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Abstract: The authors and their collaborators have surveyed the 4,662 occupants of 57 medium sized commercial and 
institutional buildings around the world. All were surveyed using the BUS Methodology’s standard two-page questionnaire. 
The overall aim of these surveys was to assess the occupants’ perceptions of a range of factors related to their performance. 
The objective of this paper was to explore the influence of demographic factors such as age, sex, and working location on 
their scores for comfort overall, productivity and health; together with a range of Indoor Environment Quality (IEQ) factors. 
Significant differences were identified between the perception scores for all of these factors between the under and over 
30s and between male and female respondents, the former group rating themselves better in both cases. Evidence of a 
downward trend in perceived productivity was also found as the numbers sharing an office increased. Some current survey 
protocols related to length of time worked in the building were reinforced.
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1. INTRODUCTION

The benefits offered by post-occupancy evaluation of buildings are abundant, ranging from simple occupant comfort 
evaluation to an holistic analysis of a building’s performance upon occupancy. It offers an opportunity to investigate the 
pros and cons of design decisions as well as an understanding of the nature of occupants’ perceptions of a particular 
space. Building performance is a complex concept that has been difficult to measure and to incorporate into building design 
(Mayouf et al., 2014). Hence, oversights of the design phase that become evident during occupancy are left to the facility 
managers to resolve. The responses and feedback from occupants enable facility managers to correct or improve building 
performance. This information assists in a robust facilities management throughout the lifespan of any building (Riley, 2013, 
e-news, 2010). 

Building occupants are complex and present different dimensions of comfort and satisfaction expectations. The 
complexity of their uniqueness lies in the diverse backgrounds which influence their perceptions of satisfaction with their 
building. As noted by Frontczak & Wargocki (2011), people differ and respond differently to the same conditions. Hence, an 
understanding of occupants is integral to a satisfactory and even sustainable building performance.

The BUS Methodology (Building Use Studies, 2016) has over the years, provided the means by which comprehensive 
study of users’ needs can be carried out in buildings. This questionnaire is popular for occupant surveys in both commercial 
and institutional buildings (Bunn and Marjanovic-Halburd, 2016; Deng et al., 2017; Rasheed and Byrd, 2018) and was used 
to collect the information analysed in this paper. Following on from previous analyses reported at the 2016 ASA Conference 
(Baird & Wareing, 2016), the present authors have undertaken further analysis of the influence of some demographic 
and locational factors on occupant’ perception scores for their buildings. The objective was to explore the influence of 
‘background factors’ such as age, sex, and working location on their scores for comfort overall, productivity and health; 
together with a range of Indoor Environment Quality (IEQ) factors.

2. METHODOLOGY

The analysis was carried on a database of 4,662 occupants of 57 medium sized buildings around the world – 41 housing 
mainly commercial office activities and 16 housing tertiary academic teaching and research activities – all of which had 
been surveyed by the authors and their collaborators using the standardised two-page office version of the questionnaire 
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developed by Building Use Studies. While most questions required a response on a 7-point scale, the ‘background’ questions 
were more specific and quantitative, concerned with the age and sex of the respondent, the number of occupants in their 
work area, whether or not they sat next to a window, how long they had worked in the building, etc. 

The analyses were carried out with SPSS v23. The mean differences of perceived comfort/satisfaction scores were 
compared using one-way ANOVA. The results were considered statistically significant when p < 0.05 (95% confidence 
level). The Tukey Test for significance difference (also called the Honestly Significance test) was used to identify where the 
significant difference lies amongst the group means. This test identifies significant differences in means or groups of means 
by comparing all possible pairs of means (Statistics how to, 2016). This allowed the identification of significant differences 
in occupants’ perceptions in relation to their “background”.

3. RESULTS AND DISCUSSION

The occupants were asked whether they were under or over 30; male of female; sat next to a window; shared their office 
(and with how many others); had worked in the building for less or more than a year; and in their present work space for 
less or more than a year. 

The influence of these background factors on their perception was analysed under two major categories namely:

• Perceived comfort overall, productivity and health 

• Satisfaction with indoor environment quality (IEQ) temperature and air quality, lighting, noise

3.1 Influence of occupants’ background on perceived comfort, health and productivity.

In this section, the influence of the occupants’ age, sex, location in relation to a window, and length of time worked in the 
building and in their particular area, were considered in respect to the occupant’s perceptions of their Comfort Overall, 
Productivity, and Health. The specific questions asked were:

“All things considered, how do you rate the overall comfort of the building environment?” A 7-point scale ranging from 1 
(unsatisfactory) to 7 (satisfactory) was specified here.

“Please estimate how you think your productivity at work is decreased or increased by the environmental conditions in 
the building?” using a 9-point scale ranging from 1 (-40% or less) to 9 (+40% or more).

“Do you feel less or more healthy when you are in the building?” A seven-point scale ranging from 1 (less healthy) to 7 
(more healthy) was specified here.

The findings are presented Table 1.
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Table 1: Differences in perceived Comfort Overall, Productivity and Health scores arising from some demographic and locational 
factors.

Comfort Overall Productivity Health
N mean SD N mean SD N mean SD

Age under 30 1032 5.14 1.312 997 5.48 1.715 1018 4.07 1.352
Age over 30 3124 4.74 1.513 2990 5.04 1.655 3070 3.88 1.306
Significance score* 0 0 0
Diff significant? Yes Yes Yes

Sex  -  male 2104 4.95 1.455 2057 5.27 1.637 2072 4.08 1.279
Sex  -  female 2041 4.73 1.491 1921 5.00 1.714 2005 3.78 1.346
Significance score* 0 0 0
Diff significant? Yes Yes Yes

Window: next to 2143 4.85 1.494 2047 5.18 1.685 2105 4.00 1.313
Window: away from 2031 4.82 1.459 1957 5.10 1.681 2003 3.85 1.328
Significance score* 0.629 0.168 0
Diff significant? No No Yes

Worked in bldg <1yr 1303 5.09 1.384 1255 5.42 1.644 1280 4.04 1.262
Worked in bldg >1yr 2889 4.72 1.502 2765 5.02 1.685 2846 3.88 1.342
Significance score* 0 0 0
Diff significant? Yes Yes Yes

Workspace < 1yr 1987 4.87 1.462 1912 5.15 1.687 1966 3.90 1.308
Workspace > 1yr 2178 4.81 1.489 2083 5.14 1.682 2139 3.96 1.336
Significance score* 0.308 0.63 0.249
Diff significant? No No No

*denotes result of Tukey Test of significant difference

3.1.1 The influence of the age of respondents

As noted in Table 1 the over 30s were in the majority in our sample. It can be seen that the under-30 group rated all 
three factors significantly better, on average, than the over-30s. While the overall trend is clear, the large SD values do 
indicate a wide spread of responses. It is tempting to speculate that the potentially more experienced over 30s are more 
sensitive to comfort issues, more aware or concerned with the impact of IEQ on health, and have more realistic or higher 
expectations about productivity; while the under 30s are less sensitive to comfort and health issues and over confident of 
their performance?

3.1.2 The influence of the sex of respondents 

Here, the numbers in each category were roughly equal and while the differences in the mean values are not particularly 
large and their spread is relatively wide, male respondents score all three factors higher than their female counterparts. 
Why do female respondents perceive themselves to be less productive, less healthy and less comfortable on average than 
their male counterparts? With apologies for the male/female stereotyping, could it be that there is a higher female sensitivity 
to health and comfort issues and perhaps a more realistic or modest sense of their productivity, while male reticence 
concerning health issues or admitting to discomfort, in combination with a tendency to an overinflated opinion of their 
productivity, are coming into play?

3.1.3 The influence of proximity to a window

Here too, the numbers in each category were roughly equal. While being next to a window yielded slightly better average 
scores for all three variables only that for perception of health was significant. It is somewhat surprising that perception of 
comfort was not compromised by being next to a window (with the potential for cold downdrafts, solar heat gains, glare, 
outside noise, etc.). Perhaps the health aspect of being able to refocus on distant external views is the more significant 
factor in these otherwise thermally comfortable buildings (averaging close to 5 for comfort overall on a 7-point scale).

3.1.4 The influence of length of time worked in the building

Respondents were asked “How long have you worked in this building” and given the alternatives of less than or more than 
one year - the latter category outweighing the former. Significant differences were uncovered, with the less-than-one-year 
group perceiving their buildings to be better in respect of comfort overall, productivity, and health. Arguably, the less-than-
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one-year group was still being influenced by the novelty of what for them would be a new building or perhaps the excitement 
of a new job if they had recently joined the organisation housed there. This finding tends to reinforce the survey protocol of 
not administering the questionnaire in a building till it had been occupied for a year or more in order to avoid the potential 
‘honeymoon period’ of a new building. It may be even better practice to only survey those who had worked in the building 
for more than one year.

3.1.5 The influence of length of time worked in their present work area

For this aspect respondents were asked “How long have you worked in your present work area?” and again given the 
alternatives of less than or more than one year.  The numbers in each category were roughly equal in this instance. However, 
by contrast with the previous findings about the influence of length of time worked in the building, none of the factors 
exhibited significant differences. Length of time in the respondents’ present work area did not appear to influence their 
perception of comfort overall, productivity, or health. Judging from the numbers, a significant proportion of those who were 
in their present workspace less than one year had worked in the building for more than one year, leading to the supposition 
that conditions throughout the building tended to be perceived as relatively uniform. 

3.1.6 The influence of number of people in the respondent’s workspace on occupants’ perceived comfort, health and 
productivity

For this aspect, which has become the subject of much debate in recent years as increasing numbers of offices are 
designed to be open plan, respondents had to specify whether they were the sole occupant, or shared with 1, 2-4, 5-8 
or more than 8 others. As indicated on Table 2, all three aspects exhibit a general tendency for their scores to worsen as 
the numbers of people sharing increases. However, there was no significant difference in the average score in the case 
of comfort overall between the variously sized workspaces – and no particular reason comes to mind why one would 
be expected. Only productivity and health exhibited significant differences – most markedly between sole occupant and 
sharing with more than eight.

Table 2: Differences in perceived Comfort Overall, Productivity and Health scores arising from numbers of occupants sharing an office

Comfort Overall Productivity Health

N mean SD N mean SD N mean SD

Sole occupant 892 4.96 1.519 857 5.33 1.606 876 4.05 1.248

Shared: I other 331 4.88 1.465 316 5.24 1.646 323 3.90 1.221

Shared: 2-4 others 696 4.78 1.432 653 5.17 1.729 674 3.93 1.306

Shared: 5-8 others 615 4.81 1.462 587 5.14 1.705 610 3.99 1.421

Shared: >8 others 1560 4.79 1.475 1509 5.00 1.705 1545 3.84 1.359

Significance score* 0.78 0 0

Difference significant? No Yes: Sig. Dif. (0.00) between 
Alone and Shared >8 others

Yes: Sig. Dif. (0.03) between 
Alone and Shared >8 others

*denotes result of Tukey Test of significant difference 

3.2 Influence of occupants’ age and sex on satisfaction with IEQ factors

Having noted the significance of their influence on comfort overall, productivity, and health, this section looks in more detail 
at the influence of age and sex on the occupants’ perceptions of a wide range of indoor environmental quality (IEQ) factors – 
27 in all – concerned with the perceptions of thermal and air quality issues in both winter and summer, together with lighting 
and noise. The left hand column of Tables 3 and 4 list the individual factors in shorthand form. In each case respondents 
were asked to score each factor on a 7-point scale, noting that these varied in terms of where on the scale the ‘best’ score 
was located. 

3.2.1 The influence of age on occupants’ perceptions of IEQ (see Table 3)

Both age groups found the winter and summer temperatures and air overall to be on the comfortable or satisfactory side 
of the 7-point scale, with average scores well above the mid-point. The under 30s scored temperature overall significantly 
better than the over 30s in both winter and summer (4.67 cf. 4.50 and 4.62 cf. 4.38 respectively) all reinforcing conventional 
wisdom that older people prefer warmer temperatures. Similarly, the under 30s scored air overall significantly better than the 
over 30s in both winter and summer (4.65 cf. 4.40 and 4.60 cf. 4.36 respectively). Both groups indicated it was too cold in 
winter and too hot in summer. As far as factors related to air were concerned the under 30s perceived it to be fresher and 
less smelly than the over 30s, with little difference for humidity and draught. 
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Table 3: Differences in perceptions of IEQ factors between those aged under and over 30 years old.

Factor Age under 30 years Age over 30 years Significant Diff?

N meana SD N meana SD Score* Y/N

Temperature and Air in Winter

Temp Overall in Winter 986 4.67 1.675 2971 4.50 1.718 0.006 Yes

Temp - too hot/cold4 958 4.63 1.219 2843 4.48 1.284 0.002 Yes

Temp - stable/variable4 972 4.37 1.814 2842 4.53 1.719 0.013 Yes

Air - still/draughty4 940 3.59 1.585 2880 3.58 1.704 0.876 No

Air - dry/humid4 950 3.32 1.221 2809 3.27 1.192 0.446 No

Air - fresh/stuffy1 965 3.92 1.621 2887 4.02 1.570 0.09 No

Air - odourless/smelly1 945 2.98 1.536 2842 3.20 1.529 0 Yes

Air overall 982 4.65 1.526 3013 4.40 1.665 0 Yes

Temperature and Air in Summer

Temp Overall in Summer 769 4.62 1.688 2507 4.38 1.729 0.001 Yes

Temp - too hot/cold4 747 3.58 1.208 2464 3.47 1.210 0.031 Yes

Temp - stable/variable4 750 4.28 1.691 2434 4.35 1.661 0.328 No

Air - still/draughty4 733 3.32 1.434 2402 3.32 1.493 0.993 No

Air - dry/humid4 740 3.62 1.358 2408 3.59 1.344 0.493 No

Air - fresh/stuffy1 749 3.95 1.597 2437 4.10 1.614 0.029 Yes

Air - odourless/smelly1 734 3.17 1.563 2398 3.30 1.548 0.041 Yes

Air overall 761 4.60 1.548 2503 4.36 1.641 0 Yes

Lighting

Lighting Overall 1043 5.37 1.486 3113 5.12 1.584 0 Yes

Natural light – too little/much4 1045 3.76 1.438 3110 3.89 1.344 0.009 Yes

Sun&Sky Glare-none/too much1 1036 3.35 1.808 3098 3.66 1.823 0 Yes

Artificial light - too little/much4 1042 4.46 1.112 3124 4.23 1.029 0 Yes

Art’l lightGlare - none/too much1 1036 3.49 1.552 2990 3.47 1.504 0.686 No

Noise

Noise Overall 1038 4.66 1.642 3089 4.27 1.760 0 Yes

Fromcolleagues-too little/much4 1046 4.16 1.310 3104 4.52 1.251 0 Yes

Other people-too little/much4 1038 4.16 1.348 3076 4.45 1.223 0 Yes

From inside - too little/much4 1045 3.94 1.338 3073 4.22 1.198 0 Yes

From outside - too little/much4 1041 3.65 1.484 3066 3.94 2.005 0 Yes

Interruptions – none/frequent1 1002 3.77 1.648 2994 4.22 1.646 0 Yes

a - unless otherwise noted a score of 7 is ‘best’; superscript 4 implies 4 is best; superscript ¹ implies 1 is best 
* - denotes the score on the Tukey Test

    Lighting overall achieved the best average score of all the IEQ factors for which a 7 would be the ideal, with under 
30s rating it slightly but significantly better at 5.37 compared with the over 30s at 5.12. The over 30s scored the amount of 
natural light close to ‘perfect’ at 3.89 (cf. an ideal of 4 in this case) with the under 30s at 3.76 scoring it rather less. Glare 
from sun and sky appeared to be less of a problem for the under 30s, though both groups had mean scores just below the 
mid-point of the scale (3.35 and 3.66 respectively). As far as artificial light was concerned both scored the amount on the 
generous side, the under 30s more so than the over 30s (4.46 cf. 4.23), perhaps an indication of eyesight deterioration with 
age. With mean scores of 3.49 and 3.47 (cf. an ideal of 1.00) glare appeared to be the same issue for both groups.

    Both age groups found noise overall to be on the satisfactory side of the 7-point scale with mean scores of 4.66 
and 4.27 for the under and over 30s respectively, where a score of 7 would be the ideal. The under 30s scored this factor 
significantly better than the over 30s. It is tempting to speculate that the older group is more noise sensitive or perhaps less 
tolerant of noise than the younger group, and this was borne out by responses to the more detailed questions. These asked 
respondents to score whether there was too little or too much noise from colleagues, other people, inside, outside, and 
interruptions - a mean score of 4 representing the ideal. While all of the scores were around that value, ranging from 3.65 
to 4.52, the over 30s perceived there to be more noise from all five sources than the under 30s and the differences were all 
significant, averaging around 0.33 of a scale point.

The influence of demographic and locational factors on occupants’ perception scores for their buildings.
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3.2.2 The influence of sex on occupants’ perceptions of IEQ (see Table 4)

Males appeared to be much more comfortable than females in winter with mean scores of 4.81 compared to 4.26 (ideal 
score 7). This pattern was repeated for summertime though the difference in the scores was much less (4.50 cf. 4.35) and 
while the average score for males had dropped considerably (from 4.81 to 4.50) the female average had increased slightly 
(from 4.23 to 4.35). Are men less willing or able to adjust their clothing for the seasons?

   Both sexes perceive the wintertime temperature in their workspaces to be on the cold side, the females more so (4.69 
cf. 4.35); and conversely, too hot in the summer, this time the males more so than the females (3.39 cf.3.62). Perhaps 
Cool-Biz has yet to catch on in every office? While both sexes perceived temperatures to be very slightly more variable in 
summer compared to winter, males consistently found it more stable (4.11 and 4.20 in summer and winter respectively) 
than females  (at 4.59 and 4.79). 

    As far as the set of factors related to the air was concerned females perceived it to be draughtier than males in both 
winter and summer, more especially in winter. Both groups thought the air was on the dry side whatever the season. Males 
perceived the air to be both fresher and to have less odour in winter and in summer than females. Perhaps surprisingly, 
both groups perceived the air to be marginally stuffier and slightly smellier in summer by comparison with winter (maybe 
the contrast with the outside air in summer conditions?). Overall, males were much more satisfied with the air in both winter 
(4.74) and summer (4.55) than females (4.19 and 4.26 respectively). 

    Once again, lighting overall scores highest of the IEQ factors with males perceiving it to be slightly, but significantly 
better than females with average scores of 5.28 and 5.08 respectively. Both groups scored the amount of natural light close 
to the ideal score of 4.00 with males closest at 3.95 cf. 3.76 for females; while scores for glare from this source were similar 
at around 3.6. Artificial lighting was perceived to be on the “too much” side of the mid-point of the 7-point scale by both 
groups at 4.35 for females and 4.22 for males. Correspondingly, females perceived there to be more glare than males – 
scoring it 3.65 cf. 3.30 on a scale where 1 would be the ideal.  

    Both age groups found noise overall to be on the satisfactory side of the 7-point scale with mean scores of 4.43 and 
4.29 for the males and females respectively, where a score of 7 would be the ideal.

    Both rated noise from colleagues around the same value - on the “too much” side of the relevant scale with scores 
of 4.40 and 4.46. Females were slightly ‘more sensitive’ to noise from others than males (4.43 cf. 4.33) but there was no 
significant difference in the case of noise from inside or from outside. Both groups returned a mid-scale score for unwanted 
interruptions (males 4.02; females 4.21) where 1 would be the ideal in this instance. Overall, males were more satisfied with 
noise conditions and arguably slightly more tolerant of noise from others and from unwanted interruptions.

G. Baird, E. Rasheed and S. Wareing
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Table 4: Differences in perceptions of indoor environmental quality factors between male and female respondents.

Factor Male Female Significant Diff?

N meana SD N meana SD Score* Y/N

Temperature and Air in Winter

Temp Overall in Winter 2015 4.81 1.637 1930 4.26 1.737 0 Yes

Temp - too hot/cold4 1936 4.35 1.140 1854 4.69 1.367 0 Yes

Temp - stable/variable4 1943 4.20 1.737 1856 4.79 1.707 0 Yes

Air - still/draughty4 1943 3.34 1.575 1866 3.82 1.739 0 Yes

Air - dry/humid4 1931 3.30 1.142 1816 3.26 1.255 0.322 No

Air - fresh/stuffy1 1967 3.77 1.547 1872 4.23 1.588 0 Yes

Air - odourless/smelly1 1946 3.04 1.507 1829 3.25 1.553 0 Yes

Air overall 2014 4.74 1.588 1971 4.19 1.634 0 Yes

Temperature and Air in Summer

Temp Overall in Summer 1724 4.50 1.724 1543 4.35 1.717 0.014 Yes

Temp - too hot/cold4 1688 3.39 1.103 1515 3.62 1.312 0 Yes

Temp - stable/variable4 1679 4.11 1.652 1497 4.59 1.648 0 Yes

Air - still/draughty4 1660 3.25 1.446 1469 3.40 1.509 0.005 Yes

Air - dry/humid4 1664 3.59 1.326 1476 3.61 1.369 0.644 No

Air - fresh/stuffy1 1679 3.90 1.585 1499 4.26 1.617 0 Yes

Air - odourless/smelly1 1664 3.14 1.513 1461 3.42 1.584 0 Yes

Air overall 1711 4.55 1.648 1545 4.26 1.584 0 Yes

Lighting

Lighting Overall 2095 5.28 1.501 2050 5.08 1.618 0 Yes

Natural light – too little/much4 2101 3.95 1.352 2043 3.76 1.373 0 Yes

Sun&Sky Glare-none/too much1 2090 3.61 1.826 2032 3.55 1.822 0.28 No

Artificial light - too little/much4 2098 4.22 0.996 2042 4.35 1.105 0 Yes

Art’l lightGlare- none/too much1 2093 3.30 1.485 2031 3.65 1.525 0 Yes

Noise

Noise Overall 2093 4.43 1.740 2021 4.29 1.732 0.009 Yes

Fromcolleagues-too little/much4 2100 4.40 1.279 2038 4.46 1.261 0.129 No

Other people-too little/much4 2085 4.33 1.280 2017 4.43 1.234 0.009 Yes

From inside - too little/much4 2090 4.14 1.258 2017 4.17 1.221 0.465 No

From outside - too little/much4 2086 3.83 1.341 2009 3.91 2.326 0.152 No

Interruptions – none/frequent1 2014 4.02 1.598 1970 4.21 1.715 0 Yes

a - unless otherwise noted a score of 7 is ‘best’; superscript 4 implies 4 is best; superscript ¹ implies 1 is best 

* - denotes the score on the Tukey Test

4. CONCLUSIONS

It is clear from the results that the age and sex of the occupants had influenced their perception scores for comfort overall, 
productivity and health. The reasons for the under 30s group rating these factors better than the over 30s is a matter of 
speculation at this stage but worth further exploration – in addition to being statistically significant, the differences were 
relatively large. In the ‘war of the sexes’ male respondents scored themselves higher on average than females. Occupants 
seated close to a window averaged better scores for health than their colleagues but neither comfort overall nor productivity 
were affected.  Again, one can speculate on the reasons for these differences but for present purposes it reinforces the need 
to retain these questions and to take account of the age, sex and location of respondents in undertaking and interpreting 
the results of occupant surveys.

     Similar questionnaire survey protocol issues arise in relation to length of time occupants have worked in the building 
and their workspace. Comfort overall, productivity and health were all scored higher by those who had been in their 
building less than one year, whereas length of time in their workspace made no difference. One should consider excluding 
respondents who had worked in the building less than a year, even though the building itself may have been in use for many 
years.

     

The influence of demographic and locational factors on occupants’ perception scores for their buildings.
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Turning now to the controversial question of shared work spaces, the data indicates a general tendency for perception 
scores to diminish (i.e., worsen) as the number of people sharing increases. While this was not significant in the case of 
comfort overall, a significant difference was evident between sole occupancy and sharing with more than eight others in 
the case of health, but not with lesser numbers. However, in the case of perceived productivity the downward trend was 
immediately evident and the differences significant. This is not necessarily an argument for the superiority of a particular kind 
of workspace – perhaps more of a reminder that no one size fits the needs of every organisation and its people. 

The influence of age on IEQ factors was reasonably evident in the comparisons between the two groups. The under 
30s were generally more satisfied with temperature and air overall in both summer and winter and with lighting and noise 
overall as well. Conventional wisdom might suggest that natural aging processes are coming into play here but we are not 
in a position to do more than speculate on the reasons for these differences. What we can say is that our survey protocols 
should continue to take account of them.

Overall, males scored the temperature and air quality factors better than females. Interestingly, while both sexes found 
it too cold in winter and too hot in summer, in winter it was more of a problem for females while in summer it was more of 
a problem for the males. One is tempted to speculate this might be a clothing issue, but the question was not asked in the 
survey used here. Further analysis of the occupants’ comments may reveal more. 
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