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The aim of this paper is to contribute to the discussion on how satisfaction with different aspects of
indoor environment contributes to occupants’ overall satisfaction. The analysis is based on survey re-
sponses collected during a unique project commissioned by The Swedish National Board of Housing,
Building and Planning. The results are representative of adults living in multi-family buildings in Sweden.
The analysis shows that generally satisfaction with air quality has the highest impact on occupants’

overall satisfaction. The occurrence of problems with indoor environment quality, particularly draught,
dust and too low indoor temperature may affect occupants’ overall satisfaction. However, it is demon-
strated that the importance impact of perceived indoor environment quality on overall satisfaction is
affected by individual and building characteristics.
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1. Introduction

Building occupants are recognised more than ever as con-
sumers, where building performance, comfort and usability are
among the factors affecting customer satisfaction. Learning about
and understanding occupants’ needs is important for all actors
involved in the building and operation process — from designers,
engineers, and developers to facility managers. Their business goal
is, after all, to provide customers extra value, which turns into
profit. Hence, understanding what is included in occupants’ satis-
faction is an important issue.

Research has demonstrated that the quality of the indoor envi-
ronment has considerable impact on human health, stress, pro-
ductivity and wellbeing. Therefore, it is rational to conclude that the
way in which occupants perceive indoor environment will impact
their overall satisfaction. A large body of literature has shown that
this hypothesis is correct, but it has proved to be a complex and
difficult task to determine how important the measured aspects of
indoor environment are to the occupants and how these aspects can
be combined to produce overall satisfaction [22].

A few studies have approached the challenge and investigated
the extend to which acceptance of indoor environment factors
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impact on occupants’ overall satisfaction. Frontczak et al. [19] used
panel data collected by the Center for Built Environment (CBE)
through post-occupancy surveys sent to office buildings to inves-
tigate which indoor environment quality (IEQ) parameters affect
occupants’ satisfaction most. The results suggest that the three
most important parameters for occupant satisfaction were space
available for individual work, noise level and visual privacy. The
impact of the main indoor environment parameters, i.e. thermal,
visual, acoustic and air quality,! on office occupants’ satisfaction
was as follows: noise level, sound privacy, temperature, amount of
light and air quality.

Kim and de Dear [27] distinguished between factors that have a
linear and a non-linear relationship with overall satisfaction.
Similarly to the Frontczak et al. [18] study, noise satisfaction was
found to have the highest impact of the IEQ parameters on occu-
pants’ satisfaction. Temperature, followed by air and light quality
was found to have negative impact on occupants’ satisfaction. Kim
and de Dear [27] used the Kano Model to differentiate between IEQ
factors that impact overall satisfaction in negative, positive or in
both directions. They concluded that ‘temperature’ and ‘noise’ had
predominantly negative impact on occupants’ overall satisfaction
when expectations were not met; however, if the building

! Literature survey conducted by Frontczak and Wargocki [20] shows that ther-
mal, visual, acoustic and air quality are the main indoor environment parameters
contributing to satisfactory indoor environment.
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performed well, overall satisfaction was not impacted. On the other
hand, ‘air quality’ and ‘amount of light’ were qualified as propor-
tional factors and influenced overall satisfaction in both directions.
It was found that occupant ratings were high when the building
performed well and poor when it underperformed.

On the other hand, a study conducted on commercial spaces in
Hong Kong [29,30] showed fairly different results, indicating that
thermal comfort had the highest impact on overall IEQ acceptance,
followed by air, noise and visual quality. An investigation conducted
in China also suggests that thermal comfort has the highest impact
on overall satisfaction [12].

The importance ranking of perception of IEQ may differ in res-
idential buildings. An occupant survey conducted in Danish homes
[19] showed that thermal, acoustic, air and visual quality are
positively correlated with overall satisfaction with indoor envi-
ronment, indicating that by a marginal difference, the relation be-
tween overall acceptability and air quality was the highest,
followed by visual, acoustic and thermal quality.

However, studies based on indoor environment evaluation of
occupants living in Hong Kong apartments indicate that thermal
comfort has the highest importance impact on overall IEQ [28,30].
This was followed by noise and air quality.

Humphreys [22] deliberated whether overall satisfaction can be
described by stable relative weights of different aspects of indoor
environment and concluded that generally level of thermal and air
quality is more important that lighting and humidity; however,
relative weights can differ between occupants, depending on their
requirements. The literature review showed that occupants ranked
importance of satisfaction with IEQ was inconsistent.

It would be reasonable to state that if occupants experience
problems with IEQ, the satisfaction decreases. Even though prob-
lems with IEQ have been discussed earlier in the literature
[1,5,10,21,28,30,39], as far as the authors are aware, the impact of
IEQ problems on occupants’ overall satisfaction has not been
explored by a quantitative model approach. Applying a quantitative
model allows us to measure the extent to which the appearance of a
particular IEQ problem affects overall satisfaction.

The aim of this study was to contribute to the discussion of the
impact of satisfaction from aspects of indoor environment on
overall satisfaction and investigate how the occurrence of different
problems with IEQ affects occupants’ overall satisfaction. This pa-
per investigates the effect that perception of indoor environment
quality has on overall satisfaction of occupants in residential
buildings in Sweden. The analysis is based on survey responses
collected during a unique project commissioned by The Swedish
National Board of Housing, Building and Planning (Boverket). The
results provide insights into how occupants perceive indoor envi-
ronment and into the set of problems appearing in dwellings in
Sweden. The results are representative of adults living in multi-
family buildings in Sweden and contribute to the existing knowl-
edge about perceived comfort and occupants’ satisfaction.

2. Literature review

Overall satisfaction and perception of indoor environment, be-
ing a subjective evaluation, can be impacted by various contextual
factors. The literature provided evidence that individuals’ charac-
teristics and building characteristics contribute significantly to how
occupants perceive their comfort.

2.1. Building characteristics
2.1.1. Location and climate differences

Outside conditions may have an impact on occupant perception
of indoor environment and become a contributing factor to defining

what constitute satisfactory indoor conditions. For example, cold
climatic conditions may be an important factor in occupants’ pref-
erence for higher indoor temperature [40]. Becker and Paciuk [3]
also showed that thermal adaptation and perception of comfort
may be impacted by contextual variables, such as local climate.
Humphreys’ [22] analysis of over 4600 responses from office occu-
pants in five different countries showed that ranked importance of
satisfaction factors for overall comfort varies between countries.

2.1.2. Building design and construction

Zhang and Altan [40] investigated the difference in perceived IEQ
and occupants’ overall satisfaction in conventional and environ-
mentally concerned building and reported that occupants presented
different satisfaction levels for their thermal and visual environ-
ment. A study of educational and office buildings in the UK and in
India [37] showed that occupants’ overall satisfaction varies
depending on the ventilation mode applied in the buildings.
Moreover, dwelling quality, size and design were also demonstrated
to have significant impact on residents’ satisfaction. [16,31,33].

2.2. Individuals’ characteristics

2.2.1. Gender

Lai and Yik [29] investigated how perception and importance
ranking of indoor environment differs depending on time spent in
the building and depending on gender. It was concluded that both
factors may have an impact on how occupants rate the importance
of indoor environment aspects. It was found that female workers
were slightly more sensitive to air quality than men, ranking odour
and air cleanness before noise. Odour was also the most important
factor for male workers; however, air cleanness was ranked as the
third attribute after noise. Thermal comfort was ranked as least
important by both groups.

Women were found to be relatively more sensitive to thermal
sensation [4,15]; however, men were found to have a lower level of
thermal acceptability than women [25]. It was suggested that the
difference in tolerance for the thermal environment between men
and women might be related to physiological characteristics but
also to life style differences [25]. On the other hand, research
conducted in 20 office buildings in the US showed that the mean
level for thermal satisfaction was 30% lower for female than male
occupants, indicating that women are less satisfied with thermal
quality than men [14]. Other studies showed limited or no differ-
ence between women and men in relation to indoor environment
perception [18] or sensitivity to sound level [21].

2.2.2. Age

Older respondents were found to be more satisfied with dwellings
than younger ones [15,16,26], and age was found to have negative
impact on overall satisfaction [33,38]. Research indicates that there is a
difference in thermal sensation and thermal acceptance between age
groups [14,25]. Age was also found to be significant and one of the
more powerful predictors in investigations of the relationship be-
tween traffic noise exposure and self-reported health status [9].
Clearly, a fit between dwelling design and occupants expectations and
requirements may affect how occupants perceive their housing. The
elderly may require dwellings to be fitted with features that enable
easier access (e.g. lifts) or that are easy to control but less technically
advanced. Finally, occupant perception may vary depending on their
housing career [32] and previous residence experience [33].

2.2.3. Lifestyle and health

The latest literature survey exploring the effects of IEQ on occupants
shows that there is rather limited literature exploring how life style and
health may impact occupant satisfaction with indoor environment
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[20]. Life style and health were found to have no influence on satis-
faction with IEQ. However, a more recent study conducted on public
low-cost housing in Malaysia [33] showed negative correlation be-
tween residential satisfaction and family size and whether the wife
stayed at home or was working, which would indicate that occupants’
satisfaction may be impacted by life style. Lai and Yik [29] demon-
strated that the importance of IEQ attributes differs depending on
length and frequency of occupants’ stay in the building.

The literature review indicates that occupants’ satisfaction de-
pends on satisfaction with indoor environment parameters but the
perception can vary depending on individual and building charac-
teristics. Therefore, in this paper we tested for the impact that in-
dividual and building characteristics have on occupants’ overall
satisfaction. The tested characteristics were based on a literature
review but also depended on availability of data.

3. Data

A database was created using data collected during a unique
project commissioned by the Swedish National Board of Housing,
Building and Planning — Boverket. The particular focus of this
project has been data collection on health, indoor environmental
quality, energy performance, and the technical and maintenance
status of Swedish building stock. The data was obtained by: in-
spections and measurements of buildings, and surveys addressed
to residents of single houses and apartment buildings [8].

Defining the nationally representative sample required multi-
stage sampling, clustering and stratification. The first three stages
in the sample selection process were coordinated and the same was
done for the whole project. In the first step, a sample of munici-
palities was selected, in the next stage, a sample of valuation units
was made and in the third step, a building was selected. The fourth
step of sampling was designed only for the particular leg of the
project, i.e. for the indoor environment quality and health surveys
or inspections and measurements. The fourth stage aimed at
sampling households and individuals. Detailed information about
the survey population design can be found in [8].

Everyone who lived in Sweden and was over one year of age was
included in the definition of target population. The population was
divided in three groups: young children (1—12 years old), teenagers
(13—17 years old) and adults (18 years old and older). For each
group, a separate questionnaire was distributed. This paper focuses
only on adult occupants of multi-family apartment buildings.

In order to conduct the analysis and present results which are
representative for the whole country, analytical weights were used.
The data set and final analysis weights were received from the data
producer (Boverket, Swedish National Board of Housing, Building
and Planning). The analysis weights are the final value which was
estimated by including a sample selection and non-response
adjustment factor and post-stratification factor [23]

3.1. Questionnaire design

The questionnaire was addressed to all selected residents in
May—June 2008 and posted by ordinary mail. The inhabitants were
asked to fill in a survey questionnaire that included 35 questions
divided into six parts.

Questions in the first part asked respondents for their general
opinion about the indoor environment and if certain problems
appeared in their apartment. The following three parts asked more
detailed questions about the thermal comfort, air quality and sound
quality, particularly about experience of different problems with
indoor environment quality. The fifth part included questions about
the respondent’s health and the last part gathered background data
about the respondents. The questions about general satisfaction

rated the respondent’s perception on a five-point ordinal scale from
“very satisfied” (1) to “very dissatisfied” (5). Questions which asked
the respondent to evaluate the indoor environment parameter
(thermal comfort, air and sound quality) gave the respondent a
choice from a five-point ordinal scale from “very good (1)” to “very
bad (5)”. In the case of questions referring to potential problems, a
respondent could choose one of three answers: “yes, the problem
occurs often (approximately once a week), “yes, the problem occurs
sometimes” or “no, never happens”. With reference to sound
quality, additional frequency questions were included, but re-
sponses to those are not analysed here.

3.2. The data used and its limitations

The paper presents results based on total responses (N = 5756)
from questions regarding overall satisfaction, general satisfaction
with air quality and general satisfaction with sound quality, and
experience of indoor environment quality problems as well as the
background questions. The analysis of responses regarding more
detailed problems with thermal comfort, air quality and sound
quality is not presented in this paper.

Including physical measurements in the statistical analysis would
allow the subjective responses to be related to objective measure-
ments; however, even though data from measurements and on-site
investigations was available, it was a conscious decision not to
include those indicators in the model. When the objective indicators
were introduced, the responses from the survey had to be matched
with measurements and many observations had to be excluded.
Introduction of physical values also required adjustment and sub-
stantial increase of weights needed for data analysis. This added
complexity to the analysis and difficulty in interpreting the results.

4. Statistics analysis

Ordinal logistic regression was chosen due to the nature of the
data; that is, variables are in ordered categories, measuring opinion
and frequency using a rated scale so that responses are ordered [6].
Results are reported in the form of odds ratios and interpreted in
this paper as likelihood of decreasing overall satisfaction if the
predictor variable is increased by one unit while other variables are
kept constant [18]. Odds ratios were used to rank the impact of
variables on overall [19].

Overall satisfaction = 8;TC + B,AirQ + B3SoundQ model 1

6 —oddsratios are interpreted as the likelihood of decreasing overall
satisfaction if satisfaction with thermal or air or sound quality de-
creases by one unit while other variables are kept constant.
Likewise, overall satisfaction may be impacted by the appear-

ance of problems with IEQ.
Overall satisfaction = «;(too high temperature)

+ ay(too low temperature)

+ a3 (unstable temperature) + a4 (draft)

+ a5 (stuffy air) + ag(dry air)

+ a7(unpleasant smell) + ag(dust)

+ ag(static electricity)

+ aqo(cigarette smell)

+ aq1(noise) model 2

a — odds ratios interpreted as likelihood of decreasing overall
satisfaction if a particular problem with IEQ appears.
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Table 1 Table 2
Building characteristics. Residents’ characteristics.
Location Binary Per cent Individuals Binary Per cent
variables in sample characteristics variables in sample
North 11% Gender Male 47%
Central 58% Female 53%
South 31% Life style® Away 0—4 h 32%
Away 5-9 h 45%
Construction year Away >10 h 23%
Health® Smoker 14%
<1960 46% Non-smoker 86%
19611975 32% Age <35 years 34%
19761985 7% 36—50 years 22%
1986-1995 10% 51-65 years 22%
19952005 >% >66 years 23%

The statistics analysis was conducted in four stages:

In the first stage, the main models (model 1 and model 2) were
applied to the data. Model 1 aimed to test whether occupants’
satisfaction with thermal comfort, air and sound has a signifi-
cant impact on overall satisfaction. The second model aimed to
estimate the impact which potential problems with IEQ may
have on occupants’ overall satisfaction. Odds ratios were used to
rank the impact of predictor variables on the response variable.
The second stage of the analysis tested whether individual and
building characteristics have significant impact on perception of
indoor air quality and overall satisfaction. This was achieved by
including controlling binary variables in both models (model 1a
and model 2a).

In the third stage, main regression modes were applied (model
1b and model 2b) to separate sub-groups in order to estimate
what impact individual and building characteristic have on
overall satisfaction. Odds ratios were used to rank the impact of
predictor variables on the response variable. The order was
compared with results from the main model.

Finally, to test if and which variables have a significant effect on
a particular sub-group, interactive variables were included in
the main models (model 1c and model 2c). Interactive variables
measured the effect which the predictor variable may have on a
particular sub-group. The interaction effect between variables is
interpreted in multiplicative terms [11].

As discussed before, overall satisfaction may be impacted by
different factors and therefore control variables and sub-groups
were created according to the following characteristics.

4.1. Building characteristics
e Location

Sweden'’s geographical location, extending from latitudes 55° to
70°N, contributes to the fact that local climate in Sweden may differ
significantly. This variation is recognised in Swedish Building Regu-
lations, in which building requirements are adjusted depending on
climate zone. Swedish Building Regulations specify three climate
zones: north, central and south. Taking this and previous research into
consideration, the database was divided into three sub-groups,
depending on building location and control variables for north, cen-
tral or south location; these sub-groups were included in the models.

e Building construction year
The literature research indicates that building characteristics

such as design, building heating or ventilation system may impact
on occupants’ satisfaction. Taking into account all of this

2 Represented by time spent away from the apartment on weekdays.
b Represented by the fact that the occupant was or was not a smoker.

information was not feasible; however, by including a variable
describing building construction year, we were able to group
buildings that present similar technical standards.

4.2. Individuals’ characteristics
e Gender

The literature review indicates that previous studies fail to give
consistent results regarding the impact of gender on perception of
IEQ and overall satisfaction. The aim of this paper is to contribute to
this discussion by including gender as a control variable and by
testing whether IEQ weighting into overall satisfaction differs be-
tween female and male occupants in dwellings in Sweden.

o Age

It is expected that occupants overall satisfaction and IEQ
perception differs depending on for example housing career, pre-
vious housing experience, expectations and requirements. There-
fore, we expect that age, being the best available proxy for the above
mentioned factors, has a significant impact on occupant satisfaction.

o Life style and health

There is a fairly limited amount of research into how life style and
health choices impact occupants’ overall satisfaction. The goal is to add
to existing knowledge, and therefore the following control variables
were included in the analysis: a smoking habit and the time the
occupant spends away from the apartment on weekdays. It is expected
that a smoking habit can affect people’s perception of indoor envi-
ronment and therefore impact overall satisfaction. It is also expected
that an occupant’s absence from a dwelling impacts the interaction
between occupant and dwelling. On the other hand, longer presence in
the apartment may relate to exposing occupant to potential problems
for a longer time, and consequently making the occupant more sen-
sitive to specific problems, for example, unstable temperature or noise.

A Brant test for parallel regression assumption was conducted
for each regression. The proportional odds assumption was satis-
fied in both models and the use of ordinal logistic models was
justified. The results are reported with Confidence Intervals that
present reliability of estimates at 95%. Generally, the results were
considered statistically significant when p < 0.05.

5. Sample characteristics

A summary of individual and building characteristics is pre-
sented in Tables 2 and 3 respectively. The responses received from
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50%
40%
30%
20%
10%
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very dissatisfied satisfied
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thermal comfort satisfaction
- = sound quality satistaction

= overall satisfaction
=== air quality satisfaction

Fig. 1. Overall satisfaction and satisfaction with thermal comfort, air and sound quality
in residential apartments in Sweden.

the north part of the country represent 11% of all responses, the
central 57% and south 32%, which reflects population distribution
in Sweden (Table 1). An almost equal quantity of responses was
received from male and female occupants (Table 2).

6. Results

6.1. Overall satisfaction and satisfaction with thermal, air and
sound quality

Generally, occupants are very satisfied with their apartments
(mean 1.93, where 1 = very satisfied and 5 = very dissatisfied; see
Table 4), though satisfaction with IEQ is relatively lower. Fig. 1 vi-
sualises the level of satisfaction with IEQ and compared to overall
satisfaction. This difference might indicate that even though satis-
faction with indoor environment parameters has an impact on
overall satisfaction, there are other factors affecting occupants’
general satisfaction.

Sound quality is the parameter that occupants are least satisfied
with (Table 3), however, it is the air quality that has the highest
impact on overall satisfaction (Table 4). The results indicate that if
the occupant is dissatisfied with air quality, there is a 2.65 times
likelihood that the overall satisfaction decreases (Table 4).

6.2. Overall satisfaction and problems with IEQ

The problem experienced most often by the occupants is related
to dust and outside noise. The mean for variables has been ordered
from the largest to the smallest, showing problems which are
observed most frequently in Swedish apartments (Table 5). The
hypothesis is that overall satisfaction will decrease if a specific in-
door environmental quality (IEQ) problem appears. The propor-
tional ordinal logistic model describes the relationship between
overall satisfaction and problems that an occupant may experience
in the building. The impact of the following IEQ problems was

Table 3
Overall satisfaction mean values.
Mean  Standard Confidence N
error intervals (95%)

General satisfaction 1.93 0.12 1.90-1.95 5570
Air quality satisfaction 2.35 0.11 2.33-2.38 5660
Thermal comfort satisfaction ~ 2.42 0.12 2.39-2.44 5585
Sound quality satisfaction 2.58 0.13 2.55-2.60 5623

—_

, Very satisfied; 2, satisfied; 3, either or; 4, dissatisfied; 5, very dissatisfied.

Table 4
Satisfaction thermal comfort, air and sound quality impact on overall satisfaction,
p < 0.001; (model 1).

0Odds Confidence

ratios intervals (95%)
Air quality satisfaction 2.651 2.436 2.885
Thermal comfort satisfaction 1.814 1.691 1.946
Sound quality satisfaction 1.560 1.463 1.663

N, 5339; pseudo-R2, 0.179.

investigated: too high temperature, too low temperature, unstable
temperature, draught, stuffy air, dry air, unpleasant smell, dust,
static electricity, cigarette smell and noise (model 2). Odds ratios
were used to rank the IEQ problems regarding their importance for
overall satisfaction (Table 6).

As shown in Table 6, the problem with draught in the apartment
is the most important factor that can influence general satisfaction
and should that problem appear, there is a 1.60 times likelihood
that the overall satisfaction decreases. Interestingly, draught is not
the issue that occurs most often in the apartments in Sweden. The
problems of dust and too low temperature seem to occur in
apartments most frequently and the analysis indicates that if this
happens, the general satisfaction decreases (odds ratio 1.56 and
1.49).

On the other hand, the problems related to too high tempera-
ture, unstable temperature in the apartment, sensing cigarette
smell and experiencing static electricity were found to be not sta-
tistically significant.

6.3. Overall satisfaction and building characteristics

6.3.1. Location

6.3.1.1. Satisfaction with IEQ. The analysis indicates that there is a
significant difference in overall satisfaction depending on location.
The results (model 1a) suggest that adults who live in apartments
in the north and central part of Sweden are less likely to be
dissatisfied than those living in the south of Sweden (Table 7).

In order to test the effect of particular variables, the model with
interactive variables (model 1c) was applied to the data. The results
suggest that dissatisfaction might be related to the thermal com-
fort; the effect of thermal comfort for adults who live in apartment
blocks in southern parts is 1.44 (CI(95%) 1.24—1.67) times the effect
of thermal comfort for those who live in the rest of the country.
Occupants living in the central part of Sweden seem to be more
sensitive to sound quality, as the effect of sound quality on resi-
dents in central Sweden was found to be 1.31 (CI(95%) 1.16—1.49)
times the effect for those who live in the rest of Sweden. This has

Table 5

Problems experienced in residential apartments in Sweden, depending on location
(“problem does not occur” = 0, “problem occurs sometimes” = 1, “problem occurs
often” = 2).

Experienced Mean Standard Confidence N
problem error intervals (95%)

Dust 0.657 0.009 0.63—0.67 5547
Outdoor noise 0.649 0.009 0.63—0.66 5530
Too low temperature 0.549 0.008 0.53-0.56 5564
Unstable temperature 0.527 0.008 0.51-0.54 5479
Stuffy air 0471 0.008 0.45—-0.48 5542
Too high temperature 0.430 0.008 0.41-0.44 5543
Cigarette smell 0.409 0.008 0.39-0.42 5559
Dry air 0.399 0.008 0.38-0.41 5534
Draught 0.391 0.008 0.37—0.40 5561
Unpleasant smell 0.362 0.008 0.34—-0.37 5560
Electric stat 0.148 0.005 0.13-0.15 5531
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Table 6
Impact on overall satisfaction ranked according to odds ratios, *p < 0.001; (n) not
significant, (model 2).

Experienced problem 0Odds ratio CI (95%)

Draught 1.602* 1.442 1.780
Dust 1.560* 1.426 1.707
Too low temperature 1.490* 1.338 1.661
Unpleasant smell 1.486* 1.331 1.659
Dry air 1.433* 1.290 1.592
Stuffy air 1.389* 1.245 1.551
Outdoor noise 1.171* 1.074 1.277
Cigarette smell 0.952(n) 869 1.043
Electric stat 0.940(n) 0.814 1.085
Too high temperature 1.035(n) 0.937 1.144
Unstable temperature 1.070(n) 0.961 1.206

been confirmed in the third step of analysis, when main model 1
was applied only to sub-groups created according to location of the
building (model 1b). A certain alteration in ranking order was found
for buildings located in the central and north parts of Sweden
(Table 10). The results suggest that satisfaction with sound quality
has higher importance impact for occupants in central and north
than it has for those who live in the south part of Sweden.

Problems with IEQ. Interestingly, occupants living in the south of
Sweden most frequently experience problems with IEQ, particu-
larly problems related to thermal comfort (Fig. 2).

The analysis indicates that there is a significant difference in
how the occurrence of a particular problem influences general
satisfaction depending on location in Sweden.

The effect of a specific IEQ problem for different zones has been
tested (model 2c) and the results demonstrate that inhabitants who
live in apartments in southern Sweden are more sensitive to ther-
mal comfort problems related to unstable and too low temperature,
as the effect of unstable temperature for the south was 1.62 (CI(95%)
1.26—2.08) times that for the rest of the country and the effect of too
low temperature for the south was 1.52 (CI(95%)1.20—1.92) times
that for the rest of the country.

The results also show that importance ranking of IEQ problems
for overall satisfaction was altered when model 2b showed that

Table 7
Relationship between overall satisfaction and satisfaction with IEQ, model 1 and
model 1a (including control variables).

Model 1a and
dummy variables

2.742* [2.51-2.99]

Main model 1

Satisfaction with
air quality

Satisfaction with
thermal comfort

Satisfaction with
sound quality

2.651% [2.43—2.88]
1.814* [1.69—1.94] 1.746* [1.62—1.87]

1.560* [1.46—1.66] 1.515* [1.41-1.62]

Zone north 0.702* [0.57—0.86]
Zone central 0.736* [0.65—0.83]
Woman 0.918(n) [0.82—1.02]
Smoker 1.011(n) [0.86—1.18]
<1960 1.396*** [1.06—1.82]
1960—1975 1.149(n) [0.87—1.51]
1976—1985 1.318(n) [0.94—1.83]
1986—1995 1.096(n) [0.80—1.49]
Away 5-9 h 0.823*** [0.70—0.96]
Away >10 h 0.837*** [0.70—1.00]
<35 years 2.109* [1.74—2.55]
36—50 Years 1.970* [1.60—2.41]
51—-65 Years 1.700* [1.40—2.06]
R2 0.184 0.189

N 5175 5175

*p <0.001; **p < 0.01; ***p < 0.05; (n) p > 0.05.

dust Problems in Swedish apartments by location
60%

smelly air. outdoor noise

too low
draught temperature
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Fig. 2. Problems experienced in apartments in Sweden, presented by location.

problems with too low temperature (odds ratio 2.01) and unstable
temperature (odds ratio 1.51) had the highest importance for overall
satisfaction for occupants living in southern Sweden (Table 12).
This means that, should the occupant encounter problems with too
low temperature indoors, the likelihood of overall satisfaction
decreasing would be 2.01. For buildings located in the north of
Sweden, problems with air quality may have the highest impact on
overall satisfaction, i.e. dust and unpleasant smell. Problems with
outdoor noise have a higher importance ranking for occupants
living in the north of Sweden.

6.3.2. Construction year
6.3.2.1. Satisfaction with IEQ. A significant difference in general
satisfaction was found depending on building construction year.
Results (model 1a) indicate that occupants in buildings constructed
before 1960 are more likely to be less satisfied than occupants
living in recently constructed dwellings (Table 7). The results show
(model 1b) that satisfaction with air quality has the highest ranking
importance for overall satisfaction regardless of building con-
struction year, yet satisfaction with sound quality has increased its
impact in ranking for buildings constructed between 1976 and 1985
and 1986 and 1995 (Table 10). For buildings constructed between
1961 and 1975, odds ratio for thermal comfort increased to 2.06
compared with the main model. This could mean that should oc-
cupants be less satisfied with thermal quality, there is a 2.06 times
likelihood that the overall satisfaction decreases. Even though this
increase did not have an impact on ranking, it is interesting when
comparing it with further results.

Analysis with interactive variables (model 1c) indicates that
occupants in buildings constructed between 1976 and 1985 (odds

Problems in Swedgsht apartments by building construction year
us
60%

electric stat 50% outdoor noise

40%

A 30%, too low
smelly air, [
\ temperature <1960
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draught unstable — __ 4986 1995
temperature
— 1996-2005
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cigarette smell too high
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Fig. 3. Observed problems with IEQ in apartments in Sweden.
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Table 8

Relationship between overall satisfaction and problems with IEQ, model 2 and

A. Zalejska-Jonsson, M. Wilhelmsson / Building and Environment 63 (2013) 134—144

model 2a (including control variables).

Variables Main model 2 Model 2a (with
dummy variables)

Draught 1.602* [1.44—1.78] 1.624* [1.45—-1.81]

Dust 1.560* [1.42—1.70] 1.543* [1.40—1.69]

Too low temperature
Unpleasant smell

Dry air

Stuffy air

Outdoor noise
Unstable temperature
Too high temperature

1.490* [1.33—1.66]
1.486* [1.33—1.65]
1.433* [1.29-1.59]
1.389* [1.24—1.55]
1.171* [1.07-1.27]
1.076(n) [0.96—1.20]
1.035(n) [0.93—1.14]

1.382* [1.23—1.54]
1.536* [1.37-1.71]
1.591* [1.42-1.77]
1.261* [1.12-1.41]
1.126** [1.02—1.23]
1.048(n) [0.932—1.17]
0.915(n) [0.82—1.01]

(n)
Electric stat 0.940(n) [0.81—1.08] 0.945(n) [0.81—1.09]
Cigarette smell 0.952(n) [0.86—1.04] 0.918(n) [0.83—1.01]
Zone north 0.939(n) [0.76—1.15]
Zone central 0.812* [0.71-0.92]
Woman 0.849** [0.75—0.95]
Smoker 1.036(n) [0.88—1.21]
<1960 1.597* [1.23—-2.07]
1960—-1975 1.850* [1.41-2.41]
1976—-1985 1.825* [1.31-2.53]
19861995 1.175(n) [0.86—1.59]
Away 5-9 h 1.032(n) [0.87—1.21]
Away >10 h 1.071(n) [0.89—1.28]
<35 Years 2.027* [1.65—2.48]
36—50 Years 2.178* [1.76—2.68]
51-65 Years 1.322** [1.08—1.61]
R2 0.110 0.12
N 5054 5023

*p < 0.001; **p < 0.01; ***p < 0.05; (n) p > 0.05.

ratio 1.48, CI1(95%) 1.17—1.88) and 1986 and 1995 (odds ratio 1.24, CI
(95%) 1.01—1.54) are more sensitive to sound quality than occupants
of other buildings. The effect on satisfaction with thermal comfort for
buildings constructed between 1961 and 1975 was 1.18 times the
satisfaction with thermal comfort for other buildings, meaning that
occupants living in apartment buildings constructed between 1961
and 1975 are marginally more sensitive to thermal comfort.

6.3.2.2. Problems with IEQ. The figure shows most problems with
IEQ were observed in buildings built in Sweden in the mid-sixties
to mid-seventies (Fig. 3).

The influence of building construction year on overall satisfac-
tion was tested (model 2b). The results showed that the importance
impact of IEQ problems varied depending on building construction
year (Table 12). Model 2¢, with interactive variables was applied to
data to test which problem affects a particular sub-group.

6.3.2.3. Buildings constructed before 1960. For building constructed
before 1960, problems with draught (odds ratio 1.76) and problems
with dust (odds ratio 1.60) were found to have the highest impact
on overall satisfaction, which was in line with the main model
(Table 12). Analysis with interactive variables indicates that the
effect of problems with unstable temperature was 1.37 times that for
other buildings (CI (95%) 1.07—1.73).

6.3.2.4. Buildings constructed between 1961 and 1975. For buildings
constructed between 1961 and 1975, rating importance has
changed if compared to the main model; the highest impact on
occupants’ overall satisfaction seems to be from problems related
to thermal comfort (problems with too low temperature — odds ratio
2.11 and problems with draught — odds ratio 1.75). Analysis with
interactive variables confirms that the effect of problems with too
low temperature for buildings constructed between 1961 and 1975
was 1.64 (CI(95%) 1.26—2.00) times that of too low temperature for
other buildings. Interestingly, the effect of problems with outdoor
noise was found to be statistically significant and was 1.26 times

Table 9

Relationship between overall satisfaction and satisfaction with IEQ applied to sub-groups, model 1b (individuals characteristics).

Health

Gender

Life style

Age

Main

Variables

Non-

Smoker

Man

51-65 More than Away for less Away for Away for Woman
Years 66 years

36—50
Years

Under 35
years

model 1

sub-groups

smoker

more than
10 hon

5—-9 hon
weekday

than 4 h on
weekday

weekday
3.151*

2.588* 4.786* 2.438*

2.780*

2.651* 2.425* 2.789* 2.886" 2.839* 2.322* 2.548*

Satisfaction

[2.22-2.66]

[243-2.88]  [2.02-2.88]  [2.36-334]  [239-347]  [2.30-3.37]  [2.053-2.65] [221-2.92]  [2.65-3.74]  [247-3.11]  [2:27-2.94] [3.61-6.33]

with air
quality
Satisfaction

1.434* 1.989* 1.626* 1.544* 1.881*

1.930*

1.779* 1.738* 1.810* 1.537* 1.94*

1.814*

[1.81-2.18]  [1.45-1.81] [126-1.88]  [1.74-2.03]

[1.23-1.66]

[1.71-2.16]

[151-2.08]  1.50—2.01] [154-211] [133-1.76]  [1.74-2.16]

[1.69-1.94]

with thermal
comfort
Satisfaction

1.317* 1.729* 1.912* 1.483* 1.732* 1.507* 1.546* 1.551* 1.549* 1.684* 1.522*

1.560*

[134-177] [142-169]  [1.402-171] [142-199]  [1.41-1.63]

[1.36—1.66]

[1.46-1.66]  [114-151]  [1.49-1.99]  [1.66-2.19]  [1.32-1.66]  [1.56—1.92]

with sound
quality

0.166
4639

0.179 0.194 0.162 0.255
2952 2338 628

1195

0.164
2169

0.201
2145

0.160
1861

0.114 0.213 0.235

1015

0.179
5339
*p < 0.001; **p < 0.01; ***p < 0.05; (n) p > 0.05.

R2

1429

1034
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Table 10

Relationship between overall satisfaction and satisfaction with IEQ applied to sub-groups, model 1b.

Variables sub-groups Main model 1 Location Construction year
North Central South <1960 1961-1975 1976—-1985 1986—1995 1996—2005

Satisfaction with 2.651* 1.442* 2.755* 3.026* 2.755* 2471* 2.435* 3.207* 2.454*

air quality [2.43—2.88] [1.15—1.80] [2.44-3.10] [2.61-3.49] [2.17-3.48] [2.12-2.86]  [199-—2.97] [2.48—4.14] [2.04—-2.94]
Satisfaction with 1.814* 1.486** 1.565* 2.369* 1.840* 2.067* 1.376* 1.436* 2.151*

thermal comfort [1.69—1.94] [1.22—1-81] [1.422—-1.72] [2.08-2.68] [1.50—2.24] [1.81-2.35] [1.16-1.61] [1.20—-1.71] [1.84-2.50]
Satisfaction with 1.560* 1.529* 1.719* 1.346* 1.504* 1.401* 2.376* 1.956* 1.698*

sound quality [1.46—-1.66] [1.29-1.86] [1.56—1.88] [1.20—-1.50] [1.25-1.80] [1.24-1.57] [2.03—-2.78]  [1.65—2.31] [1.49-1.91]
R2 0.179 0.084 0.180 0.208 0.163 0.178 0.210 0214 0.210
N 5339 714 2786 1839 664 1754 940 851 2145

*p < 0.001; **p < 0.01; ***p < 0.05; (n) p > 0.05.

that of problems with outdoor noise for other buildings (CI (95%)
1.04—1.52).

6.3.2.5. Buildings constructed between 1976 and 1985. For buildings
constructed between 1976 and 1985, the importance ranking has
also changed and variables with the highest importance are prob-
lems related to air quality (problems with unpleasant smell (odds
ratio 2.74), stuffy air (odds ratio 1.70)). Interactive variables confirm
that occupants living in buildings constructed between 1976 and
1985 are more sensitive to problems with air quality. The effect of
unpleasant smell for this building group was 1.82 (CI (95%) 1.18—
2.79) times the effect of unpleasant smell for other buildings.

6.3.2.6. Buildings constructed between 1986 and 1995. Results show
that for buildings constructed between 1986 and 1995, the vari-
ables describing problems with air quality were placed first in the
importance ranking. They also showed that problems with stuffy air
(odds ratio 1.82) and problems with unpleasant smell (odds ratio
1.82) and problems with dust (odds ratio 1.58) had the highest
impact on overall satisfaction for these buildings. Sensitivity to air
quality problems was indicated by the analysis with interactive
variables, where problems with cigarette smell were found to have a
statistically significant effect for buildings constructed between
1986 and 1995 (odds ratio 1.55, CI (95%) 1.11-2.18).

6.3.2.7. Buildings constructed between 1996 and 2005.
Interestingly, the highest impact on overall satisfaction for occu-
pants living in the most recently constructed buildings (1996—
2005) came from problems with too low temperature (odds ratio
2.11). This was followed by issues related to air quality: problems
with unpleasant smell and problems with stuffy air. Interactive vari-
ables were found to be statistically not significant.

6.4. Overall satisfaction and individuals’ characteristics

6.4.1. Gender

6.4.1.1. Satisfaction with IEQ. The analysis indicates that gender
does not have a statistically significant impact on how occupants
perceive overall satisfaction. The effect of satisfaction with thermal
comfort, air and sound quality was tested (model 1c) and results
show that the effect of thermal comfort is statistically significant,
being 1.24 times the effect for women than the effect of thermal
comfort on men, indicating that women are more sensitive to
thermal discomfort.

6.4.1.2. Problems with IEQ. Results generated from the second
model (model 2c) show that problems with stuffy air (odds ratio
1.49(CI(95%) 1.19—1.85)), draught (odds ratio 1.25(CI(95%) 1.01—
1.55)), and dust (odds ratio 1.25(CI(95%) 1.04—1.50)) have a
greater effect on women than on men. This was confirmed in the

importance ranking in the female sub-group (Table 9). The results
show that problems with draught (odds ratio 1.73), problems with
dust (odds ratio 1.72) and problems with stuffy air (odds ratio 1.66)
have the highest impact on women’s overall satisfaction. This im-
plies that if the problem with draught appears, there is a 1.73 times
likelihood that women’s overall satisfaction would decrease, if
other variables were kept unchanged.

6.4.2. Age

6.4.2.1. Satisfaction with IEQ. Results from model 1a show (Table 7)
that occupants’ age has significant impact on overall satisfaction and
that younger occupants are more likely to be dissatisfied (odds ratio
2.10) Interestingly, the importance of satisfaction with noise increased
for occupants between 36 and 65 years; for group 51—65 this IEQ
aspect was ranked higher than thermal comfort (Table 9), which is
different if compared to results from the main model and to results
from the model 1 if applied to other age sub-groups (model 1b).

6.4.2.2. Problems with IEQ. Should the problems with [EQ appear, it
is most likely that younger occupants will be dissatisfied (Table 8).
It can be noticed that the impact of IEQ problems on overall satis-
faction varies depending on age group.

Analysis with interactive variables (model 2c) suggests that the
youngest group, occupants of 35 years and below, are affected by
problems with unpleasant smell (odds ratio 1.44, CI (95%) 1.15—1.81)
and problems with high temperature (odds ratio 1.29, CI (95%)1.04—
1.59). The age group between 51 and 65 was found to be affected
most by problems with unstable temperature (odds ratio 2.17, CI
(95%) 1.59—2.95), whereas the effect of problems with noise is sta-
tistically significant and has 1.38 (CI (95%) 1.09—1.74) times the
effect on the oldest group (over 66 years).

This was reflected in this sub-group’s importance ranking, where
problems with unpleasant smell were found to have the highest impact
on overall satisfaction for the youngest respondents’ group and
problems with unstable temperature for age group 50—65 (Table 11).

6.4.3. Life style

6.4.3.1. Satisfaction with IEQ. The analysis indicates that life style
has a statistically significant impact on occupants’ overall satisfac-
tion (Table 7). It was found that occupants who are absent from the
apartment for more than 4 h on weekdays are less likely to be
dissatisfied than those who were absent for less than 4 h. The effect
of satisfaction with sound quality is 1.24 (CI(95%) 1.04—1.38) time on
occupants leaving the apartment for less than 4 h than the effect on
other occupants (model 1c).

6.4.3.2. Problems with IEQ. Occupants’ perception of IEQ problems
seems to be impacted by the number of hours that they spend in
the apartment on weekdays (Table 12). For occupants who leave the
apartment for less than 4 h, the problems that have the highest



Table 11

Relationship between overall satisfaction and problem with IEQ applied to sub-groups, model 2b.

Model 2 applied to separate  General model 2  Gender Age Health Life style
Sub-groups Reference Woman Man Under 35 36—-50 51-65 More than Smoker Non- Away Away 5-9h  Away >10 h
values years Years Years 66 years smoker 0—4h
Draught 1.602* 1.733* 1.412* 1.823* 1.587* 1.566* 1.322** 1.900* 1.471* 1.123(n) 1.834* 1.823*
[1.44—1.78] [1.50-1.99] [1.19-1.67] [1.44-2.29] [1.27-1.98] [1.20—-2.04] [1.09—1.60] [1.44—2.49] [1.30-1.65] [.95-1.32] [1.55—-2.16] [1.43-2.32]
Dust 1.560* 1.725* 1.391* 1.528* 1.499* 1.342** 1.424* 1.404*** 1.591* 1.509* 1.673* 1.319**
[1.42—1.70] [1.53—-1.94] [1.20—1.60] [1.23-1.88] [1.23-1.82] [1.10-1.63] [1.21-1.66] [1.07-1.83] [1.44-1.75] [1.30-1.74] [1.44-1.93] [1.08—1.60]
Too low 1.490* 1.557* 1.502* 1.511* 1.399** 1.017(n) 1.532* 1.521%** 1.501* 1.402* 1.483* 1.480*
temperature [1.33-1.66] [1.34-1.80] [1.26—1.77] [1.18—-1.93] [1.11-1.76] [0.80—1.28] [1.24—1.88] [1.06—2.18] [1.33—-1.68] [1.8—1.66] [1.24-1.76] [1.16—1.87]
Unpleasant 1.486* 1.532* 1.487* 1.864* 1.259(n) 1.460** 1.207(n) 3.370*** 1.329* 1.706* 1.580* 1.297***
smell [1.33-1.65] [1.32-1.77] [1.24-1.77] [1.47-235] [.98- 1.60] [1.12—-1.90] [.96—1.50] [2.28—4.97] [1.18—-1.49] [1.41-2.05] [1.32—-1.88] [1.02—-1.63]
Dry air 1.433* 1.397* 1.559* 1.756* 1.043(n) 1.865* 1.679* 1.145(n) 1.518* 1.428* 1.606* 1.286**
[1.29-1.59] [1.21-1.61] [1.32-1.83] [1.36—-2.25] [0.82—1.32] [1.47-236] [1.39-2.02] [0.83-1.56] [1.35-1.70] [1.21-1.67] [1.34—1.91] [1.01-1.63]
Stuffy air 1.389* 1.666* 1.134(n) 1.083(n) 1.988* 1.489* 0.945(n) 1.240(n) 1.447* 0.939(n) 1.439* 1.723*
[1.24—1.55] [1.43-1.93] [0.96—1.33] [0.86—-1.35] [1.51-2.60] [1.18—1.87] [0.72—1.23] [0.89-1.71] [1.28—-1.63] [0.77-1.13] [1.21-1.70] [1.35—-2.18]
Outdoor noise 1.171* 0.944(n) 1.409* 1.162(n) 1.191(n) 0.976(n) 1.556* 858(n) 1.250* 1.481* 1.088(n) 1.208(n)
[1.07-1.27] [0.83-1.06] [1.23 -1.60] [0.96—-1.39] [0.97—-1.45] [0.81-1.17] [1.31-1.83] [0.67—-1.09] [1.13—1.37] [1.28-1.71] [0.94—1.24] [0.00—1.45]
Unstable 1.076(n) 1.003(n) 1.069(n) 0.935(n) 1.197(n) 2.079* 0.774*** 1.932* 0.917(n) 1.176(n) 1.292** 0.833(n)
temperature [0.96—1.20] [0.85—-1.17] [0.90—1.27] [0.72—1.20] [0.93—-1.52] [1.61-2.67] [0.61-0.97] [1.35—-2.74] [0.80—1.03] [0.97-1.42] [1.07—1.55] [0.65—1.05]
Too high 1.035(n) 1.004(n) 1.049(n) 1.171(n) 0.869(n) 0.571* 1.053(n) 0.801(n) 1.149*** 1.084(n) 1.047(n) 0.808(n)
temperature [0.93—-1.14] [0.87-1.15] [0.90—1.21] [0.93—-1.47] [0.71-1.06] [0.45-0.71] [0.84—1.31] [0.58—1.08] [1.03—1.28] [0.92—1.27] [0.89—1.22] [0.65—1.00]
Electric stat 0.940(n) 0.854(n) 1.102(n) 0.879(n) 0.950(n) 1.399*** 0.901(n) 0.630(n) 1.047(n) 0.874(n) 1.021(n) 0.882(n)
[0.81-1.08] [0.71-1.02] [0.86—1.40] [0.61-1.26] [0.69—-1.29] [1.03—1.88] [0.70—1.16] [0.38-1.02] [0.89—1.22] [0.70—-1.09] [0.80—1.29] [0.64—1.20]
Cigarette 0.952(n) 1.001(n) 0.934(n) 0.779*** 0.862(n) 1.10(n) 1.225%** 0.972(n) 0.970(n) 0.986(n) 0.777* 1.246***
smell [0.86—1.04] [0.88—1.13] [0.81-1.07] [0.64—0.94] [0.70—-1.05] [0.89—1.35] [1.00—1.49] [0.54—1.74] [0.88—1.06] [0.84—1.15] [0.66—0.90] [1.02—-1.51]
R2 0.110 0.135 0.08 0.122 0.104 0.124 0.075 0.173 0.107 0.086 0.145 0.109
N 5054 2763 2247 987 986 1360 1721 602 4387 1988 2056 1142

*p < 0.001; **p < 0.01; ***p < 0.05; (n) p > 0.05.
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Table 12

Relationship between overall satisfaction and problem with IEQ applied to sub-groups, model 2b.

Model 2 applied to separate  General model 2  Location Construction year
Sub-groups Reference values North Central South <1960 1961-1975 1976—-1985 1986—1995 1996—2005
Draught 1.602* 1.706™* 1.607* 1.386* 1.766* 1.758* 1.060(n) 0.980(n) 0.621**
[1.44—1.78] [1.20—-2.40] [1.38—1.85] [1.16—1.65] [1.30—2.38] [1.46—-2.11] [0.82—1.35] [0.70—1.35] [0.471-0.81]
Dust 1.560* 2.245% 1.630* 1.391* 1.602* 1.587* 0.894(n) 1.589* 1.692*
[1.42—-1.70] [1.63—-3.08] [1.44-1.83] [1.17-1.65] [1.24-2.06] [1.34—1.87] [0.71-1.11] [1.26—1.99] [1.38—2.06]
Too low 1.490* 0.431* 1.497* 2.011* 1.049(n) 2.111* 1.489** 1.174(n) 2.115*
temperature [1.33-1.66] [030—-0.61] [1.28—1.73] [1.66—2.43] [0.76—1.44] [1.73-2.56] [1.17-1.89] [0.86—-1.56] [1.69—2.63]
Unpleasant 1.486* 1.796** 1.370* 1.578* 1.393*** 1.415* 2.740* 1.826™ 2.035*
smell [1.33-1.65] [1.18-2.73] [1.18-1.58] [1.30—1.91] [1.03—1.87] [1.14—1.74] [2.09-3.58] [1.29-2.57] [1.56—2.64]
Dry air 1.433* 1.612** 1.500* 1.363* 1.464*** 1.712* 1.117(n) 1.258(n) 1.109(n)
[1.29-1.59] [1.13-2.28] [1.29-1.74] [1.14-1.61] [1.08—-1.97] [1.39-2.09] [0.88—1.41] [0.92—-1.70] [0.90—1.36]
Stuffy air 1.389* 1.214(n) 1.441* 1.316™ 1.177(n) 1.578* 1.706* 1.828* 1.914*
[1.24—1.55] [0.82—-1.77] [1.23-1.68] [1.09—1.57] [0.86—1.59] [1.28—1.94] [130-2.22] [1.31-2.54] [1.54-2.37]
Outdoor 1.171* 1.699* 11717 1.084(n) 0.975(n) 1.415* 1.263*** 1.245(n) 1.426*
noise [1.07-1.27] [1.26—-2.28] [1.03—1.32] [0.93—-1.26] [0.76—1.24] [1.20—1.66] [1.01-1.56] [0.99—-1.56] [1.18—1.71]
Unstable 1.076(n) 1.119(n) 0.952(n) 1.512* 1.308(n) 0.931(n) 0.901(n) 1.28(n) 1.487*
temperature [0.96—1.20] [0.74-1.68] [0.81-1.11] [1.23—1.84] [0.93-1.82] [0.76—1.14] [0.68—-1.18] [0.92—-1.77] [1.15-1.91]
Too high 1.035(n) 1.014(n) 1.085(n) 0.829*** 0.975(n) 1.093(n) 0.956(n) 1.353*** 1.089(n)
temperature [0.93—1.14] [0.70—1.45] [0.94—1.24] [0.69—-0.99] [0.72—1.30] [0.912—1.31] [0.74—1.22] [1.05-1.74] [0.87—1.34]
Electric stat 0.940(n) 1.005(n) 0.998(n) 0.915(n) 1.16(n) 0.683*** 0.712*** 0.984(n) 0.822(n)
[0.81-1.08] [0.67-1.49] [0.80—1.22] [0.70-1.18] [0.76—1.77] [0.52—-0.88] [0.51-0.99] [0.67—1.42] [0.55—1.22]
Cigarette 0.952(n) 0.602** 1.199* 0.768** 0.883(n) 0.981(n) 0.958(n) 1.383"** 0.827(n)
smell [0.86—1.04] [0.44—0.82] [1.05-1.83] [0.65—0.90] [0.68—1.14] [0.83—1.15] [0.77-1.18] [1.05—-1.81] [0.65—1.05]
R2 0.110 0.113 0.118 0.123 0.083 0.169 0.114 0.140 0.139
N 5054 678 2655 1721 637 1636 876 809 1096

*p < 0.001; **p < 0.01; ***p < 0.05; (n) p > 0.05.

impact on overall satisfaction are problems with unpleasant smell
(odds ratio 1.70), dust (odds ratio 1.50) and outdoor noise (odds ratio
1.48). Analysis with interactive variables (model 2c) indicates that
the effect of problems with outdoor noise on occupants who leave
the apartment for less than 4 h is 1.44 (CI(95%) 1.18—1.75) times the
effect of outdoor noise on other occupants. Occupants who leave the
apartment for 5—9 h on weekdays were found to be more sensitive
to draught (odds ratio 1.31, CI (95%) 1.06—1.62) and unstable tem-
perature (odds ratio 1.27, CI(95%) 1.06—1.60).

6.4.4. Heath

6.4.4.1. Satisfaction with IEQ. A smoking habit was found to be not
statistically significant (model 1a, Table 7). However, analysis with
model 1b indicates that people who smoke are more sensitive
to the effect of satisfaction from air quality, which is 1.82 (CI(95%)
1.43—2.31) times the effect of air quality for non-smokers.

6.4.4.2. Problems with IEQ. The results (model 2c) show that the
effect of problems with unstable temperature for smokers is 2.02
(CI(95%) 1.45—2.81) and unpleasant smell 2.15 (CI(95%) 1.52—3.03)
times the effect those variables have on non-smokers. This is re-
flected in the importance ranking of IEQ problems in the group of
smokers. The results showed that for occupants who smoke,
problems with unpleasant smell (odds ratio 3.37) had the highest
impact on overall satisfaction, followed by problems with unstable
temperature (odds ratio 1.93) (Table 11).

7. Conclusions

This paper examined the effect that perception of indoor envi-
ronment quality has on overall satisfaction and what influence the
characteristics of individuals and building may have on overall
satisfaction. The database used to investigate the issue was created
from a fraction of data collected during a unique project commis-
sioned by the Swedish National Board of Housing, Building and
Planning. The nationally representative sample allows general
conclusions to be drawn on how residents living in apartments in

Sweden perceive indoor environment quality and how it influences
their overall satisfaction. Even though the data used is based on
information received from residents and therefore may present
some level of subjectivity [2], it is the interaction between occupant
and the building [34] that gives residents the very distinctive
knowledge about building performance.

Although the data used carries a certain subjectivity, the sub-
jective ratings proved to predict overall comfort better than objec-
tive indicators [17]. The pseudo-R2 for tested models was under 25%,
suggesting that occupant satisfaction can only partly be explained
by satisfaction with indoor air quality. However, even with those
limitations, the presented analysis contributes to understanding the
interaction between overall satisfaction and perception of I[EQ.

Occupants living in apartment buildings in Sweden are in general
very satisfied. Satisfaction with thermal comfort, sound and air quality
was shown to have an impact on overall satisfaction, and satisfaction
with indoor air was found to have the highest impact. These findings
support results from earlier studies where satisfaction with air quality
had the highest correlation with the acceptability of the overall
environment [13,18] and impact on subjective well-being [35].

The most often observed problem with IEQ in Swedish apart-
ments was dust, outdoor noise and problems with too low indoor
temperature. Even though the problem of noise was the second
most observed problem, the analysis indicated that outdoor noise
did not have a high impact on overall satisfaction. The factors
having the highest importance impact on overall satisfaction were
draught, dust and too low temperature. However, the relative
importance of problems with IEQ influencing overall satisfaction
may differ depending on location, building construction year,
occupant gender and life style.

Occupants in the southern part of Sweden showed higher
sensitivity to issues related to thermal comfort, particularly prob-
lems related to indoor temperature. Interestingly, occupants living
in the north part of Sweden, where local climate is considered to be
more severe, reported that problems with indoor temperature may
appear but are much less persistent than in southern Sweden. This
may indicate a difference in building construction in Sweden. It is
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possible that buildings in the south are miscalculated with regard
to indoor performance or that assumptions used in indoor comfort
simulations are underestimated.

Different indoor environment problems seem to have an effect
on occupants’ overall satisfaction depending on building construc-
tion year. Generally, buildings constructed before 1975 indicated
sensitivity to thermal comfort problems. This might be related to the
fact that those buildings were built with insufficient insulation and
the energy efficiency of windows is not as high as in the newest
construction. Additionally, a considerable number of dwellings
constructed between 1961 and 1975 belong to “The million home
building scheme”? and many of them require substantial renova-
tions [24]. Problems related to air quality were found to have the
highest impact on overall satisfaction of occupants who live in
buildings constructed between the mid-seventies to mid-nineties,
which may also be explained by the building techniques and tech-
nology used. After the energy crisis in the seventies, issues regarding
energy consumption and energy efficiency in buildings became
more important, reflected in improvements in the airtightness of
buildings. However, as buildings became more airtight, solutions
regarding ventilation systems also emerged as a compelling issue.

The paper has shown that weighting aspects of indoor envi-
ronment is not stable and differs depending on the characteristics
of buildings and individuals. The occurrence of IEQ problems in-
fluences overall satisfaction, but how occupants perceive the
importance of problems with the indoor environment varies be-
tween different populations.

Further studies should focus on understanding relationships
between factors impacting occupants’ satisfaction and explore the
structure created by causal effects between the related variables.
An interesting approach for analysis could be factor analysis and
structural modelling. Exploring whether a variable is causally
linked to one particular variable or to a group of variables could
give better understanding of the relationship between indoor
environment, behaviour and occupant satisfaction. This knowledge
could lead to further improvements in indoor climate simulation
programmes and building construction.
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