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Abstract. This paper investigates indoor environmental parameters 
and their interaction with building occupants in green-rated high-rise 
office buildings. Although the focus of Post-Occupancy Evaluation 
(POE) in green buildings has been shifted from building energy and 
environmental performance towards building occupants who are the 
primary users of buildings to identify a potential for increased produc-
tivity in green buildings, the link between green design strategies - 
consequently indoor environmental parameters, and building occu-
pants has not been fully identified yet. The methodology involves a 
systematic POE of four green-rated buildings in Seoul, Korea. By ana-
lysing both physical measurement and occupant evaluation data col-
lected from Korean office workers, this paper demonstrates the com-
monalities and differences between objective physical conditions and 
subjective occupant evaluations. While the green-rated buildings have 
green features including solar panels, rainwater and grey water sys-
tems, the most considerable features of green building such as natural 
ventilation and operable windows are not actively used. While the oc-
cupant perceptions of the indoor environment seem to be correlated to 
each indoor environmental parameter of the buildings, some subjec-
tive evaluations tend to show stronger correlations with other envi-
ronmental parameters. Health symptoms such as fatigue, headache 
and dry throat tend to increase with ‘underfloor’ ventilation systems. 

Keywords. Post-occupancy evaluation (POE); green buildings; build-
ing occupants; objective and subjective data.  

1. Introduction  

The importance of post-occupancy evaluation (POE) has been paid attention 
both in academia and in industry as it could provide actual performance 
demonstrating how physical environment affects building occupants. With-
out learning from the actual performance all predictions of building perfor-
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mance could go wrong due to the discrepancy between prediction and actual 
building performance. Previous research shows that although physical build-
ing conditions fall within standards or regulations building occupants often 
evaluate their indoor environment negatively (Leaman and Bordass, 1999, 
Sekhar et al., 2003). It is because of not only their individual preferences but 
also combined effects of physical conditions (Pellerin and Candas, 2003, 
2004, Nagano and Horikoshi, 2005). Temperature and noise often interact in 
buildings as heating, ventilation and air-conditioning systems usually in-
crease noise levels to maintain thermal comfort requirements. Auditory con-
ditions could affect heat sensation as well as noise sensation, and thermal 
conditions also could have an influence on noise sensation. Also, both tem-
perature and noise apparently affect universal comfort and discomfort sensa-
tions - in other words, building occupant overall evaluation to their environ-
ment.  

In high-rise office buildings where the building occupants seem to have 
little control over the indoor environment and little connection with outdoor 
environment, particularly in an open-plan, the building occupant feedback is 
crucial to maintain a comfortable environment. Furthermore, the green build-
ing movement has grown dramatically across the world due to energy and 
environmental concerns, and accordingly, extensive post-occupancy evalua-
tions (POEs) of the first generation green-rated buildings have been con-
ducted. The focus of the POEs has been initially on energy and environmen-
tal performance in order to identify the success and failure of green design 
strategies and technologies. Later, it has been shifted towards building occu-
pants who are the primary users of buildings to identify a potential for in-
creased productivity in green buildings. As a result, not only building tech-
nical capabilities or energy and environmental performance but also building 
occupant feedback has been collected to ensure high performance buildings 
as overwhelming evidence shows a link between better quality indoor envi-
ronment and increased occupant health and comfort, and thus productivity 
gains from healthy and comfortable building occupants (Leaman and Bor-
dass, 2007, Paevere et al. 2008, Newsham et al. 2009, Thomas, 2010). Alt-
hough previous research has examined the link between occupant perception 
of indoor environment conditions and productivity – mainly perceived 
productivity, the correlational link between actual building performance 
measurements and occupant perception of indoor environment conditions 
has not been fully identified yet.  

This paper investigates indoor environmental parameters and their inter-
action with building occupants in green-rated high-rise office buildings, in a 
dense urban environment. A systematic and correlational POE approach with 
both hard (physical measurements) and soft data (occupant evaluation) gives 
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a better understanding of building performance and occupant response, par-
ticularly in the case of green technologies and initiatives, of which their ca-
pabilities have not been proven. It is noteworthy that the subject buildings 
were not chosen to be representative green buildings, nor even a cross-
section of the Korean office buildings. Rather, the intent was to select the 
subject buildings and their occupants to gain a better understanding of the 
relationships between physical environment and people in the context of 
green-rated buildings. For the reason, this paper avoids presenting too much 
technical data which is already available elsewhere.  

2. Research Design 

2.1. DATA COLLECTION 

Korean Green Building Certification System (GBCS)  

All subject buildings were certified by the Korean Green Building Certifica-
tion System (GBCS), which assesses building environmental performance 
against nine environmental categories: Land use, transportation, energy, ma-
terials, water, air pollution, maintenance and management, ecological envi-
ronment, and indoor environment. The indoor environment category has a 
weight of 31 points out of 136, being the highest possible scores in a catego-
ry (Korea Green Building Council, 2002).  

For indoor environmental monitoring the following parameters were se-
lected: temperature, relative humidity, air velocity, CO2 concentration, illu-
minance and sound level. As these parameters inside the indoor environment 
are unlikely to fluctuate very much, a modified measurement strategy of 
three 5-min measurements during the operating hours, namely morning (be-
fore 11am), noon (around 12pm) and afternoon (between 2 and 5pm), was 
adopted. The sampling points were made at least at one point per 500 m2 for 
an area less than 3,000 m2 (Chao et al., 2001). Based on the results of a pilot 
study, the researcher visited the subject buildings in the afternoon only 
which seems the worst possible circumstance during operating hours, and 
measured the parameters according to the same measurement protocol.  

A structured questionnaire for office workers was developed based on the 
review of previous studies related to office environment. Items are measured 
on a five-point Semantic differential using two opposite adjectives with a 
neutral point which is an acceptable and comfortable status (e.g. ‘1=cold, 
2=slightly cold, 3=comfortable, 4=slightly hot, 5=hot’). Health indicators are 
adopted from sick building syndrome (SBS) symptoms including fatigue, 
headache, nausea/dizziness, itching, burning, dryness or irritation of the 
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eyes, irritated, stuffy or runny nose, hoarse/dry throat, cough, dry or red skin 
and lack of concentration. The frequency of the items are measured on a 
five-point Likert scale (‘1=never, 2=rarely, 3=sometimes, 4=often, 
5=always’). The response rate of the study is 50%. 

2.2 ANALYSIS 

To determine how the objective features of physical environment influence 
building occupants, a statistical analysis, Pearson’s product-movement corre-
lation coefficient (r) was conducted between objective and subjective evalua-
tions. Table 1 shows the evaluation criteria of both objective and subjective 
evaluations in ‘indoor environment’ and ‘health symptoms’. 

Table 1 Evaluation criteria 

Evaluation area Objective criteria Subjective criteria 

Indoor Environment 

Temperature 
Relative Humidity (RH) 
Air velocity 
CO2 concentration 
Illuminance 
Sound level 
Office location (floors) 
Depth of the office from windows  

Occupant Perception of,  
temperature  
humidity 
air freshness  
lighting 
noise 
view 
daylight 

Health Symptoms Underfloor ventilation systems 
Frequency of  
SBS symptoms 

 

3. Findings and Discussion 

3.1. PHYSICAL BUILDING CONDITION 

The four subject office buildings are located in Seoul, Korea, in a temperate 
climate. The months of July and August are the hottest and the most humid 
months throughout a year and there is a rainy season during the summer. The 
field research was planned to start late May, which marks the beginning of 
the hot and humid days, and finish in early July before the rainy season start-
ed.  

They are all high-rise with a range from 21 to 34 storeys, having steel re-
inforced concrete (SRC) structures and glass curtain walls. This construction 
type is the most common trend in the office building envelope having the 
advantages of excellent undisturbed floor to ceiling views and daylight ad-
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mission. Thermal discomfort however, could be caused by excessive heat 
gain in summer without proper shades, thus requiring increased air-
conditioning. The age of the buildings was one year old when they were sur-
veyed.  All buildings mainly have variable air volume (VAV) systems for 
their office floors, which maintain a variable air supply at constant tempera-
ture and are energy conservative as the systems provide independent control 
to a large number of zones depending on heat load.  All subject buildings in 
this study are controlled by mechanical ventilation systems and two build-
ings have underfloor ventilation systems with adjustable air diffusers and 
operable windows. All buildings have fluorescent lamps as well as access to 
natural light through windows in an open plan. They all have window blinds 
or shades, however, do not have task lighting for individual workspaces. 
Although the subject buildings do not seem to have significantly different 
indoor conditions compared to a typical modern office building, they have 
green features including indoor plants and green roof. They also have re-
newable energy features such as solar hot water systems, photovoltaic sys-
tems and ground heat source pumps, and recycling water systems.  

The subject floors for the physical indoor environment measurements 
varied from the fifth floor (the lowest) to the thirty-first floor (the highest). 
The subject floor areas were between 1,490 m2 and 2,000 m2 per floor, aver-
aging around 1867.5 m2 per floor. Most office floors were used as a combi-
nation of open-plan office together with a number of small rooms accommo-
dating one or two people. The office space on each floor was usually served 
by a central corridor and the depth of the room from the windows was the 
maximum of 15 m and the rest were less than 12 m.  

In summer, indoor temperature is recommended to be between 24°C and 
28°C with relative humidity of 60% in Korea (Ministry of Environment of 
the Republic of Korea, 2006). The measured room temperature of each 
building was within an acceptable range, more specifically between 24.5°C 
and 27.2°C. Two green buildings where underfloor ventilation systems were 
installed showed higher temperatures than others. The relative humidity 
measured from the samples was an average of 53.2% which showed below 
the recommended 60%. The measured CO2 concentrations were below the 
acceptable threshold of 1000 ppm, with 420 ppm recorded as the lowest and 
647 ppm the highest.  However, air velocity in the occupied zones is below 
0.1 m/s which could cause occupant thermal discomfort. The measurements 
of sound levels did not seem to be very different among the subject build-
ings, with a modest variation between 35.8 dBA and 45.2 dBA. The illumi-
nance was measured at two levels: desk height (850 mm) and eye level 
(1250 mm). The amount of lighting seems more than enough, measuring far 
higher than the recommendation of 300 (lux). The interiors seemed to be 
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equally uniform with fluorescent lighting fixtures and typical interior finish-
es such as paint, glass and movable steel partitions. The physical building 
conditions are summarised in Table 2. 

Table 2 Physical building conditions 

Building A B C D 

Subject Floors 5 31 25 13 
Total floor area (m2) 2,000 1,980 1,490 2,000 

Depth of room (m) 9.5 12 15 12 
Temperature (°C) 27.2 25.3 24.5 26.1 

Relative Humidity (%) 47.9 47.7 60.1 57 
Air velocity (m/s) 0.04 0.09 0.09 0.05 
CO2 concentration 616 476 420 647 

Sound level (dBA) 45.2 35.8 35.8 38.5 
Illuminance (lx) (850mm) 858 650 650 726 

Illuminance (lx) (1250mm) 1028 800 800 835 
Underfloor ventilation systems Y N N Y 
Adjustable air diffusers Y N N Y 

Operable windows Y N N Y 
Lighting type Fluorescent Fluorescent Fluorescent Fluorescent 

Light switches Y Y Y N 
Window blinds or roller shades Y Y Y Y 

Exterior shades Y N N Y 

Renewable 
Energy 

Solar hot water Y Y Y Y 
PV Y N N Y 
Ground source 
heat pumps Y N N Y 

Rainwater recycle system Y Y Y Y 

Greywater system Y Y Y Y 

3.2. BUILDING OCCUPANT EVALUATION 

3.2.1. Indoor Environment 

A total of 114 responses from the subject building occupants were analysed 
using SPSS. The gender mix of respondents was that 68.4% were male and 
31.6% of them were female. The age group of 31-40 years was the largest 
accounting for 47.8% of respondents, followed by the age group of 21-30 
with 28.3%. 

Indoor environment was evaluated by the occupants over five variables: 
‘temperature’, ‘humidity’, ‘air freshness’, ‘lighting’, and ‘noise’. Two addi-
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tional questions about daylight and view were also asked whether the build-
ing occupants have ‘enough daylight’ and ‘access to a view of outside from 
where you sit’. Figure 1 demonstrates the mean scores of the variables. In 
general, the indoor environment of the subject buildings falls within the 
comfort (neutral) range based on the building occupant evaluation. Also, the 
majority of the respondents felt that they have ‘enough daylight (N=78, 
68.4%)’ and ‘access to a view of outside (N=84, 73.7%)’. However, the re-
spondents expressed the discomfort of humidity (2.34) and air freshness 
(2.54) to some extent, reporting that they felt dry and stale in the office.  It 
seems that the low air velocity could reduce evaporation from the skin and 
cause stuffiness. 

 
 

Figure 1. mean scores of indoor environment variables 

3.3.2. Health Symptoms 

The frequency of health symptoms arising at work was asked to examine the 
building occupant physiological response to the indoor environment. Over-
all, the respondents were likely to feel more ‘fatigue (3.40)’ and ‘eye prob-
lems (3.04)’ than other symptoms based on the frequency of the symptoms 
(mean scores below 3, Figure 2). It is evident that all subject buildings were 
only one year old when surveyed, thus they could maintain better ventilation 
performance and little airborne dust in the buildings. However, some com-
bined factors could cause particular symptoms such as eye symptoms since 
they may be caused by a combination of long term use of a display screen 
and low humidity (Appleby, 1996).  
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Figure 2. Mean scores of health symptoms 

3.3. COMPARISON BETWEEN PHYSICAL BUILDING CONDITION 
AND BUILDING OCCUPANT EVALUATION 

This section examines whether or not the occupant perceptions of physical 
environment are correlated to each physical feature of the building condi-
tions. Table 3 demonstrates the correlations between physical condition 
measurements and occupant evaluations in the indoor environment. Unfortu-
nately, almost half of the objective criteria did not show any statistical corre-
lation with the subjective criteria: ‘illuminance’, ‘office location’ and ‘depth 
of the room from windows’.  It could be interpreted that the uniform physi-
cal conditions of the subject buildings did not provide a significantly differ-
ent quality, falling within an acceptable level (refer to Table 2). For example, 
the uniform fluorescent lighting fixtures in the subject buildings give far 
higher lighting level than a recommendation of 300 (lux), with the ranges 
from 650 (lux) to 858 (lux) at desk level, and from 800 (lux) to 1028 (lux) at 
eye level. All subject offices had an adequate lighting level and did not show 
any correlations with the occupant evaluations. It appears that once the phys-
ical conditions reach above the acceptable level it does not seem to strongly 
affect the occupant perception.  

Interestingly, the building occupants do not always seem to respond to 
the actual measurements. Although the actual temperature measurement did 
not show statistical correlation with the occupant perception of ‘tempera-
ture’, it seemed to more affect the occupant perceptions of ‘humidity’ and 
‘air freshness’. As the actual temperature increases they are likely to feel the 
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air more ‘dry’ and ‘stale’, reporting ‘humidity (r=-.271, p<0.004)’, ‘air 
freshness (r=-.450, p<0.000)’.  

Table 3. Correlations between physical condition and occupants evaluation 

Objective criteria Subjective criteria r p r2 

Temperature 

Perception of temperature .033 .730 0.001 
Perception of humidity -.271 .004** 0.073 
Perception of air freshness -.450 .000** 0.203 

Perception of noise .134 .157 0.018 

Relative Humidity 

Perception of temperature .081 .394 0.007 

Perception of humidity .203 .032* 0.041 
Perception of air freshness .289 .002** 0.084 
Perception of noise -.142 .133 0.020 

Air velocity 

Perception of temperature -.096 .312 0.009 
Perception of humidity .280 .003** 0.078 

Perception of air freshness .500 .000** 0.250 
Perception of noise -.120 .205 0.014 

CO2 concentration Perception of air freshness -.527 .000** 0.278 
Illuminance (850mm) Perception of lighting -.095 .316 0.009 
Illuminance (1250mm) Perception of lighting -.058 .538 0.003 

Sound level 

Perception of temperature -.105 .266 0.011 
Perception of humidity -.265 .005** 0.070 

Perception of air freshness -.350 .000** 0.123 
Perception of noise .145 .127 0.021 

Office location 
(floors) 

Perception of enough day-
light 

-.025 .789 0.001 

Perception of access to a 
view of outside from you sit 

.034 .719 0.001 

Depth of the room from 
windows (m) 

Perception of enough day-
light 

.154 .102 0.023 

Perception of access to a 
view of outside from you sit 

.095 .313 0.009 

** Correlation is significant at the 0.01 level (2-tailed) 
* Correlation is significant at the 0.05 level (2-tailed) 
 

Perceived indoor air quality (air freshness) showed relatively strong cor-
relations with the actual measurements including ‘temperature (r=-.450, 
p<0.000)’, ‘relative humidity (r=.289, p<0.002)’, ‘air velocity (r=.500, 
p<0.000)’ and ‘CO2 concentration (r=-.527, p<0.000)’. As the actual room 
‘temperature’ and ‘CO2 concentration’ went up, and ‘relative humidity’ and 
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‘air velocity’ went down, the respondents showed discomfort relative to the 
indoor air quality. 

As the ambient sound level was ideal over the subject buildings, being 
just lower or higher than a standard 45 (dBA), the occupant evaluations did 
not vary. However, the occupant perception of ‘noise’ was more strongly 
correlated with other physical conditions, ‘humidity (r=-.265, p<0.005)’ and 
‘air freshness (r=-.350, p<0.000)’. As the actual sound level increased the 
building occupant felt dry and stale. This could be explained by the existence 
of interactions and combined effects between environmental components 
(Pellerin and Candas, 2004). 

The results of this study seem partly to support previous research on the 
combined effects of temperature and humidity and noise. In general, the pre-
vious research shows that when temperature is higher noise sensation also 
increases (Pellerin and Candas, 2003, Pellerin and Candas, 2004, Witterseh 
et al., 2004, Nagano and Horikoshi, 2005). However, the actual temperature 
effect, which is the most influential to achieve thermal comfort, has not been 
proved in this study because other two thermal comfort factors such as ‘RH’ 
and ‘Air velocity’ have been more dominant among the indoor environment 
factors. While the temperature measured fell within the recommendation 
with little variations, the other two showed discomfort with more fluctua-
tions. ` 
Table 4 shows the correlations between underfloor ventilation systems and 
perceived health symptoms. Most health symptoms showed positive associa-
tions with the ‘underfloor’ ventilation system. The frequency of the symp-
toms including ‘fatigue (r=.399, p<0.00)’, ‘headache (r=.327, p<0.00)’, ‘eye 
problem(r=.254, p<0.06)’, ‘hoarse, dry throat (r=.401, p<0.00)’ 
‘cough(r=.276, p<0.03)’, ‘dry or red skin (r=.281, p<0.02)’ and ‘lack of con-
centration (r=.201, p<0.32)’, tend to increase with the underfloor ventilation 
systems. It is noted that in the field study the researcher found some occu-
pant dissatisfaction with perceived draughts around the feet in the two build-
ings where underfloor ventilation systems were installed. There were also 
some complaints of high temperature from the occupants during the summer 
season. It might be inferred that there was vertical temperature difference be-
tween head and ankle height. This problem could be improved to adjust the 
direction of airflow and to secure an appropriate distance between occupants 
and diffusers. Further improvement can be achieved by radiant heating panel 
around the feet area (Matsunawa et al., 1995). 
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Table 4. Correlations between underfloor vents and perceived health symptoms 

Objective criteria Subjective criteria r p r2 

Underfloor 
ventilation systems 

Fatigue .399 .000** 0.159 
Headache .327 .000** 0.107 

Nausea/dizziness .120 .205 0.014 
Itching, burning, dryness or 
irritation of the eyes 

.254 .006** 0.065 

Irritated, stuffy or runny nose .095 .313 0.009 
Hoarse, dry throat .401 .000** 0.161 

Cough .276 .003** 0.076 
Dry or red skin .281 .002** 0.079 

Lack of concentration .201 .032* 0.040 
** Correlation is significant at the 0.01 level (2-tailed) 
* Correlation is significant at the 0.05 level (2-tailed) 

4. Conclusion 

The physical building conditions and their interaction with building occu-
pants have been examined in green-rated high-rise office buildings.  A sys-
tematic POE approach has been developed using both hard and soft data to 
understand building performance and occupant response, particularly in the 
case of green technologies and initiatives. The subject buildings are four 
green-rated office buildings in Seoul, Korea, and a total of 114 building oc-
cupants in the subject buildings have been selected. While the Korean green 
buildings contain more green features including solar panels, rainwater and 
greywater recycling systems, the most considerable features of green build-
ing such as natural ventilation and operable windows are not actively used. 
Rather, they seem to count extensively on active technologies than passive 
design strategies. It is inferred that centrally controlled systems are preferred 
to provide a comfortable environment in Korea despite its temperate climate 
as it is an easy way to maintain occupant comfort or remove discomfort, par-
ticularly in a large-scale building. Overall, the indoor environment of the 
subject buildings falls within the comfort (neutral) range based on both actu-
al measurement and building occupant evaluation. The respondents felt that 
they have ‘enough daylight and ‘access to a view of outside. This is not sur-
prising results considering the fact that the subject buildings were new and 
green-rated buildings when they surveyed. Interestingly, the occupant per-
ceptions of the indoor environment seem to be not always correlated to each 
indoor environmental parameter of the buildings.  In general, the subjective 
evaluations are likely to be consistent with the objective measurements. 
However, some subjective evaluations tend to show stronger correlations 
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with other environmental parameters as well. Health symptoms such as fa-
tigue, headache and dry throat tend to increase with ‘underfloor’ ventilation 
systems. A systematic POE approach with both hard and soft data gives a 
better understanding of building performance and occupant response, partic-
ularly in the case of green technologies and initiatives.  
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