11,551m2 building is part of the University of Canterbury. The 
building is split approximately equally between a seven-storey academic block, containing staff and 
postgraduate student offices, and a four-storey undergraduate teaching block, linked by a glass roofed 
atrium space (Spence, 1998; Johnston, 2002). The offices and the majority of the adjacent seminar 
rooms in the academic block are naturally ventilated and heated by a conventional radiator system.  
With their northerly orientation and fixed overhangs, exposed thermally-massive interior walls and 
ceilings, fixed and adjustable exterior and adjustable interior solar shading devices, and large number of 
window/natural ventilation opening options, the ninety or so office modules are equipped with a full 
range of passive thermal environmental control systems. The undergraduate teaching block and 
basement computing laboratories have separate air handling units. 

With by far the best Summary Index of this set of buildings, all but one of its overall scores was in the 
5 to 6 range. The building’s score for comfort overall (5.86 for staff, 5.44 for students) was also the 
highest, reflecting the good overall scores for all of the environmental factors. This building has been 
able to satisfy the varying needs of a diverse staff and student population.  

4.2. AUT Akoranga (AUT) 

At just under 1000m2, this building accommodates academic offices, a small registry and the main 
reception area for a satellite campus of the Auckland University of Technology, situated at latitude 37ON 
and with winter and summer design temperatures of around +3 and +24OC. The single-storey building is 
naturally ventilated, roughly U-shaped in plan, and houses five separate areas linked by a circulation 
corridor (Energy Wise News, 2002). The corridor is taken up higher than the surrounding single-storey 
accommodation, enabling it to perform both ventilating and daylighting functions. Natural ventilation 
and daylighting is enabled through a range of perimeter window openings coupled with automatic 
windows at high and low level along the corridors with glare control by means of external louvres and 
motorized retractable awnings. 

With a Summary Index of +1.18 its overall performance is very good from the point of view of the 
users. Most of the overall scores were between 4 and 5, comfortably better than the mid-point of the 1-
7 range, though temperatures in winter were assessed as too cold and variable. Lighting overall scored 
well at 4.88, but component scores indicated there was too much glare from sun and sky. Likewise, 
noise overall at 4.92 scored well, but noises from colleagues, other people, and inside the building were 
all rated slightly worse. Perceptions of comfort overall, design, and needs all scored above 5, and the 
score for health was higher than the mid-point of the scale implying the staff felt healthier in the 
building. 
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4.3. Alan MacDiarmid Building (AMAC) 

The building is comprised of 6,140m
2
 of laboratories, offices and teaching spaces on four levels, 

together with two levels of basement car parking (2,810m
2
). It is located at Victoria University of 

Wellington in New Zealand (43
O
S and a mild-temperate 2 to 22

O
C design temperature range). Despite 

the extensive laboratory spaces with their 30 fume cupboards requiring specialist ventilation systems 
and controls, the design team applied environmentally sustainable design principles wherever possible 
(Beca, 2014).  

Ranking 3
rd

 ‘best’ of the set with a Summary Index of +1.05 none of the individual scores on the 1 to 
7 scales dropped below 4. Comfort overall, light, temperature and air in winter, design and needs were 
all rated greater than 5 on average, while image scored 6.18. Noise from colleagues, potentially a result 
of the relatively open nature of the workspaces, some with contiguous kitchens and others acting as 
circulation routes, may have contributed that aspect’s relatively low score of 4.42. 

4.4. Computer Science & Engineering (CS&E)  

The 10,700m
2
 Computer Science and Engineering Building houses lecture theatres, computing and 

research laboratories and staff offices at York University, in the cold-temperate climate of Toronto 
(latitude 44

O
N) with design temperatures in the -17.2 to -28.7

O
C range. The four-level, 67m by 30m plan 

building has two atria which fulfil, inter alia, a daylighting and natural ventilation role (McMinn, 2002). 
While the building’s air handling units are connected to the campus’ heating and cooling system a 
mixed-mode approach has been taken to its thermal environmental control.  

The last of the (four) buildings in which the staff perceived their productivity to have increased, it 
also had excellent scores for design, needs and health – for both staff and students. Environmental 
factors overall were also very satisfactory, though there as a perception of too much artificial and too 
little natural light. 

4.5. The Red Centre (RED) 

This 17,500m
2
 building is located on the University of New South Wales’ campus in Sydney (latitude 

34
O
S). With a university policy in which air-conditioning was restricted to specialist areas and winter and 

summer outside design temperatures of 6.8 and 29.5
O
C respectively, passive environmental control was 

a challenge for the design team.  To meet that challenge the facades are fitted with automated shades 
and manually operated louvres, air shafts and thermal flues fitted with long volume turbines enable 
natural ventilation, and thermal mass is exposed internally (Cantrill, 1997). 

Image and lighting overall at 5.10 and 5.32 respectively scored well and while almost all of the other 
factors were between 3 and 4 in the survey of staff, most were on the low side. These scores resulted in 
a Summary Index of -0.37. A concurrent but more limited survey of the students found that in general 
they rated the overall environmental and satisfaction factors higher than the staff. 

4.6. General Purposes Building (GP) 

Located at 33
O
S in the warm-temperate climate of New South Wales on the campus of the University of 

Newcastle, this 2,100m
2
 three-storey building houses offices and classrooms (Dixon, 2005). Designed 

from the outset to enable passive environmental control, the rectangular plan has offices on the north 
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façade, classrooms on the south and a central atrium acting as a circulation and airflow spine. The upper 
floors step out to shade those below and the atrium has high-level, automated, clerestory glazed baffles.  

While most scores averaged in the 4±0.5 range, temperature and air in summer were very low at 
2.18 and 2.86 respectively. 

4.7. Liu Institute (LIU) 

Located on the Point Grey Campus of the University of British Columbia in the cold-temperate climate of 
Vancouver (49

O
N), this 1750m

2
 three-storey building caters for the 37 staff of the Institute. The main 

45m by 12m research wing is designed to enable natural ventilation of the mainly single-person offices 
via perimeter windows and transom openings to vertical ducts at each end of a central corridor. Space 
heating is by terminal units located under the windows (Macaulay and McLennan, 2006). 

While the Summary Index of -0.71 for this building was at the lower end of the set considered here, 
most of the scores on the 7-point scale were within the ‘break-even’ range (4±0.5) and image scored a 
creditable 5.43 However noise overall only rated 2.47 and acoustic issues attracted entirely negative 
comments. It is understood that a degree of trade-off between acoustic privacy and the free flow of air 
by natural ventilation had been agreed at the design stage. 

4.8. Institute of Technical Education, Bishan (ITE) 

Located close to the equator at around 1
O
N in the hot-humid climate of Singapore (design temperatures 

ranging from 23 to 32
O
C), this 23,500m

2
 building caters for 1,600 students and 85 staff. Its twin parallel 

teaching blocks are curved in plan and placed on site to exploit the prevailing winds for natural cross-
ventilation (Powell, 1994). The blocks are extensively shaded and while the main hall and most of the 
teaching spaces are naturally ventilated some are air-conditioned by individual split systems. 

The overall design was a ‘pioneering’ attempt to use natural ventilation in one of the more 
challenging climates in which to do so, rather than simply resort to expensive-to-operate air-
conditioning. The staff rated this building the lowest for comfort overall (average score 3.29) and for 
temperature and air quality under natural ventilation (with scores of 2.70 and 2.85 respectively).  

Thermal ‘shock’ when moving from naturally ventilated to air-conditioned spaces seemed to be an 
issue; while conditions in the naturally ventilated teaching spaces were not helped by the perverse 
placement, immediately outside their open windows, of the spit system condensers rejecting heat from 
the air-conditioned spaces! Noise was also an issue for the naturally ventilated spaces, related mainly to 
the movement of other students outside the classrooms and that generated by the condensers. 

5. Discussion and conclusions 

So what were the common characteristics of these buildings and why did the users perceptions differ so 
markedly between the ‘best’ and the ‘worst’. 

In terms of the design process, all of these projects involved clients who were strongly committed to 
sustainability principles and energy efficient outcomes. Their design teams were similarly committed 
and all were familiar with that locality and had a track record in this kind of project. All of the design 
teams used integrated design processes and had adequate time to employ them. 
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In terms of the building outcome, all of these designs attempted to maximize the use of natural 
ventilation and daylight where appropriate. High levels of insulation and double glazing; air tight or 
permeable envelopes relevant to the climate or season; appropriate wind and solar orientation and 
shading; judicious use of thermal mass where appropriate – these features were all in evidence. 

A range of HVAC systems had been employed ranging from full natural ventilation, through mixed-
mode systems with automated natural ventilation openings when appropriate, to full air-conditioning 
for specialist areas. 

A commitment to commissioning and continued building management was also evident and to be 
expected in buildings that in all cases were part of major campuses or institutions. 

With all these positive indications why were there such large differences in users’ perceptions 
between the ‘best’ and ‘worst’ buildings? 

It was evident from these results and from the associated site visits, interviews with designers and 
building managers, and conversations with building users, that hot-humid and warm-temperate climatic 
conditions posed major challenges for the application of full natural ventilation techniques. Users’ 
perceptions of the pioneering designs at the Red Centre and the General Purpose Building in Australia 
and the Institute of Technical Education in Singapore were at the lower end of most of the scales for 
comfort overall and for temperature and air.  

Noise issues were also evident in a number of buildings. This was not confined to particular climatic 
zones but was frequently associated with the provisions that had been made to facilitate air transfer 
within or across the building – these acted as un-attenuated sound transmission paths between, for 
example, offices or teaching spaces and adjacent circulation corridors. This should not be compromised 
as was the case at the Liu Institute where the situation was further exacerbated by corridors with hard 
surfaces. Good acoustics should be a high priority in the design of academic buildings.  

At the other end of the scale the full natural ventilation designs of the Erskine Building and AUT 
Akoranga had the best scores for noise overall, thanks in part to good acoustic design of the air transfer 
routes. 

In only one instance (the Erskine Building) was a user guide available for the occupants of these 
buildings – the time is really long overdue for designers to let the users know how to get the best 
performance out of their buildings.  

Finally, it is essential to avoid mixing potentially incompatible functions, especially from a noise 
transmission point of view; layouts that lead to multiple thermal shock situations between air-
conditioned and naturally ventilated spaces; and never ever place condensers outside opening windows. 
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