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Abstract. Assessment of indoor environmental quality has recently moved to a combined
methodology of both measurements and questionnaire surveys. In this study, we have used data
from the national survey of the Swedish housing stock, BETSI, conducted in 2007/2008,
during the heating season. The study included, among others, measurement of selected indoor
air pollutants and an extensive questionnaire survey on the occupants’ perception of their
dwellings. Measured concentrations of the air pollutants NO,, TVOCs and formaldehyde were
aggregated into one Indoor Air Pollution Index (IAPI) on a continuous scale between 0
(excellent Indoor Air Quality; IAQ) and 10 (poor TAQ). The perceived IAQ was assessed by
the occupants on a 5-point category scale from very good to very poor. On the entire scale of
IAPIs, 92% of the respondents in single-family houses perceived the IAQ as very good or good
and 8% as acceptable, while in the apartments, the ratings ‘very good’ and ‘good’ accounted
for 58%, acceptable for 33% and 9 % for ‘poor’ and ‘very poor’, respectively. In both building
types, the tendency of IAPIs was shifted to lower values (good IAQ). Analysis of IAPI-
medians showed no statistically significant differences between and among the air quality
perception ratings.

1. Introduction
The Swedish National Board of Housing, Building and Planning (Boverket) performed a national
survey of the Swedish housing stock BETSI (Buildings, Energy consumption, Technical Status and
Indoor environment). The survey consisted of inspections of almost 1,400 dwellings divided to single-
family houses and apartments in multi-family houses in the heating season of 2007/2008, as well as a
questionnaire survey about the occupants’ perception of their homes and health symptoms later in the
spring of 2008. Results of the technical aspects and overall summary of the responses from the
questionnaires were compiled [1,2]. All data from the survey were made available for in-depth
analysis to interested researchers and various correlations were examined and the results were
published, e.g. [3-6].

In this study, the research team investigates the association, not previously considered, between the
measured concentrations of the indoor air pollutants NO,, TVOCs and formaldehyde, aggregated into
one index, and the occupants’ responses on perceived indoor air quality (IAQ) in their homes.
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2. Methods

The concentrations of the air pollutants (continuous scale) were aggregated into one Indoor Air
Pollution Index (IAPI) in a similar way as described in [7]. The IAPI is a unitless number which can
score values between 0 (best IAQ) and 10 (worst IAQ).

The questionnaires were sent separately to randomly selected inhabitants of Sweden two months
after the BETSI survey took place, with some overlap with the surveyed dwellings. The question about
the perceived IAQ: What do you think, in general, about air quality in your dwelling? was answered
on a five-point category scale: very good - good — acceptable — poor — very poor.

The index was divided into bins separated by one (e.g. (0-1), (1-2), ..., (9-10)) and the frequency of
every response was calculated within each bin, for the five categories of responses. All data
distributions were treated statistically to find if the differences between the samples were significant or
not. Mann-Whitney U-test for equal medians was used for the statistical analysis.

3. The sample

From the total number of 1,400 surveyed dwellings, the measurements of the indoor air pollutants
were conducted in a subsample of 157 single-family houses and 148 apartments in multifamily houses.
The questionnaires, 156 from the single-family houses and 338 from the apartments, were filled in by
1 or 2 adult occupant(s) per dwelling. Missing values of the concentrations of one or more air
pollutants and inconsistencies between the dwellings with measurements but without responses, and
vice versa, reduced substantially the size of the sample available for the analysis. The sample of valid
pairs of measurements and responses finally consisted of only 145 responses from 77 single-family
houses and 76 responses from 58 apartments.

4. Results and discussion

Figure 1 shows the frequency distributions of the IAPI in the index bins for the five assessment
categories of perceived IAQ in the dwellings. Analysis of the relationship between the IAPI and the
perception showed that 92% of the respondents in single-family houses perceived the IAQ as very
good or good and 8% as acceptable, regardless the IAPI value. In the apartments, the ratings ‘very
good’ and ‘good’ accounted for 58% of the responses, 33% voted ‘acceptable’ and 9 % for ‘poor’ and
‘very poor’. For both types of dwellings, the distributions of 1APIs were shifted to lower values (good
IAQ). This means that the aggregated indoor air quality indicator, based on the individual measured
pollutants from the national survey, cannot represent the occupants’ perception in their homes.
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Figure 1. Frequency histograms of 1APIs with occupants’ perceptions for single-family houses (left)
and apartments (right).
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Figure 2. Boxplots showing the 1API for single-family houses (left) and apartments (right) according
to the rating categories.

The differences in the medians of 1APIs for each rating category were tested for statistical
significance, separately for the single-family houses and apartments, figure 2. The p-values returned
from the Mann-Whitney test were all in the range of 0.14 — 0.99. Analysis of |API-medians showed
no statistically significant differences among the air quality perception ratings.

5. Conclusions

Occupants of apartments perceived the air quality worse than those in single-family houses. It was not
possible to explain the occupants’ rating of IAQ in their homes with the help of the Indoor Air
Pollution Index. Possible reasons for the inconclusiveness may be the small size of the sample, the
selected measured air pollutants (outside the authors’ control), the inconsistent study design of the
BETSI survey (measurements and questionnaires separated in time) or there are other aspects related
to the occupants’ perception of IAQ. In a similar extended French study [8], the occupants’ perception
of IAQ was affected by the presence of other indoor air pollutants (e.g., acrolein, tri- and
tetrachloroethylene and PM1o) than those measured in BETSI.
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