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ABSTRACT: This study investigates how building occupant evaluations differ from actual physical building conditions, 

with an analytical focus on ‘sustainability’ and ‘behavioural environment’. Behavioural environment, as an integrated 

concept of physical environment and the interactions between a person and the physical environment, can be used as 

mediation between physical environment and occupants. Particularly given that sustainability can be entirely achieved by 

occupant behavioural change, not just through the use of green technologies, a better understanding of behavioural 

environment could help determine what design strategies or technologies can be effective in encouraging occupant 

behavioural change. By analysing both objective and subjective data collected from Korean office workers (N=341) in 

nine office buildings, a few correlations were found between physical environment and building occupants. Surprisingly, 

people are unlikely to perceive controls over the environment in accordance with the existence of the actual control. The 

implication is that building occupants are not always aware of the presence of controls or they may think that the control 

equipment is for service personnel only. Thus, training in the use of controls must be accompanied by the provision of 

controls, in order to achieve both energy savings and comfortable environments. 
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INTRODUCTION 

The performance of green buildings in both new 

construction and existing building retrofits has received 

attention, in order to ensure that new green technologies 

and the design strategies used perform properly, as they 

are intended to do. It is believed that building 

performance should be assessed not only by technical or 

energy performance but also by building users who 

spend more time in the buildings and are thus able to 

provide a direct assessment of their environment. 

Whereas technical measurements seem to mainly focus 

on a single parameter or specific technologies, building 

occupants tend to judge their environment with an 

overall evaluation, whether they are ‘comfortable’ or 

‘satisfied’, with a subjective and intuitive averaging 

process (Vischer, 2005). This ‘human factor’ makes 

assessing building performance more complicated, 

resulting in the difference between measured 

performance and occupant evaluation. Building users, 

however, cannot be isolated from buildings, due to the 

interactive nature of individual-environmental 

relationships. Behavioural environment, as an integrated 

concept of physical environment and the interactions 

between a person and the physical environment, can be 

used as mediation between physical environment and 

occupants. Particularly given that sustainability can be 

entirely achieved by occupant behavioural change, not 

just through the use of green technologies, a better 

understanding of the behavioural environment could help 

determine what design strategies or technologies can be 

effective in encouraging occupant behavioural change, 

maximising occupants’ ability to adjust or control their 

environment. The primary objective of this study is to 

examine how building occupant evaluations differ from 

actual physical building conditions, with an analytical 

focus on ‘sustainability’ and ‘behavioural environment’. 

By analysing both objective and subjective data collected 

from Korean office workers (N=341) in nine office 

buildings, this study gives insights into the interactions 

between the objective features of physical environment 

and the subjective occupant evaluations. 

 

 

INTERACTION BETWEEN PERSON AND THE 

ENVIRONMENT  

The relationships between physical environment and 

human behaviour have been well established in the 

context of the workplace. Oldham and Rotchford (1983) 

examined office characteristics and employee reactions, 

including satisfaction, behaviour and spatial markers, 

using three sets of intervening variables: interpersonal 

experiences, job experiences and environmental 

experiences. The authors found that office characteristics 

affected employee reactions through their impact on 

intervening variables. Carlopio and Gardner (1995) 

examined the perceptions of work and workplace as 

mediators of the relationships between job level and 

employee reactions. The results revealed that employee 

perceptions of control and influence and the perceptions 

of privacy and crowding accounted for the relationship, 
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thus being significant factors influencing employee 

affective outcomes. Furthermore, numerous studies have 

investigated the relationship between physical 

environments and employee responses, especially in the 

context of the open-plan office. The main issues can be 

categorised into three areas: control, privacy and 

crowding. 

 

Control is one of the most frequently referred to 

factors in relation to sustainability. Personal control over 

physical environment can enhance occupant health and 

comfort as well as reduce energy consumption. With 

regard to these issues there has been extensive research 

on personal control, energy saving and lighting quality 

by the Institute for Research in Construction (IRC) in 

Canada (Newsham et al., 2004, 2008, Galasiu et al., 

2007). Using different lighting control options and 

lighting designs, the research shows substantial energy 

savings and improvements in occupant comfort and 

satisfaction. Interestingly, the authors also found that the 

improvements did not result from having control in itself 

but from training in the use of controls to achieve 

preferred conditions.  

 

Privacy, both acoustical and visual, has been 

considered at the workplace. Acoustical privacy is the 

ability of an individual worker to have a conversation 

without being overheard outside the workspace. 

Similarly, visual privacy is the ability of a worker to not 

be seen outside the workspace (Duvall-Early and 

Benedict, 1992). Physical enclosure, the number of sides 

of the workspace enclosed by partitions, is associated 

with privacy, indicating there was roughly a linear 

increase in privacy with each enclosed side (Sundstrom 

et al., 1980, 1982). 

 

Crowding can be defined as an experiential 

perspective to limited space. Whereas density, a physical 

condition, is viewed as a precondition for the experience 

of crowding (Stokols, 1972), crowding is the perception 

of spatial density and has important social and 

psychological effects on human behaviour. Although the 

negative effects of high spatial density on occupants 

seem unclear, there is evidence that low density would 

improve occupant responses. A pre- and post-occupancy 

study showed that employees who moved from an open-

plan office to either a low-density open-plan office or to 

a partitioned office experienced significant 

improvements in privacy, crowding, and office 

satisfaction (Oldham, 1988). 

 

 

METHOD 

Data  
A total of nine office buildings were selected in Seoul, 

South Korea, by simple random sampling. A mix of new 

and old buildings was selected for the generalisation of 

results. Of the nine buildings, four are ‘green’-certified, 

recipients of the Korean Green Building Certification 

System (GBCS), and five are ‘conventional (non-green-

rated)’. The age of the buildings varied from one year to 

thirty years when surveyed. For objective assessment, 

physical building conditions, such as building 

background information and environmental controls, 

were recorded and, where applicable, the measurements 

were also taken. Subjective data were collected from the 

building occupants in the nine subject buildings through 

a structured questionnaire. It is noted that the survey of 

building occupants was limited to those who work in an 

open-plan office in the subject buildings. A total of 341 

responses were collected and analysed in this study. 

 

Analysis  

In order to examine the effect of physical environment on 

occupant responses in buildings, Pearson’s Chi-Square 

(χ
2
) Test of contingencies and Pearson’s product-moment 

correlation coefficient (r) were conducted depending on 

the type of data, whether categorical or continuous. Table 

1 shows both objective and subjective evaluation criteria 

in ‘Sustainable behaviour’ and ‘Behavioural 

environment’.  

 

 
Table 1: Evaluation criteria 

Evaluation 
area 

Objective criteria Subjective criteria 

Sustainable 

behaviour 

Smoking area 

No. of parking spaces 
Access to public 

transport 

Cyclist facilities 
Green building 

certification 

Smoking habits 

Choice of commuting 

mode 

Commuting time 

Awareness of green 

building 

Behavioural  

environment 

Operable windows 

Adjustable air vents 

Light switches 
Workstation size 

Storage 

Partition enclosure 
Office density 

Control over temperature 
or airflow 

Control over lighting 

Amount of workspace 
Amount of storage 

Privacy and distraction 

Amount of office space 
Closeness of workstations 

to each other 

 

 

RESULTS 

Sustainable behaviour  
The provision of facilities seems not to strongly affect 

occupants’ sustainable behaviour in this study. No 

statistically significant relationship was found between 

the presence of a smoking zone and occupants’ smoking 

habits. However, the number of parking spaces seems to 

influence the choice of commuting mode. Fewer parking 

spaces meant the building occupants used public 

transport rather than drive (Table 2, χ2=14.854, df=4, 

p=.005). The choice of commuting mode and commuting 

time did not show any statistically significant difference 

with two objective variables, ‘access to public transport’ 

and ‘cyclist facilities’, indicating that the respondents 
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were most likely to take public transport no matter how 

accessible the public transport or whether cyclist 

facilities exist or not. 

 

 
Table 2: No. of parking spaces and commuting mode 
No. of 

parking 

** 

Choice of commuting mode (%) 

Total Public 

transport 
Driving Cycling Walking Other 

< 600 65.0 9.1 0.6 1.8 0.3 76.8 

> 600 15.6 6.2 0.0 1.5 0.0 23.2 

Total  80.6 15.3 0.6 3.2 0.3 100.0 

** p<.01 

 

A difference was found with respect to ‘awareness of 

green building according to the green building 

certification’. The respondents in the green buildings 

tended to be more aware of green building issues than 

were those in the conventional buildings (Table 3, 

χ2=16.874, df=1, p=.000). 

 
 

Table 3: Awareness of green building according to green 

building certification 
Green 

building 

certification
** 

Awareness of green building (N, %) 

Total 
Yes No 

Yes 90 (26.6) 24 (7.1) 114 (33.7) 

No 126 (37.3) 98 (29.0) 224 (66.3) 

Total  216 (63.9) 122 (36.1) 338 (100.0) 

** p<.01 

 

Behavioural environment  
The relationships between physical conditions and 

occupant perceptions of the behavioural environment 

were examined. It appears that few relationships between 

the two criteria were found, with weak correlations 

(Table 4). Interestingly, people are unlikely to feel that 

they have control over temperature or airflow although 

the windows of the buildings can be opened (r=-.186, 

p<0.01). This result shows that people are unlikely to 

perceive control over the environment in accordance with 

the existence of the actual control. It was noted that 

individual temperature and humidity controllers were not 

found in this study, and all subject buildings were 

operated by a facility management department.  
 

 

Table 4: Correlations of physical conditions and occupant 

evaluations 
Objective 

criteria 
Subjective  

criteria 
r p r2 

Operable 

windows 

Control over temperature 

or airflow 

-.186 .001** .035 

Adjustable  
air vents 

Control over temperature 
or airflow 

-.092 .089 .008 

Light 

switches 

Control over lighting 

level 

.086 .116 .007 

Workstation 

size 

Amount of workspace .054 .320 .003 

Storage Amount of storage .013 .806 .000 

Partition 

enclosure 

Visual distractions -.079 .145 .006 

Visual privacy .051 .350 .003 

Acoustical distractions -.057 .294 .003 

Acoustical privacy -.069 .203 .005 

Office 

density 

Amount of office space .240 .000** .058 

Closeness of  

workstations to each 

other 

-.182 .001** .033 

** Correlation is significant at the 0.01 level (2-tailed) 

 
 

Surprisingly, no statistically significant correlation 

was found between the characteristics of individual 

workspace and occupant responses. This might be 

explained by the observation that the standardised 

workstations with only moderate variations led to no 

difference of the behavioural environment, thus the 

occupant responses. Office density, however, showed the 

only statistically significant correlation with occupant 

evaluations. Spatial density in an office was measured by 

m
2 

per occupant. Average spatial density, which is the 

workplace area divided by the number of personal 

workstations, was 7.9 m
2
 per occupant, ranging from 6.4 

m
2
 to 11.3 m

2
. In accordance with the definition of 

density, the high density of occupation equates to a low 

square metre figure and corresponds with greater 

intensity of use. Two items were used to measure the 

occupant subjective evaluations: ‘amount of office space 

(r=.240, p<0.001)’ and ‘closeness of workstations to 

each other (r=-.182, p<0.01)’. The two variables showed 

statistically significant correlations with the actual spatial 

density: The occupants feel the office is spacious and do 

not feel there is crowding among co-workers as the 

amount of m
2
 per person increases.  

 
 

DISCUSSION 

The provision of facilities does not seem to have a strong 

effect on building occupants’ behaviour in this study. 

The presence of a smoking zone did not have an effect on 

occupants’ smoking habits. Only two buildings have a 

smoking zone inside the building, and the rest of the 

subject buildings have no smoking areas in the buildings, 

so the expected results were not realised. According to 

the National Health Promotion Act (Ministry for Health, 

Welfare and Family Affairs, 2009), for an office building 

with a total gross floor area of 1,000 m
2 

or more, the 

building should be a non-smoking building or have a 

smoking zone separate from the non-smoking zone in the 

building. Another interpretation is that the small number 

of smoking zones might result in the small number of 

smokers, only 23.9%. 

 

The choice of commuting mode and commuting time 

could be affected more by the location of the subject 

buildings (CBD or sub-CBDs) than by the provision of 

facilities, e.g. access to public transport and cyclist 

facilities. In addition, it should be noted that only two 

respondents commuted by bicycle although more than 
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half the subject buildings have cyclist facilities. This 

might be due to other factors inhibiting the use of a 

bicycle or motorcycle, such as the lack of changing 

rooms and discontinuous bicycle-only roads. 
 

Few correlations were found in the behavioural 

environment between the objective measurements and 

the subjective evaluations. Surprisingly, the respondents 

showed an unexpected result that they feel that they have 

control over temperature or airflow although they have 

no operable windows (see Table 3). This means that 

people are unlikely to perceive control over the 

environment in accordance with the existence of the 

actual controls. 

 

The main reasons for the result might be that building 

occupants, particularly in mechanically ventilated 

buildings, do not consider windows a means of adjusting 

their environment. Rijal et al. (2007) demonstrated that 

the proportion of windows open in air-conditioned 

buildings is considerably lower than in naturally 

ventilated buildings, because operable windows are rare 

in air-conditioned buildings, and the use of windows is 

often discouraged. Also, building occupants are not 

always aware of the presence of an individual control in 

a room, and they may think the control equipment is for 

service personnel only (Karjalainen and Koistinen, 

2007).  

 

Another reason might be office layout, building 

management style and occupant window opening 

behaviour. In a large open-plan office, the occupants 

sitting far from the windows said they could not have an 

opportunity to open them even when they felt hot. In 

addition, the hierarchy in a typical open-plan office is 

such that managers’ personal workspaces are usually 

closer to windows than are the workspaces of other staff, 

which are more commonly located near the core of the 

building or main corridor. Building management also 

seems an influential factor for this result, because some 

buildings do not allow staff to open windows although 

they have operable windows. All subject buildings in this 

study are mechanically ventilated, and the facility 

managers want to maintain thermal comfort without 

energy loss. The occupants also do not want to open the 

windows due to noise and dust from outside the 

buildings. 

 

 

CONCLUSION 

The theoretical basis of this study is that building design 

— mainly by providing necessary facilities — can 

support occupant behavioural change. However, the 

fundamental problem has been acknowledged in field 

research: the discrepancy between actual measured and 

occupant-perceived conditions. With respect to this 

notion, this study attempts to investigate how building 

occupant evaluations differ from actual physical building 

conditions. With an analytical focus on ‘sustainability’ 

and ‘behavioural environment’, some relationships 

between physical conditions and occupant evaluations 

were found. However, it seems that ongoing education 

and training for building occupants in how to use 

building facilities or in adjusting the environment should 

come with the provision of facilities. 

 

The analysis of behavioural environment was only 

partially proved in this study due to the uniformity of 

physical conditions; however, there is possible potential 

for this area, because it can be achieved easily by internal 

modifications and control by building users. 
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