
I-CUB: 'Indoor Climate-Users-Buildings': Relationship between measured
and perceived indoor air quality in dwellings

Downloaded from: https://research.chalmers.se, 2025-12-04 04:39 UTC

Citation for the original published paper (version of record):
Langer, S., Psomas, T., Teli, D. (2021). I-CUB: 'Indoor Climate-Users-Buildings': Relationship
between measured and perceived indoor air
quality in dwellings. Journal of Physics: Conference Series, 2069(1).
http://dx.doi.org/10.1088/1742-6596/2069/1/012245

N.B. When citing this work, cite the original published paper.

research.chalmers.se offers the possibility of retrieving research publications produced at Chalmers University of Technology. It
covers all kind of research output: articles, dissertations, conference papers, reports etc. since 2004. research.chalmers.se is
administrated and maintained by Chalmers Library

(article starts on next page)



Journal of Physics: Conference Series

PAPER • OPEN ACCESS

I-CUB: ‘Indoor Climate-Users-Buildings’:
Relationship between measured and perceived
indoor air quality in dwellings
To cite this article: Sarka Langer et al 2021 J. Phys.: Conf. Ser. 2069 012245

 

View the article online for updates and enhancements.

You may also like
Indoor air quality performance in air-
conditioned museum gallery
R Sulaiman, S N Kamaruzzaman and Y H
Yau

-

Energy and comfort management of the
educational spaces through IoT network
for IAQ assessment in the eLUX lab
L C Tagliabue, F Re Cecconi, S Rinaldi et
al.

-

Assessment of indoor air quality
parameters at Ambulatory Care Centre
XYZ, Malaysia
Kamarul Aini Mohd Sari, Khaleda Farhah
Almar Mastaza, Muhammad Ashraf Abdul
Rahman et al.

-

This content was downloaded from IP address 129.16.140.19 on 03/01/2022 at 07:37

https://doi.org/10.1088/1742-6596/2069/1/012245
https://iopscience.iop.org/article/10.1088/1757-899X/609/4/042098
https://iopscience.iop.org/article/10.1088/1757-899X/609/4/042098
https://iopscience.iop.org/article/10.1088/1755-1315/296/1/012056
https://iopscience.iop.org/article/10.1088/1755-1315/296/1/012056
https://iopscience.iop.org/article/10.1088/1755-1315/296/1/012056
https://iopscience.iop.org/article/10.1088/1755-1315/373/1/012013
https://iopscience.iop.org/article/10.1088/1755-1315/373/1/012013
https://iopscience.iop.org/article/10.1088/1755-1315/373/1/012013
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjsvctQGnkk200-G8RxZOWito8EOx7hr6J5ZON3VASF8kBJHvrcG5UIOD87rFVLv-IRD7e8J5oQbnmw5e7gYR34Oz0hYJ0Q2Cpwqrd4z76589HQ2b5VJdHzM-Aozq8Mdj_ZREM-dARQ-52aL-SGFlfjqmIKsp8s2e5kU-nyD11SSaB-MftmSY2feglM256UAYDOcBqM9iRaF42UPrQ6H1CKv19mPqg0rv-7eKQC9EG6yB6CKezPZ_FeUkyF2-j1xJNo1kmO17WcOWGdmwmlujolOcjRGOU_CjfCA&sig=Cg0ArKJSzPGW1XG26ChW&fbs_aeid=[gw_fbsaeid]&adurl=http://iopscience.org/books


Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOI.

Published under licence by IOP Publishing Ltd

8th International Building Physics Conference (IBPC 2021)
Journal of Physics: Conference Series 2069 (2021) 012245

IOP Publishing
doi:10.1088/1742-6596/2069/1/012245

1

 

 

 

 

 

 

I-CUB: ‘Indoor Climate-Users-Buildings’: Relationship 

between measured and perceived indoor air quality in 

dwellings 

Sarka Langer1,2, Theofanis Psomas2 and Despoina Teli2 

1IVL Swedish Environmental Research Institute, P.O. Box 53021, SE-400-12 

Göteborg, Sweden 
2Division of Building Services Engineering, Department of Architecture and Civil 

Engineering, Chalmers University of Technology, SE-412 96, Göteborg, Sweden 

sarka.langer@ivl.se 

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 NO2, 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 IAQ). 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 NO2, TVOCs and formaldehyde, aggregated into 

one index, and the occupants’ responses on perceived indoor air quality (IAQ) in their homes. 

mailto:sarka.langer@ivl.se
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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 IAPIs 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.  

 
Figure 1. Frequency histograms of IAPIs with occupants’ perceptions for single-family houses (left) 
and apartments (right). 
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Figure 2. Boxplots showing the IAPI for single-family houses (left) and apartments (right) according 
to the rating categories. 

The differences in the medians of IAPIs 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 IAPI-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 PM10) than those measured in BETSI. 
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