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Abstract

Abstract

The main objective of the Ph.D. study was to examine occupants’ perception
of comfort and self-estimated job performance in non-industrial buildings (homes and
offices), in particular how building occupants understand comfort and which
parameters, not necessarily related to indoor environments, influence the perception
of comfort.

To meet the objective, the following actions were taken: (1) a literature survey
exploring which indoor environmental parameters (thermal, acoustic, visual
environment and air quality) predominantly determine overall comfort and whether
other factors unrelated to the indoor environment influence the perception of comfort;
the literature survey summarized 42 peer-reviewed and conference articles and 1 book
covering the period from 1970 to 2009; (2) preparation, distribution and analysis
of a questionnaire survey sent to 2499 addresses representing the most common types
of residential buildings in Denmark and filled out by 645 persons (response rate
of 26%); and (3) analysis of the post-occupancy satisfaction survey conducted by the
Center for the Built Environment (CBE) at the University of California Berkeley in
351 mainly U.S. office buildings and filled out by 52,980 building occupants.

The results of the literature survey showed that thermal, acoustic and visual
environments and air quality all influenced evaluation of the overall indoor
environment and that thermal comfort was ranked in the majority of cases to be
of slightly greater importance for overall comfort than acoustic and visual comfort
and satisfaction with air quality. The data from the Danish residential buildings
showed actually slightly different results, indicating that when the acceptability
of thermal, acoustic, visual conditions and air quality are of a similar magnitude,
corresponding to low levels of dissatisfaction, then the acceptability of the overall
indoor environment can be approximated by averaging acceptability of these
individual parameters.

The literature survey suggested also that there are other factors unrelated to indoor
environment such as personal characteristics of building occupants, building-related
factors (type of building and control over the indoor environment) and the outdoor
climate (including seasonal changes), that can influence the perception of comfort.
Providing people with the possibility to control the indoor environment had
a beneficial effect on the perception of comfort, indicating that control over the indoor
environment should be delegated to building occupants. When the systems for
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Abstract

controlling thermal environment are designed, the building type (naturally ventilated
or air-conditioned) and local climate conditions should be taken into account. This has
been further confirmed by the results from the Danish residential buildings showing
that not only indoor environmental parameters contributed to occupants’ comfort but
also a peaceful atmosphere, contact with nature and the view through a window.

In office buildings, overall satisfaction with personal workspace was influenced by
satisfaction with not only indoor environmental parameters but also satisfaction with
workspace and building features. The highest increase in overall satisfaction with
personal workspace would be achieved when increasing satisfaction with the amount
of space for work and storage, noise level and visual privacy. However, if job
performance is considered, then satisfaction with the main indoor environmental
parameters should be addressed first as they affected self-estimated job performance
to the highest extent. The present study showed that overall satisfaction with personal
workspace affected significantly the self-estimated job performance. Increasing
overall satisfaction with the personal workspace by about 15% would correspond to
an increase of self-estimated job performance by 3.7%. Among indoor environmental
parameters and building features, satisfaction with temperature was the most
important parameter for self-estimated job performance, followed by satisfaction with
noise level and air quality. It is obvious that there is a discrepancy between ranking of
indoor environmental parameters and building features regarding their importance for
overall workspace satisfaction and self-estimated job performance. Thus, the
investments in improving conditions in indoor environments should be made
according to whether improvement of satisfaction or self-estimated job performance is
the aim.

The study in Danish residential buildings indicated that manual control of the indoor
environment was highly preferred, and only in the case of temperature did
respondents accept both manual and automatic control. The majority of respondents
who reported having at least one problem related to the indoor environment, did not
try to find information on how to solve the problem. This may suggest that there is
a need for increasing people’s awareness regarding the consequences of a poor indoor
environment on their health and for improving people’s knowledge on how to ensure
a good indoor climate.

The present results, although comprehensive, need further validation.
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Resumé

Resumé

Hovedformalet med Ph.d. projektet var at undersgge beboernes opfattelse af komfort
og selvanslaede arbejdspreestation i ikke-industrielle bygninger (boliger og kontorer),
iser hvordan bygningens brugere forstdir komfort og hvilke parametre, ikke
nedvendigyvis relateret til indeklimaet, har indflydelse pa opfattelsen af komfort.

For at opfylde mélsatningen blev folgende tiltag fulgt: (1) en litteraturoversigt som
udforsker hvilke indeklimaparametre (termisk, akustisk, visuelt miljo og luftkvalitet)
der overvejende fastsatter den samlede komfort og hvorvidt andre faktorer, der ikke
er relateret til indeklimaet, pavirker opfattelsen af komfort; litteraturoversigten
sammenfatter 42 tidsskrift (peer-reviewed) og konference artikler og 1 bog, der
deekker perioden fra 1970 til 2009. (2) forberedelse, distribution og analyse af en
sporgeskemaundersogelse sendt til 2499 adresser, der reprasenterer de mest
almindelige typer af boliger i Danmark og udfyldt af 645 personer (responsrate pa
26%) og (3) analyse af "post-occupancy’ tilfredshedsundersogelse foretaget af Center
for the Built Environment (CBE) ved University of California Berkeley i 351
hovedsageligt amerikanske kontorbygninger og udfyldt af 52.980 brugere af
bygningerne.

Resultaterne af litteraturundersggelsen viste at det termiske, akustiske og visuelle
indeklima og luftkvalitet alle péavirker vurderingen af det samlede indeklima.
I storstedelen af tilfeeldene havde den termiske komfort lidt sterre betydning for den
overordnede komfort end akustisk og visuel komfort og tilfredshed med luftkvaliteten.
Men dataene fra de danske beboelsesejendomme viste lidt forskellige resultater, der
indikerer at nar acceptable termiske, akustiske, visuelle forhold og luftkvalitet er af
samme storrelsesorden, der svarer til et lavt niveau af utilfredshed, s& kan accepten af
det samlede indeklima approksimeres ved at tage gennemsnittet af accepten af disse
individuelle parametre.

Litteraturoversigten antydede at der er andre faktorer, der ikke er relaterede til
indeklimaet, sdsom  personlige karakteristika af bygningens brugere,
bygningsrelaterede faktorer (type af bygning og kontrol over indeklimaet) og vejret
(herunder sesonmassige @ndringer), som kan pévirke opfattelsen af komfort. At give
mennesker mulighed for at styre indeklimaet har gavnlig effekt pd opfattelsen af
komfort, hvilket indikerer, at kontrollen over indeklimaet skal uddelegeres til
bygningens brugere. Nar systemer til kontrol af termisk indeklima skal designes, skal
bygningen type (naturlig ventilation eller air-condition) og lokale klimaforhold tages

Department of Civil Engineering — Technical University of Denmark 5



Resumé

i betragtning. Dette er blevet yderligere bekreftet af resultaterne fra de danske
boliger, der viser, at ikke kun indeklimaparametre bidrager til beboernes komfort,
men ogsé en fredelig atmosfzre, kontakt med naturen og udsigten gennem et vindue.

I kontorbygninger blev den generelle tilfredshed med det personlige arbejdsomrade
praeget af tilfredshed med ikke kun indeklimameessige parametre, men ogsd af
tilfredshed med arbejdspladsen og bygningens funktioner. Den hgjeste stigning i den
samlede tilfredshed med den personlige arbejdsplads kunne opnds ved at oge
tilfredsheden med maengden af plads til arbejde og opbevaring, stgjniveau og visuelt
privatliv. Men hvis man betragter arbejdspraestationen ber tilfredshed med de vigtigste
indeklimaparametre behandles forst, da de i den hejeste grad pavirkede den
selvansldede arbejdsprestation. Denne undersggelse viste at den samlede tilfredshed
med den personlige arbejdsplads havde en signifikant pavirkning af den selvanslaede
arbejdsprastation. At gge den samlede tilfredshed med den personlige arbejdsplads
med omkring 15 % ville svare til en foragelse af den selvanslaede arbejdspreestation
med 3,7 %. Blandt indeklimaparametre og bygningens funktioner var tilfredshed med
temperaturen den vigtigste parameter for selvanslaede arbejdspraestation, efterfulgt af
tilfredshed med stejniveauet og luftkvaliteten. Det er indlysende, at der er en
uoverensstemmelse mellem rangordning af indeklimaparametre og bygningens
karakteristika i forbindelse med deres betydning for den overordnede tilfredshed med
arbejdspladsen og den selvansldede arbejdspraestation. Derfor ber investeringer i at
forbedre forholdene i indeklimaet gores athangig af, om det er forbedring af
tilfredshed eller selvanslaede arbejdspreestation der er malet.

Undersogelsen i danske boliger viste, at manuel styring af indeklimaet i hej grad blev
foretrukket og kun i tilfeelde af temperatur accepterede respondenterne bade manuel
og automatisk styring. Flertallet af respondenterne der rapporterede at have mindst et
problem relateret til indeklimaet, havde ikke forsegt at finde oplysninger om, hvordan
man lgser problemet. Dette kan antyde, at der er behov for at ege folks bevidsthed om
konsekvenserne af darligt indeklima pa deres helbred og for at forbedre folks viden
om, hvordan man sikrer et godt indeklima.

De foreliggende resultater har, selv om de er omfattende, brug for yderligere
validering.
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Introduction

Chapter 1

Introduction

In the developed parts of the world people spend almost 90% of their time indoors
(Klepeis et al., 2001; Leech et al., 1997). Indoor conditions have therefore
far-reaching implications for their health, general well-being and performance.
Many studies have explored how building users perceive the indoor environment and
what conditions are considered by building occupants to be comfortable. In indoor
environments, a number of physical and chemical parameters have been identified
that influence the comfort of building occupants. Standards dealing with indoor
environmental quality have been developed to define the acceptable ranges of these
parameters. Even though the requirements of these standards are met, not all building
occupants are satisfied with the indoor environment. The same indoor environmental
conditions may lead to different subjective responses. One obvious reason is that
people differ and therefore not all are satisfied by the same conditions. Another reason
could be that not only physical conditions (temperature, sound level, illuminance
level, CO; level, etc.) influence satisfaction with the indoor environment. There may
also be other factors, unrelated to indoor environmental quality, such as personal
characteristics of building occupants (gender, age, country of origin etc.),
building-related factors (room interior, type of building and control over the indoor
environment) and the outdoor climate (including seasonal changes) that influence
whether the indoor environment is considered to be comfortable or not. Finally,
the standards define conditions for single indoor environmental parameters,
while humans integrate their impact in their responses. How to combine the impact
of single conditions is unclear.

Many studies examining the issue of comfort of building occupants in indoor
environments were focused mostly on the effects of single environmental conditions
on humans, e.g. the visual environment (Galasiu and Veitch, 2006), the acoustic
environment (Navai and Veitch, 2003), the thermal environment (Fanger, 1970) or air
quality (Wargocki et al., 2002). Some studies investigated which factors not related to
the indoor environment such as perceived control, adaptation, expectations and
outdoor climate influence evaluation of e.g. the visual environment (Veitch, 2001)
or the thermal environment (Brager and de Dear, 1998; Nicol and Humphreys, 2002).
Very few studies looked at the impact of factors unrelated to the indoor environment
on overall satisfaction with the indoor environment. However, occupants in buildings
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Introduction

are exposed to all indoor environmental parameters simultaneously and their
evaluation of the indoor environment is most likely influenced by the combined effect
of different environmental parameters. Besides studying the combined effect of
satisfaction with single environmental parameters on overall comfort, it is also
important to examine the perception of comfort from a broader perspective and
include the impact of parameters unrelated to indoor environment when investigating
comfort.

In office buildings it was shown that occupants’ satisfaction was affected not only by
indoor environmental parameters (thermal, visual, acoustic environment and air
quality) but also by workspace and building features, such as the view, control over
the indoor environment, amount of privacy as well as layout, size, cleanliness,
aesthetics and furniture of office (Bluyssen et al., 2011; Choi et al., 2009; Marans and
Yan, 1989; Schakib-Ekbatan et al., 2010; Veitch et al., 2007). Occupants’ satisfaction
was also shown to be positively correlated with the self-estimated productivity
of office workers (Leaman et al., 2007; Thomas, 2010). Occupants uncomfortable
with the overall environment reported much lower self-estimated productivity than
those who felt comfortable with the overall environment (Leaman and Bordass, 2001).
Occupants’ satisfaction with workspace was also positively associated with job
satisfaction (Donald and Siu, 2001; Oldham and Rotchford, 1983; Veitch et al., 2007;
Wells, 2000), which in turn had an impact on job performance (Judge et al., 2001).
Job satisfaction was also related to frequency and duration of absenteeism (Hardy et
al., 2003; Sagie, 1998) as well as intention to quit work (Hellman, 1997; Sagie, 1998;
Shaw, 1999; Van Dick et al., 2004), issues which may have financial consequences
for employers. Therefore, there is much to gain from maximizing occupants’
satisfaction and more information should be collected on this matter.

The present study was part of a larger research programme on user-driven innovation
aiming to develop concepts of control solutions for indoor environments that
maximize comfort and performance of building occupants and enhance their quality
of life. Thus the present study was designed to collect information on how future
solutions for controlling the indoor environment should be developed so that they
ensure the comfort of building occupants and at the same time are acceptable and
desirable for building occupants themselves. To reach this goal it was investigated
what constitutes comfort for building occupants, considering both indoor
environmental parameters and factors unrelated to the indoor environment.

12 Department of Civil Engineering — Technical University of Denmark
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Chapter 2

Objectives

The main objective of the Ph.D. study was to examine occupants’ perception
of comfort and self-estimated job performance in non-industrial buildings (homes and
offices), in particular how building occupants understand comfort and which
parameters, not necessarily related to indoor environments, influence the perception
of comfort.

Specific objectives of the Ph.D. study were the following:

to examine what constitutes human comfort in non-industrial buildings
(homes and offices) with particular focus on which environmental conditions
(thermal, visual, acoustic environment and air quality) were ranked by
building occupants as being the most important determinants of comfort
(Papers I and II);

to investigate which factors unrelated to the indoor environment contribute
to the perception of human comfort (Papers I, I1, IIT and V);

to investigate which subjectively evaluated indoor environmental quality
parameters and building features mostly affect self-estimated job performance
in office buildings (Papers IV and V);

to examine the link between occupants’ satisfaction with their personal
workspace and self-estimated job performance (Papers IV and V);

to study whether type of office and distance from a window affects occupants’
satisfaction and self-estimated performance levels in office buildings
(Papers III and IV);

to examine building occupants’ behaviour related to securing a good indoor
climate, in particular: (a) preferred ways of achieving comfort; (b) behaviour
when people face indoor environmental problems and source of the
information about how to deal with such problems and (c) self-estimated
knowledge about using systems for controlling the indoor environment
(Paper 1I).
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Chapter 3
Methods

To meet the objectives of the Ph.D. study the following actions were taken:
(1) performing a literature survey (Paper I); (2) preparation, distribution and analysis
of a questionnaire survey conducted in residential buildings in Denmark (Paper II);
and (3) analysis of the post-occupancy satisfaction survey conducted by the Center for
the Built Environment (CBE) at the University of California Berkeley in office
buildings (Papers III, IV and V). The methodology is described in detail in the
following.

3.1 Literature survey (Paper I)

A literature search was undertaken for articles relevant to at least one of the aims of
the paper: (1) articles presenting how thermal, acoustic and visual comfort, as well as
satisfaction with air quality, are ranked by building occupants in connection with
overall comfort and (2) articles discussing whether factors unrelated to the indoor
environment, such as personal characteristics of building occupants (gender, age,
country of origin etc.), building-related factors (room interior, type of building and
control over the indoor environment) and the outdoor climate (including seasonal
changes) play a role in the perception of comfort. Comfort concerned satisfaction with
only the indoor environment and did not include satisfaction with other aspects of the
building such as furniture, colours, etc. The literature search was limited to studies
that were performed in non-industrial buildings (homes, offices and schools) or in the
climate chambers in which environmental conditions resembled non-industrial
buildings. Relevant articles were searched electronically in the databases of Science
Direct, Compendex and Web of Science, and manually in the proceedings of Indoor
Air and Healthy Buildings conferences. The literature survey summarizes 42 articles
covering the period from 1977 to 2009. Additionally, a book of Fanger (1970) was
included as it comprehensively describes the aspects related to the effects of the
thermal environment on man.
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3.2 Questionnaire survey in Danish residential buildings
(Paper II)

A questionnaire survey was prepared, distributed among Danish citizens and
analyzed. The questions included in the questionnaire were selected in accordance
with the objectives of the project, i.e. to gain inspiration for concepts of future
solutions for controlling the indoor environment, which will ensure comfort to
building occupants and at the same time be solutions which are desired by them.
The contents of the questionnaire were selected based on the results of earlier stages
of the project: the literature survey (Paper I) and field studies among 5 families
(Jaffari and Matthews, 2009; Jaffari, 2010). During the field studies the families were
visited at their home, workplace and kindergarten (children). They were interviewed
concerning their perception and knowledge about the indoor environment, their
behaviour in relation to it and the way of dealing with indoor environmental problems
if any.

Invitations to participate in the survey were sent by regular mail to 2499 addresses in
Denmark. The addresses were obtained from a national building and housing database
(BBR) and they represented different types of the most common residential buildings
in Denmark. 2 reminders were sent to non-respondents 6 and 12 days after the
invitation letter. In total, 47 letters were returned due to wrong addresses, resulting in
a final sample size of 2452 addresses. 645 persons filled out the survey resulting in
a response rate of 26%.

The questionnaire survey collected the following information: (1) background
information including: socio-demographic data regarding age and gender of the
respondent and co-habitants, education and type of work of the respondent, total
income of the family; evaluation of the indoor environment (on continuous scales
exemplified in Figure 3.1 and recommended by Standard EN15251 (2007), annex H)
and perceived importance of single environmental parameters for achieving a good
indoor climate; location where respondents feel comfortable and what factors
contribute to comfort at this location; and (2) information addressing the following
issues in home and office environment: behaviour in relation to window opening,
adjusting heating and turning the lights on; preference for ways of controlling the
indoor environment (Figure 3.2); self-estimated level of knowledge about how to use
heating and ventilation systems optimally and extent of benefiting from receiving
advice on how the homes should be ventilated, cleaned and heated (Figure 3.3);
indoor environmental quality problems that respondents had and the methods used to
solve them as well as how knowledge about the solution of problems was found
(Figure 3.4). In the study the results of background questions and questions
addressing home environment are reported. The questionnaire survey (in Danish) is
presented in Appendix A.
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Questionnaire survey in Danish residential buildings (Paper II) Methods

4.2 How do you perceive the air
quality at the moment?
(Mark on the scale)

—— Clearly acceptable

— Just acceptable

—— Just unacceptable

Clearly unacceptable

Figure 3.1 Continuous scale used for evaluation of perception of the thermal
environment, air quality, sound quality and light quality.

16.2 How would you like to control the following in your home? (Put one cross for
each line)
Combination of

manual and I do not
Manually Automatically automatic control know
Artificial light O ] O L]
Window opening ] ] O ]
Solar shading ] ] O |
Temperature ] ] ] L]

Figure 3.2 Question collecting information about preferred ways of controlling
the indoor environment at homes.

19.3 Do you think you would profit from being given advice about your behaviour
in relation to ventilating, cleaning and heating?
O Yes, I would profit a lot
Yes, I would profit a bit
No, I would not profit so much
No, I would not profit at all
I do not know

oooo

Figure 3.3 Question collecting information about the extent to which people would
profit from being given advice about their behaviour in relation to
ventilating, cleaning and heating.
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Methods CBE occupant satisfaction survey in office buildings (Papers II1, IV, V)

21.4 Have you tried to find information about how to solve the indoor
environmental problems you have?
O No
I know what to do and I do not need more information
I do not know where to look for information
The problem is not serious enough to take action
It is not my responsibility
Other:

Ooooog

0O Yes

O

I asked my friends
I asked my family
I consulted an expert (not relatives) / a company specializing in
the field
I searched on the internet
I asked my doctor

O I contacted the authorities

Other:

O Ido not know

oo

oo

Figure 3.4 Question collecting information about whether people looked for
information on how to solve indoor environmental problem they had.

Using the data collected in the questionnaire survey, the relationship between
acceptability of overall indoor environment and acceptability of single environmental
parameters (thermal, visual and acoustic environment and air quality) was examined;
Spearman rank correlation was used (Siegel, 1956). This method was chosen because
the data were not normally distributed and no linear model could be applied.
The results were considered statistically significant when p<0.05.

3.3 CBE occupant satisfaction survey in office buildings
(Papers 111, IV, V)

Over a 10-year period the Center for the Built Environment (CBE) at the University
of California Berkeley has conducted post-occupancy evaluation surveys in more than
600 buildings including offices, hospitals, schools and universities, research centres,
assembly halls, commercial, governmental, residential, industrial and public buildings
(e.g. libraries) and prisons. The subset of data collected by CBE in recent years was
analyzed in the present study. This subset comprised only office buildings and people
working in offices (single or shared offices, cubicles or open-space offices), resulting
in a dataset containing responses from 52,980 building occupants from 397 surveys
performed in 351 different buildings.

The CBE occupant satisfaction survey is a web-based tool collecting information
about occupants’ satisfaction and self-estimated performance in the following
categories: office layout, office furnishings, thermal comfort, air quality, lighting,
acoustic quality, cleanliness and maintenance as well as overall satisfaction with
workspace and building and overall job performance (Zagreus et al., 2004). In each of
above-mentioned categories there are between 1 and 3 questions pertaining to
satisfaction and 1 question pertaining to self-estimated performance. The list of
parameters evaluated in CBE occupant satisfaction survey is presented in Table 3.1
and the survey is shown in Appendix B.
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Table 3.1 List of parameters assessed by the CBE occupant satisfaction survey.
Questionnaire item (satisfaction) Questionnaire item (performance)
Amount of space available for individual Office layout

work and storage Office furnishings

Level of visual privacy Thermal comfort

Ease of interaction with co-workers Air quality

Comfort of office furnishings (chair, desk, Lighting quality

computer, equipment, etc.) Acoustic quality

Ability to adjust furniture to meet your needs  Cleanliness and maintenance of the
Colours and textures of flooring, furniture and building

surface finishes Job performance
Temperature in your workspace

Air quality in your workspace (i.e. stuffy/stale

air, air cleanliness, odours)

Amount of light in your workspace

Visual comfort of the lighting (e.g., glare,

reflections, contrast)

Noise level in your workspace

Sound privacy in your workspace (ability to

have conversations without neighbours

overhearing and vice versa)

General cleanliness of the overall building

Cleaning service provided to your workspace

General maintenance of the building

Your personal workspace

Building overall

Questions about satisfaction have the following structure: “How satisfied are you with
(e.g. temperature in your workspace, etc.)?”” and the example of a question is given
in Figure 3.5. The answers are subsequently coded as follows: “very satisfied” =+3,
“very dissatisfied” = -3, and a neutral midpoint is coded as 0. Questions about
performance are as follows: “Overall, does (e.g. thermal comfort, etc.) enhance or
interfere with your ability to get your job done?” as exemplified in Figure 3.6.
The scale is coded as follows: “enhances” =+3, “interferes” =-3, while a neutral
midpoint is coded as 0. The summarizing performance question collecting information
about the combined impact of all parameters on performance is as follows:
“Please estimate how your job performance is increased or decreased by the
environmental conditions in this building (e.g. thermal, lighting, acoustics,
cleanliness)” as shown in Figure 3.7. An estimate is given on a 7-point scale
ranging from ‘increased’ to ‘decreased’ with each point defined as 20%, 10%, 5%,
0%, -5%, -10% and -20%.
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Figure 3.5 Sample of questions and scales used in CBE occupant satisfaction
survey to collect information on the satisfaction with different
environmental parameters and building features as well as overall
workspace and building satisfaction.

Figure 3.6 Sample of questions and scales used in CBE occupant satisfaction
survey to collect information on whether different indoor
environmental parameters and building features enhance or interfere
with the ability to do a job.

Figure 3.7 Question and scale used in CBE occupant satisfaction survey to
estimate how much job performance is increased or decreased by all
environmental conditions in the building.

As a part of the CBE occupant satisfaction survey respondents provide also
information about their gender, age group, type of work performed, office type,
proximity of workstation to windows and external walls as well as duration
of working in the present building and at the present workspace. A building facility
manager is also asked to fill out a building information form providing descriptive
information about the building and its systems such as the building’s age, location and
size, number of floors, number of occupants, type of HVAC system, solar shading and
controls, buildings’ LEED rating, energy use and cost of building construction, etc.

The relationship between overall satisfaction with personal workspace and satisfaction
with indoor environmental parameters and building features was examined using the
data collected through the CBE occupant satisfaction survey; proportional odds
ordinal logistic regression was used (Papers III and V). This method was chosen
because response variable (satisfaction with personal workspace) is an ordinal
variable: it takes only values that have a natural ordering (-3, -2, -1, 0, 1, 2, 3) but are
not continuous (Baayen, 2008). The relationship between (1) self-estimated job
performance and overall satisfaction with personal workspace and (2) self-estimated
job performance and satisfaction with indoor environmental parameters and building
features was also investigated; linear regression was applied (Papers IV and V).
Linear regression was used as it provides a quantitative measure of the effect
of satisfaction on the self-estimated job performance. It was also analyzed whether
an office type (single or shared office, cubicles with high or low partitions)
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and distance of workstation from a window (within 4.6 m or further) has an effect on
satisfaction levels. The Wilcoxon rank sum test (known also as Mann-Whitney test)
was used as the satisfaction is measured on an ordinal scale (Siegel, 1956). The results
were considered statistically significant when p<0.05.
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Chapter 4
Results

4.1 Parameters influencing comfort

The results of the literature survey (Paper I) showed that thermal, acoustic and visual
comfort and satisfaction with air quality all influenced evaluation of the overall indoor
environment. Figure 4.1 summarizes the ranking of indoor environmental parameters
regarding their importance for overall comfort; the majority of surveyed studies
showed that thermal comfort was ranked to be of slightly greater importance for
achieving overall comfort than acoustic and visual comfort and satisfaction with air
quality. The data from the Danish residential buildings (Paper II) showed, on the other
hand, that the assessment of all 4 main environmental parameters was equally
important for the assessments of the overall indoor environment and contributed
equally much to the overall acceptability. This was because the assessments
of acceptability of the overall environment and acceptability of thermal, visual and
acoustic environments and air quality were correlated and that correlation coefficients
were of the similar magnitude (Table 4.1). This observation is only valid if the
acceptability of the individual environmental parameters is of a similar magnitude
corresponding to less than 30% of dissatisfied as those were the data obtained in
Danish residential buildings. Equal contribution of individual parameters to overall
comfort was further indicated by respondents in the Danish residential buildings
(Paper II) when they were asked to compare pairwise which indoor environmental
parameters were more important for a good indoor climate.
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Figure 4.1 Ranking of the importance of different environmental conditions for
overall comfort; the higher number indicates higher ranking
(importance).

Table 4.1 Spearman rank correlation coefficients between acceptability of the
overall indoor environment and acceptability of the thermal, visual and
acoustic environment and air quality.

Parameter Coefficient*
Air quality | 0.64
Visual 0.52
Acoustic 0.52
Thermal 0.48

* p<0.001 (2-tailed test)

4.2 Factors unrelated to the indoor environment
influencing comfort

The results of a literature survey (Paper I) indicated that there are other factors
unrelated to the indoor environment such as personal characteristics of building
occupants, building-related factors (type of building and control over the indoor
environment) and the outdoor climate (including seasonal changes), which can
influence the perception of comfort. There were some inconsistencies among the
surveyed studies. Nevertheless, age, body build, fitness, health, self-estimated
environmental sensitivity, menstruation cycle, pattern of smoking and coffee drinking,
job stress and hours worked per week were shown in the majority of cases to have no
influence on whether the indoor environment was assessed to be comfortable or not.
The majority of surveyed studies showed that country of origin, level of education,
type of job, psychosocial atmosphere at work and time pressure did influence
assessment of the indoor environment. Gender, job satisfaction and relationship with
superiors and colleagues in some studies were shown to have an influence and
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in some studies to have no effect on whether the indoor environment was assessed to
be comfortable or not. Considering the building-related factors, type of building had
an impact on perception of thermal comfort. Occupants in naturally ventilated
buildings accepted higher indoor temperatures in summer and lower indoor
temperatures in winter, and they also accepted wider temperature ranges compared
with occupants in air-conditioned buildings. Providing people with the possibility to
control the indoor environment improved thermal and visual comfort and satisfaction
with air quality as well as overall satisfaction with the indoor environment. Outdoor
climate and season had also an impact on the perception of thermal comfort.
Neutral temperatures increased with increasing outdoor temperatures and differed
between seasons.

The results of the literature survey (Paper I) showing that not only indoor
environmental parameters influenced occupant satisfaction were further confirmed by
the findings from the questionnaire survey conducted in Danish residential buildings
(Paper II). Respondents were asked an open question in which they were requested to
describe in their own words which aspects contribute to their comfort. The 10 most
frequently mentioned aspects are presented in Table 4.2. Indoor environmental
parameters (light, temperature, air quality and noise level) were mentioned most often
as aspects contributing to comfort, together with peace and silence, contact with
nature and view through a window, but also many other aspects were mentioned such
as possibility of controlling the indoor climate, privacy and safety.

Table 4.2 Ten most frequently used words in descriptions of aspects contributing
to comfort.
Aspect Percentage of all responses
Light, sun 46%
Temperature, warmth 35%
Fresh/clean air, smell 21%
Sound, noise 16%
Peace, silence 15%
Nature 15%
View 14%
Size of room 9%
Family and friends 8%
Room interior, style, furniture 8%

4.3 Parameters influencing overall satisfaction with
personal workspace

In office buildings overall satisfaction with personal workspace was influenced not
only by satisfaction with indoor environmental parameters but also by satisfaction
with workspace and building features (Papers III and V). The results of proportional
odds logistic regression showed that satisfaction with all 15 environmental parameters
and building features listed in the CBE occupant satisfaction survey contributed
significantly (p<0.001) to overall satisfaction with personal workspace (Figure 4.2).
The most important parameter for overall workspace satisfaction was satisfaction with
the amount of space available for work and storage. Increasing satisfaction with the
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amount of space would increase 1.57 times the likelihood that overall workspace
satisfaction is also increased compared to the case when satisfaction with the amount
of space is not increased. Satisfaction with the amount of space was slightly correlated
to satisfaction with visual privacy, ease of interaction, noise and sound privacy.
However, the variance inflation factor was below 3 indicating that there was no
problem of multicollinearity between predictor variables. The next most important
parameters for overall satisfaction with personal workspace were satisfaction with
noise level and visual privacy. Satisfaction with the amount of space for work and
storage was ranked to be the most important parameter for overall satisfaction with
the personal workspace, regardless of respondents’ age group (below 30, 31-50 or
over 50 years old), gender, type of office (single or shared office, or cubicles with
high or low partitions), distance of workstation from a window (within 4.6 meters or
further) or satisfaction level with personal workspace (satisfied including neutral
responses or dissatisfied).

Figure 4.2 Odds ratios together with 95% confidence intervals for satisfaction
with indoor environmental parameters and building features included
in the CBE occupant satisfaction survey. The response variable is
overall satisfaction with personal workspace.
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4.4 Impact of satisfaction on self-estimated job
performance

Simple linear regression showed that overall satisfaction with personal workspace
affected significantly (p<0.001) the self-estimated job performance (Papers IV
and V). Increasing overall satisfaction with personal workspace by one unit on
a 7-point scale would correspond to increasing self-estimated job performance by
3.7%. Among indoor environmental parameters and building features listed in the
CBE occupant satisfaction survey, satisfaction with cleanliness of workspace, amount
of light and comfort of furnishings was not statistically significant (p>0.05) in the
multivariate linear regression model (Figure 4.3), indicating that they cannot be
considered to influence self-estimated job performance. The most important
parameter for self-estimated job performance was satisfaction with temperature.
Increasing satisfaction with temperature by 1 unit on a 7-point scale would increase
the self-estimated job performance by about 1% while the satisfaction with all other
parameters was kept constant. The next most important parameters for self-estimated
job performance were satisfaction with noise level and air quality, which would
increase the self-estimated job performance by about 0.8%.

Figure 4.3 Regression coefficients together with 95% confidence intervals for
satisfaction with indoor environmental parameters and building
features included in the CBE occupant satisfaction survey.
The response variable is self-estimated job performance.
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4.5 Impact of office design on satisfaction and self-
estimated performance

The results of the CBE occupant satisfaction survey showed that office type and
distance from a window had an impact on satisfaction and self-estimated performance
levels (Papers III and IV). Respondents sitting close to a window (within 4.6 m) and
in single offices expressed significantly higher workspace satisfaction compared with
those sitting further from a window and in shared offices and cubicles. Satisfaction
with almost all indoor environmental parameters and building features was also
significantly higher at workstations close to a window and in single offices than at
workstations far from a window and in shared offices and cubicles.
Respondents sitting close to a window (within 4.6 m) and in single offices estimated
also their job performance to be significantly higher compared with those sitting
further from a window and in shared offices and cubicles. All indoor environmental
parameters and building features were assessed to enhance to a greater extent the
ability of doing the job at workstations close to a window and in private offices
compared with workstations far from a window and in shared offices and cubicles.

4.6 Behavioural aspects important for comfort

The results of the questionnaire survey conducted in Danish residential buildings
(Paper II) showed that a vast majority of respondents preferred manual control over
the indoor environment as opposed to automatic control, especially in the case of
artificial light, window opening and solar shading (Figure 4.4). Respondents were
more positive regarding automatic control or a combination of manual and automatic
control in relation only to control of temperature. They also valued natural ventilation
highly and it was very important for them to have the opportunity to open a window
in their home. They indicated that the possibility to open the windows gave them
a chance to take care of their own and their family’s health as well as to air their
homes. For many respondents it was not important that their homes are aired out with
mechanical ventilation, suggesting that fresh air was associated with natural
ventilation (window opening) and not mechanical ventilation systems.

Respondents indicated that they were aware of how their behaviour influenced energy
use and indoor environment. They also felt confident in using the systems for
controlling the indoor environment in their homes and indicated that they do not need
any advice on their behaviour in relation to ventilating, cleaning and heating.
If the advice would be accepted, respondents would rather prefer it in a form of
an apparatus guiding them on how to obtain a good indoor climate while using as little
energy as possible. The question about the apparatus was specifically asked to address
the intension to develop the concept of control solutions maximizing comfort. It was
intended to learn whether such an apparatus would be accepted and at what cost.

54% of respondents reported to have at least one problem related to indoor
environmental quality and many respondents indicated that they had little or no
knowledge as to whether the problems had any serious consequences on their health
or building conditions. Among them, more than half did not try to find information on
how to solve the problem that they faced, mostly because they considered that it was
not serious enough to act upon. Among those who tried to find information, the most
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common source was the internet. Respondents avoided solving an indoor
environmental quality problem due to financial reasons and because they believed that
the problem was not serious enough to act upon.

Figure 4.4  Percentage of respondents preferring different types of control of
indoor environmental parameters. Category ‘No answer’ includes both

responses ‘I do not know’ and respondents who did not provide any
answer.
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Chapter 5

Discussion and implications

In the following the implications of the results obtained in the present thesis
(Papers I to V) are discussed among others in the context of the concepts of solutions
promoting occupants’ satisfaction and self-estimated performance. This is because the
Ph.D. study is part of a larger research programme on user-driven innovation aiming
to develop control solutions for indoor environments that maximize comfort and
performance of building occupants and enhance their quality of life.

Questionnaire survey in Danish residential buildings (Paper II) investigated to what
extent satisfaction with thermal, acoustic, visual environment and air quality
contribute to satisfaction with overall indoor environment. Satisfaction was measured
by asking people to rate acceptability on a continuous scale. European Standard
EN15251 (2007) recommends overall classification of the indoor environment based
on evaluation of each individual indoor environmental parameter and it does not
provide any information on how to combine different environmental parameters into
one index that can be used to classify the overall indoor environmental conditions in
the building. However, occupants in buildings are exposed to all indoor environmental
parameters simultaneously and their evaluation of the indoor environment is most
likely a combination of the evaluation of different environmental parameters.
The results from the Danish residential buildings (Paper II) showed that the
correlation coefficients between acceptability of overall indoor environment and
acceptability of thermal, visual and acoustic environment and air quality were of
similar magnitude, suggesting that the acceptability of the overall indoor environment
can be approximated by averaging acceptability of individual environmental
parameters. This is valid when acceptability of thermal, acoustic, visual conditions
and air quality are of a similar magnitude corresponding to less than 30% of
dissatisfied (categories I to III according to Standard EN15251 (2007)) as these were
the data obtained in Danish residential buildings. Thus it can be proposed to use this
method until data are obtained showing otherwise; validation would, however,
be recommended.

The results of the literature survey (Paper I) showed that there are other parameters

not related to the indoor environment that influence whether the indoor environment
will be evaluated as comfortable or not. Thermal comfort was influenced by building
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type and climate including seasonal changes. Occupants in naturally ventilated
buildings accepted higher indoor temperatures in summer and lower temperatures in
winter, suggesting that designing the systems for achieving thermal comfort requires
a case-by-case approach, depending on the building type. Local outdoor climate
should also be considered. Differences in neutral temperature between seasons were
observed, suggesting that the temperature indoors should follow the change in outdoor
temperature rather than be kept constant for the entire year. The differences between
seasons were greater in hot and warm climates than in cold and moderate climates.
Consequently, these results indicated that the decision as to what extent indoor
temperature should follow seasonal change should be made with due consideration to
local climate conditions. The findings of the literature survey (Paper I) support thus to
some extent the principles used to develop an adaptive thermal comfort approach
proposed by Brager and de Dear (1998).

The review article of Heijs and Stringner (1988) suggested that perception of thermal
comfort may be influenced by psychological variables (such as knowledge and
experience) and classificatory variables (such as gender, age). The results of the
present literature survey (Paper I) were not consistent as regards the impact of
individual characteristics of building occupants on the perception of comfort.
Some surveyed studies showed that gender, job satisfaction, relationship with
superiors and colleagues did influence comfort and some that they did not.
Nevertheless, it seems reasonable to suggest that when the systems for controlling the
indoor environment are designed, the possibility of customizing environmental
conditions should be offered to building occupants in order to reflect their
preferences. This is shown in the papers reviewed (Paper 1) and in the study of Paciuk
(1990) indicating that providing personal control over the environment to building
occupants had a beneficial effect on the perception of comfort. The importance of
individual control for achieving comfort was also underlined by the study of
Karjalainen and Lappalainen (2011).

Responses from the CBE occupant satisfaction survey were used to investigate the
satisfaction level and self-estimated performance in relation to indoor environmental
parameters and building features (Papers III, IV and V). The highest dissatisfaction
was observed for sound privacy, temperature, noise level and air quality. Despite the
high dissatisfaction with privacy and indoor environmental parameters, building
occupants were generally satisfied with their personal workspace. This may suggest
that people may accept discomfort with some parameters and it will not have a strong
effect on the overall satisfaction. When asked about the combined effect of indoor
environmental parameters and building features on their job performance, 24% of
respondents indicated that their job performance was neither increased nor decreased
by the overall conditions related to environmental and building parameters. For each
indoor environmental parameter and building feature evaluated separately, about 1/3
of respondents indicated that the parameter neither enhanced nor interfered with the
ability to do their job. These results may suggest that many people do not associate
indoor environmental parameters and building features with their performance.

Responses from the CBE occupant satisfaction survey were used to investigate which
subjectively evaluated indoor environmental parameters and building features play
amajor role when people evaluate overall satisfaction with personal workspace
(Papers III and V). Knowledge about people’s priorities may be used as guidelines
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when constructing and renovating buildings so that building occupants’ satisfaction
can be maximized. The results showed that in order to maximize overall satisfaction
with personal workspace, investments should first be made which increase satisfaction
with the amount of space for work and storage, noise level and visual privacy. When
the parameters related to the interior design of the workspace that should be addressed
in the design phase are only considered, then satisfaction with amount of space for
work and storage, visual privacy and colours and textures are the most important.
Among parameters related to the indoor environmental quality that have to be
addressed in the operating phase of the building, satisfaction with noise level,
temperature and amount of light are the most important. However, if self-estimated
job performance is considered, then satisfaction with temperature, noise level and air
quality should be first improved as they affect self-estimated job performance to the
highest extent (Papers IV and V). Satisfaction with the amount of space and visual
privacy (parameters highly important for workspace satisfaction) were of much lower
importance for self-estimated job performance. The discrepancy between ranking of
indoor environmental parameters and building features regarding their importance for
overall workspace satisfaction and self-estimated job performance implies that the
investments in improving conditions in indoor environments should depend on
whether it is aimed to improve satisfaction (comfort) or self-estimated performance.

The results of the CBE occupant satisfaction survey (Papers IV and V) showed that
increasing satisfaction with temperature by 1 unit on a 7-point scale, corresponding to
a change of about 15% (assuming that the scale can be treated as linear), would
increase the self-estimated job performance by about 1% while the satisfaction with
all other parameters was kept constant. In the case of satisfaction with noise level and
air quality, 1 unit change would correspond to about 0.8% and for the other
parameters it was even smaller than the aforementioned. Although the magnitude of
effects on the self-estimated job performance was quite small, the improvements of
environmental quality and building features are still expected to be cost-effective,
if only self-estimated performance reflects reasonably well the actual change in
productivity. So far, there are no data providing evidence for this. The reason for cost-
effectiveness of investments in environmental quality and building features is that for
a typical office building, 82% of all costs are associated with building occupants
(salaries and benefits of employees), while the remaining costs cover building
construction and arrangement, technology support, maintenance and operations
(Brill et al., 2001). Consequently, even a small increase in workers’ productivity
would justify the costs associated with investments for improving the indoor
environment (Wargocki et al., 2006). This is further supported by previous cost-
benefit analyses reported in the literature (Dorgan et al., 1994; Fisk and Rosenfeld,
1997; Fisk et al., 2011; Wargocki and Djukanovic, 2005).

Responses from the CBE occupant satisfaction survey were used to investigate
whether satisfaction levels and self-estimated performance levels were affected by
office type (single and shared offices, and cubicles with high and low partitions) and
distance from a window (within 4.6 m from a window and further), enabling
identification of the optimal office settings from the building occupants’ point of view
(Papers III and IV). Respondents sitting close to a window and in single offices
expressed significantly higher self-estimated job performance and satisfaction with
workspace and almost all indoor environmental parameters and building features
compared with those sitting further from a window and in shared offices and cubicles.
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All indoor environmental parameters and building features enhanced to a greater
extent the ability to do the job at workstations close to a window and in private offices
compared with workstations far from a window and in shared offices and cubicles.
The results indicated that in order to maximize building occupants’ satisfaction and
job performance, their workstations should be located in single offices close to a
window.

The study in Danish residential buildings (Paper II) indicated that there is a need to
increase people’s awareness regarding the consequences of poor indoor environment
on their health and for improving people’s knowledge on how to ensure a good indoor
climate. Many of the respondents who had at least one problem related to indoor
environmental quality at home judged mainly on their own how serious the problem
was, without consulting any experts in the field. Regular inspections of homes with
subsequent mandatory repairs would probably ensure that the indoor environment is at
an acceptable level, but there is meagre evidence of their effectiveness, although
analogous regular car checks are quite successful. Regular inspections of HVAC
systems in public buildings are mandatory in Sweden (Boverket, 2009), while in
Portugal regular energy audits imposed by Directive on the Energy Performance of
Buildings (2003) are accompanied by measurements of indoor air quality that can
identify potential problems. A diagnostic tool that will help to evaluate the seriousness
of indoor environmental problems can also be developed. An internet-based tool
might be effective since respondents in Danish residential buildings indicated the
internet as the most common source of information when facing problems related to
indoor environmental quality. Such a tool should provide an estimated cost of solving
the problem as well as health- and building-related consequences of not doing so and
should help people to make an informed decision as to whether or not the problem
should be solved. A big challenge is to reach people who ignore the indoor
environmental problems and fail to look for more information. These people may be
addressed by educational campaigns. A survey among Danish citizens showed that
increased knowledge may lead to change of behaviour (Zapera, 2007).
Information about the indoor environment may also be described in the daily press
and magazines in an easily understandable way for laymen. In this way, people will
be addressed without actively looking for information, leading to increased awareness
about ensuring a good indoor environment and to a positive change of behaviour.

Respondents of the survey in Danish residential buildings (Paper II) expressed
preference for manual control over the indoor environment. As a result, two solutions
for controlling the indoor environment can be considered:

* automatic control securing minimum acceptable conditions with the possibility

of manual adjustment (override) of conditions to occupants’ needs;

* manual control by building occupants.
In the former solution, the automatic system can be designed to ensure the minimum
requirements for an acceptable indoor environment, and the occupants can adjust the
indoor environment to their needs as required. In the latter solution, the building
occupants are fully responsible for ensuring a good indoor environment. However,
the relevant question is whether the occupants will always act when the situation
arises. In the study of Price and Sherman (2006) in the U.S., nearly 50%
of respondents indicated that they sometimes failed to use the bathroom fan even
when conditions clearly required it, most often because they simply did not think of it.
In such a situation, a basic automatic ventilation of the bathroom (e.g., a fan that turns
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on when the light is turned on or humidity is too high) could be an appropriate
solution. A system that warns people when they should act, or a system that
continuously visualizes whether indoor environmental quality conditions are good or
poor, may be useful. The examples of such a system were presented by Jaffari and
Matthews (2009), Boer (2011) and Kim and Paulos (2009). Jaffari and Matthews
(2009) suggested an artificial plant that wilts at high CO; levels while low CO; levels
make it rise back to the upright position, but no data describing the practical use
of such a plant is available. Boer (2011) constructed a lamp that represents the levels
of temperature, humidity, sound, light and CO, by means of light; he placed it in the
home of one family for 9 days and the idea to visualize the indoor environment
through lights seemed appealing to the family. Kim and Paulos (2009) designed a tool
for continuous graphical visualization of indoor air quality (based on measurements
of particles below 0.5 microns); they placed it in 5 homes for 2 weeks and observed
that it had a positive impact on willingness to take action to improve the indoor
environment. Many respondents of the survey in Danish residential buildings
(Paper II) indicated that they would use an apparatus that could guide them on how to
secure a good indoor climate while using as little energy as possible. They indicated
that they would pay on average €230 (range between €0 and €2600) for such an
apparatus.

5.1 Practical implications

Below the practical implications of the present work are underlined:

- Designing systems for achieving thermal comfort in the buildings requires
a case-by-case approach with due consideration of building type (air-
conditioned or naturally ventilated) and local climate conditions;

- When the systems for controlling the indoor environment are designed,
the possibility of customizing environmental conditions should be offered to
building occupants in order to reflect their preferences;

- In order to maximize overall satisfaction with personal workspace,
investments should first be made which increase satisfaction with the amount
of space for work and storage, noise level and visual privacy;

- In order to maximize self-estimated job performance, investments should first
be made which increase satisfaction with temperature, noise level and air
quality;

- In order to maximize building occupants’ satisfaction and self-estimated job
performance, the workstations should be located in single offices close to
a window;

- A system that warns people when indoor environmental conditions are poor,
or a system that continuously visualizes whether indoor environmental quality
conditions are good or poor may be beneficial for increasing people’s
awareness about indoor environment and motivating them to act in order to
improve indoor conditions.

5.2 Limitations

In the literature survey (Paper I), relatively few studies were found that examined
the influence of factors unrelated to the indoor environment on overall comfort,
compared for example with the number of studies discussing the same issue in
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relation to SBS symptoms. It is expected that there are more studies that provide
information on this issue. They were not identified in the present survey, probably
because this influence was not reported as a main result and therefore could have been
omitted when searching the databases and screening the results using abstracts.

The main limitation of the questionnaire survey conducted in Danish residential
buildings (Paper II) is a very low response rate (26%). The responses cannot be
considered as representative for the Danish population due to the potential of selection
bias. No non-respondents analysis was made to examine this bias. The respondents
had a higher education status than an average Dane. In the sample tested there was
also an underrepresentation of people younger than 52 years and
an overrepresentation of people aged 52 years and older as compared to the Danish
adult population. However, additional analysis showed that the differences between
respondents younger and older than 52 years old were small, if any, which suggests
that the overrepresentation of people older than 52 years in the tested sample had
a small impact on the overall study results.

One of the limitations of the analysis of the CBE occupant satisfaction survey
(Papers I11, TV and V) is related to the selection of buildings in which the survey was
conducted. There was no systematic randomized approach in relation to building
selection. Almost 80% of the surveyed buildings were situated in the USA so the
results relate primarily to American settings. Furthermore, the survey considered only
the influence of satisfaction with 15 different indoor environmental parameters and
building features on overall satisfaction with personal workspace and self-estimated
job performance; there may be other parameters that affect overall workspace
satisfaction or self-estimated job performance. Another limitation of the CBE
occupant satisfaction survey is the absence of physical measurements. It would be
preferable to relate subjective responses of building occupants to objective measures
of indoor environmental parameters and building features. Moreover, productivity
of office workers was not measured objectively and it is not known to what extent the
self-estimated job performance represents actual change in workers’ productivity.
There are basically no data in the research literature on whether the two metrics are
correlated but there are also no data showing that they are not correlated. The work
of Clausen and Wyon (2008) did imply that the self-estimated performance was twice
as much affected by improved indoor environmental quality as subjectively measured
performance. But their results obtained in the laboratory need to be verified.
Consequently the obtained quantitative figures between satisfaction and self-estimated
job performance should be treated with caution.

The results of the Ph.D. study, although comprehensive, need further validation.

5.3 Recommendations for future studies

In Danish residential buildings it was observed that if acceptability of thermal,
acoustic, visual conditions and air quality are of a similar magnitude corresponding to
less than 30% dissatisfied, the acceptability of the overall indoor environment can be
approximated by averaging acceptability of these individual parameters.
Independent validation (both in climate chambers and in field studies) is needed.
A corresponding study in an office environment is recommended.
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Recommendations for future studies Discussion and implications

The present study investigated the impact of satisfaction with 15 different indoor
environmental parameters and building features on overall satisfaction with personal
workspace and self-estimated job performance. There may be other parameters not
included in the CBE occupant satisfaction survey that affect overall workspace
satisfaction or self-estimated job performance, e.g. control over the indoor
environment; the effect of such parameters should be investigated in future studies.

The present study focused on behavioural aspects of comfort creation in residential
buildings. It is recommended to investigate this issue in office buildings, as
the solutions proposed in the present study (e.g. an apparatus guiding how to ensure
a good indoor environment) may not be directly applicable for offices.
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Chapter 6

Conclusions

The results of the literature survey (Paper I) showed that thermal comfort was
considered in the majority of cases to be of slightly higher importance for achieving
overall comfort than acoustic and visual comfort and satisfaction with air quality.
The data from the Danish residential buildings (Paper II) showed slightly different
results, suggesting that if acceptability of thermal, acoustic, visual conditions and air
quality are of a similar magnitude corresponding to less than 30% dissatisfied,
the acceptability of the overall indoor environment can be approximated by averaging
acceptability of these individual parameters.

The results of the literature survey (Paper I) showed that there are other factors
unrelated to the indoor environment that influence whether the indoor environment is
evaluated as comfortable or not. The studies surveyed were not consistent as regards
the impact of personal characteristics on the perception of comfort. The type of
building and outdoor climate including season influenced thermal comfort. Occupants
in naturally ventilated buildings accepted higher indoor temperatures in summer and
lower indoor temperatures in winter than in air-conditioned buildings.
Neutral temperatures increased with increasing outdoor temperatures and differed
between seasons. Providing people with the possibility to control the indoor
environment had a beneficial effect on the perception of comfort. These results were
further confirmed by findings from the questionnaire survey conducted in Danish
residential buildings (Paper II), showing that not only indoor environmental
parameters contributed to occupants’ comfort but also a peaceful atmosphere, contact
with nature and the view through a window.

In office buildings, occupant satisfaction with the personal workspace was influenced
by not only satisfaction with indoor environmental parameters but also by satisfaction
with workspace and building features (Papers III and V). The most important
parameters for overall satisfaction with personal workspace were satisfaction with
the amount of space for work and storage, noise level and visual privacy.

Overall satisfaction with personal workspace affected significantly the self-estimated

job performance (Papers IV and V). Among indoor environmental parameters and
building features listed in the CBE occupant satisfaction survey, the most important
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parameters for self-estimated job performance were satisfaction with temperature,
noise level and air quality (Papers IV and V).

Office workers expressed higher satisfaction with their personal workspace and
assessed their performance higher when working in a private office close to a window
(within 4.6 m) compared with working in a shared office or cubicle with high or low
partitions, or a workstation further from a window (Papers III and IV).

The results of the survey conducted in Danish residential buildings (Paper II)
indicated that manual control of the indoor environment was highly preferred,
and only in the case of temperature did respondents accept both manual and automatic
control. The majority of respondents who reported having at least one problem related
to the indoor environment, did not try to find information on how to solve the
problem. This may suggest that there is a need for increasing people’s awareness
regarding the consequences of poor indoor environment on their health and for
improving people’s knowledge on how to ensure a good indoor climate.
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The present paper shows the results of a literature survey aimed at exploring how the indoor envi-
ronment in buildings affects human comfort. The survey was made to gather data that can be useful
when new concepts of controlling the indoor environment are developed. The following indoor envi-
ronmental conditions influencing comfort in the built environment were surveyed: thermal, visual and
acoustic, as well as air quality. The literature was surveyed to determine which of these conditions were
ranked by building users as being the most important determinants of comfort. The survey also exam-
ined the extent to which other factors unrelated to the indoor environment, such as individual char-
acteristics of building occupants, building-related factors and outdoor climate including seasonal
changes, influence whether the indoor environment is evaluated as comfortable or not. The results
suggest that when developing systems for controlling the indoor environment, the type of building and
outdoor climate, including season, should be taken into account. Providing occupants with the possibility
to control the indoor environment improves thermal and visual comfort as well as satisfaction with the
air quality. Thermal comfort is ranked by building occupants to be of greater importance compared with
visual and acoustic comfort and good air quality. It also seems to influence to a higher degree the overall
satisfaction with indoor environmental quality compared with the impact of other indoor environmental

conditions.

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

In developed countries people spend more than 90% of their
time indoors. Indoor conditions have therefore far-reaching
implications for their health, general well-being and performance.
Numerous studies have explored how building users perceive the
indoor environment and which conditions are considered to be
comfortable. In indoor environments, a number of physical and
chemical parameters have been identified that influence the
comfort of building occupants. Standards dealing with indoor
environmental quality have been developed to define the accept-
able ranges of these parameters. Even though the requirements of
these standards are met, not all building occupants are satisfied
with the indoor environment. In addition, the same indoor condi-
tions may lead to different subjective responses. One obvious
reason is that people differ and therefore not all are satisfied by the
same conditions. Another reason could be that not only physical
conditions influence satisfaction with indoor environments. There

* Corresponding author.
E-mail address: mofro@byg.dtu.dk (M. Frontczak).
T www.iciee.byg.dtu.dk.
0360-1323/$ — see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.buildenv.2010.10.021

may also be other factors, unrelated to environmental quality, that
influence whether indoor environments are considered to be
comfortable or not; these factors are usually not regulated by the
standards.

Previous literature reviews examining the issue of comfort of
building occupants in indoor environments were focused mostly on
the effects of single environmental conditions on humans. For
example, reviews were made investigating which conditions lead
to satisfaction with the visual environment [1] or with the acoustic
environment [2]. Some reviews examined which factors not related
to the indoor environment may influence preference for indoor
environmental conditions. These reviews again focused on satis-
faction with a single environmental condition, e.g. the visual
environment [3] or the thermal environment [4,5]. No review has
been carried out summarizing the possible influence of different
non-environmental factors on whether overall indoor environ-
mental quality, being an interaction of thermal, visual and acoustic
conditions as well as indoor air quality, is evaluated as comfortable
or not. The present literature survey was performed to gather more
information on this matter.

The objective of the present literature survey was to investigate
what constitutes comfort for building occupants. This knowledge is
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important when solutions for controlling the indoor environment
that maximize the comfort of building users need to be devised. After
summarizing briefly how comfort is currently described in the
literature, the paper discusses whether all environmental conditions
contribute equally to achieving comfort, or whether they are ranked
differently by building users. The article also attempts to identify
which factors unrelated to the indoor environment influence
whether indoor environmental quality is evaluated by building users
to be comfortable. These factors include, for instance, individual
characteristics of building occupants (occupants’ gender, age,
country of origin etc.), building-related factors (room interior, type of
building and control over the indoor environment), and the outdoor
climate (including seasonal changes).

The present paper attempts to examine the following hypotheses:

e hypothesis 1: the evaluation of whether overall indoor envi-
ronmental quality is comfortable or not depends strongly on
the indoor environmental conditions that are ranked by people
to have high importance for achieving comfort,

e hypothesis 2: there are factors unrelated to the indoor envi-
ronment that strongly influence whether indoor environ-
mental quality is assessed as comfortable. This hypothesis is
composed of 3 sub-hypotheses, each related to impact of
a different group of factors: individual characteristics of
building occupants (hypothesis 2.1), building-related factors
(hypothesis 2.2) and outdoor climate (hypothesis 2.3).

2. Indoor environmental quality

There follows a short summary of how thermal, visual and
acoustic comfort as well as good indoor air quality are currently
defined in the literature and the requirements that exist in the
standards regarding these parameters. This information provides
a background for further discussion in the present paper.

2.1. Thermal comfort

Thermal comfort is “that condition of mind which expresses
satisfaction with the thermal environment” [6]. When thermally
comfortable, a building user will wish to feel neither warmer nor
cooler, if asked about thermal state and preference. The definition
applies to the thermal comfort of an individual. In buildings,
however, a person usually shares the built environment with other
occupants. Standard ISO 7730 [7] provides the indices predicted
mean vote (PMV) and predicted percentage dissatisfied (PPD),
which make it possible to predict the mean thermal sensation and
mean satisfaction with thermal conditions of a group of people. The
standard defines the thermal environment as a function of four
physical variables (air temperature, mean radiant temperature,
relative air velocity and air humidity) and two variables related to
people (activity level and clothing). Additionally, requirements for
thermal comfort can only be met if no local discomfort exists, i.e.
if building users are not disturbed by draught, too high radiant
temperature asymmetry, too low or too high internal surface
temperatures, or too high vertical air temperature difference. While
the above approach to the evaluation of thermal conditions is based
on the heat exchange between a human body and the surrounding
environment, an adaptive approach has since been proposed [8]. It
assumes that people are able to adapt to the thermal environment
by means of behavioural adjustments (e.g. by changing the insu-
lation value of their clothing), relaxation of expectations and accli-
matization to the conditions to which they are exposed. Building
users are then able to feel comfortable in a wider range of conditions
than the conditions prescribed by applying the PMV index.

2.2. Visual comfort

Visual comfort is defined as “a subjective condition of visual
well-being induced by the visual environment” [9]. Although the
definition implies that there is a psychological dimension of
comfort, a number of physical properties of the visual environ-
ment are defined and used to evaluate its quality in an objective
way. Visual conditions are characterized by such parameters as
luminance distribution, illuminance and its uniformity, glare,
colour of light, colour rendering, flicker rate and amount of
daylight [10].

2.3. Acoustic comfort

Navai and Veitch [2] defined acoustic comfort as “a state of
contentment with acoustic conditions”. However, the term acoustic
comfort is not commonly used and providing a good acoustic
environment is mainly associated with preventing the occurrence
of discomfort (annoyance). The quality of the sound environment is
linked to numerous physical parameters, which include both the
physical properties of sound itself and the physical properties of
a room. Sound is characterized by the sound pressure level in
a short-term and long-term period and by sound frequency. The
acoustic environment is influenced by such physical room proper-
ties as sound insulation, absorption and reverberation time [11].

2.4. Good indoor air quality

The term comfort is not commonly used in relation to indoor air
quality and it is mainly linked with the lack of discomfort due to
odour and sensory irritation. Acceptable air quality is defined as “air
in which there are no known contaminants at harmful concentra-
tions as determined by cognizant authorities and with which
a substantial majority (80% or more) of the people exposed do not
express dissatisfaction” [12]. Consequently most of the standards
providing the requirements for indoor air quality define the
conditions by providing the minimum percentage of persons
dissatisfied with air quality. They are mainly based on the
discomfort and annoyance caused for visitors to indoor spaces.
Recently, some standards also deal with the requirements for
occupants.

Fig. 1. Ranking of the importance of different environmental conditions for overall
satisfaction with IEQ; the higher number indicates higher ranking (importance).
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Table 2 (continued)

Comments

Data analysis Results

Population

Place of experiment

Study
[35]

Study considered to have weak design.
Small number of people participated

The number of U.K. workers

No statistical analysis
to study whether

Building occupants
(n<32in UK,

Office building in U.K.

dissatisfied with externally

and office building

in Pakistan

generated noise was higher than
the number of Pakistani workers

disturbed by externally

differences in subjective

15 in Pakistan,
RR unknown)

n=

responses are caused by
exposure to different
indoor conditions

generated noise, even though
the sound level was lower

in the UK.

Study considered to have weak design

The neutral temperature of

Linear regression analysis

Building occupants

13 air-conditioned

[36]

males, workers with higher

(n = 1520, RR unknown)

buildings in Thailand

education and those using air

conditioners at home was slightly

lower than the neutral temperature
of females, workers with lower

education and those without air

conditioners at home

M. Frontczak, P. Wargocki / Building and Environment 46 (2011) 922—937

* number of interviews or filled out questionnaires; some of the building occupants gave their response more than once; RR — response rate; Studies considered to have strong design are those in which the impact of changes in

indoor environmental conditions on the effects of individual characteristics are controlled, and in addition provided testing for statistical significance of the observed effects. The studies considered to have medium design are

those which provided only testing for statistical significance of the observed results; all other studies are considered to have weak design.

3. Methods

A literature search was undertaken for articles presenting the
results of studies on how thermal, acoustic and visual comfort, as
well as indoor air quality, are ranked by building users in connec-
tion with overall satisfaction with indoor environmental quality
(IEQ) and its impact on human comfort, and whether factors
unrelated to indoor environment play a role in this relationship.
Throughout the article, comfort is defined as satisfaction with
purely IEQ and does not include satisfaction with other aspects of
the building such as furniture, colours, etc. The search was limited
to the studies that were performed in non-industrial buildings
(homes, offices and schools) or in the climate chambers in which
environmental conditions resembled non-industrial buildings.
Relevant articles were searched electronically in the databases of
Science Direct, Compendex and Web of Science, and manually in
the proceedings of Indoor Air and Healthy Buildings conferences.
Besides the papers found during the literature survey, a “Thermal
Comfort” book [13] was included as it comprehensively describes
all the aspects related to the effects of the thermal environment on
man that are relevant for the current survey. No other books were
included.

The literature discussing how thermal, acoustic and visual
comfort, as well as indoor air quality, are ranked by building users
was searched using keywords that are related to the indoor
environment and that describe such terms as contribution,
prioritization, ranking and importance. The literature was
searched to confirm or reject the following hypotheses: (1)
Thermal, acoustic and visual comfort and indoor air quality do not
equally contribute to whether overall IEQ is assessed to be
comfortable or not; (2) This contribution of thermal, acoustic and
visual comfort and air quality can be influenced by individual
characteristics of the building users and the conditions in
a building; (3) Building users can not make consistent judgment of
how important the indoor environmental conditions are for their
comfort. More than 10 articles were found that presented infor-
mation relevant to at least one of the above hypotheses. From
among these articles, only nine covering the period from 1993 to
2009 were included in the present survey. These articles discussed
the importance of at least three environmental conditions for
overall human comfort. The studies that discussed the importance
of only two environmental conditions were considered to simply
compare rather than rank the conditions; although they provide
some valuable information, it was decided not to include them in
the present survey.

The literature providing information on factors which are
unrelated to the indoor environment but which may influence
whether [EQ is comfortable or not was searched using
keywords describing occupant perception, subjective response,
human/personal factors and building factors. No articles
reporting the influence of factors on health (including sick
building syndrome (SBS) symptoms) or performance were
included, even though they may contribute to comfort. The
literature was first screened to identify the potential factors.
More than 50 studies were found indicating the following
factors: personal characteristics (occupants’ gender, age,
country of origin etc.), building-related factors (room interior,
type of building and control over the indoor environment) and
the outdoor climate (including seasonal changes). For the final
analysis, only the data from 33 studies were included in which
it was controlled that the differences in whether IEQ was
evaluated to be comfortable or not were not actually caused by
the variations in indoor environmental conditions. Articles
reproducing the same data published elsewhere were excluded.
The selected studies cover the period between 1977 and 2009.
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4. Results

4.1. Hypothesis 1: the importance of different environmental
conditions for comfort

Nine studies were examined. Four studies were performed in
offices, two in residential buildings and climate chambers, and one
in a school building. Their details are given in Table 1.

In two studies the impact of overall IEQ on comfort was
modelled, based on the effects of single environmental conditions
on comfort [14,17]. This was done to learn about physical conditions
of the thermal and acoustic environments and air quality which
lead to the same levels of overall satisfaction with IEQ and to
estimate how much a change of each condition affects overall
comfort. The results show that the change in thermal and acoustic
conditions and air quality should be different in order to obtain the
same change of the overall satisfaction with IEQ.

The other seven studies explored the importance of environ-
mental conditions only in terms of the subjective evaluations of
building users [15,16,18—22]. They examined the importance of
indoor environmental conditions for comfort by asking the building
users to rank the conditions according to their importance, or to fill
out the questionnaires indicating their satisfaction with different
environmental conditions or overall satisfaction with IEQ; these
responses were used to estimate the contribution of satisfaction
with each parameter to overall satisfaction with IEQ. The results of
these studies show that thermal comfort was ranked to have
slightly higher importance than acoustic comfort and satisfaction
with air quality, and considerably higher importance compared
with visual comfort (Fig. 1).

Women and men ranked the environmental conditions differ-
ently. Ranking depended also on whether the indoor environment
was the workplace or home, whether a person was a visitor or
occupant, whether a workstation was closer or further from the
window, and on the duration of working or living in the building.
Ranking was different in different countries, and depended on
whether the building was private or public. No general conclusions
regarding the influence of the above factors on ranking could,
however, be formulated because these impacts were not systematic.

In two studies it was observed that the satisfaction level influ-
enced how the condition was ranked - when people were more
dissatisfied with a condition, this condition was considered to have
higher importance [19,22]. These results could not, however, be
confirmed by the results of two other studies [15,16].

In two studies the majority of people could not consistently
rank which indoor environmental conditions are important for
comfort [20,21]. In these studies participants chose the condition
they perceived as the most important from among the pairs of 4
environmental conditions. Their responses were then analysed to
create a final ranking of conditions for each person separately. The
analysis showed that the responses of most people were not
consistent enough to make the creation of such a ranking
possible; these responses were disregarded and are not included
in Fig. 1.

4.2. Hypothesis 2.1: impact of individual characteristics of building
occupants on satisfaction with IEQ

Table 2 summarizes 15 studies providing information on the
impact of individual characteristics of building occupants on
thermal, visual and acoustic comfort and satisfaction with air
quality and on overall satisfaction with IEQ. These studies were
performed mainly in office buildings; two were performed in
schools and climate chambers, and one in residential buildings.

The results of these studies presented in Table 3 show that
thermal comfort was influenced by the level of education, the
relationship with superiors and colleagues and time pressure, but
not by gender, age, body build, fitness, health, self-estimated
environmental sensitivity, menstruation cycle, pattern of smoking
and coffee drinking, job stress or hours worked per week. Percep-
tion of air quality was influenced by the psychosocial atmosphere at
work and job stress, but not by the pattern of smoking. Visual
comfort was affected by occupants’ age and type of job, but not by
job satisfaction, relationship with superiors and colleagues or job
stress. Acoustic comfort was affected by country of origin, but not
by occupants’ gender.

Table 3 shows also that age, body build, fitness, health, self-
estimated environmental sensitivity, menstruation cycle, pattern of
smoking and coffee drinking, job stress and hours worked per week
had no influence on whether overall IEQ is assessed to be
comfortable or not. It shows that country of origin, level of
education, type of job, psychosocial atmosphere at work and time
pressure do influence overall satisfaction with IEQ. Gender, job
satisfaction and relationship with superiors and colleagues in some
studies were shown to have an influence and in some studies to
have no effect on whether overall IEQ was comfortable or not. The
results are slightly different if only studies are selected which can
be considered to have a strong design, i.e. in which the potential
impact of indoor environmental conditions on the observed results
was controlled and in which the results were tested using statistical
methods. These studies show that most individual characteristics
(occupants’ age, body build, fitness, health, self-estimated envi-
ronmental sensitivity, menstruation cycle, pattern of smoking and
coffee drinking, job stress and number of hours worked per week)
do not influence overall satisfaction with IEQ.

4.3. Hypothesis 2.2: impact of building-related factors on
satisfaction with IEQ

Table 4 summarizes 18 studies examining the impact of
building-related factors on human comfort in indoor environments.

Two studies performed in climate chambers examined the effect
of room interior on thermal comfort. They found a very slight
influence of colour of light on thermal comfort [37] and no effect of
room decoration on thermal comfort [38].

The type of building was shown to have an impact on thermal
comfort. People felt warmer at home and colder in the office in
relation to the sensation predicted by PMV [42]; neutral tempera-
tures were also different in homes and in offices [41]. Thermal
sensation and comfort were different in naturally ventilated (NV)
and air-conditioned (AC) buildings. In countries with warm
climates such as Israel, Thailand, Singapore and the southern part of
China, the comfort temperatures and neutral temperatures in warm
periods were observed to be higher in NV buildings compared with
AC buildings, both in homes and in offices. The difference was about
3 °C in Israel [23] and Thailand [39] and 0.6 °C in China [45]. In
Singapore the difference in comfort temperature between NV
residential buildings and AC office buildings was 4.3 °C [40]. In
dwellings in Israel, residents felt much warmer in AC homes and
slightly warmer in NV homes compared with the prediction made
with PMV [44]. Opposite findings were observed in UK., where
neutral temperatures in the summer were lower in AC buildings
compared with NV buildings [43]. In winter the comfort tempera-
tures and neutral temperatures were higher in heated dwellings
compared with non-heated dwellings, by 2 °C [23] and in NV offices
compared with AC offices, by 1.4 °C [43]. People in AC buildings
were observed to be more sensitive to temperature deviations away
from the optimum compared to those staying in NV buildings. The
range of acceptable temperatures was wider in NV buildings



=
=y

M. Frontczak, P. Wargocki / Building and Environment 46 (2011) 922—937

(a8pd 3xau uo panuruod)

JUSWIUOIIAUD 3DYJO
PUB WO U39MII] Pa1INdd0 amjeradwa)
[BIIN3U U 9IUSIYPIP Y3 JeYl pamoys Apnis ayL

S2DJO Ul UBY} SAWOY
ur 12y31y Sem 31 pue sSuIp[ing Dy Ul ueyy
AN U1 19y31y sem a1nje1adwal [ennau ayL

ssuIping oy
ur ueyy saSuelr ainjesadwa) Jpim
paydadoe s3urp[ing AN ul syuednadQ

s3uIp[ing Jv
ur uey) samjesadwa) 1ysiy
paidadoe sSurp[ing AN ul syuednadQ

s3ulamp OV

PUB paleay-uou ur uey) sSuIjoMp AN
pue pajeay ul 12ysiy sem aanjeraduwa)
110jJwod 3y, 3[qeliojuwiod Ajjenba [99) ued
UONBSUIS [PULIAY) JUIAYIP B DdUILIadXd
oym a[doaq "a[qel1ojwiod Ajienba 313y
syuedndd0 ay) ‘sSul[[omp pajeay-uou

pUE paJeay ul paidyIp syuednado jo
uonesuas [euLay) 3yl ysnoy) uang

uone109p
wool ay3 Suisueyd Aq payrpow aq
10U UBD 1I0JWO) [BULIDY, "UOIIBI0IIP
W00 PAYILIUS YIIM JqUIeLd pue
Jaquieyd pIepuels ul d[qelIojuwod
Aqrenba 119) s393[qns a3 ‘s123fqns

JO UONBSUIS [PULIAL) UO 1I3)Jd Ue
Ppey 1029p wool 3yl y3noyy uang

souedyiusis [ednoeld ou jo

SI 31 JeY) [[BUIS OS SBM DUIYIP YL
*3[qerIojwod se s13fqns Aq pasgpnl
2I19M [DIYM SUONIPUOD [BULIAY) UO
dduaNyuI [[ews pey 1ySi| Jo nojo)

sadyjo ul J12ysSiy sem ainjeraduwa)
[e1Inau 3yl pue (J. °0) [[ews AlaA
SBM DUIIYIP Y] J2IUIM U] 'SIYJO
ul Uy sawoy ul J2ysiy J, L1 Sem
aIme1adwa) [e1NSU Y] JAWWNS U]
s8uip|ing

2dyjo Dy ul ueyy 12y31y J. €'

SeM pue ), G'87 SeM s3uIp[ing
[enUAPISAI AN Ul a1mje1aduwa)
aAne1ado [ennau JauwIwns uj

JVAH pazi[enuad

yam s3urpping ui se 1eais se

201M) Jsowe sem sainjeraduwa)
aane1ado a[qerdadde jo aduer

ay) Yo1yMm ut ((100°0 > d) s3uip[ing
AN Jo sjuedndd0 a3 03 paredwod
wnundo wolj Aeme SUOIRIAIP
a1njesadwa) 03 IARISUIS I0W
Apuedyrusis azam sSuip(ing JYAH
pazifenuad jo syuednddo Ay,
s3uip[ing

(o£'%2) v ur ueyd (. +'£2)

AN Ur 19yS1y sem armeraduwa)
QA1II9JJ9 [BIINSU SUOSLIS ULIBM U]
sawoy Dy

ur uey) AN ut 1aysiy J, € sem
21nje1aduwa) 110JWod ‘IaWWns

u] 'sSul[amp pajeay-uou ut

uey) pajeay ut 1pysSiy J, 7 Sem
21nje1adwia) 110JWOd pjeWNSd
9y, ‘sSul[[damp paieay-uou ut
12MO[ AJUBDYIUSIS J19M UOIBSUIS
[ewIay) ay) pue arnjeradwa)
aAne1ado ayl ysnoyl uand

12JUIM Ul SSUI[[aMP Paleay-uou
PUB P3B3Y U39MI( SII0A 1I0JUI0D
[BULIBY] UI 3DUAIIP Juedyiusis oN

110JWOD [BULIAY] UI SIDUIYIP
JUBDYIUSIS OU 19M I3[,
(50°0 > d) 1aquuieyd piepue)s ul
UORBSUS [PWIAY} 03 patedwod
pasueyd sem Iaquieyd ayl

Ul 2INJILIN PUE ‘PIPPE I9M
Jy81] 30211pul ue pue jadied

pai ‘sem ay) uo sainyid
‘sjoued pooM UIYM JSULIEM
Apuedyrusis 119J s12alqns

(500 > d) 1oquieyd

ay1 ut papiaoid sem Sunysiy
[EDYILIE PAI WX pue an|q
JWANXA UAYM SIUWILIAAXD
u2aMIaq aInjeradway

pai1djaid ur UAIYIP Do 0

(umowyun Yy
*.618€ = U :59dYj0 U1 ApnIs wid3-3uo|
168 = u :sawoy Je Apnis

sisA[eue uoIssaIdal 1eaur] u)-10ys) syuednddo Suipjing

(umowyun Yy

anbruy29) uorssaigal 11qoid ‘818 = u) syuednddo Surpjing

sis[eue uolssaIgalr
Teaul] paaySoMm

(umowyun Yy
‘0001Z ~ u) syuednddo Surp[ing

(umowyun Yy

sisA[eue uoIssaIgal reaury .9%11 = u) syuednado Surpjing

duedyIuSIS [edNSNLIS
10§ Pa1sa) S3NSAY

(umowyun ¥y *,¥6€ = )
s3ul[[amp 3y3 jo syuelqey

duedyIusIs [ednsneIs

10J Pa1sa) SINsay (8% = u) syuapnis aga[j0D

dUBLIBA JO SISATeUY (91 = u) syuapnis a8e-a3a[[0)

uelrf ur
SUIP[ING 9dYjo pue sawoy AN [17]

a10dedurs ur sSuIp[ing adyjo Iy
pue s3uIp[INg [eNUIPISAT AN [ov]

PlIOM 33 punoie

S2LUN0) 6 Ul SSUIP[INg 09 [8]
puefreyL ut
SSUIP[ING 2Yjo AN Pue IV ¥ [6€]

[9®IS] Ul SSUI[[oPMp

AN PUE DY G0 pue s3ui[[amp
Pajeay-uou pue pajeay 681 [ez]
Buiping jo adAL,

(uonei0dap woolx

PIYILIUS [IIM JquIeyd

payIpow pue J1aquieyd
plIepuels) s1aquieyd ajewi)) [8€]

JIaqureyd ajewn))y [L€]
Jorrayul wooy

sy[ewal Suipnpuo)

SINsaYy

sisf[eue eyeq uone[ndog

JuawILIRdX? Jo de|d Apnmis

D4l Y3IM UOIIIBJSIIES UO SI0)0) Paje[aI-Sulp[ing Jo 10312 Y3 SUIUIWEXS SAPNIS Jo AIPWWng

v alqeL



M. Frontczak, P. Wargocki / Building and Environment 46 (2011) 922—937

932

JUWIUOIIAUD I00PUT AU YIIM UONIBJSIIeS
anoxdwl J0U PIp JUSWUOIIAUD Y3 [0IIUO0D
03 Anpiqissod ayy yam syuednddo Suipiaoid

[1ews 3mb sem
110JWIO0D UO [013U0D JO 123JJ3 [BIOYaUIq YL
“JUSWIUOIIAUD J0OPUI Y3 YIIM UOLIBJSIIES

panoidwil JUSWUOIIAUS Y] [01IUOD 0}
Anpiqissod ay3 yam syuednddo Suipiaold

JUSWUOIIAUD J00PUI YIIM UOIIBJSIIeS
pano1duwil JUSWUOIIAUD 3Y) [01IUOD
03 Anpiqissod yam syuednddo Suipiaoid

[Tews 1ayjer sem
S3UIP[ING AN PUE DY U93M13q
amjeraduwa) [E1NAU UT 2DUIYIP YL

sSuI[amp Dy Ul ueyl AN Ul Jamoj
Apuedyrudis sem [9A3] 110JW0D Y} pue
13]00D [29) 0) paiidjaid [[13S WAY3 Jo ISON
sS3uI[amp Dy ul s3uednddo Jo UOIIesuas
[ewr1ay) ay) 03 paredwiod uonesuas
[euntay) 119y Suipiegal suoneldadxa
113y paxe[al sSulj[amp AN ul syuednQ

SDUJO AN UI Sjuednddo yiim
paredwod 3]qeIdadde se sUONIPUOD A}
paaradiad sadyjo Jy ur syuednado atowr

JI2WWnS U "$adyJo Iy Yim paredwod
a8ueyd ou pairsjaid pue djqeidadde
se suonIpuod 3y pagpnl sadyJo AN

ur syuednodo axow APYSIs 123UIM Uf
SJUSWUOIIAUD

0M] 9Y] 10] JUIIIJJIP SBM [9AI]
110JW0 Y] J9YIdYM patojdxa jou

SEM ][ "JUSWIUOIIAUS 3JYJO puP woy
U93M)I3q PAISJJIP UONESUIS [PULIAY L

JUSWUOIIAUS [PULIY)

Ayl yum Aijiqeidasoe

U0 323J2 JuedyIusis ou pey
SUONIPUOD [EIUSWIUOIIAUD

a3 [013U0d 01 AJI[IqISsOd
(1000°0>aneA-d) Dl

UIIM UOLIDRISHES [[BI9A0 pue
Ayrenb 1re pue amjeradws) eare
JI0M M s3urel uondejsnes
panoidwil JUSWUOIAUD [BULISYY
119U} J2A0 [013UO0D JO 32139p
19y3Iy e 3Im s19sn SuIpiroid
Sunysy

3se3 Aue JnoyIm 350yl ueyy
uonoejsies 19ysiy Ajerousd
passaidxa Sunysij ysel yum
syuedndd(Q “Afenb Sunysi yum
uonoejsies pasoidwin Sunysiy
ay3 [o1u0d 03 Apiqissod ayL

JU21Xa ag1e]

e 01 paddeprano s3uipjing Jv

pue AN ur saSuer ainjeradwa)

ay3 Inq sSUIp[INg DV Ul ueyl AN

ur 1apim Apysis sem ainjetadway
9[qerdadde jo a8uer ay], 's3urp[ing
DV Ul Uy} AN Ul 12ysiy D, 90 Sem
21nmje1adwa) [e1NauU YY) JSWIWNS Uf
s3ul[amp AN

ul UBY3 DV Ul [(II0JW0D I[3)
9[doad a1op\ "sawoy AN Ul ueyl
JaMO] A[JuedyIusis sem sawoy

DV ur ainjesadwa) aanerado

a1 ySnoy) uans uurem Apysis
pue (002 APYSI[S UIYIM UONBSUIS
[ewIay) 112y pajer s3ulPmp AN
Jo sjuedndd0 JO %z6 pue ssulPmp
DV Ul S3uapIsal ay3 Jo [V “AINd Aq
paidipald uey) sawioy AN Ul J9ULIEM
ApysSijs pue sawoy Jy Ul JauLlem
Udnw [ SIUSPISI Iawwns uj
Jawiwns ur

9ZIS IBILUIS © JO SBM JI J[IYM
‘I9)UIM UI S3DUJO DV UI UBY] S3OYJO
AN UI 19pIm sem Ajijiqeidasoe
[ewwIay) jo d3uel Y “JSWWNS ur
Do T'T puB IUIM U1 D, H'1 Aq
S321JO DV Ul UBY) S3DYJO AN Ul
J1aMo] sem d1njerddwa) [ennaN

(500 > d)

AN Aq paiipaid uonesuas

9y 0] UOHIL[I UI SIDYJO Ul I9P[0d
pUE SaWOY Ul JauLem 113 a[doad

duedyIuSIS [ed1SNels
10J Pa1sa) SINsAY

JUIDYJ0D
UOIB[3110D UOSIEd]

sisA[eue [ed1IS1EIS ON

sisA[eue uoissaidal reaury

douedyIudis [edansnels
10§ P1s3) SINSY

sisAjeue

Jqoid pue uoissaISAY

2ouedyIuSIs [edansnels
10§ P1s3) SINSY

(umouwyun ¥y
‘L2z = u) syuednddo Surp[ing

(umouwyun ¥y
‘.LL8 = u) syuednddo Suip[ing

(umouyun ¥y
‘T16 = u) syuednddo Surpjing

(umowyun ¥y
‘6¢¢ = u) syuednodo Sulpjing

(umowyun Yy pue 1dqunu)
s3ur[[amp ay3 Jo syueliqey

(umowyun ¥y

%LE0S = U

Hawiwns %9 = ¥y *.0509

= u :1uim) syuednddo Suipjing

(syuedrjdde
6€ Suowre uasoyd ‘gg = u)
uonmnsul duo jo saakojdug

UONR[UIA JuaWwde[dsIp
Yam s3UIp[Ing 2Yjo 0L [62]

sSuIpling pareinuaA Afedrueydaw zi  [ge]

Pa1dNpuod sem Apnis Y3 AW 3yl e

donderd Sunysiy jo [ed1dA) swaisAs
Bunysi yam s3ulping adyjo €1 [zl
JUSWUOIIAUS J00pUI Y] JO [0IIU0)

eury) ur suIping aJyjo

pue sSUI[[9MP DV 9% PUB AN S9 [sv]

[oe1s] ut sSul[[emp AN PUe DV 11 [¥]
rnur

SUIP[ING 3DYJo IV  PUE AN [ev]

I’ Ul SISI0M 3DYJo 3y
JO sawoy pue SuIp[ing MYJO [zv]

sy Iewal SuIpnpuo)

Synsay

sisA[eue eyeq

uone[ndod

JuawiLadxa Jo ade[d Apnis

(panuyuod) y ajqer



Providing occupants with possibility to control
the environment did not improve satisfaction

with the indoor environment

Multivariate analysis of There was no significant difference

variance (MANOVA)

Participants (n = 120, data from

94 participants analysed, the

Test room

[46]

in satisfaction with lighting between

participants who could set the

rest of participant excluded

lighting at the beginning of the

from analysis mainly due to insufficient

English language skills)

experiment and those who had no
influence on lighting conditions

and were exposed to the conditions

chosen by their experimental partner,
even though the perceived degree of

control of the participants in the former

group was much higher
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More people assessed the lighting as
comfortable when they were offered

No statistical analysis

People working in the building

Test rooms

[47]

where the test rooms were built

(n=14)

satisfaction with the indoor environment

manual control or a combination of

manual and automatic control of the

visual environment

The occupants were more satisfied with
the environment when they perceived

that they had control of environmental

conditions

People expressed higher satisfaction
when they perceived that they had
more control of the environment

No statistical analysis

ings in England Building occupants (n = 497,
RR unknown)

Office bui

[48]
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The occupants were more satisfied
with the environment when they

In winter people with a higher degree
of control reported higher satisfaction
with temperature, air movement, air

Building occupants Results tested for

Building in USA

[49]

statistical significance

(n > 1000%, RR ~ 40%)

perceived that they had control of

environmental conditions

quality and sound than those with a
lower degree of control (p < 0.05)

* number of interviews or filled out questionnaires; some of the building occupants gave their response more than once; RR — response rate; AC — air-conditioned building; NV — naturally ventilated building.

compared with AC buildings either in all seasons [8] or only in
summer [45] or in winter [43]; in one study the size of the
acceptable temperature range in summer was actually similar in NV
and AC buildings [43].

Five studies performed in office buildings and two studies
carried out in a laboratory setting in test rooms examined how
control of indoor environmental conditions influence satisfaction
with IEQ. Providing people with control led to an increased satis-
faction level with thermal, visual and acoustic environment as well
as air quality [24,28,47—49] but only in two studies [28,49] was
a formal statistical analysis made of the observed results. Two
studies showed that access to control did not influence thermal
[29] and visual comfort [46].

4.4. Hypothesis 2.3: impact of outdoor climate and season on
satisfaction with IEQ

Table 5 summarizes 10 studies examining whether outdoor
climate and season influence thermal comfort. No study was found
that examined whether they affect satisfaction with other indoor
environmental conditions or overall IEQ.

People staying indoors felt warmer in winter than in summer
even though the indoor temperature was lower [54]. It was
consistently observed that neutral and comfort indoor tempera-
tures increased with increasing outdoor temperatures [8, 52, 53].
Comfort and neutral temperatures were higher in warmer climates
compared with temperatures in colder climates [25]. They were
higher in summer than in winter [23,41,50]. In three studies there
was, however, almost no difference in neutral temperatures
between winter and summer [43, 51, 55].

5. Discussion

The present literature survey is a part of a larger research pro-
gramme on user-driven innovation aiming to develop control
solutions for indoor environments that maximize the comfort of
building occupants and enhance their quality of life. The present
literature survey intended to collect information relevant to this
aim. In particular, it was intended to learn whether comfort is
predominantly controlled by any of the four environmental
conditions related to thermal, visual and acoustic comfort, as well
as satisfaction with air quality. It was also intended to find out
which factors unrelated to the indoor environment should be taken
into account where comfort is concerned. The focus was only on
those factors that were considered by the authors to be important
when developing innovative solutions for controlling the indoor
environment in non-industrial buildings.

The studies surveyed used quantitative models and qualitative
assessments to examine the importance of different environmental
conditions for overall satisfaction with IEQ. Qualitative assessments
provided ranking only of those environmental parameters consid-
ered by building users to be important. The quantitative models
provided more information because they indicated the extent to
which the environmental conditions should be changed in order
to create a change in comfort. Further studies examining the
quantitative models would be beneficial, as only a few studies have
used this approach so far. This information would be useful when
overall [EQ in buildings is classified according to satisfaction with
the individual indoor environmental conditions, as recommended
by standard EN15251 [56]. It would also be quite useful when
remedial measures are taken regarding improvement of IEQ, indi-
cating which of the indoor environmental parameters should be
tackled first.

The studies surveyed showed that building users consider
thermal comfort to be the most important parameter influencing
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overall satisfaction with IEQ. Consequently, when control solutions
for the indoor environment are developed, providing thermal
comfort should be given the highest priority. Account should also
be taken of other factors unrelated to IEQ, such as gender or posi-
tion of workstation, as they can also affect whether thermal
comfort, acoustic comfort, visual comfort or satisfaction with air
quality have a dominant impact on satisfaction with IEQ. A general
recommendation should be that controlling indoor environmental
conditions needs a case-by-case approach and it may be difficult to
adopt universal solutions that match all.

Surveyed studies do not provide clear answer to whether the
importance of environmental parameters is influenced by their
satisfaction level. Two studies implied that as the satisfaction with
physical environment changes, the importance of the environ-
mental parameters will change as well. This was not confirmed by
two other studies discussing this topic. Too limited data collected
through the present survey do not allow careful analysis of this
aspect. Future studies should further examine this dynamic char-
acter of human response.

Thermal comfort was influenced by building type (homes and
offices, NV and AC buildings) and climate including seasonal
changes. It was not affected by room decoration or light colour.
The occupants of NV buildings had a more forgiving attitude in
relation to indoor thermal conditions compared with the occu-
pants of AC buildings. They accepted higher indoor temperatures
in summer and lower temperatures in winter, and they also
accepted wider temperature ranges. These observations are in
line with the adaptive model of thermal comfort proposed by de
Dear and Brager [8]. This is another argument indicating that
designing the systems for achieving comfort, in this case
thermal comfort, requires a case-by-case approach, depending
on the building type.

Local outdoor climate should also be considered. Differences in
neutral temperature between seasons were observed, suggesting
that the temperature indoors should follow the change in outdoor
temperature rather than be kept constant for the entire year. The
differences between seasons were greater in hot and warm
climates than in cold and moderate climates. It should be noted that
the differences in neutral temperatures between seasons were
observed in areas with warm winters and hot summers, while in
areas with cold winters and warm summers almost no differences
between seasons were seen. This was probably because outdoor
temperatures in the summer were not very high, causing small
differences in neutral temperatures between summer and winter.
Consequently, these results indicate that the decision as to what
extent indoor temperature should follow seasonal change, should
be made with due consideration to local climate conditions.

The surveyed literature showed that the neutral temperature
depended on the building type (homes and offices, NV and AC
buildings), climate and season. The observed differences in neutral
temperature can also be partially explained by differences in other
environmental parameters which influence neutral temperature
(air velocity, clothing insulation, activity level and humidity). The
extent to which other parameters may influence the observed
differences in neutral temperature is unknown as it was not dis-
cussed in the surveyed articles. Lack of consideration of influence of
other environmental parameters on neutral temperature causes
that the conclusions about the influence of building type and
climate on thermal comfort are less firm.

Even though thermal sensation (feeling warm/cold) differed
among building users, the results of the studies surveyed showed
that at the same time the building users felt equally comfortable.
This observation implies that the systems for controlling the
thermal environment should take into account thermal satisfaction
votes and not only the thermal sensation votes.

Room decoration and colour of light were shown to have no
significant effect on the perception of thermal comfort. These
studies were performed in climate chambers. But it seems
reasonable to assume that the same results would be observed in
real buildings.

The studies found in the present survey focused exclusively on
the impact of building type, climate and season as well as room
interior on thermal comfort. Nothing is known on the potential
influence of these factors on visual and acoustic comfort as well as
on the satisfaction with air quality. Studies on these aspects are
required.

Based on the results of the present survey, it is reasonable to
suggest that when the systems for controlling the indoor envi-
ronment are designed, the possibility of customizing environ-
mental conditions should be offered to building users in order to
reflect their preferences. This recommendation is made considering
that the results of the studies surveyed were not consistent as
regards the impact of individual characteristics of building users on
comfort. Some showed that gender, job satisfaction, relationship
with superiors and colleagues do influence comfort and some that
they do not. Delegating customization of environmental conditions
to building users is further supported by the studies showing that
providing personal control over the environment to building users
has a strong beneficial effect on the satisfaction with IEQ.

It is difficult to judge from the present data which individual
characteristics of building users play the most important role for
comfort. Many of the studies discussing this issue do not have
a proper design and sufficient analysis of results. There are also too
few studies on this issue. The available studies examine mainly the
impact of gender, age, country of origin, physical fitness and job
satisfaction. Further investigations on whether individual charac-
teristics influence satisfaction with IEQ are required with more
detailed analysis of the results than in past studies.

The results of the studies surveyed in the present paper seem to
be consistent with previous literature reviews. This is particularly
true as regards the impact on thermal comfort of outdoor climate
and season [5] and of building type [4]. The positive impact of the
possibility to control indoor environment vis-a-vis comfort seems
also to give a reasonable result. On the other hand, it was surprising
to observe that individual characteristics of building users did not
influence comfort as expected, especially as regards the impact of
gender and age on thermal comfort. In the case of gender, it was
expected to find that women preferred a warmer environment, but
no such differences in thermal sensation were observed in the
studies surveyed. The reason could be the definition of keywords
when searching for the studies in the databases, resulting in some
omissions. Lack of the effect of age was probably due to the fact that
most of the studies surveyed were carried out in offices where
different age groups in general were not well represented.

In the present survey, relatively few studies were found that
examined the influence of factors unrelated to the indoor envi-
ronment as regards comfort, compared for example with the
number of studies discussing the same issue in relation to SBS
symptoms. It is expected that there are many more studies that
provide information on this issue. They were not identified in the
present survey, probably because this influence was not reported as
a main result and therefore could have been omitted when
searching the databases and screening the results using abstracts.

6. Conclusions
e Creating a comfortable thermal environment is often consid-

ered to be the most important factor for achieving overall
satisfaction with IEQ.
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e The type of building, outdoor climate and season influence
thermal comfort. Compared with air-conditioned buildings, the
neutral temperatures are generally higher in naturally venti-
lated buildings and they increase with outdoor temperature.
The number of studies identified in the surveyed literature was
too few to provide convincing evidence regarding the impact of
personal characteristics on comfort implying that further work
on this aspect is essential. Even so it is prudent to say that the
literature included in the survey suggests that (1) the thermal
comfort is influenced by the relationship with superiors and
colleagues, level of education of building users, and time
pressure, and not influenced by room interior or by colour of
light; (2) that the perception of air quality is affected by the
psychosocial atmosphere at work and by job stress; (3) that the
visual comfort is influenced by age and type of job; and (4) that
the acoustic comfort is affected by the country of origin.
Providing people with the possibility to control the indoor
environment improves thermal and visual comfort and overall
satisfaction with IEQ as well as satisfaction with indoor air
quality.

Little information is available on modelling how individual
environmental conditions related to thermal, acoustic and
visual comfort, as well as satisfaction with indoor air quality
influence the overall satisfaction with IEQ. This information
would be important especially when remedial measures are
implemented indoors.

As a minimum, the solutions for controlling the indoor envi-
ronment should include control of the thermal environment,
the possibility of delegating control to occupants, and adjust-
ments based on outdoor conditions, as well as the possibility of
customizing the control. Control solutions may be different in
naturally and air-conditioned buildings and should always be
made on a case-by-case basis.
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A questionnaire survey in Danish homes investigated the factors that influence occupants’ comfort. The
questionnaire contained questions on inhabitants’ behaviour, their knowledge as regards building
systems designed for controlling the indoor environment and the ways in which they achieve comfort. A
total of 2499 questionnaires were sent to inhabitants of the most common types of housing in Denmark;
645 persons replied (response rate of 26%). The results show that the main indoor environmental
parameters (visual, acoustic and thermal conditions, and air quality) are considered by occupants to be
the most important parameters determining comfort. Manual control of the indoor environment was
indicated by the respondents as highly preferred, and only in the case of temperature did they accept
both manual and automatic control. The respondents indicated that they were confident about how the
systems for controlling indoor environmental quality in their homes should be used. 54% of them re-
ported to have had at least one problem related to the indoor environment at home. A majority of those
respondents did not try to search for information on how to solve the problem. This may suggest that
there is a need for increasing people’s awareness regarding the consequences of a poor indoor envi-
ronment on their health and for improving people’s knowledge on how to ensure a good indoor climate.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

In the developed part of the world people spend almost 90% of
their time indoors [1,2]. Indoor conditions have serious implica-
tions for their health, comfort and general well being. More than
half of the time spent indoors takes place in homes. It is therefore
important to identify the parameters that influence the comfort of
inhabitants in their homes and to see how their behaviour may
influence their comfort, especially considering that information on
this subject is not extensive. For example, in the majority of Danish
homes, indoor environment is to a large extent controlled manually
by the building users by, e.g. opening the windows to regulate
ventilation or setting the thermostat levels to regulate heating. As
a consequence building occupants, whether aware of it or not, are
responsible for ensuring indoor environment and through their
behaviour they influence their comfort and even health.

Many studies have investigated the behaviour of people in
residential buildings [3—9]. The studies have resulted in defining
patterns of human behaviour in relation to window opening, use
of air-conditioning and control of temperature, lighting and solar
shading, depending on outdoor and indoor conditions. Some of

* Corresponding author.
E-mail address: frontczakmonika@gmail.com (M. Frontczak).

0360-1323/$ — see front matter © 2011 Elsevier Ltd. All rights reserved.
doi:10.1016/j.buildenv.2011.10.012

these studies recognized that it is not only physical conditions that
influence the behaviour of building occupants. Andersen et al. [5]
found that gender and ownership of the dwelling influenced the
way in which people control the indoor environment. Guerra-
Santin and Itard [9] observed that the duration for radiators to
be turned on was associated with the type of thermostat, the
presence of elderly people, and past residence. Brundrett [3]
showed that the number of open windows was higher in fami-
lies where a housewife stayed at home and that it increased with
the size of the family. The study of Schweiker and Shukuya [7]
indicated that the use of air-conditioning units differed depend-
ing on the origin of a person, experience from childhood and
attitude towards air-conditioning. Besides the above-mentioned
factors, the behaviour of building occupants is also influenced by
their knowledge of and experience with using building systems for
controlling the indoor environment. Peeters et al. [10] found that
building occupants did not know how to operate thermostatic
radiator valves and as a result overheating often occurred in
households in Belgium. Also in China it was observed that people
did not understand well how the thermostatic radiator valves
function and used them as they would manually controlled valves
[8]. In the U.K. people had problems with controlling a heating
system [11]. A study in Denmark showed that people did not feel
confident in regulating heating in homes and felt that they needed
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more information [12]. People experience difficulties in using
other systems, e.g. room air-conditioners, as shown in studies in
the US. [13,14]; in Japan they only used a limited number of
features of the air-conditioners [15]. In contrast, Finnish occupants
felt quite confident about their knowledge of heating and venti-
lation systems in homes [16]. The above results show that
understanding how people behave indoors and how they operate
the systems for controlling the indoor environment demands an
in-depth knowledge which is crucial for developing systems that
provide comfort for building occupants.

It is also important to understand what determines comfort for
building occupants. The literature survey by Frontczak and War-
gocki [17] concluded that 4 main indoor environmental parameters
(thermal, visual, acoustic environment and air quality) contribute
to a satisfying indoor environment; of the 4, thermal comfort was
perceived by building occupants to be of greater importance for
comfort compared with visual and acoustic comfort and good air
quality. The literature survey also suggested that apart from indoor
environmental parameters there are other factors that can influ-
ence satisfaction with the indoor air quality, among others, type of
building, occupants’ control over the indoor environment and
outdoor climate, including season.

The objective of the present study was to understand what
constitutes comfort in housing and to examine building users’
preferred ways of achieving comfort. The survey also aimed at
understanding how people act indoors, especially when they face
indoor environmental problems, how much they know about using
systems for controlling the indoor environment and where they
find the information about how to deal with such problems. The
study is part of a larger research programme on a user-driven
innovation aiming to develop control solutions for indoor envi-
ronments that maximize comfort for building occupants and
enhance their quality of life. Thus the present survey is created also
to gain feedback on how future solutions for controlling the indoor
environment should be developed so as to secure comfort of
building occupants and at the same time present to them a system
which is acceptable and desirable.

2. Methods

Invitations to participate in the survey were sent by regular mail
to 2499 addresses in Denmark. The addresses were obtained from
a national building and housing database (BBR), which includes
data of all buildings in Denmark. It was aimed to gather responses
of inhabitants of the most common residential buildings in Den-
mark. Table 1 depicts seven groups representing the most common
residential buildings, depending on the type of housing (apart-
ments in a block of flats, twin- or row-houses and one-family
houses) and on the ownership type (privately owned, cooperative
housing association and private housing association). 357
addresses were requested to be randomly drawn from the BBR
database for each housing type so that the responses would cover

Table 1

equally different types of residential building stock in Denmark.
One-family houses in cooperative and private housing associations
are very rare so no addresses were requested for these groups.
Table 1 presents the number of addresses received from the BBR
database for each group. 25 addresses (1%) represented another
housing type than requested from the BBR database. These 25
addresses belonged to one-family houses owned by a cooperative
housing association or private housing association as well as
privately owned farmhouses, hotel, summer houses or other resi-
dential buildings. The questionnaires were sent nevertheless to
their owners and included in the analysis since it was not the
purpose of the present work to discuss differences in responses
between various groups of buildings but to advance our knowledge
about inhabitants’ behaviour and knowledge as regards building
systems designed for controlling the indoor environment and
factors influencing their comfort at home. Among respondents
answering the invitation to fill out the questionnaire, 2 rewards of
1000 DKK (ca. €130) were drawn.

A letter with the invitation to participate in the study contained
a one-page description of the project and an invitation to fill out the
survey online. The first reminder in the form of a postcard was sent
6 days after the first invitation letter to all 2130 non-respondents.
The second reminder containing a paper-based questionnaire
(only background questions and questions regarding homes) was
sent 12 days after the first invitation to 1000 randomly chosen non-
respondents. In total, 47 letters and postcards were returned due to
wrong addresses, resulting in a final sample size of 2452 addresses.
Of these, 533 persons filled out the questionnaire online (response
rate 22%) and 112 persons filled out the paper-based questionnaire
(response rate 4%); their responses were manually added to the
database (twice to check for gross errors). The total response rate
was only 26% despite 2 reminders. No non-respondent analysis was
carried out.

The questions included in the questionnaire were selected in
accordance with the objectives of the project, i.e. to gain inspi-
ration for concepts of future solutions for controlling the indoor
environment, which will secure comfort to building occupants
and at the same time be solutions which are desired by them. The
contents of the questionnaire were selected based on the results
of earlier stages of the project: the literature survey [17] and field
studies among 5 families [18,19]. During field studies the families
were visited at their home, workplace and kindergarten (chil-
dren). They were interviewed concerning their perception and
knowledge about the indoor environment, their behaviour in
relation to it and the way of dealing with indoor environmental
problems if any.

The questionnaire was composed of 3 parts:

1. Background questions:
- socio-demographic questions regarding age and gender of
the respondent and co-habitants, education and type of work
of the respondent, total income of the family;

Number of people who were invited to participate in the study and who filled out the questionnaire per housing type.

Invited

Responded

Apartment in a Twin- or row-

One-family Total

Apartment in a Twin- or row- One-family house Total

block of flats house house block of flats house
Privately owned 349 (14%) 357 (14%) 356 (14%) 1062 (42%) 82 (13%) 125 (19%) 139 (22%) 346 (54%)
Cooperative 357 (14%) 352 (14%) X 709 (28%) 39 (6%) 70 (11%) X 109 (17%)
housing association
Private housing 354 (14%) 349 (14%) X 703 (28%) 80 (12%) 103 (16%) X 183 (28%)
association
Total 1060 (42%) 1058 (42%) 356 (14%) 2474 (99%%) 201 (31%) 298 (46%) 139 (22%) 638 (99%°)

2 1% represented other housing type than requested.
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- questions regarding evaluation of the indoor environment,
perceived importance of single environmental parameters
for achieving a good indoor climate;

- questions regarding current location, i.e. where they filled in
the questionnaire (home, outdoors, office, etc.);

- open questions about a location where respondents feel
comfortable and what factors contribute to comfort at this
location.

2. Questions regarding home which addressed the following:

- behaviour in relation to window opening, adjusting heating
and turning the lights on;

- preference for ways of controlling the indoor environment;

- self-estimated level of knowledge about how to use heating
and ventilation systems optimally and extent of benefiting
from receiving advice on how their homes should be venti-
lated, cleaned and heated;

- indoor environmental quality problems that respondents had
and the methods used to solve them as well as how knowl-
edge about the solution of problems was found;

3. Questions regarding workplace, addressing the same items as
under point (2) above. This part of the questionnaire was pre-
sented only to those who filled out the questionnaire online
and answered that they work in an office or children’s insti-
tution (nursery, kindergarten, school, etc.). Only 195 respon-
dents met these requirements resulting in a very low response
rate, as indicated below.

The present paper reports results for background questions
(part 1) and home environment (part 2). No analysis of responses
regarding the work environment are included, one of the reasons
being a very low response rate regarding workplace (6%).

Two questions were open type; the respondents described
a location where they felt comfortable and identified the factors
that contributed to comfort. Other questions were answered in one
of the four following ways:

(A) on a continuous scale: Acceptability of indoor environmental
parameters was assessed using continuous scales ranging from
‘clearly acceptable’ (coded as 1 in the analysis) to ‘clearly
unacceptable’ (coded as —1); the scales are presented in
Standard EN15251 [20], annex H. The question about accept-
ability of the indoor environment was formulated in the
following way: “How do you assess thermal environment/air
quality/sound quality/light quality/quality of indoor environ-
ment at the moment?”;

(B) on a‘yes’ and ‘no’ scale with additional ‘I do not know’ answer.
Respondents could choose only one answer to each question;

(C) on a 3- to 6-point scale which e.g. evaluated the degree of
importance of different parameters or frequency of different
behaviours. Additionally in these questions respondents could
choose ‘I do not know’ answer. Respondents could choose only
one answer to each question;

(D) using a list of possible answers e.g. describing possible indoor
environmental quality problems or reasons for different
behaviours. Apart from background questions respondents
could also choose answer ‘1 do not know’ or add their own
answer in the empty field if their reply was not mentioned in
the list of possible answers. Typically respondents could choose
more than one answer.

At first multivariate linear regression model was fitted to
responses evaluating acceptability of individual indoor environ-
mental conditions and an overall acceptability with the indoor
environment. However, the assumptions of constant variance of
error term and normal distribution of residuals were not satisfied

even after transforming the overall acceptability with the indoor
environment (dependent variable) with reciprocal squared or
exponential transformations. Consequently, a different statistical
analysis was used being a non-parametric Spearman correlation
evaluating the relation between acceptability of the overall indoor
environment and acceptability of air quality and thermal, visual
and acoustic environment.

Statistical significance of differences in responses of different
respondents was tested by Wilcoxon rank sum test (known also as
Mann—Whitney test) or x2 test [21]. The analysis was carried out in
the statistical software R [22]. The results were considered statis-
tically significant when p < 0.05, 2-tailed.

3. Results and discussion
3.1. Response rate

Since the response rate was only 26% and a non-respondent
analysis was not performed, the responses cannot be considered
as representative for the Danish population due to potential of
selection bias. Nevertheless, they carry important information
regarding comfort and behaviour in Danish housing of which data
is meagre. The lowest response rate was among people living in the
apartments and in cooperative housing association (Table 1). The
respondents had a higher education status than an average Dane. In
our sample there was also an underrepresentation of people
younger than 52 years and an overrepresentation of people aged 52
years old and older as compared to the Danish adult population as
of April 2011 (http://www.statistikbanken.dk/statbank5a/default.
asp?w=1280). This skewness could be caused by the fact that
most of the paper-based questionnaires (79%) were filled out by
respondents older than 52 years, which accounts for 72% of all
respondents.

The influence of the overrepresentation of respondents older
than 52 years old on the results of the study was verified by per-
forming additional analysis. Respondents were divided into 2
groups: those younger than 52 years old and those aged 52 years
and over (10 respondents were disregarded from additional anal-
ysis because they did not indicate their age). Statistical analysis
showed that the differences between respondents younger and
older than 52 years old are small, if any, which suggests that the
overrepresentation of people older than 52 years in our sample has
a small impact on the overall study results.

3.2. Comfort

Fig. 1 shows acceptability levels with indoor environmental
parameters (air quality, thermal, visual, acoustic and overall envi-
ronment) as assessed by the respondents. Respondents were
generally satisfied with the overall indoor environment. The
highest mean acceptability was observed for the air quality and the
lowest for the thermal environment. Using the relationship of
Gunnarsen and Fanger [23] the observed levels of acceptability
correspond generally to less than 22% of dissatisfied.

To understand which parameters determine building occupants’
comfort, acceptability of the overall indoor environment was
correlated with acceptability of all 4 main indoor environmental
parameters (Table 2). The correlations were based on between 564
and 569 responses due to the fact that some of the respondents did
not evaluate all environmental parameters and only evaluations
made at home were included. All correlations were significant and
positive, indicating that an increase of acceptability with thermal,
visual, acoustic environment or air quality will result in an increase
of acceptability of the overall indoor environment; all parameters
contributed thus to comfort as expected [17]. Correlations have the
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Fig. 1. Box plots for acceptability with indoor environmental parameters assessed in the questionnaire. Filled squares represent mean values. Thick lines represent median values.

The extremes of boxes represent 25th and 75th percentile.

same range of magnitude, indicating that all 4 main environmental
parameters are equally important for the assessments of the overall
indoor environment and contribute equally much to the overall
acceptability if only their acceptability levels are similar to the ones
reported here (Fig. 1). Similar results were obtained when
respondents were asked to compare pairwise which indoor envi-
ronmental parameters were more important. Most respondents
answered that the indoor environmental parameters were equally
important (Table 3). The results differ slightly from recently pub-
lished data collected in buildings in many different climate zones,
which showed that the thermal environment is ranked to have
slightly higher importance for overall comfort than acoustic and
visual environment and air quality [17] and that noise conditions
were more important for overall comfort than temperature, light
and air quality [24]. It is not possible to examine whether the
results disagree due to climatic or other differences.

305 respondents (47% of all respondents) indicated a location
where they feel comfortable. Home was mentioned by most of the
respondents (58%); they also felt comfortable outdoors (9%), in
asummer house (7%), at holidays’ destinations (4%) and in the office
(4%). They described in their own words which factors contribute to
comfort. The 10 most frequently mentioned factors are presented in
Table 4. Indoor environmental parameters (light, temperature, air
quality and noise level) were mentioned as parameters contributing
the most to comfort, together with peace and silence, contact with
the nature and view. This agrees with previous studies [24—27]
which showed that also other factors not related to the indoor
environment influence the perception of comfort. Considering the
high importance of the indoor environment for comfort, it is
surprising that in many Danish offices, providing a good indoor
environment is not given high priority [28].

Table 2

Spearman correlation coefficients between accept-
ability of the overall indoor environment and
acceptability of thermal, visual and acoustic environ-
ment and air quality.

Parameter Coefficient
Air quality 0.64%
Visual 0.527
Acoustic 0.527
Thermal 0.48°

2 p<0.001 (2-tailed test).

3.3. Classification of indoor environment based on comfort

Standard EN15251 [20] recommends overall classification of the
indoor environment based on evaluation of indoor environmental
parameters separately. It suggests an approach to classify and
certify the buildings using the levels of individual environmental
parameters (Appendix I, see Ref. [20]) but it does not provide any
information on how to combine different environmental parame-
ters into one index which can be used to classify the indoor envi-
ronmental conditions in the building. The present analysis (Table 2)
suggests that if acceptability of thermal, acoustic, visual conditions
and air quality are of a similar magnitude corresponding to less
than 30% dissatisfied, the acceptability of the overall environment
can be approximated by averaging acceptability of these individual
factors. Present results can thus be used to classify the indoor
environment but only in buildings meeting at least category III in
the Standard EN15251 [20]. Further studies should be used to
examine how the individual parameters of indoor environment
influence overall acceptability of indoor environment in case any of
them cause more than 30% dissatisfied.

3.4. Windows opening vs. mechanical ventilation system

Respondents valued natural ventilation highly and it was very
important for them that they could open a window in their home
(Table 5). They indicated that the possibility to open the windows
gave them a chance to take care of their own and their family’s
health and to air their homes. For many respondents it was not
important that their homes are aired out with mechanical

Table 3
Summary of responses to the question ‘What in your opinion is more important for
a good indoor environment?’

Parameter A Parameter B A more Aand B B more No answer?®
important equally important
than B important than A
Temperature Air quality — 18% 59% 13% 10%
Temperature Lighting 32% 45% 12% 11%
Temperature Acoustics 27% 42% 18% 13%
Air quality Lighting 32% 44% 11% 13%
Air quality Acoustics 30% 43% 14% 13%
Lighting Acoustics 23% 45% 17% 15%

2 Category ‘No answer’ includes both responses ‘I do not know’ and respondents
who did not provide any answer.
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Table 4
Ten most frequently used words in 305 descriptions of factors contributing to
comfort.

Table 6

Ranking of importance of different factors considered when respondents were
arranging their homes based on responses from between 537 and 588 respondents
(some of the respondents did not evaluate all the parameters).

Factor Percentage of
all responses Factor Mean vote®

Light, sun 46% Creating cosy atmosphere 2.19
Temperature, warmth 35% Purpose of the room 2.10
Fresh/clean air, smell 21% Daylight conditions 1.94
Sound, noise 16% Privacy 1.83
Peace, silence 15% Creating practical working conditions 1.83
Nature 15% Colours 1.82
View 14% Artificial lighting conditions 1.70
Size of room 9% Price 1.67
Family and friends 8% View 1.63
Room interior, style, furniture 8% Noise 1.62
Draught 1.61
Thermal conditions 1.59
Creating/showing your style 147
ventilation (Table 5). However, supplying fresh air by mechanical Location of heating sources (radiators, 139

ventilation was valued slightly higher by respondents who had
mechanical ventilation than those without mechanical ventilation
at home (Table 5); the difference being statistically significant
(p < 0.001). It is interesting to observe that 43% of respondents with
mechanical ventilation expressed that supplying fresh air from
mechanical ventilation was not important for them and they valued
highly the possibility of window opening. These results may be
a consequence of a strong preference for manual control over the
indoor environment as discussed later. They agree with the pref-
erence for natural ventilation also observed in the previous studies
[4,15], which showed that Japanese people believed that natural
cooling (window opening) was much better in respect to their
health than air-conditioning. The results show also that respon-
dents may associate fresh air with window opening rather than
with mechanical ventilation, despite the increasing evidence of
negative effects of outdoor air pollution on health, especially in
cities [29], and despite increasing evidence that the installation of
a mechanical ventilation system in homes reduces health problems
especially related to asthma and allergy [30]. The majority of
respondents live in houses, which in Denmark are generally situ-
ated in suburbs and rural areas outside the city centres and away
from heavy traffic and pollution; we did not, however, ask the
survey participants about their outdoor air quality, which is
generally considered to be good in Denmark except for a few
downtown areas.

No significant differences were found in the frequency of
window opening in summer and winter between respondents with
and without mechanical ventilation. A previous qualitative study
among 29 families showed that window opening was embedded in
practices of everyday life such as morning routines or cleaning [31].
It was a way of expressing love and care for the family and the
house and connecting to nature. Social aspects and routine
behaviours associated with window opening may explain why the
respondents valued the possibility of window opening.

ventilation system, floor heating)

2 3 means very big influence; 0 means no influence.

3.5. Dealing with indoor environmental quality problems

54% of respondents reported to have at least one indoor envi-
ronmental quality problem at home. Most of the problems were
related to temperature. Respondents were disturbed by either cold
floors (22% of all respondents) and/or too high temperature in the
summer (20%). They also experienced condensation on windows
(16%), too low temperature in winter (14%), noise from outside or
neighbours (14%) and draught (12%). Very few reported to have
mould (5%) or complained about too little daylight (4%).

It was investigated whether the way people arrange their homes
may influence the occurrence of indoor environmental problems.
Respondents were asked to evaluate the importance of different
factors while arranging their homes. Table 6 shows that creating
a cosy atmosphere, consideration of the purpose of the room and
luminous conditions, especially daylight, had the highest influence
on the arrangement of homes. Noise, draught and temperature
conditions were considered to be much less important. It is inter-
esting to observe that while arranging their homes, respondents
paid least attention to factors that were later a reason for indoor
environmental problems.

Among respondents who reported to have indoor environmental
quality problems, more than half of them did not try to find infor-
mation on how to solve the problem which they faced (Table 7, row
A), mostly because they believed that the problem was not serious
enough to act upon (Table 8). Among those who tried to find infor-
mation, the most common source of information was the Internet
(Table 9). Respondents avoided solving an indoor environmental
quality problem due to financial reasons (30%) and because it was
believed that the problem was not serious enough to act upon (29%).
However, the behaviour of respondents depended on the kind of

Table 5
Summary of results showing the importance of being able to open windows or having mechanical ventilation system at home.
Very important Important Not very important Not at all important No answer®
How important is it to have the possibility of opening a window? 86% 6% 1% 0% 7%
How important is it to always have fresh air supplied by a 10% 7% 21% 27% 35%
mechanical ventilation system? All respondents
How important is it to always have fresh air supplied by a 5% 5% 21% 34% 35%
mechanical ventilation system? Respondents without
mechanical ventilation system at home (N = 439)
How important is it to always have fresh air supplied 25% 12% 28% 15% 20%

by a mechanical ventilation system? Respondents with
mechanical ventilation system at home (N = 145)

@ Category ‘No answer’ includes both responses ‘I do not know’ and respondents who did not provide any answer.
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Table 7

Distribution of responses regarding respondents’ knowledge in relation to using ventilation and heating systems and their perceived need for more information on this matter.

Row nr Question

Yes No No answer?

A Did you try to find information about how to
solve an indoor environmental problem you face?
(N = 342; only respondents who indicated earlier
that they had at least one indoor environmental
quality problem were asked)

B Do you think you know enough to take good care
of your home and use ventilation and heating systems
properly? All respondents

C Do you think you would profit from being given advice
on your behaviour in relation to ventilating, cleaning
and heating? All respondents

C1 Do you think you would profit from being given advice on

your behaviour in relation to ventilating, cleaning and
heating? (N = 347; only those respondents who indicated

32% 59% 9%

74% 14%

36% 50% 14%

48% 46% 6%

that they have at least one indoor environmental quality problem)

2 Do you think you would profit from being given advice on your

behaviour in relation to ventilating, cleaning and heating?

26% 65% 9%

(N = 238; only those respondents who indicated that they do

not have indoor environmental quality problems)

D Would you use an apparatus which could guide you on how to
secure a good indoor climate while using as little energy as

possible if such an apparatus existed?

46% 24% 30%

2 Category ‘No answer’ includes both responses ‘I do not know’ and respondents who did not provide any answer.

problem they faced. Among those who observed mould at their
home, a rather serious problem, 65% of them tried to find infor-
mation on how to solve this problem. They mainly searched for
information on the Internet (45% of respondents) or contacted their
family and friends (27%). Only 14% consulted an expert in the field.
The results suggest that mild problems are likely not to lead to any
action and therefore it is of utmost importance that some guidance
to the occupants is given because if not handled immediately it can
lead to much more serious problems. One way of dealing with itis an
apparatus informing the building users what to do.

The results show that respondents judged mainly on their own
how serious the problem was without contacting the experts in the
field. Regular inspections of homes with subsequent mandatory
repairs would probably ensure that indoor environment is at
acceptable level, but there is quite meagre evidence of their effec-
tiveness, although analogous regular car checks are quite success-
ful. Regular inspections of HVAC systems in public buildings are
mandatory in Sweden [32], while in Portugal regular energy audits
imposed by the Energy Performance of Buildings Directive (EPBD)
[33] are accompanied by the measurements of indoor air quality
which can identify potential problems. A diagnostic tool, which will
help to evaluate the seriousness of indoor environmental problems,
can also be developed. The results indicate that an internet-based
tool might be effective since respondents indicated the Internet
as the most common source of information. This tool should
provide an estimated cost of solving the problem as well as health-
and building-related consequences of not solving the problem, to
help people make an informed decision as to whether or not the
problem should be solved. In Denmark there are already some
websites where different issues of the indoor environment are

Table 8
Distribution of responses regarding reasons why respondents did not try to find
information on how to solve the problems which they faced (N = 201).

Answer Percentage of
respondents
The problem was not serious enough to act 51%
I already knew enough about the solution 20%
and I did not need additional information
It is not my responsibility 7%
1 did not know where to find relevant information 5%

described and people can find information and advice, but we do
not know on which basis people judge whether the information is
credible or not. A big challenge is to reach people who ignore the
problems and fail to look for more information. Among them, 58%
indicated that they had little or no knowledge as to whether the
problem had any serious consequences on their health or building
conditions. These people may be addressed by educational
campaigns. A survey among Danish citizens showed that increased
knowledge may lead to change of behaviour (Zapera [34]). In
Zapera’s survey, around 40% of respondents indicated that they
would open a window more often in winter and clean more often at
home if they knew that it was good for their families’ health and
well being. Over 30% of respondents would open a window more
often in winter if they knew that there are harmful compounds in
the indoor air and if they knew that it would improve indoor
environmental quality. Monetary consequences of ignorance can
also create incentives. Information about the indoor environment
may also be described in the daily press and magazines in an easily
understandable way for laymen. In this way people will be
addressed without actively looking for information leading to
increased awareness about ensuring a good indoor environment
and to positive change of behaviour.

3.6. Control over the indoor environment

A vast majority of respondents preferred manual control over
artificial light, window opening and solar shading (Fig. 2). They
were more positive regarding automatic control or a combination
of manual and automatic control in relation to control of temper-
ature in their homes. In the majority of Danish homes indoor
environmental conditions are controlled manually apart from

Table 9
Distribution of responses regarding the source of information about how to solve the
problems which respondents faced (N = 111).

Answer Percentage of
respondents

I searched on the Internet 41%

I contacted experts in the field 30%

I asked my family and/or friends for information 24%
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Fig. 2. Percentage of respondents preferring a different type of control of indoor environmental parameters. Category ‘No answer’ includes both responses ‘I do not know’ and

respondents who did not provide any answer.

semi-automatic control of temperature by means of thermostatic
radiator valves. In some homes there is also mechanical ventilation
which can be considered as an automatic means to control the
indoor climate. To examine whether the preference for manual
control is caused by lack of it, preferred control was compared in
homes with and without a mechanical ventilation system. No
difference was found except for higher preference for non-manual
control over artificial light among respondents with mechanical
ventilation (p = 0.014). The reason for these results could be that
many of the respondents could be unaware of the fact that they
have automatic control of the indoor environment or that even
though the automatic control is present in their homes they still
prefer to manually control or override it.

70% of respondents indicated that they were at least a bit aware
how their behaviour influenced energy use and indoor environ-
mental quality and only 5% of respondents knew nothing or almost
nothing about it. In the opinion of 75% of respondents it was easy to
understand how the shading, ventilation and heating systems work
and how to use them optimally. Respondents expressed belief that
they had enough knowledge to use the systems for controlling the
indoor environment correctly and to take good care of their home
(Table 7, row B). Otherwise, they would contact a professional
(technician or janitor; 48% of all respondents), ask their family and
friends for advice (40%) or look for information on the Internet (33%).
Only 2% of respondents did not know whom to contact or would not
do anything, and the majority of them were over 52 years old.

Several questions were used to find out what is the preferred
means of information about achieving good indoor environment.
Most of the respondents indicated that they did not need any
advice on their behaviour in relation to ventilating, cleaning and
heating (Table 7, row C). Among respondents who faced indoor
environmental quality problems there were significantly (p < 0.01)
more respondents who indicated that they would profit from being
given such advice, compared to the group of respondents who did
not face any indoor environmental quality problem (Table 7, row C1
and C2). If the advice would be accepted, respondents would rather
prefer it in a form of an apparatus guiding them on how to obtain
a good indoor climate while using as little energy as possible
(Table 7, row D). The question about an apparatus was hypothetical
and did not specify the working principle of the apparatus. It aimed
at investigating if people would prefer an advice from an instru-
ment rather than a person. An apparatus could also provide
a continuous feedback to the occupants, potentially avoiding
serious problems in the future due to inadequate housing

conditions. The vast majority of those who would use guidance
from an apparatus believed that it could help them being more
energy conscious (60% of respondents) and it would improve their
indoor environmental quality (57% of respondents). The most
common reason for not being willing to use such guidance was that
respondents felt that they knew how to ensure a good indoor
environment in an effective way and did not need any more
guidelines regarding indoor air quality (65%). They also did not
want their behaviour to be controlled by a special apparatus (14%)
and would forget to look at an apparatus (13%). The results are in
accordance with a general negative attitude towards automatic
control of indoor environment discussed earlier and high confi-
dence in own abilities to deal with problems. Also in studies of
Karjalainen [16] and Price and Sherman [35] people felt quite
confident regarding their knowledge on how a ventilation system
works and how to operate it properly. However, Price and Sherman
[35] concluded that respondents were not familiar enough with
mechanical ventilation systems to meaningfully respond to ques-
tions about them. This to some extent agrees with the other studies
which showed that people lack understanding of how to use
systems properly for controlling the indoor environment and
experience problems when operating them [8,10—15].

3.7. Potential solutions for controlling the indoor environment

Two solutions for controlling the indoor environment can be
considered as a result of the present survey:

- automatic control guaranteeing minimum acceptable condi-
tions with the possibility of manual adjustment (override) of
conditions to occupants’ needs;

- manual control by building occupants.

In the former solution, the automatic system can be designed to
ensure the minimum requirements for an acceptable indoor envi-
ronment, and the occupants can adjust the indoor environment to
their needs as required. In the latter solution, the building occu-
pants are fully responsible for ensuring a good indoor environment.
However, the relevant question is whether the occupants will
always act when the situation arises. In the study of Price and
Sherman [35] in the U.S. nearly 50% of respondents indicated that
they sometimes failed to use the bathroom fan even when condi-
tions clearly required it, most often because they simply did not
think of it. In such a situation, a basic automatic ventilation of the
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bathroom (e.g., a fan that turns on when the light is turned on or
humidity is too high) could be an appropriate solution. Another
solution is a system that warns when people should act, or a system
that continuously visualizes whether indoor environmental quality
conditions are good or poor. An attempt to create such a system was
made by Jaffari and Matthews [18] who suggested an artificial plant
that wilts at high CO; levels while low CO, levels make it rise back
to the upright position. No data describing the practical use of such
a plant is available. Broer [36] constructed a lamp that represents
the levels of temperature, humidity, sound, light and CO, by means
of light; he placed it in the home of one family for 9 days and the
idea to visualize the indoor environment through lights seemed
appealing to the family. Kim and Paulos [37] designed a tool for
continuous graphical visualization of indoor air quality (based on
measurements of particles below 0.5 p); they placed it in 5 homes
for 2 weeks and observed that it had a positive impact on will-
ingness to take action to improve the indoor environment. In the
present study, respondents were asked how much they are willing
to pay for an apparatus that would guide them on how to ensure
a good indoor climate while using as little energy as possible. They
would pay on average €230 (range between €0 and €2600). To
ensure that people’s interest towards indoor air quality is attracted,
it may be necessary to relate to some values that are important such
as e.g. energy saving and financial consequences related not only to
energy but also to health consequences associated with lost days
from work, medical costs etc. [38].

4. Conclusions

Indoor environmental parameters were acknowledged by the
respondents to influence comfort. Their responses suggest that
acceptability of overall indoor environment can be approximated
by averaging acceptability of thermal, visual and acoustic condi-
tions and air quality but only at the acceptability levels which are
reported in the present paper. Low response rate and lack of
representativeness indicates the need for validating the present
results.

Manual control of the indoor environment was preferred by the
respondents compared with automatic control except for control of
temperature where both manual and automatic control was
accepted.

Respondents associated natural ventilation (window opening)
and not mechanical ventilation systems with fresh air supply.

Respondents indicated that they were aware of how their
behaviour influenced indoor environmental quality. They also felt
confident in using the systems for controlling the indoor environ-
ment in their homes.

Most respondents who had a problem related to the indoor
environment did not try to find information on how to solve it
because they considered that it was not serious.

Consequently, increasing people’s awareness about the conse-
quences of poor indoor environmental quality on their health and
the knowledge about how to ensure a good indoor climate would
be needed.
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Quantitative relationships between occupant satisfaction and
satisfaction aspects of indoor environmental quality and building

design

Abstract The article examines which subjectively evaluated indoor environ-
mental parameters and building features mostly affect occupants’ satisfaction in
mainly US office buildings. The study analyzed data from a web-based survey
administered to 52 980 occupants in 351 office buildings over 10 years by the
Center for the Built Environment. The survey uses 7-point ordered scale ques-
tions pertaining to satisfaction with indoor environmental parameters, work-
space, and building features. The average building occupant was satisfied with
his/her workspace and building. Proportional odds ordinal logistic regression
shows that satisfaction with all 15 parameters listed in the survey contributed
significantly to overall workspace satisfaction. The most important parameters
were satisfaction with amount of space (odds ratio OR 1.57, 95% CI: 1.55-1.59),
noise level (OR 1.27, 95% CI: 1.25-1.29), and visual privacy (OR 1.26, 95% CI:
1.24-1.28). Satisfaction with amount of space was ranked to be most important
for workspace satisfaction, regardless of age group (below 30, 31-50 or over
50 years old), gender, type of office (single or shared offices, or cubicles), distance
of workspace from a window (within 4.6 m or further), or satisfaction level with
workspace (satisfied or dissatisfied). Satisfaction with amount of space was not
related to the gross amount of space available per person.
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To maximize workspace satisfaction, designer should invest in aspects that increase satisfaction with amount of space
and storage, noise level, and visual privacy. Office workers will be most satisfied with their workspace and building
when located close to a window in a private office. This may affect job satisfaction, work performance, and personal

and company productivity.

Introduction

Occupants’ satisfaction in office buildings is associated
with indoor environmental quality (thermal, visual,
acoustic environment, and air quality) and workspace
and building features including size, esthetic appear-
ance, furniture, and cleanliness. The 10 studies in
Table 1 identified the parameters that contribute to
building occupants’ satisfaction (Astolfi and Pellerey,
2008; Bin et al., 2011; Bluyssen et al., 2011; Choi et al.,
2009; Humphreys, 2005; Lai et al., 2009; Marans and
Yan, 1989; Schakib-Ekbatan et al., 2010; Veitch et al.,
2007; Wong et al., 2008). The definition of occupants’
satisfaction was not consistent among the studies, but

all of them defined occupants’ satisfaction in a broad
perspective and related it either to satisfaction/comfort
with indoor environmental quality or satisfaction/
comfort with the workspace. Five studies (Astolfi and
Pellerey, 2008; Bin et al., 2011; Humphreys, 2005; Lai
et al.,, 2009; Wong et al., 2008) focused only on the
impact of indoor environmental quality on building
occupants’ satisfaction. They found that thermal,
visual, and acoustic environment and air quality
contributed to building occupants’ satisfaction. The
importance of different indoor environmental para-
meters for building occupants’ satisfaction varied
slightly between studies, but the importance of the ther-
mal environment for building occupants’ satisfaction
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Table 1 Summary of studies investigating which parameters influence building occupants’ satisfaction

Study Population Data analysis

Results

Marans and Yan (1989) Nearly 1000 occupants in Pearson correlation
13 office buildings in
USA (RR unknown)

4655 responses” in 26
office buildings in five
European countries
(RR unknown)

779 occupants in nine
office buildings in
Canada and USA
(RR = 90%)

852 students in a
secondary school in
Italy (RR = 85%)

293 occupants of office
buildings in Hong Kong
(RR unknown)

492 occupants in 29
office buildings in USA
(RR unknown)

125 occupants in 32
residential apartments in
Hong Kong (RR unknown)

867 occupants in 14 office
buildings (RR = 79%)

Humphreys (2005)

Veitch et al. (2007)

Astolfi and Pellerey (2008) Pearson correlation

Wong et al. (2008)

Choi et al. (2009) Pearson correlation

Lai et al. (2009)

Schakib-Ekbatan et al. (2010)

Bluyssen et al. (2011) 5732 occupants in 59 office
buildings in eight European
countries (RR unknown)

500 occupants in five
buildings in Beijing and
Shanghai (RR unknown)

linear regression
Bin et al. (2011)

Multiple linear regression

Exploratory and confirmatory
factor analysis and structural
equation modeling

Multivariate logistic regression

Multivariate logistic regression

Correspondence analysis and
principal component analysis
with optimal scaling

Principal component analysis,
Pearson correlation, and

Multivariate linear regression

Workspace satisfaction was correlated with satisfaction with lighting,
noise, air quality, heating and drafts as well as amount of space,
furniture quality, privacy, and color and area of walls and partitions

Overall comfort at workplace was affected by satisfaction with warmth,
air quality, air movement, noise, humidity, and light

Satisfaction with indoor environment at workstation was influenced by
satisfaction with noise, air movement, air quality, temperature, lighting,
privacy, view to outside as well as workspace’s size, esthetic appearance,
and degree of enclosure

Satisfaction with indoor environment was correlated with satisfaction with
acoustic, thermal, visual environment, and air quality

Acceptability of overall indoor environment was affected by acceptability
of thermal environment, air quality, noise level, and illumination level

Satisfaction with indoor environment was correlated with satisfaction with
air quality, thermal environment, lighting, acoustics, and spatial conditions

Acceptability of overall indoor environment was affected by acceptability
of thermal environment, acoustics, lighting, and air quality

Workspace satisfaction was influenced by satisfaction with temperature,
lighting conditions, air quality, acoustics, spatial conditions (privacy and
individualization of workspace), office furniture, and office layout

Overall satisfaction was affected by satisfaction with thermal, acoustic
and luminous environment, air quality, control over indoor environment,
amount of privacy as well as office layout, decoration, and cleanliness

Overall satisfaction was influenced by satisfaction with thermal, acoustic
and luminous environment, and air quality

“Number of filled out questionnaires; some of the building occupants gave their response more than once.

RR, response rate.

was generally ranked slightly higher than the impor-
tance of air quality and acoustic environment and
much higher than the importance of visual environ-
ment. A literature survey by Frontczak and Wargocki
(2011) concluded that apart from indoor environmen-
tal parameters, there are other factors unrelated to the
indoor environment that can influence satisfaction
within the buildings, among others occupants’ control
over the indoor environment. In addition, the five
studies presented in Table 1 (Bluyssen et al., 2011;
Choi et al., 2009; Marans and Yan, 1989; Schakib-
Ekbatan et al., 2010; Veitch et al., 2007) include effects
of parameters unrelated to indoor environmental
quality. These studies show that building occupants’
satisfaction was also affected by satisfaction with the
view, control over the indoor environment, amount of
privacy as well as layout, size, cleanliness, esthetics,
and furniture of office.

Occupants’ satisfaction was shown to be positively
correlated (linear model r: 0.74-0.8) with the self-
estimated productivity of office workers (Leaman
et al., 2007; Thomas, 2010). Occupants uncomfortable
with the overall environment reported much lower self-
estimated productivity than those who felt comfortable
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with the overall environment (Leaman and Bordass,
2001). Occupants’ satisfaction with workspace was also
positively associated with job satisfaction (Donald and
Siu, 2001; Oldham and Rotchford, 1983; Veitch et al.,
2007; Wells, 2000). This may in turn have an impact on
job performance: Judge et al. (2001) performed exten-
sive meta-analysis of the relationship between job
satisfaction and objective measures of job performance
(mainly supervisory ratings) based on 54 417 responses
from 312 independent samples, and they concluded
that the mean correlation between job satisfaction and
job performance is 0.30. Job satisfaction was also
related to frequency and the duration of absenteeism
(Hardy et al., 2003; Sagie, 1998), as well as intention to
quit work (Hellman, 1997; Sagie, 1998; Shaw, 1999;
Van Dick et al., 2004), issues, which may have financial
consequences for employers. Therefore, there is much
to gain from maximizing occupants’ satisfaction.

Over a 10-year period, the Center for the Built
Environment (CBE) at the University of California
Berkeley has conducted roughly 600 post-occupancy
evaluation surveys collecting information about
satisfaction of building occupants in relation to several
indoor environmental quality parameters and building



features (Zagreus et al., 2004). The database created
using these responses offers a unique opportunity to
analyze specific contributors to building and work-
space satisfaction from a broad perspective, providing
input to a better understanding of occupants’ satisfac-
tion in the buildings. Such knowledge could guide
investments in both new and retrofitted buildings to
achieve the greatest increase in occupant satisfaction.
The aim of this study is to investigate which subjec-
tively evaluated indoor environmental quality parame-
ters and building features (office type and distance from
a window) most affect occupants’ satisfaction in office
buildings based on the data collected by CBE.

Methods
Database description

The CBE occupant satisfaction survey is web based,
collecting information about occupants’ evaluation of
indoor environmental quality and building features
(Zagreus et al., 2004). More information with demo
version of the CBE occupant satisfaction survey can be
found at http://www.cbe.berkeley.edu/research/briefs-
survey.htm. A comparison of the CBE post-occupancy
evaluation survey and other available surveys is
reported in Peretti and Schiavon (2011). The survey
is comprised of a core survey and optional survey
modules that are added depending on particular
building’s features and the building owner’s interest.
This study focuses only on the core survey questions,
which were asked in all surveyed buildings. The core
survey measures occupant satisfaction in the following
categories: office layout, office furnishings, thermal
comfort, air quality, lighting, acoustic quality, clean-
liness and maintenance as well as overall satisfaction
with workspace and building. The list of parameters
evaluated in each category is presented in Table 2.
These parameters are not sufficient to fully describe
occupant satisfaction in the buildings, but according to
the CBE team that developed the survey, all are
relevant. Questions about satisfaction have the follow-
ing structure: ‘How satisfied are you with...". The
satisfaction questions are answered using a 7-point
scale ranging from ‘very satisfied’ (+3) to ‘very
dissatisfied” (=3) with a neutral midpoint (0). In case
respondents vote ‘dissatisfied’ (below the neutral mid-
point) to a given satisfaction question, they are taken
to a follow-up ‘branching’ page containing further
questions aimed at diagnosing the source of dissatis-
faction. This study focuses, however, on the satisfac-
tion questions and contains no analysis of branching
questions (which can be found in e.g., Moezzi and
Goins, 2011). The CBE occupant satisfaction survey
also collects background information about partici-
pants of the survey including gender, age group, type of
work performed, office type, proximity of workstation

Indoor environmental quality

Table 2 List of parameters assessed by the CBE occupant satisfaction survey

Category Questionnaire item

Amount of space available for individual work and storage

Level of visual privacy

Ease of interaction with co-workers

Comfort of office furnishings (chair, desk, computer, equipment,
etc.)

Ability to adjust furniture to meet your needs

Colors and textures of flooring, furniture, and surface finishes

Temperature in your workspace

Office layout

Office furnishing

Thermal comfort

Air quality Air quality in your workspace (i.e., stuffy/stale air, air cleanliness,
odors)
Lighting Amount of light in your workspace

Visual comfort of the lighting (e.g., glare, reflections, contrast)
Noise level in your workspace
Sound privacy in your workspace (ability to have conversations
without neighbors overhearing and vice versa)
General cleanliness of the overall building
Cleaning service provided to your workspace
General maintenance of the building
General comments ~ Your personal workspace
Building overall

Acoustic quality

Cleanliness and
maintenance

CBE, Center for the Built Environment.

to windows and external walls as well as the duration
of working in the present building and at the present
workspace. In addition, a building facility manager fills
out a building information form providing descriptive
information about the building and its systems such as
the building’s age, location and size, number of floors,
number of occupants, type of HVAC system, solar
shading and controls, buildings’ LEED rating, energy
use and cost of building construction, etc.

For each of the above parameters, the occupant also
rates its effect on their ability to perform their work, and
at the end, they also rate how the building affects their
productivity. However, the responses regarding the self-
rated productivity were not analyzed in this study.

The buildings in which the survey was conducted
were identified in one of the following ways: CBE
researchers contacted a building representative to
obtain permission to perform the survey in the build-
ing, or a building representative contacted CBE with a
request to perform the survey in the building.

As of June 2010, the CBE occupant satisfaction
survey has been conducted in more than 600 buildings
including offices, hospitals, schools and universities,
research centers, assembly halls, commercial, govern-
mental, residential, industrial and public (e.g., li-
braries), and prisons. The buildings varied in relation
to their location, size, age, design, and HVAC system.
In this study, only office buildings were of interest. The
acceptance or rejection of each building to be included
in this study was performed in multiple stages:

e Identification of office buildings based on reported
descriptions of a building’s purpose, provided
by a building facility manager in the building
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characteristic form. Selected buildings were mainly
governmental buildings, office buildings occupied by
private companies, universities, and research centers.
The following buildings were rejected: day care
centers and elementary schools, residential build-
ings, customs office and border stations, airport,
museums and libraries, hospitals, sport facilities,
buildings in industrial settings (refinery, depot, and
warehouse), fire station, and prisons. In some of the
rejected buildings, there may be offices as well.
Owing to the settings in which the buildings were
situated, they were not considered as typical offices.
e Review of the workstation definition. Viewing the
survey gave an understanding of how the workspace
was defined in the particular building. Only the office-
like workstations were of interest in this study. For
some research centers and universities, it was not
obvious whether the workspace corresponded to an
office, laboratory, or classroom, as well as in some
court houses, the workspace could be an office or a
court room. In cases where the definition of a work-
space was ambiguous, the building was rejected.
Review of the survey response rate. Surveys with a
response rate above 5% were accepted. The minimum
response rate was set low as responses of an individ-
ual were the focus of this study. Despite low response
rates in some buildings, those who responded are still
a valuable source of information. One may fear that
respondents in buildings with a low response rate
may not be representative for the whole building and
that they may have been more willing to fill out the
survey than the other building occupants because of
their high dissatisfaction in the building, but Zagreus
et al. (2004) found no statistically significant rela-
tionship between response rate and occupant satis-
faction levels (page 68) although statistical
information on the applied tests was not reported.

The final dataset contains responses from 397 surveys
performed in 351 different buildings. In 40 buildings,
the survey was conducted more than once (e.g., before
and after renovation) and all surveys are included in the
analysis. Additionally, this study focuses on people
performing office work. These people were identified
based on the description of their personal workspace.
Only responses of people working in offices (single
offices, shared offices, cubicles, and open-space offices)
are included in the analysis. The final dataset contains
responses from 52 980 building occupants. It was not
possible to identify people who participated in more
than one survey and match their responses, so their
responses were treated as independent in the analysis.

Statistical methods

Proportional odds ordinal logistic regression was
applied to investigate the relationship between satis-
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faction with the workspace (response variable) and
satisfaction with indoor environmental quality and
building features (predictor variables). This method is
applicable when the response variable is an ordinal
variable: it takes only values that have a natural
ordering (-3, -2, -1, 0, 1, 2, 3) but are not continuous
(Baayen, 2008). The results of the regression model are
presented in the form of odds ratios; confidence
intervals are reported at 95% level. In this article,
odds ratio (OR) describes the likelihood of increasing
workspace satisfaction when one of the predictor
variables is increased by one unit while the other
variables are kept constant. The odds ratios were then
used to rank the parameters regarding their importance
for workspace satisfaction. The regression analysis was
carried out with R software using the ‘Design’ package
(R Development Core Team, 2009). Only the responses
of people who answered all satisfaction questions were
considered in the regression analysis, resulting in a
sample of 43 021 responses. Statistical significance of
each predictor variable in the regression model was
tested by the Wald test (Sheather, 2009).

The Spearman rank correlation was used to estimate
the correlation between satisfaction with the workspace
and satisfaction with the building, and the correlation
between satisfaction with the amount of space and area
per person. Spearman rank correlation was used as the
satisfaction votes were measured in ordinal scale
(Siegel, 1956). The mean and median values of satis-
faction with different indoor environmental quality
parameters and building features were calculated by
averaging satisfaction votes of each occupant in the
whole dataset (N = 52 980). The statistical signifi-
cance of differences in satisfaction with indoor envi-
ronmental quality parameters and building features in
different office types and for different distances from a
window was tested by the Wilcoxon rank sum test
(known also as Mann—-Whitney test). Wilcoxon rank
sum test is applicable when the variables have an
ordinal character (Siegel, 1956). For all tests, the
results were considered statistically significant when
P < 0.05.

Results

Table 3 summarizes personal characteristics of respon-
dents of CBE occupant satisfaction survey and work-
space and building characteristics. Respondents varied
in relation to their age, performed job, and the
duration of working in the building. The majority of
respondents worked at their current workspace for
more than 12 months, full-time, in cubicles, and close
to a non-operable window. They mostly worked in air-
conditioned buildings with no LEED rating, situated in
the USA.

Figure 1 shows the satisfaction levels with indoor
environmental quality and building features assessed



Table 3 Characteristics of respondents, workspaces, and buildings

Indoor environmental quality

Parameter Description
Personal characteristics
Gender Female Male Unknown
47% 36% 17%
Age <30 years 31-50 years >50 years Unknown
7% 18% 10% 65%
Job category Admin. support Technical Professional Managerial Other Unknown
5% 5% 10% 4% 1% 75%
Duration of working in the building <1 year 1-2 years 3-5 years >b years Unknown
13% 16% 18% 34% 19%
Duration of working at the present workspace <3 months 4-6 months 7-12 months >12 months Unknown
8% 8% 12% 53% 19%
Time spent at workspace per week <10 h 11-30 h >30 h Unknown
3% 14% 73% 10%
Workspace characteristics
Personal workspace Private office Shared office Cubicles with Cubicles with Other
26% 6% high partitions® low partitions 7%
39% 22%
Workstation’s distance from a window Within 4.6 m Further than 4.6 m Unknown
63% 34% 3%
Building characteristics
Country Australia Canada Finland Italy USA Unknown
7% 2% 6% 1% 78% 6%
Ventilation system Air conditioned Non air conditioned Unknown
50% 1% 49%
Operable windows Yes No Unknown
8% 41% 51%
LEED rating None Pending Certified Silver Gold Platinum
86% 2% 1% 1% 8% 2%
Year of construction Minimum 25th percentile Median 75th percentile Maximum
1907 1969 1982 2000 2009
Gross building area (excluding parking), m? Minimum 25th percentile Median 75th percentile Maximum
232 15 487 30 463 52 397 233 744
“Higher than 1.5 m.
Ease of interaction - [ to evaluate some of the parameters listed in the survey.
Confon ot fonishens ] e The parameters are depicted in order from the highest
Building cleanliness [ — to the lowest mean satisfaction. The extremities of the
Buildﬁ;‘iﬂ;ﬁg;j;‘;‘;: —— boxes are the 25th and 75th percentiles. Bold vertical
Amount of space - [ E— — lines indicate median values, and empty dots represent
Workspanm esnimers ——— mean values. Building occupants were generally
Workspace [E -1 satisfied with their workspace (mean M = (.84) and
Fumgtons susmaiio e — with the building overall (M = 0.95). The highest
Visual privacy | — . E— satisfaction was observed for ease of interaction
ﬁ;i;i"ﬂlvncyli % with co-workers (M = 1.30) and amount of light
g Nemperature | C— _or (M = 1.25). The highest dissatisfaction was observed
ouncpnvaey “3 3 flo i “1 . T for sound privacy (M = -0.82), temperature

Satisfaction level

Fig. 1 Box plots for satisfaction with parameters assessed in the
Center for the Built Environment occupant satisfaction survey.
The extremities of the boxes are the 25th and 75th percentiles.
Bold vertical lines indicate median values and dots represent
mean values. For all the parameters, the minimum and maxi-
mum values are equal, respectively, —3 (very dissatisfied) and 3
(very satisfied)

in the survey (Table 2). Statistics are based on
responses from between 45 464 and 52 138 building
occupants as some of the building occupants chose not

(M = -0.16), noise level (M = 0.14), and air quality
(M = 0.31).

Workspace satisfaction and satisfaction with the
building were strongly correlated (Spearman rank
correlation p = 0.7, P < 0.001) indicating that one
could be used instead of the other. In this study, the
workspace satisfaction was selected as the response
(outcome) variable. Workspace satisfaction better rep-
resents and better describes the immediate surround-
ings of building occupants rather than building
satisfaction and is therefore more relevant for occu-
pants’ satisfaction.
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Parameters affecting overall satisfaction

Proportional odds ordinal logistic regression was
applied to investigate the relationship between the
occupants’ satisfaction with the workspace and satis-
faction with indoor environmental parameters and
building features. The results showed that satisfaction
with all environmental parameters and building fea-
tures listed in the CBE occupant satisfaction survey
contributed significantly to workspace satisfaction
(P < 0.001). Figure 2 depicts values of odds ratios
(OR) together with 95% confidence intervals (CI) for
satisfaction with each indoor environmental parameter
and building feature separately. The parameters are
organized in order of decreasing value of the odds
ratio. The results showed that satisfaction with the
amount of space available for individual work and
storage (OR = 1.57,95% CI: 1.55-1.59) was the most
important parameter for workspace satisfaction.
Increasing satisfaction with the amount of space would
increase 1.57 times the likelihood that workspace
satisfaction is also increased compared with the case
when satisfaction with the amount of space is not
increased. The next most important parameters for
workspace satisfaction were satisfaction with noise
level (OR = 1.27, 95% CI: 1.25-1.29) and visual
privacy (OR = 1.26, 95% CI: 1.24-1.28). From these
results, it seems that the satisfaction level with a
particular parameter is not the strongest predictor of
the relevance of this parameter to workspace satisfac-
tion, i.e., even if occupants were very dissatisfied with

Amount of space gl
Noise level o
Visual privacy o1
Colors and textures L4
Ease of interaction g
Comfort of furnishing o
Temperature L d
Sound privacy L4
Amount of light e
Air quality L
Building maintenance gl
Furniture adjustability gl
Visual comfort o

Building cleanliness aal

‘Workspace cleanliness o

09 10 L1 12 13 14 15 16
Odds ratio

Fig. 2 Odds ratios together with 95% confidence intervals for
satisfaction with indoor environmental parameters and building
features included in the Center for the Built Environment
occupant satisfaction survey
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sound privacy, temperature, noise level, and air quality
(see Figure 1), among those parameters, only satisfac-
tion with noise level was one of the most important
parameters for workspace satisfaction.

Personal factors and workspace features were exam-
ined to study their influence on the ranking of
satisfaction with parameters presented in Figure 2.
The following factors were examined: building occu-
pants’ age group and gender, type of office, and
distance of workstation from a window. The whole
dataset was divided into smaller groups according to
the considered personal factors and building features
(e.g., when the effect of gender was examined, the
separate subsets with female and male survey partic-
ipants were created). Proportional odds ordinal logistic
regression models were fitted separately for each subset
of data.

Table 4 presents satisfaction with indoor environ-
mental parameters and building features that most
influenced the workspace satisfaction in each subset of
data. The results showed that satisfaction with the
amount of space had the highest importance for
workspace satisfaction in all subsets of data, regardless
of building occupants’” age group (below 30, 31-50, or
over 50 years old), gender, type of office (single or
shared office, or cubicles with high or low partitions),
or distance of workstation from a window (within
4.6 m or further). The next most important parameters
for workspace satisfaction in most of the data subsets
were satisfaction with noise level and visual privacy. A
similar analysis was performed for different satisfaction
levels with the workspace. Respondents were divided
into two groups: those satisfied with their workspace
also including neutral responses (those who voted 0, 1,
2, or 3) and those dissatisfied with their workspace
(those who voted —3, -2, or —1). Figures 3 and 4 depict
values of odds ratios together with 95% confidence
intervals for satisfaction with each indoor environmen-
tal parameter and building feature for respondents
satisfied and dissatisfied with workspace, respectively.
The parameters are organized in order of decreasing
value of odds ratios estimated based on the whole
sample (as in Figure 2). In both groups, satisfaction
with the amount of space was the most important for
workspace satisfaction. Among respondents dissatis-
fied with the workspace, satisfaction with building
maintenance, visual comfort, and building cleanliness
did not contribute significantly to workspace satisfac-
tion, while the order of importance of other parameters
for workspace satisfaction was similar to the order in
the whole sample. Among respondents satisfied with
the workspace, the importance of satisfaction with ease
of interaction and amount of light was much higher
compared with its importance in the whole sample.

The proportional odds assumption was verified for
each regression model separately (Baayen, 2008). For
each predictor variable, two lines were plotted in one
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Table 4 Satisfaction with indoor environmental parameters and building features that influenced most the satisfaction with the workspace in each subset of data. In brackets are the

number of responses in each group (M), odds ratios and 95% confidence intervals

Subset of data 1st most important parameter

2nd most important parameter 3rd most important parameter

Age group
Below 30 years old Amount of space
(N =2777) (1.49, 1.41-1.57)

31-50 years old
(N =7714)

Amount of space
(1.53, 1.48-1.58)

Over 50 years old Amount of space

(N = 4397) (1.65, 1.57-1.73)
Gender
Female Amount of space
(N =21452) (1.54, 1.51-1.57)
Male Amount of space
(N = 16805) (1.62, 1.58-1.66)
Type of office
Single office Amount of space
(N=11381) (1.62, 1.57-1.67)
Shared office Amount of space
(N =2759) (1.58, 1.49-1.67)

Cubicles with high partitions Amount of space

Comfort of furnishing Visual privacy

(1.31, 1.24-1.38) (1.26, 1.20-1.33)
Colors and textures
(1.26, 1.19-1.34)
Ease of interaction Visual privacy
(1.31, 1.27-1.36) (1.30, 1.26-1.34)
Noise level
(1.30, 1.25-1.35)
Noise level Visual privacy
(1.33, 1.26-1.40) (1.29, 1.24-1.35)
Amount of light
(1.29, 1.23-1.35)
Noise level Visual privacy

(1.25,1.22-1.27)
Visual privacy
(1.29, 1.26-1.32)

(1.24,1.22-1.27)
Noise level
(1.28, 1.25-1.31)

Ease of interaction
(1.30, 1.26-1.34)
Visual privacy
(1.34, 1.27-1.42)

Comfort of furnishing
(1.28, 1.22-1.33)
Amount of light
(1.22, 1.15-1.29)
Building maintenance
(1.22, 1.14-1.30)

Noise level Visual privacy

(N =16166) (1.56, 1.52-1.59) (1.30, 1.27-1.33) (1.27, 1.24-1.29)
Cubicles with low partitions Amount of space Visual privacy Noise level
(N = 9645) (1.57, 1.53-1.62) (1.35, 1.31-1.39) (1.30, 1.26-1.34)
Distance of workspace from a window
Within 4.6 m Amount of space Noise level Visual privacy
(N =27175) (1.60, 1.57-1.63) (1.26, 1.24-1.28) (1.25,1.23-1.28)
Further than 4.6 m Amount of space Noise level Visual privacy
(N = 14638) (1.52, 1.49-1.56) (1.29, 1.26-1.32) (1.26, 1.23-1.28)
Amount of space gl Amount of space —e—
Noise level gl Noise level —e—
Visual privacy Ral Visual privacy e
Colors and textures Rl Colors and textures o
Ease of interaction o Ease of interaction ——
Comfort of furnishing o Comfort of furnishing —e—
Temperature o Temperature —e—
Sound privacy . Sound privacy —e—
Amount of light e Amount of light -
Air quality o Air quality ——
Building maintenance e Building maintenance | Not significant
Furniture adjustability e Furniture adjustability —e—
Visual comfort o Visual comfort | Not significant
Building cleanliness —e Building cleanliness | Not significant
Workspace cleanliness o Workspace cleanliness s
A P B

09 10 11 12 13 14 15 16
Odds ratio

Fig. 3 Odds ratios together with 95% confidence intervals for
satisfaction with indoor environmental parameters and building
features in the group of respondents who were satisfied with the
workspace (N = 34 178)

Odds ratio

Fig. 4 Odds ratios together with 95% confidence intervals for
satisfaction with indoor environmental parameters and building
features in the group of respondents who were dissatisfied with
the workspace (N = 8991)
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graph: a line representing the observed mean values of
a predictor variable for each level of response variable
and a line representing mean values of a predictor
variable as they would be if the proportional assump-
tion would be satisfied perfectly. Small discrepancies
were observed for most predictor variables in the part
of the scale representing dissatisfaction votes with the
workspace (=3, —2 and —1). But as the means were still
very close, it was concluded that the proportional odds
assumption was satisfied and the regression models
were justified.

Amount of space

Among the factors tested, satisfaction with amount of
space was the most predictive of occupants’ satisfac-
tion. Here, it is investigated whether a higher area
available per person for work and storage increases
satisfaction with the amount of space. Area per person
was calculated by dividing the building gross area
(excluding parking) by the current number of occu-
pants in a building. Twenty-six buildings with extreme
values of area per person were excluded from further
analysis, resulting in a final sample of 35 704 responses.
The gross area per person in the final sample varied
between 8§ and 86 m?, with a median of 31 m>.
Correlation between satisfaction with the amount of
space and gross area per person was almost negligible
(Spearman rank correlation p = 0.03, P < 0.001).
Despite statistical significance, the correlation is insig-
nificant from an engineering point of view. Figure 5

Satisfaction with amount of space

[ [ I
0 20 40 60 80 100
Area per person (m?/person)

Fig. 5 Boxplot showing values of gross area per person for each
level of satisfaction with the amount of space
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confirms that satisfaction with the amount of space was
almost independent of gross area per person.

Type of office and distance from a window

It was investigated whether office type and distance of
workstation from a window affected occupants’ satis-
faction in office buildings. These two workspace
characteristics were selected as information about them
was provided by respondents and not by building
manager, who could not describe each workspace in
details in the general building characteristics form. The
results showed that the type of office had an influence
on satisfaction with the amount of space available for
work and storage (Figure 6). Satisfaction with the
amount of space in private offices (mean M = 1.62)
was significantly higher (P < 0.001) compared with
shared offices (M = 0.81) and cubicles with high
(M = 0.64) and low partitions (M = 0.66). Satisfac-
tion with the amount of space available for work and
storage was also influenced by distance of workspace
from a window (Figure 7). People sitting within 4.6 m
from a window expressed significantly (P < 0.001)
higher satisfaction with the amount of space
(M = 1.06) than those sitting further from a window
(M = 0.62). The results show that occupants in private
offices and close to a window (within 4.6 m) were more
satisfied with the amount of space available for work
and storage than people in shared offices or cubicles
and far from a window. Similar results were observed
in relation to workspace satisfaction. Workspace sat-
isfaction was significantly higher (P < 0.001) in pri-
vate offices (M = 1.45) and close to a window
(M = 1.01) than in shared offices (M = 0.87) or
cubicles with high (M = 0.59) and low partitions
(M = 0.57) and far from a window (M = 0.49)
(Figures 8 and 9). A difference in workspace satisfac-
tion was observed also between shared offices and
cubicles with high (higher than 1.5 m) or low partitions
(P < 0.001). Further analysis showed a similar trend
for most indoor environmental parameters and build-
ing features (Table 5). Satisfaction with visual and
sound privacy, ease of interaction with co-workers,
furniture adjustability and comfort, colors and textures
of surroundings, temperature, air quality, amount of
light, visual comfort, noise level, building and work-
space cleanliness was significantly higher (P < 0.02) in
private offices and workstations close to a window than
in shared offices or cubicles and far from a window.
Satisfaction with building maintenance was signifi-
cantly higher (P < 0.001) in private offices and close to
a window compared with cubicles and far from a
window. No difference in satisfaction with building
maintenance was observed between private and shared
offices. Most indoor environmental parameters and
building features were also evaluated higher in offices
shared with few people than in cubicles. Satisfaction
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Fig. 6 Boxplot showing values of satisfaction with the amount
of space in offices of different types. Large dots represent mean
values. Brackets indicate the number of responses in each cat-
egory
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Fig. 7 Boxplot showing values of satisfaction with the amount
of space depending on the distance of a workspace from a
window. Dots represent mean values. Brackets indicate the
number of responses in each category

with the amount of space, visual and sound privacy,
ease of interaction, temperature, air quality, amount of
light, visual comfort, noise level, and workspace
cleanliness were significantly higher (P < 0.05) in
shared offices than in cubicles with high or low
partitions. People expressed higher (P < 0.001) satis-
faction with furniture comfort and adjustability and
building cleanliness in shared offices compared with
cubicles with high partitions.

Additional analysis showed that workspace satisfac-
tion in LEED-rated buildings (including certified, gold,
platinum, silver, and pending; mean M = 0.88) was
significantly (P = 0.01) higher than in buildings with-
out any LEED rating (M = 0.83). The difference
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between buildings with and without LEED ratings
although statistically significant was very small.

Discussion

Building occupants are the best source of information
as regards their needs and comfort requirements.
Thanks to its large number of responses, the CBE
database makes it possible to draw general conclusions
about building occupants’ needs and satisfaction in
different settings and enables the identification of the
enquired indoor environmental parameters and build-
ing features that cause the highest dissatisfaction.
Occupants of the office buildings in which the CBE
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Table 5 Mean values of satisfaction with indoor environmental parameters and building features assessed in the CBE occupant satisfaction survey in different office types and different

distances from a window

Satisfaction with Single Shared Cubicles with Cubicles with Close to Far away from
parameter offices offices high partitions low partitions a window a window
Visual privacy 1.97 0.32* 0.15%*** —0.26%*** 0.67 0.10%****
Ease of interaction 1.67 1.37% 1.09%*** 1.0 xxx 1.40 1.09%
Comfort of furnishing 1.34 0.99* 0.92%**x 0.97* 1.14 0.8 ****
Furniture adjustability 1.00 0.79* 0.68**** 0.79* 0.89 0.65*****
Colors and textures 0.94 0.70* 0.77* 0.78* 0.90 0.66%****
Temperature 0.18 0.04* —0.35%*** —0.26**** -0.07 —0.34%xxxx
Air quality 0.55 0.32* 0.16%*** 0.25% x> 0.43 0.1 xxxx
Amount of light 1.66 1.41% 1.02%*** 1.2 xxx 1.43 0.90%****
Visual comfort 121 1.02* 0.77%%x 0.75%*** 1.01 0.647****
Noise level 0.95 0.63* —0.23%*** —0.28**** 0.27 —0.13xxxx
Sound privacy 0.63 -0.49* —1.46%*** —1.45%*** —-0.69 —1.10*xx*
Building cleanliness 1.21 1.05%* 0.95%*** 1.02* 1.03 0.97%****
Waorkspace cleanliness 1.02 0.94** 0.75%*** 0.85**** 0.88 0.79%****
Building maintenance 1.02 1.02 0.89**** 0.92% 0.96 0.90%****

***Statistically significant difference in satisfaction level compared with single offices when P < 0.001 and P < 0.05, respectively.
xxx xxxxStatistically significant difference in satisfaction level compared with shared offices when P < 0.001 and P < 0.05, respectively.
***xxStatistically significant difference in satisfaction level compared with workstations close to a window when P < 0.001.

CBE, Center for the Built Environment.

occupant satisfaction survey has been conducted are
generally satisfied with their workspace and with the
overall building, even if they register high dissatisfac-
tion with sound privacy, temperature, noise level, and
air quality. The findings are consistent with earlier
studies on smaller subsets of CBE data (Huizenga
et al., 2006; Jensen et al., 2005), in which acoustics,
thermal comfort and air quality received the lowest
satisfaction ratings. In open-plan offices in Canada,
building occupants expressed the lowest satisfaction
with noise and conversational privacy (Veitch et al.,
2002). Air quality, thermal comfort, and privacy were
identified as the areas of greatest complaint in univer-
sity buildings in New Zealand (Leifer and Gumbaketi,
1999). In this study, the lowest satisfaction level was
observed for sound privacy. It may be caused by the
fact that most of the responses were collected in
open-plan offices. Earlier studies (Danielsson, 2008;
Haapakangas et al., 2008; Jensen et al., 2005; Kaarl-
ela-Tuomaala et al., 2009; Lee, 2010; Marans and
Spreckelmeyer, 1982) indicated that satisfaction with
acoustic privacy was much lower in open offices than in
single offices. This study supports these findings.
Satisfaction with sound privacy was highest in single
offices, slightly lower in offices shared with few people,
and the lowest in cubicles.

This study attempts to identify which subjectively
evaluated parameters play a major role when people
evaluate the overall satisfaction with their workspace.
Knowledge about people’s priorities may be used as
guidelines when constructing and renovating buildings
so that building occupants’ satisfaction can be maxi-
mized. This study of 43 021 office workers showed that
satisfaction with the amount of space was the most
important for workspace satisfaction. This was in
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agreement with earlier findings of Marans and Yan
(1989) performed among nearly 1000 office workers,
but in contrast to the results of the study of Veitch
et al. (2003) who carried out the study among 779
office workers in which parameters were ranked in the
following order: air quality and ventilation, privacy,
noise level, temperature, lighting, size of workstation,
and window access. The differences in importance of
the amount of space may be due to differences in
methodology of the studies. In this study and the study
of Marans and Yan (1989), statistical analyses were
performed to estimate the extent of the relationship
between workspace satisfaction and satisfaction with
the amount of space. In the study of Veitch et al.
(2003), office workers were asked to rank the para-
meters in order from the highest to the lowest
importance.

Despite the large range of available area per person
(8-86 m?/person), surprisingly almost no effect of the
available area per person was observed on satisfaction
with the amount of space, which was not consistent
with earlier findings of Marans and Spreckelmeyer
(1982). One of the reasons for the lack of a stronger
correlation between satisfaction with the amount of
space and area per person may be that area per person
was a rough estimation of real area per person in each
building. The total building area used for calculating
the area per person included not only the workstation
area but also corridors and common areas like meeting
rooms, copying rooms, and restrooms. Secondly, the
estimated area per person was common for the whole
building and did not account for differences in size
between different workstations within the building.
Thirdly, we are not sure how reliable are the esti-
mates of building gross area provided by the facility



managers. It may also be that the way in which
building occupants perceive their space is much more
important than the actual amount of space. In the
study of Marans and Yan (1989), the subjective
assessment of amount of space was strongly correlated
with workspace satisfaction, while objective measures
of amount of space influenced workspace satisfaction
to only a small extent. The perceived amount of space
for work and storage may also be influenced by storage
space in a vertical direction, which would not be
noticed via estimated area per person. A study of Skov
et al. (1990) showed that the shelf factor, which
approximates the amount of storage space, was related
to the Sick Building Syndrome. More studies are
needed on the relationship between amount of space
and satisfaction with the amount of space. Knowledge
about how to increase satisfaction with a given amount
of space could lead to increased workspace satisfaction,
job satisfaction, and productivity.

This study prioritized satisfaction with different
indoor environmental parameters and building features
in order of their importance for overall satisfaction
with workspace, but it did not provide much informa-
tion about physical characteristics of the workspace.
More studies are needed on the link between satisfac-
tion with a particular parameter and physical charac-
teristics of the workspace. Such studies will supplement
this study and result in guidelines how to (re)design
physical aspects of the workspace to maximize occu-
pants’ satisfaction.

Different office settings also have a major influence
on occupants’ satisfaction. Satisfaction with the work-
space and with almost all indoor environmental
parameters and building features was higher in private
offices than in shared offices and cubicles, which is
consistent with previous studies (Brennan et al., 2002;
Haapakangas et al., 2008; Marans and Spreckelmeyer,
1982). A recent study showed that shared offices
increased also the risk of sickness absence (Pejtersen
et al., 2011). The findings suggest that building occu-
pants favor private offices. Preference for private offices
may partly be associated with greater freedom to
organize the office space, ability to control the indoor
environment to a greater extent in a private office, and
freedom from having to negotiate the conditions with
co-workers. However, this study does not offer the
possibility of verifying this hypothesis.

It is estimated that for a typical office building, 82%
of all costs are associated with building occupants
(employee salary and benefits) and the remaining costs
cover building construction and arrangement, technol-
ogy support, maintenance, and operations (Brill et al.,
2001). Thus, it seems reasonable to take action to
ensure high occupants’ satisfaction. Despite this, a
recent survey in Denmark showed that office workers
think that their bosses do not prioritize high the good
indoor environment (Camfil Farr, 2011). This study
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determined subjectively evaluated parameters that play
a major role when people evaluate satisfaction with
their workspace. If one accepts that there is a positive
link between occupants’ satisfaction and productivity
of office workers (Leaman and Bordass, 2001; Leaman
et al., 2007; Thomas, 2010), the study’s results may be
used not only to increase occupants’ satisfaction but
also to promote higher productivity.

Apart from proportional odds logistic regression,
multivariable linear regression and linear mixed effects
regression were applied to study the relationship
between workspace satisfaction and satisfaction with
indoor environmental quality parameters and building
features. Both linear regression models confirmed that
satisfaction with the amount of space was the most
important for workspace satisfaction, followed by
satisfaction with noise level and visual privacy. In the
CBE database, the intraclass correlation coefficient
showed that only 3.6% of total variability in responses
was accounted for by the building in which people
filled out the survey. The influence of the building itself
on building occupants’ responses was very small. The
results of linear regression models were not reported
extensively in this article, because proportional odds
logistic regression was considered more relevant for the
present data, and the results of proportional odds
logistic regression and linear regressions were very
similar.

Limitations

One of the limitations of the study is related to the
selection of buildings. There was no systematic ran-
domized approach in relation to building selection.
Almost 80% of the surveyed buildings were situated in
USA, so the results relate primarily to American
settings.

The study considered only the influence of satisfac-
tion with 15 different indoor environmental parameters
and building features on workspace satisfaction. The
study proved that all parameters listed in the CBE
occupant satisfaction survey are relevant for work-
space satisfaction. However, perception of other
parameters, not included in the survey, may also be
relevant for workspace satisfaction (e.g., outside view
may be an important parameter but, up to now, it is
not measured in the CBE core survey).

Another limitation of the study is absence of physical
measurements. It would be preferable to relate
subjective responses of building occupants to objective
measures of indoor environmental quality parameters
and building features.

Conclusions

Occupants were generally satisfied with their work-
space and with the overall building. The highest levels
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of satisfaction were observed for ease of interaction
with co-workers and amount of light. The highest
levels of dissatisfaction were observed for sound
privacy and indoor environmental quality (tempera-
ture, noise level, and air quality). The most important
parameters for workspace satisfaction were satisfaction
with the amount of space, noise level, and visual
privacy. Satisfaction level with a particular parameter
did not influence the relevance of this parameter for
workspace satisfaction. Satisfaction with the amount
of space was ranked to be the most important for
workspace satisfaction regardless of age group, gender,
type of office, distance of workspace from a window, or
satisfaction level with workspace. Satisfaction with the
amount of space was not related to an approximate
evaluation of the amount of space available per person
at the workspace. People sitting close to a window
(within 4.6 m) and in single offices expressed signifi-
cantly higher workspace satisfaction compared with
those sitting further from a window and in shared
offices and cubicles. Satisfaction with almost all indoor

environmental parameters and building features was
also higher in single offices and close to a window than
in shared offices and cubicles and far from a window.
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ABSTRACT

Present work investigated how indoor environmental parameters and building features are
considered by building occupants to affect their job performance, and quantified the size
of effect of satisfaction with indoor environmental parameters and building features on self-
estimated job performance. The analysis used subjective responses collected from the web-
based survey administered by the Center for the Built Environment. The survey was
distributed to 52,980 building occupants over the period of ten years mainly in the U.S. office
buildings. 24% of respondents indicated that environmental conditions neither increase nor
decrease their job performance, while 33% of respondents indicated that environmental
conditions decrease their job performance by at least 5%. Multivariate linear regression
analysis showed that increasing overall satisfaction with the workspace improved
significantly self-estimated job performance (Regression Coefficient RC=3.72, CI: 3.67-
3.78). Detailed analysis showed that improving satisfaction with temperature would have the
biggest effect on the self-estimated job performance (RC=1.05, CI: 0.99-1.10), followed by
improving satisfaction with noise level (RC=0.84, CI: 0.77-0.91) and air quality (RC=0.82,
CI: 0.75-0.88). Generally the quantitative effect on the self-estimated job performance was
rather small, below 1% to 4% for every 15% increase in the level of satisfaction.

KEYWORDS
Self-estimated performance, satisfaction, occupant’s responses, post-occupancy evaluation,
office buildings

PRACTICAL IMPLICATIONS

Present results can guide building users, operators and employers in making decisions which
parameters should be improved to promote work performance. They show that satisfaction
with indoor environmental quality, in particular satisfaction with thermal environment,
air quality and acoustical environment, are the most important for promoting self-estimated
human performance.

INTRODUCTION

Over the last two decades there has been increasing interest on the effects of indoor
environmental quality on work performance. One of the reasons is that there is a growing
body of evidence that the indoor environment does affect people’s working performance
(Wargocki et al., 2006). Additionally cost-benefit analyses show that even small
improvements in working performance are highly profitable and quickly pay back for
the costs invested in improving indoor environmental quality (Fisk and Rosenfeld, 1997; Fisk
et al., 2011; Rohr and Brightman, 2003; Seppénen, 1999; Wargocki and Djukanovic, 2005).



So far, most of the research has been carried out to examine the effects of individual indoor
conditions such as indoor air quality, ventilation, thermal comfort and air temperatures on
human performance (e.g., Lan et al., 2011; Seppdnen et al., 2006; Wargocki et al., 1999;
Wargocki et al., 2000). Only few studies examined combined effects of indoor environmental
parameters on performance (e.g., Clausen and Wyon, 2008; Witterseh et al., 2004). In these
studies the performance of office work was measured either in the laboratory using
predominantly tests simulating office work or in the work places by measuring actual work.
There is also a large body of research, in which performance was measured by asking
the employees how they assess their performance, so called self-estimated performance
(Brightman et al., 2008; Kawamura et al., 2007; Rohr and Brightman, 2003; Sundstrom et al.,
1980; Woods et al., 1987). Although there is no information on whether self-estimated job
performance is a suitable tool to predict the effects of indoor environmental quality on
performance and how it relates to actual performance measured with objective methods, it has
been often used mainly because it can be easily presented to building occupants in form of
the questionnaire. Also it can be considered as a ‘proxy’ for satisfaction with indoor
environmental conditions.

The mechanisms behind the effects of indoor environmental quality on human performance
are not clearly defined. It has been hypothesized that the effects do occur due to physiological
responses (Baké-Bird et al., 2005; Lan et al., 2011), health symptoms such as headache and
fatigue (Raw et al., 1990; Wyon and Wargocki, 2011) as well as general discomfort. To this
end satisfaction with indoor environmental parameters and building features has been shown
to be strongly related to self-estimated performance (Table 1). Still the results of the studies
(Table 1) are inconsistent as regards which conditions and parameters indoors have strongest
effect on the self-estimated job performance. In the studies different authors used different
expressions when describing the ability to perform work: self-estimated productivity and self-
estimated performance. We feel that those expressions are equivalent and in the present paper
the expression self-estimated job performance is used.

Table 1. Summary of studies investigating which parameters influence self-estimated
performance of building occupants.

Study Population Data analysis Results

Goins et al. (2010) ~2,200 responses in ~ Ordered Self-estimated work
13 buildings in USA  logistic regression performance was
(RR* unknown) specification affected by

satisfaction with
speech privacy
(exponentiated
coefficient: 23%),
noise level (19%),
amount of light
(15%), satisfaction
with temperature
(11%) and air quality

(10%)
Humphreys and More than 4,500 General Linear The biggest impact on
Nicol (2007) responses™* in 26 Model self-estimated
office buildings in 5 productivity had
European countries evaluations of
(RR unknown) warmth, noise and air



Kawamura et al.
(2007)

Leaman and Bordass

(2006)

O'Neill (1994)

Thomas (2010)

Wiik (2011)

Ten male college-
aged subjects

Responses in 151
buildings (RR
unknown)

541 workers in 14
companies (RR:
77%)

405 responses** in
Australia (RR: 30%
and 40% depending

on a building)

675 responses** in

12 companies in
Norway (RR:
between 44% and

100% depending on a

company)

Pearson's product
moment correlation

Correlation

Principal components
analysis and Pearson
correlation

Correlation

Multivariate
regression analysis

quality, while
evaluations of air
movement and
lighting were less
important
Self-estimated
performance was
related (r=0.80) to
satisfaction with
indoor environment
Self-estimated
productivity was
correlated (r=0.84) to
overall comfort
Self-estimated job
performance was
correlated to
satisfaction with
workspace
adjustability
(correlation
coefficient: 0.15),
storage capacity
(0.15), privacy (0.15),
visual and aural
distractions (-0.13)
and ease of
communication (0.08)
Self-estimated
productivity was
correlated (r=0.80) to
overall comfort
Self-estimated
productivity was
influenced by air
satisfaction
(temperature,
humidity, stuffiness;
regression coefficient:
5.4), psychosocial
satisfaction
(leadership,
cooperation, loyalty
and control; 4.7),
satisfaction with
sound (2.8), office
(2.5) and light (0.6)

* RR: response rate.

** number of filled out questionnaires; some of the building occupants gave their response

more than once.



Since 2000 the Center for the Built Environment (CBE) at the University of California
Berkeley has conducted roughly 600 post occupancy evaluation surveys in which respondents
provided information about their satisfaction and job performance in relation to several indoor
environmental quality parameters and building features (Zagreus et al., 2004); no physical
measurements were taken. The database created using these responses offers a unique
opportunity to evaluate how buildings perform in practice as assessed by building occupants.
Recently, Frontczak et al. (2011) analyzed the results from these surveys to investigate how
satisfaction of building occupants is related to indoor environmental parameters and building
features. Their results show that the average building occupant was satisfied with his/her
personal workspace and with the building, and that the most important parameters for overall
workspace satisfaction were satisfaction with amount of space, noise level and visual privacy.
The data collected through the CBE occupant satisfaction surveys allow also examining how
indoor environmental parameters and building features affect job performance as assessed by
the occupants of the buildings, i.e. how they affect the self-estimated job performance.

The present work attempts to investigate which indoor environmental parameters and building
features are considered by building occupants to enhance and/or to interfere with the ability of
getting their job done and to quantify the size of effect of satisfaction with indoor
environmental parameters and building features on self-estimated job performance.

METHODS

As of June 2010, the CBE occupant satisfaction survey included data from more than 600
buildings including offices, hospitals, schools and universities, research centers, assembly
halls, commercial, governmental, residential, industrial and public buildings (e.g., libraries)
and prisons, which vary in relation to their location, size, age, design and HVAC system.
The buildings in which the survey was performed were identified by either the CBE
researcher who contacted a building representative to obtain permission to perform the survey
in the building, or are the buildings from which a building representative contacted CBE with
a request to perform the survey. The present analysis was carried out in the subset of these
data including office buildings and people working in offices. The process of identifying
office buildings and creating the database for the purpose of the present analysis is described
in details in Frontczak et al. (2011).

Using the above selection criteria the present analysis contains responses from 52,980
building occupants from 397 surveys performed in 351 office buildings (governmental,
private, at the universities and research centers). In 40 buildings the survey was conducted
more than once (e.g., before and after renovation) and the data from all surveys performed in
these buildings are included in the analysis. As it was not possible to indentify people who
participated in more than one survey, all responses were treated as independent observations.

In the following only parts of the CBE occupant satisfaction survey relevant to the objectives
of the present paper are described. For a more complete description of the database please
refer to Frontczak et al. (2011). The CBE occupant satisfaction survey collects information on
how the following conditions influence satisfaction: (1) amount of space available for
individual work and storage, level of visual privacy, and ease of interaction with co-workers,
all related to office layout; (2) comfort of office furnishings (chair, desk, computer,
equipment, etc.), ability to adjust furniture to meet your needs, and colors and textures of
flooring, furniture and surface finishes, all related to office furnishings and finishes;
(3) temperature in the workspace; (4) air quality in the workspace (i.e., stuffy/stale air, air
cleanliness, odors); (5) amount of light in the workspace, and visual comfort of the lighting
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(e.g., glare, reflections, contrast), all related to lighting; (6) noise level in the workspace,
and sound privacy in the workspace (ability to have conversations without neighbors
overhearing and vice versa), all related to acoustic quality; and (7) general cleanliness of
the overall building, cleaning service provided to your workspace, and general maintenance of
the building, all related to cleanliness and maintenance. Furthermore information on the
impact of personal workspace and building on overall satisfaction is collected. Each of the
above categories is presented on a separate page in the survey. The occupants are asked about
satisfaction with a given environmental parameter or a building/workspace features as
exemplified in Figure 1. The answers are subsequently coded as follows: “very satisfied” =+3,
“very dissatisfied” = -3, and a neutral midpoint is coded as 0.

Figure 1. An example of the question and the scale that are used to collect information on
the satisfaction with different environmental parameters and building/workspace features in
the CBE occupant satisfaction survey.

The CBE occupant satisfaction survey collects also information on how the following
conditions influence the ability to get the job done: (1) office layout; (2) office furnishing;
(3) thermal comfort; (4) air quality; (5) lighting quality; (6) acoustic quality;
and (7) cleanliness and maintenance of the building. It should be noted that these are the same
categories as in the case of information collected on how different indoor environmental
parameters and building features influence satisfaction, but the level of detail is lower
and number of questions is smaller. The occupants are asked to indicate whether each of these
parameters enhances or interferes with their job performance using the seven point scale
presented in Figure 2. The seven point scale is coded as follows: “enhances” =+3,
“interferes” =-3, while a neutral midpoint is coded as 0. Each category is presented on
a separate webpage in the survey.

Figure 2. An example of the question and the scale used in the CBE occupant satisfaction
survey which are used to collect information on whether different indoor environmental
parameters and building features enhance or interfere with the self-estimated job performance.

The occupants are also asked to give a quantitative estimate on how much their job
performance is increased or decreased by the effect of environmental conditions in the
building (i.e., thermal, lighting, acoustics, cleanliness, etc). An estimate is given on a 7-point
scale ranging from ‘increased’ to ‘decreased’ with each point defined as 20%, 10%, 5%, 0%,
-5%, -10% and -20% (Figure 3).

Figure 3. The question and the scale used in the CBE occupant satisfaction survey to estimate
the size of effect of environmental conditions in the building on the self-estimated job
performance.



As a part of the CBE occupant satisfaction survey respondents provided also information
about gender, age group, type of work performed, office type, proximity of workstation to
windows and external walls as well as duration of working in the building (in which
responses were collected) and at the workspace (where responses were collected). A building
facility manager was asked to fill out a building information form providing descriptive
information about the building and its systems such as the building’s age, location and size,
number of floors, number of occupants, type of HVAC system, solar shading and controls,
buildings’ LEED rating, energy use and cost of building construction, etc.

Multivariate linear regression was applied to investigate the relationship between self-
estimated job performance (response variable measured as illustrated in Figure 3) and
satisfaction (predictor variables measured as illustrated in Figure 1). Only responses of people
who responded to both the response variable and all predictor variables were considered in the
regression analysis. The results of regression model were presented in form of regression
coefficients together with 95% confidence intervals. For each predictor variable, which was
included in the regression model (p<0.05; two-tailed t-test) the power analysis was performed
and the effect size index was calculated (Cohen, 1988). While t-test provides information
about statistical significance of predictor variables, the effect size index shows if the predictor
variable has any practical significance. The effect size index is a dimensionless number that
indicates how big effect a predictor variable has on a response variable. Cohen (1988)
suggested the following criteria for effect size as regards multivariate regression:
small: >0.02; medium: >0.15 and large >0.35.

The statistical analysis was carried out with R software (R Development Core Team, 2009).

RESULTS

Respondents of the CBE occupant satisfaction survey varied in relation to their age, job
performed (administrative support, technical, professional and managerial) and tenure in the
building. The majority of respondents worked at their current workspace (office) for more
than 12 months (53% of respondents), full-time (73%), in cubicles (61%) and close to
a window (63%). They mostly worked in air-conditioned buildings (50%) with no LEED
rating (86%), situated in the US (78%) and with non-operable windows (41%). A detailed
summary regarding personal characteristics of CBE occupant satisfaction survey respondents
as well as workspace and building characteristics is provided in Frontczak et al. (2011).

Impact of indoor environmental parameters and building features on the self-estimated
job performance

Figure 4 summarizes the responses of occupants describing whether indoor environmental
parameters and building features enhanced or interfered with the ability to get their job done;
the presented mean and median values were calculated using performance votes of every
occupant in the whole dataset (as indicated by ‘N’ in the figure). The differences in number
of responses for most of the questions are caused because some of the performance questions
were not asked in some of the surveyed building and because respondents skipped some
questions. Acoustic quality and thermal comfort were on average indicated by the occupants
to interfere with the ability to get their job done, while the other parameters were on average
indicated to enhance it. It is worth noting that if medians are considered, cleanliness and
maintenance of the buildings, lighting quality, office furnishing and office layout were
considered by the building occupants to equally enhance the ability to get the job done, but air
quality, thermal comfort and acoustic quality were considered to neither enhance nor interfere
with it.



Figure 4. Box plots summarizing how respondents rated whether indoor environmental
parameters and building features enhanced or interfered with the ability to get their job done.
Dotted line indicates neutral midpoint of the scale. Bold vertical lines show median values
and diamonds represent mean values. The boxes span from the 25" percentile to the 75"
percentile. Numbers in the figure indicate mean values. N shows the number of responses.

The distribution of responses describing how respondents estimated how much their
performance is increased or decreased by the environmental conditions in the buildings is
showed in Figure 5. 24% of respondents indicated that environmental conditions neither
increase nor decrease their job performance. 33% of respondents indicated that the
environmental conditions in the building decrease their job performance by at least 5%,
and 5% of respondents assessed that their job performance is reduced by 20%. 43% of
respondents indicated that the environmental conditions in the building increase their job
performance by at least 5%.

Figure 5. Distribution of responses (N=29927) to the following question: “Please estimate
how your productivity is increased or decreased by the environmental conditions
(e.g. thermal, lighting, acoustics, cleanliness) in this building”.



More detailed analysis showed that for each indoor environmental parameter and building
feature about 1/3 of respondents indicated that the parameters neither enhanced nor interfered
with the ability to do their job (‘0’ on a 7-point scale shown in Figure 2). Figure 6 shows how
many times respondents answered that a given number of parameters neither enhanced nor
interfered with the ability to do their job. 0.1% of respondents answered that all 8 parameters
neither enhanced nor interfered with job performance. More specific analysis of responses
showed that there was no considerable difference among different parameters and building
features regarding the number of respondents who indicated that a specific parameter and
building feature neither enhanced nor interfered with the ability to get the job done.
Air quality was assessed slightly more often (35% of respondents) and office layout slightly
less often (23% of respondents) to neither enhance nor interfere with the ability to do the job.

Figure 6. Distribution of responses showing how many respondents indicated that a given
number of parameters neither enhanced nor interfered with getting the job done.

Effect of satisfaction with a personal workspace on the self-estimated job performance
The results of simple linear regression analysis between self-estimated job performance and
the overall satisfaction with a personal workspace are shown in Table 2. The model was
statistically significant (p<0.001) and explained 36% of variance in the self-estimated job
performance; the effect size was large (f%>0.35). The regression coefficient suggests that
increasing overall workspace satisfaction by 1 unit on a 7-point scale (Figure 1), i.e. by about
15% assuming that the scale can be treated as linear, would increase the self-estimated job
performance by about 3.7%.

Table 2. Linear regression model showing the relationship between self-estimated job
performance and overall satisfaction with personal workspace.

Predictor variable Regression p-value for predictor  Effect size index (f)
coefficient (95% variable for predictor variable
confidence interval)

Satisfaction with 3.72 (3.67-3.78) <0.001 0.56

personal workspace

Model based on N=29,852; model R°=0.36; model p-value<0.001



Effect of satisfaction with indoor environmental parameters and building features on
the self-estimated job performance

The results of multivariate linear regression between self-estimated job performance and
satisfaction with indoor environmental parameters and building features are presented in
Table 3 with the descending order of regression coefficients. Satisfaction with cleanliness of
workspace, amount of light and comfort of furnishings were not statistically significant in the
model (p>0.05) thus they cannot be considered to influence the self-estimated job
performance; they are not presented in the table. The remaining 12 independent variables
were statistically significant (p<0.001) and explained 42% of variance. The effect size
examining practical meaning of the observed results was small (0.02<f*<0.15) for satisfaction
with temperature, air quality and noise level. Increasing satisfaction with temperature by
1 unit on a 7-point scale (Figure 2), i.e. by about 15% (assuming that the scale can be treated
as linear) would increase the self-estimated job performance by about 1% while the
satisfaction with all other parameters are kept constant. In case of satisfaction with air quality
and noise these effects would correspond to about 0.8%. Changing satisfaction with other
parameters would have smaller effect on the self-estimated job performance and would have
basically no practical significance, although statistically significant in the model, because of
the very small effect size (f°<0.02).

Table 3. Linear regression model showing the relationship between self-estimated job
performance and satisfaction with indoor environmental parameters and building features.

Linear model Logistic model

Predictor Regression p-value for Effect size index Odds ratio (95%
variable coefficient (95% predictor (%) for predictor  confidence
(satisfaction with confidence variable variable interval)
parameter) interval)

Temperature 1.05(0.99-1.11) <0.001 0.045 1.30 (1.29-1.32)
Noise level 0.84 (0.77-0.91)  <0.001 0.020 1.22 (1.20-1.24)
Air quality 0.82 (0.75-0.88) <0.001 0.021 1.24 (1.22-1.26)
Building 0.70 (0.60-0.79)  <0.001 0.009 1.19 (1.16-1.21)
maintenance

Visual comfort  0.65 (0.59-0.72) <0.001 0.013 1.18 (1.16-1.20)
Furniture 0.37 (0.30-0.43)  <0.001 0.005 1.10 (1.08-1.12)
adjustability

Amount of space  0.31 (0.25-0.38) <0.001 0.003 1.08 (1.06-1.09)
Sound privacy 0.31 (0.25-0.38) <0.001 0.003 1.09 (1.07-1.11)
Ease of 0.25(0.18-0.32)  <0.001 0.001 1.06 (1.04-1.08)
interaction

Colors and 0.18 (0.11-0.25)  <0.001 0.001 1.06 (1.04-1.07)
textures

Building 0.11 (0.02-0.21) 0.020 0.001 1.03 (1.00-1.05)
cleanliness

Visual privacy 0.08 (0.02-0.14) 0.013 0.000 1.02 (1.00-1.03)

Model based on N=29,092; model R2=0.42; model p-value<0.001

Table 3 shows also the results of the proportional odds ordinal logistic regression model in
form of the odds ratios. Use of the logistic model did not change the general trends observed
for the multivariate linear regression model. The logistic model was fitted to create
connection between the present analysis and the analysis made by Frontczak et al. (2011)



in which the relationship between workspace satisfaction and satisfaction with indoor
environmental parameters and building features was presented in the form of odds ratio.

DISCUSSION

Present analysis shows that the satisfaction with indoor environmental parameters and
building features affects the self-estimated job performance; the effect was
statistically significant but small. The present results showing the effect of satisfaction on the
self-estimated job performance confirms the findings of previous studies presented in Table 1.
However, it is not possible to conclude whether satisfaction with the same parameters is the
most important for the self-estimated job performance as in different studies satisfaction with
different parameters was considered.

The estimated quantitative effects on the self-estimated job performance, although statistically
significant, were quite small. They are comparable with the effects observed in other studies
in which the work performance was not assessed by asking building occupants but by using
tests simulating office work or actual work performance. For example, the laboratory
experiments with human subjects performing simulated office work showed that 10% less
dissatisfied with the air quality corresponds to about 1% increase in performance
(Wargocki et al., 1999; Wargocki et al., 2000), while in the present analysis 15% increase in
satisfaction with air quality corresponds to about 0.8% increase in the self-estimated job
performance. Lan et al. (2011) showed that a 1-unit change in thermal sensation vote would
cause about 0.8% reduction in performance from the optimal level; in the present work the
change of satisfaction with temperature by 15% was estimated to cause about 1% change in
the self-estimated job performance. Clausen and Wyon (2008) reported that combined effect
of improvement of six environmental conditions (temperature, air quality, noise level and
type, and light level and type) resulted in increase of objectively measured performance of
simulated office work by about 7% and increase of self-estimated performance by about 15%;
it also reduced the overall dissatisfaction with indoor environment by about 40%. In the
experimental study of Haneda et al. (2008) satisfaction with indoor environment (presumably
combination of temperature and ventilation) was linearly correlated with the performance of
multiplication task: performance increased by around 3% for every 10% increase in
satisfaction. For comparison in the present work 15% increase in overall satisfaction with
indoor environment and building features was estimated to improve self-estimated job
performance by about 3.7% (Table 2), thus the magnitude of the effect was very similar
to the one observed in previous studies. In the past research it was stipulated that the
magnitude of effects of indoor environmental quality on performance of office work is no
more than 10-15% even if combined effects of all indoor environmental parameters are
considered (e.g., Wyon and Wargocki (2011). The present results confirm that the effect of
indoor environmental quality on performance does not exceed 10-15% and suggest that the
effect may be even smaller.

The results of the present analysis can be used to examine the combined effect of satisfaction
with different parameters on self-estimated job performance. Wargocki et al. (2006) suggested
that a combined effect of different factors on work performance should be either the highest
effect among interacting factors or the sum of effects for single factors if they are
independent. Based on the present results, the largest effect of changing satisfaction with one
parameter (temperature) by 1 unit would yield 1.05% increase in the self-estimated job
performance (Table 3). If we add the effects of all single parameters, the combined effect of
increasing satisfaction with all indoor environmental parameters and building features by one
unit on a 7-point scale would yield 5.67% increase in the self-estimated job performance
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(Table 3). On the other hand improving overall satisfaction with indoor environmental
parameters and building features would yield 3.72% increase in the self-estimated job
performance (Table 2). The combined effect of increasing satisfaction with indoor
environmental parameters and building features is between the highest effect among
interacting parameters and the sum of effects for satisfaction with all single parameters.
These results suggest that the satisfactions with different parameters may to some extent be
dependent.

The results of Frontczak et al. (2011) showed that in order to maximize overall satisfaction
with personal workspace, improving the satisfaction with amount of space, noise level and
visual privacy should be given the highest priority, followed by satisfaction with colors and
textures of surroundings, ease of interaction and comfort of furnishing. Present results show
that improvements of satisfaction with temperature, noise level and air quality should be
given the highest priority in order to improve the self-estimated job performance; satisfaction
with amount of space, visual privacy and colors and textures of surroundings is of much lower
importance (Table 3). The reason for the observed discrepancy can be that people focus on
different aspects when they evaluate their satisfaction and their job performance. These results
imply that when investing in improvements of indoor environments, satisfaction with
different environmental parameters and building features may be modified depending on
whether it is aimed to improve overall satisfaction or self-estimated job performance.

The high number of respondents indicated that one or more parameters neither enhanced nor
interfered with ability to get the job done (Figure 6). This result is consistent with the
previously reported findings by Humphreys and Nicol (2007) and Raw et al. (1990).
In the latter study 25% of respondents said that physical conditions at their work had no effect
on their self-estimated performance. In the former study building occupants were asked to
evaluate to which extent their performance is affected by the quality of work environment and
79% of respondents indicated that there was no effect despite the fact that during the survey
wide range of physical conditions was encountered. These results may suggest that many
building occupants do not associate indoor environmental parameters and building features
with their job performance or may not be aware that they do affect their work.
Consequently the effects on the self-estimated job performance observed in the present work
are small probably because they are not affected by the external factors such as expectations,
past experience, awareness, anxiety, etc. It seems rather unlikely that many responses
suggesting no impact of indoor environment and/or building features on job performance are
due to unawareness and/or because the respondents did not understand the question in the
questionnaire since only very few respondents (below 0.1%) answered that none of the factors
specified in the CBE occupant satisfaction survey enhanced/interfered with their job
performance (Figure 6).

Frontczak et al. (2011) found that overall satisfaction with personal workspace was the
highest in private offices and at workstations close to a window. Similar trends were observed
in the present work for the self-estimated job performance. Univariate analysis using the
pairwise comparison with Wilcoxon rank sum test (Siegel, 1956) showed that self-estimated
job performance was significantly higher in private offices than in shared and cubicles with
high and low partitions (p<0.02). Similar analysis showed that respondents working within
adistance of 4.6 m from a window indicated significantly higher self-estimated job
performance compared with those working further from a window (p<0.001). Office type and
proximity of window may be influenced by type of job, age, position in the company and
duration of working in the company. Therefore, more detailed multivariate analysis
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controlling for number of coufonding factors are needed on the impact of office type and
window proximity on the self-estimated job performance.

Limitations

One of the limitations of the present work is related to the selection of buildings. There was
no systematic randomized approach in relation to building selection. Almost 80% of the
surveyed buildings were situated in the USA so the results relate primarily to American
settings.

Another limitation of the present study can be distribution of satisfaction levels with indoor
environmental quality and building features. Although they were distributed over the entire
satisfaction scale there were generally more votes towards increased satisfaction (Frontczak et
al., 2011). Consequently it may be argued whether the observed effects can be extrapolated
for the entire satisfaction scale. It can also be speculated whether the reason for the small
effects on the self-estimated job performance are due to general high satisfaction with indoor
environmental parameters and building features. Future validation of the effects observed in
the present work would be required.

Among other limitations of the present work can be the inclusion of satisfaction with only
15 different indoor environmental parameters and building features on the self-estimated job
performance. There are many other factors which may affect job performance (e.g. outside
view) and also those not related to indoor environment and building features. The present
analysis showed that coefficient of determination in regression model was only 0.42
confirming thus that other factors are also important. It may be considered to extend CBE
occupant satisfaction survey by some additional factors which can influence job performance.

The present conclusions are entirely based on the self-estimated job performance. It is
uncertain whether this metric can predict true effect on performance. There is basically no
data in the research literature on whether the two metrics are correlated but there are also no
data showing that they are not correlated. The work of Clausen and Wyon (2008) did imply
that the self-estimated performance was twice as much as affected by improved indoor
environmental quality than subjectively measured performance. But their results obtained in
the laboratory needs to be verified. It was not the purpose of this work to discuss and
speculate on the validity of using the self-estimated job performance. Whether or not being
able to predict the actual performance, the self-estimated performance may approximate the
working morale, inclination and/or enthusiasm to perform the job well. Future experiments
should examine and elucidate whether it can also be used as a proxy for actual performance.

CONCLUSIONS

* Building occupants responded that the environmental conditions in their buildings
have none or small effect on their self-estimated job performance. 24% of respondents
assessed that all environmental conditions taken together neither increase nor decrease
their self-estimated job performance, while 33% of respondents indicated that the
environmental conditions decrease their job performance by at least 5%.

* Most of the environmental conditions were assessed by respondents to slightly
enhance their job performance. Only acoustic quality and thermal comfort were
considered to interfere with the ability to do the job.

* Overall satisfaction with the personal workspace was significantly related to the self-
estimated job performance. Increasing satisfaction with personal workspace by one
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unit on a 7-point scale would correspond to increase of self-estimated job performance
by 3.7%.

* Among indoor environmental parameters and building features, satisfaction with
temperature was most strongly related to self-estimated job performance followed by
satisfaction with noise level and air quality. Increasing satisfaction with temperature,
noise level or air quality by one unit on a 7-point scale would increase self-estimated
job performance by approximately 1%.
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SUMMARY

The paper examines how satisfaction with indoor environmental parameters and building features
affects satisfaction and self-estimated job performance. The analyses used subjective responses
from around 50,000 occupants collected mainly in US office buildings using a web-based survey
administered by the Center for the Built Environment (CBE) over the period of ten years. Overall
satisfaction with the workspace significantly improved self-estimated job performance; increased
satisfaction with temperature was estimated to provide the greatest improvement in self-estimated
job performance, followed by increase in satisfaction with noise and air quality. The improvement
of building features such as amount of space, visual privacy and noise level offered the highest
chance to improve satisfaction with workspace. The study implies that it should be carefully
considered how investments to upgrade indoor environmental quality and building design are used,
and that they should consider whether comfort or working morale are expected to be improved.

KEY WORDS
Office buildings; Indoor environmental quality; Architectural and design features; Comfort; Self-
estimated job performance

1 INTRODUCTION

In the developed parts of the world people spend substantial part of their time indoors, at home, at
work and/or in schools, and also when commuting. Indoor conditions have therefore far-reaching
implications for their health, general well-being and performance. Numerous studies have explored
how building users perceive the indoor environment and what conditions are considered by building
occupants to be comfortable (Frontczak and Wargocki, 2011). In indoor environments, a number of
physical and chemical parameters have been identified that influence the comfort of building
occupants. Standards dealing with indoor environmental quality have been developed to define the
acceptable ranges of these parameters. Even though the requirements of these standards are met, not
all building occupants are satisfied with the indoor environment. One of the possible reasons could
be that not only physical conditions but also other factors, unrelated to indoor environmental
quality, such as personal characteristics of building occupants, building-related factors and the
outdoor climate, influence whether indoor environment is considered to be comfortable or not.

Occupants in buildings are exposed to all indoor environmental parameters simultaneously and their
evaluation of the indoor environment is most likely to be a combination of the evaluation of
different environmental parameters. Still many studies which examined the issue of building
occupant comfort in indoor environments were focused mostly on the effects of single
environmental conditions on humans or factors, not related to the indoor environment such as



perceived control, adaptation, expectations and outdoor climate. Among others it was shown that
workspace and building features such as view, control over the indoor environment, amount of
privacy as well as layout, size, cleanliness, aesthetics and office furniture affect occupants'
satisfaction.

Occupants’ satisfaction was also shown to be positively correlated with the self-estimated
performance of office workers. Occupants uncomfortable with the overall environment reported
much lower self-estimated performance than those who felt comfortable with the overall
environment. Occupants’ satisfaction with the workspace was also positively associated with job
satisfaction, which in turn had an impact on job and company performance. Job satisfaction was
also related to frequency and duration of absenteeism as well as intention to quit work, issues which
may affect working morale and consequently may have financial implications for employers.

The purpose of the present work was to investigate which subjectively evaluated indoor
environmental quality parameters and building features mostly affect satisfaction and self-estimated
job performance in office buildings, to examine the link between occupants’ satisfaction with their
personal workspace and self-estimated job performance, and to quantify the size of these effects.

2 METHODS

Over a 10-year period CBE has conducted post-occupancy evaluation surveys in more than 600
buildings using a web-based CBE occupant satisfaction survey (Zagreus et al., 2004). The subset of
the data collected by CBE was analyzed in the present work comprising only office buildings and
resulting in a dataset containing responses from 52,980 building occupants from 397 surveys
performed in 351 different buildings (Frontczak et al., 2011; Kim and De Dear, 2012).

CBE occupant satisfaction survey collects information about occupants’ satisfaction and self-
estimated performance in different categories related to indoor environment and building features
(Table 1). Questions about satisfaction have the following structure: “How satisfied are you with
(e.g., temperature in your workspace)?”. The answers are given on a 7-point categorical scale and
coded as follows: “very satisfied” =+3, “very dissatisfied” = -3; a neutral midpoint is coded as 0.
Questions about performance are as follows: “Overall, does (e.g., thermal comfort) enhance or
interfere with your ability to get your job done?”. The answers are given on a 7-point categorical
scale coded as follows: “enhances” =+3, “interferes” =-3; a neutral midpoint is coded as 0. There is
also a summarizing performance question, as follows: “Please estimate how your job performance
is increased or decreased by the environmental conditions in this building (e.g., thermal, lighting,
acoustics, cleanliness)”. An estimate is given on a 7-point categorical scale ranging from
‘increased’ to ‘decreased’ with each point defined as 20%, 10%, 5%, 0%, -5%, -10% and -20%.
Respondents provide also information about their gender, age group, type of work performed, office
type, proximity of workstation to a window and external walls as well as duration of working in the
present building and at the present workspace. A building facility manager is also asked to provide
descriptive information about the building and its systems such as the building’s age, location and
size, number of floors, number of occupants, type of HVAC system, solar shading and controls,
buildings’ LEED rating, energy use and cost of building construction, etc.

Proportional odds ordinal logistic regression was applied to investigate the relationship between
satisfaction with the workspace and satisfaction with indoor environmental quality and building
features. Multivariate linear regression was applied to investigate the relationship between (1) self-
estimated job performance and overall satisfaction with workspace and (2) self-estimated job
performance and satisfaction with indoor environmental parameters and building features. The
results were considered statistically significant when p<0.05.



Table 1. List of parameters assessed by the CBE occupant satisfaction survey.

Questionnaire item (satisfaction) Questionnaire item (performance)
Amount of space available for individual work and storage Office layout

Level of visual privacy Office furnishings

Ease of interaction with co-workers Thermal comfort

Comfort of office furnishings (chair, desk, computer, Air quality

equipment, etc.) Lighting quality

Ability to adjust furniture to meet your needs Acoustic quality

Colours and textures of flooring, furniture and surface Cleanliness and maintenance of the
finishes building

Temperature in your workspace Job performance

Air quality in your workspace (i.e. stuffy/stale air, air
cleanliness, odours)

Amount of light in your workspace

Visual comfort of the lighting (e.g., glare, reflections,
contrast)

Noise level in your workspace

Sound privacy in your workspace (ability to have
conversations without neighbours overhearing and vice
versa)

General cleanliness of the overall building

Cleaning service provided to your workspace
General maintenance of the building

Your personal workspace

Building overall

3 RESULTS

The levels of satisfaction with different indoor environmental parameters and building features are
shown in Figure 1. The highest dissatisfaction was observed for indoor environmental factors such
as sound privacy, temperature, noise level, air quality and visual privacy; building occupants were
generally satisfied with their personal workspace and building features. Figure 2 summarizes the
responses of occupants describing whether indoor environmental parameters and building features
enhanced or interfered with getting their job done. Acoustic quality and thermal comfort were
indicated by the occupants to interfere with their ability to get the job done, while the other
parameters were indicated to enhance it; buildings’ cleanliness and maintenance were considered to
mostly enhance their ability to get the job done.

The results of proportional odds logistic regression showed that satisfaction with all 15
environmental parameters and building features listed in the CBE occupant satisfaction survey
contributed significantly (p<0.001) to overall satisfaction with personal workspace (Figure 3).
Modelling showed that there would be the highest chance to improve the overall workspace
satisfaction if satisfaction with the amount of space available for work and storage were improved.
The next parameters that would have the highest chance for improving the overall satisfaction with
personal workspace were satisfaction with noise level and visual privacy. Increasing satisfaction
with the amount of space would increase 1.57 times the likelihood that overall workspace
satisfaction is also increased compared to the case when satisfaction with the amount of space is not
increased. Satisfaction with the amount of space was slightly correlated to satisfaction with visual
privacy, ease of interaction, noise and sound privacy. However, the variance inflation factor was
below 3 indicating that there was no problem of multicollinearity between predictor variables.



Satisfaction with the amount of space for work and storage was ranked to be the most likely
parameter for improving the overall satisfaction with the personal workspace, regardless of
respondents’ age group (below 30, 31-50 or over 50 years old), gender, type of office (single or
shared office, or cubicles with high or low partitions), distance of workstation from a window
(within 4.6 meters or further) or satisfaction level with personal workspace (satisfied including
neutral responses or dissatisfied). A preliminary and rough estimation showed that satisfaction with
the amount of space for work is probably also independent of gross area per person.

Figure 1. Satisfaction with parameters assessed Figure 2. Ratings on whether indoor

in the CBE occupant satisfaction survey. The
extremities of the boxes are the 25th and 75th
percentiles. Bold vertical lines indicate median
values and dots represent mean values

environmental parameters and building features
enhanced or interfered with getting job done.
Bold vertical lines show median values and
diamonds represent mean values. The

extremities of the boxes are the 25" and 75"
percentiles. Numbers in the figure indicate mean
values. N shows the number of responses

Simple linear regression showed that overall satisfaction with personal workspace correlated
significantly with the self-estimated job performance (p<0.001). Increasing overall satisfaction with
personal workspace by one unit on a 7-point scale would correspond to increasing self-estimated
job performance by 3.7%. Among indoor environmental parameters and building features listed in
the CBE occupant satisfaction survey, satisfaction with cleanliness of workspace, amount of light
and comfort of furnishings were not statistically significant (p>0.05) in the multivariate linear
regression model (Figure 4), indicating that their changes would not influence self-estimated job
performance. The model showed that the highest increase in self-estimated job performance would
be caused by improving satisfaction with temperature. Improving satisfaction with temperature by 1
unit on a 7-point scale would increase the self-estimated job performance by about 1% while the
satisfaction with all other parameters was kept constant. Next highest increments of self-estimated
job performance would be obtained by improving satisfaction with noise level and air quality; they
would increase the self-estimated job performance by about 0.8%. Assuming fully additive effect,
the combined effect of improving satisfaction with all indoor environmental parameters and
building features examined in the present analysis by one unit on a 7-point scale would yield 5.67%
increase in the self-estimated job performance. This is higher than 3.7%, as reported above,
suggesting a hypo-additive effect which nature should be examined in the future studies.



Figure 3. Odds ratios together with 95%
confidence intervals indicating which changes
to indoor environmental parameters and
building features would have the highest
effect on satisfaction with personal workspace

Figure 4. Regression coefficients together
with 95% confidence intervals indicating how
much self-estimated job performance will be
improved when satisfaction with indoor
environmental parameters and building
features is increased

4 DISCUSSION

Present results showed that in order to maximize overall satisfaction with one's personal workspace,
investments should first be made that lead to increasing satisfaction with the amount of space, noise
level and visual privacy. If on the other hand self-estimated job performance is considered, then
satisfaction with temperature, noise level and air quality should be first improved as they have the
highest effect on self-estimated job performance. Satisfaction with the amount of space and visual
privacy (parameters highly important for overall workspace satisfaction) were of much lower
importance for self-estimated job performance. The discrepancy between ranking of indoor
environmental parameters and building features regarding their importance for overall workspace
satisfaction and self-estimated job performance implies that the investments in improving
conditions in indoor environments should be well targeted in order to obtain the expected benefits.
We do not have clear explanation of the reason of this discrepancy. It is however likely that the
amount of space is related by building users to the status and position at work, the higher status the
higher satisfaction. The improved status may not however necessarily be considered by an
individual to have direct effect on job performance. On the other hand, changes to temperature, air
quality and other indoor environmental factors can be much easily considered to affect performance
as an individual can perceive whether he/she works effectively on days with, e.g. elevated
temperatures, though more likely that they would be perceived to affect job performance stronger
when the changes are in the negative direction (Fig.1). They can thus be much more easily
"correlated" with job performance than can building factors such as amount of space or ease of
interaction which are more or less constant. This could explain why increasing satisfaction with
changes to temperature would be expected to improve the self-estimated job performance to a



higher degree (Fig. 4), even though amount of space and other building factors have higher effect
on satisfaction (Fig. 3). The observed discrepancy may have psychological, psychophysical and/or
physiological origin, and its nature should be investigated further in future studies.

Self-estimated job performance in the present study may not necessarily reflect the actual
performance and/or productivity of workers and probably was only a good marker of working
morale, inclination and/or enthusiasm to perform the job well, etc. Productivity of office workers
was not measured objectively and it is not known to what extent self-estimated job performance
represents actual changes in workers’ productivity. Consequently the obtained quantitative figures
between satisfaction and self-estimated job performance should be treated with caution and cannot
be directly used as a measure of productivity. As there is no clear reference level to which
respondents estimated the effect on their job performance, the change (% decrease or % increase) in
job performance as indicated by the respondents is somewhat ambiguous. Among other limitations
of the present analysis is the lack of the systematic randomized selection of buildings in which the
survey was conducted. Almost 80% of the surveyed buildings were situated in the USA, so the
results relate primarily to American settings. Since the data were collected over 10-year period the
changes in building design and regulations could affect outcomes and were not controlled for in the
present analyses. The survey considered only the influence of satisfaction with 15 different indoor
environmental parameters and building features on overall satisfaction with personal workspace and
self-estimated job performance; there may be other parameters that affect overall workspace
satisfaction or self-estimated job performance. Another limitation is the absence of physical
measurements. It would be preferable to relate subjective responses of building occupants to
objective measures of indoor environmental parameters and building features.

5 CONCLUSIONS

Present results can guide building users, operators and employers in making decisions on how
working indoor environment can be improved most effectively by selecting these parameters which
promote comfort and working morale at the most. The tool to perform such selection is described..
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Center for Indeklima & Energi
Danmarks Tekniske Universitet

spgrgeskema om brugeradfaerd og livskvalitet i boliger
1 Beboerne

1.1 Hvad er din alder?

1.2 Er du? |:|Kvinde |:|Mand

1.3 Angiv venligst alder og kgn pa gvrige personer i boligen

Alder: __ Ar Ken: [k U
Alder:  Ar Kgn: O K [l
Alder: __ Ar Kgn: [k O
Alder: _ Ar Kgn: [k O
Alder: _ Ar Ken: [k U
Alder: _ Ar Ken: [k U
Alder: _ Ar Ken: [k L]
Alder: Ar Kgn: [k O

Kod
«Kode» Side 1



2 Arbejdsplads og opholdssted

2.1 Hvor arbejder du til daglig? (Hvis du har mere end et arbejde el-
ler flere opholdssteder i dit arbejde skal du markere ud for dét sted
du opholder dig mest)

O
d

d
O

Jeg arbejder i et kontor

Jeg arbejder i en bgrneinstitution (herunder vuggestue, bgr-
nehave, SFO, skole osv.)

Jeg arbejder hverken i et kontor eller en bgrneinstitution
Ved ikke

2.2 Hvor befinder du dig lige nu?

d

U ooo

Jeg opholder mig i min bolig

Jeg opholder mig p& min arbejdsplads
Jeg opholder mig hos familie eller venner
Andet

Ved ikke

Ki
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Forholdene lige nu

De folgende spgrgsmal omhandler din oplevelse af indeklimaet dér hvor du opholder dig
lige nu.

Hvis et spgrgsmal indeholder en skala, skal du szette en streg pa skalaen pa det sted,
som svarer til din umiddelbare vurdering. Se et eksempel nedenfor:

Eksempel:
Hvordan oplever du det termiske
indeklima, dvs. de dele af inde-
klimaet der har betydning for om

Hvordan fgler du dig lige nu du fryser eller har det for varmt.

(Markér venligst pa skalaen) (Markér venligst pa skalaen)

Hed gy —— Klart agceptabelt
Varm =—p=— -~
Lidt varm

'l |
A}

—tae Netop acceptabelt
Neutral =——jem—

Netop Uacceptabelt

Lidt kglig™ =g

Kplig ==t

Kold = — b Klart Uacceptabelt

Kod
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3 Termisk indeklima

3.2 Hvordan oplever du det termi-
ske indeklima, dvs. de dele af in-
deklimaet der har betydning for

3.1 Hvordan fgler du dig lige nu om du fryser eller har det for
(Markér venligst pf% skalaen) varmt. (Markér venligst p% skalaen)
Hed  p— — Klart acceptabelt

varm —

Lidt varm

b Netop acceptabelt
Neutral =—je—
—— Netop Uacceptabelt

Lidt kglig =g

Kolig e

Kold e Klart Uacceptabelt

Kod
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4 Luftkvalitet

4.1 Hvordan oplever du lugtintensite- 4.2 Hvordan oplever du luftkvali-
ten netop nu? teten netop nu?
(Markér venligst pa skalaen) (Markér venligst pa skalaen)
Ingen lugt ey —— Klart acceptabelt

Svag lugt =——pe—

Moderat lugt =

- Netop acceptabelt
Kraftig lugt — sefem
—— Netop Uacceptabelt

Meget kraftig lugt — =g

Overvaeldende lugt =t

L Klart Uacceptabelt

Kod
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5 Lyd

5.1 Hvordan oplever du lydintensiteten 5.2 Hvordan oplever du lydkvali-
netop nu? teten netop nu?
(Markér venligst pa skalaen) (Markér venligst pa skalaen)
Ingen lyd sy —— Klart acceptabelt

Svag lyd =g

Moderat lyd =
e Netop acceptabelt

Kraftig lyd — sge—
—— Netop Uacceptabelt

Meget kraftig lyd —===ge

Overvaeldende lyd =t

L Klart Uacceptabelt

Kod
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6 Lys

6.1 Hvordan oplever du lysintensiteten 6.2 Hvordan oplever du lyskvalite-
netop nu? ten netop nu?
(Markér venligst pd skalaen) (Markér venligst pa skalaen)
Ingen lys g —— Klart acceptabelt

Svagt lys =g

Moderat lys ™
e Netop acceptabelt

Kraftig lys — sfumm
—— Netop Uacceptabelt

Meget kraftig lys — =g

Overvaeldende lys =t

L Klart Uacceptabelt

Kod
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7 Overordnet indeklima

7.1 Hvordan oplever du det samlede

indeklima netop nu?
(Markér venligst pd skalaen)

Rigtigt darligt inde- ey
klima

Dérligt indeklima ==

Lidt darligt indeklima =g

Lidt godt indeklima  =——fu—

Godt indeklima  =——j—

Rigtigt godt indeklima =%

7.2 Hvordan oplever du kvaliteten

af indeklimaet netop nu?
(Markér venligst pa skalaen)

s Klart acceptabelt

. Netop acceptabelt

e Netop Uacceptabelt

h— Klart Uacceptabelt

«Kode»

Side 8



8 Indeklima

8.1 Hvordan opfatter du forholdene i det lokale, du lige nu sidder i? (Markér
venligst pd skalaerne)

L '] | 1 | | '] | 1 | |
| | | | | | | ] | | | |
Alt for I_av For lav Iuft- Lidt for !av Tilpas luft- Lidt for f_m] For hgj luft- Alt for h_ﬂ]
lufthastig- hastighed lufthastig- hastighed lufthastig- hastighed lufthastig-
hed g hed 9 hed g hed
L 1 1 1 1 ]
I 1 1 1 1 1

Overvaldende Meget kraftigt Kraftigt treek Moderat traek Svagt traek Ingen traek

traek traek
L | 1 '] 'l 'l 'l '}
| | | | | | ] | | | |
- Li fi -
Alt for me For meget dt for me Passende Lidt for lidt For lidt ud- Alt for lidt
get udsyn get udsyn
udsyn gen- udsyn gen- udsyn gen- syn gennem udsyn gen-
gennem . gennem . . . .
) nem vinduer ) nem vinduernem vinduer vinduer nem vinduer
vinduer vinduer
L '] 'l 'l | 1 '] ]
L] L} L} L] | | | |
Lidt f - Alt f -
Alt for lidt For lidt pri- Lidt for lidt Passende =0t Me L @ meget or me
. . . get privat- . get privat-
privathed vathed privathed privathed hed privathed hed

Kod
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9 Situationen

9.1 Hvordan vil du bedst beskrive din situation lige nu?

Meget stresset : : Ikke stresset
Ikke bevidst miljg- | ] Bevidst miljomaessigt
maessigt ansvarlig f i ansvarlig
L (|
Utryg | 1 Trvg
Lav livskvalitet : : Hgj livskvalitet

Darlig generel |
sundhed 1

God generel sundhed

9.2 Hvor hgjt vurdere du at stressniveauet er hos de(n) person(er) du bor sammen med?
(Besvares ikke hvis du bor alene)

L [ |
Meget stresset [ 1 Ikke stresset

Kod
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10 Et godt indeklima

10.1 Hvad er ifglge din mening mest vigtigt for et godt indeklima? (szt ét kryds
for hver linje. For hver linje skal du afggre hvilken af de to egenskaber der er mest vig-
tige. Hvis du er tvivl kan du seette kryds i 'Ved ikke")

B er
A er me- Aer B er meget
getmere mere Ao0gB mere mere
vigtig vigtig er lige vigtig vigtig Ved
end B end B vigtige end A end A ikke
A) Passende B) Passende
temperatur O] [ [ O O luftkvalitet O
A) Passende B) Passen_de
temperatur [ [ u [ [ belysning O
A) Passende B) Passende
temperatur [ 0 O O O lydforhold 0
A) Passende B) Passen_de
luftkvalitet . [ u [ [ belysning O
A) Passende B) Passende
luftkvalitet U - N n [ lydforhold O
A) Passende B) Passende
belysning [ [ [ 0 O lydforhold O
B) Passende
A) Passende 0 J ] m m elektrisk 0
dagslys belysning
A) Passende B) Passende
privathed [ [ O O O indeklima ]
A) Passende B) P g
miljgmaes- assende
sig ansvar- [ [ [ 0 O indeklima 0
lighed

Kode
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11 Komfort

11.1 Taenk pd et sted hvor du har fglt dig komfortabel og beskriv det med dine egne
ord.

(] Ved ikke

11.2 Beskriv med dine egne ord hvad der gjorde stedet komfortabelt.

[] Ved ikke

Kod
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12 Din bolig

De fglgende spgrgsmal handler om din bolig: Det er vigtigt at du forsgger at
svare sd pracist som muligt pa alle spgrgsmalene. Hvis du ikke har nogen
mening om spgrgsmalenes indhold kan du szette kryds i 'Ved ikke’.

12.1 Hvor gode synes du de fglgende metoder er til at sgrge for at du hverken
kommer til at fryse eller have det for varmt i din bolig? (Szt ét kryds for hver

linje)

Meget ef- . Lidt ef- Ikke ef- Ved

fektive  CTOKEVE eotivt  fektivt  ikke

12.1 Abne/lukke vinduet ] O ] ] N
12.2 Traekker gardiner fra/for ] ] ] ] ]
12.3 Regulere p& varmen ved
at dreje p5 en termostat O O O O O
12.4 Drikke noget varmt/koldt ] ] ] ] ]
12.5 Andre kropsholdning O [l [l [l O
12.6 Andre beklzedning O [l [l [l O
12.7 Flytter mig til et andet [ [ [] [] 0

sted

Kode
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kryds for hver linje.)

13 Indretning

Hvilke forhold var med i overvejelserne da du indrettede din bolig? (Szt ét

Meget stor
indflydelse

Stor ind-
flydelse

Lille ind-
flydelse

Ingen ind-
flydelse

Ved
ikke

13.1 Formal med lokaler

O

O

O

O

O

13.2 Vise/skabe sin stil

13.3 Skabe hygge

13.4 Skabe praktiske ar-
bejdsvilkar

13.5 Farver

13.6 Udsigt

13.7 Privathed

13.8 Placeringen af varme-
kilder s8 som radiatorer,
ventilation, gulvvarme

O oo o oo

O |gjojo g oo

O |gjojo g oo

O |gjojo g oo

O oo o |good

13.9 Temperatur forhold
(varme/kulde)

O

O

O

O

O

13.10 Dagslysforhold (med
dagslys menes naturligt lys
der kommer ind gennem
vinduer, dgre, ovenlys
osVv.)

[

O

O

O

[

13.11 Belysningsforhold
elektrisk lys

13.12 Stgj

13.13 Treek

13.14 Pris

Andet forhold med stor betydning

Oogjo g

Ooog|d

Ooog|d

Ooog|d

Oogjo g

«Kode»
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14 Vinduesabning i boligen

14.1 Teenk pa sidste gang du dbnede et vindue i din bolig. Hvad var drsagen til
at du 3bnede det? (sat gerne flere krydser)
O Jeg havde det for varmt og mente at det ville kgle mig af at abne et vin-

due

e Huvis ja: Abnede du fordi du gerne ville have mere Iuftbevaegelse?

O
O
O

Ja
Nej
Ved ikke

O Andre bad mig om det
O Jeg ville gerne lufte ud
e Hvorfor ville du gerne lufte ud?

oooooooao

O

O
O

|

O

O
O
O

O

Jeg havde hgrt at man skal lufte ud 2-3 gange om dagen.
e Hvorfra har du fiet den opfattelse?

Jeg er blevet opdraget til at lufte jeevnligt ud

Jeg ville gerne have frisk luft fordi luften i lokalet fgltes

ubehagelig

Jeg ville gerne have frisk luft inden der kom gaester

Jeg tror det er sundt at lufte ud

Jeg tror det er vigtigt at lufte ud for at fjerne skadelige

stoffer i luften

Jeg tror det er vigtigt at lufte ud for at bygningen og mgb-

ler ikke tager skade af skadelige bestanddele i luften

Jeg ville gerne lufte ud for at spare energi

Jeg luftede ud for at der ikke skulle blive for fugtigt.

Jeg luftede ud for at fjerne rggen fra tobak

Andet

Jeg &bner altid vinduet pd det tidspunkt

Jeg ville gerne have bedre kontakt til det, der foregar udenfor
Jeg ville prgve at undga, at der blev for varmt

Jeg ville prgve at undgad, at luftkvaliteten blev darlig

Jeg eller en anden person havde lige veeret i bad

Jeg eller en anden havde lige lavet mad

Andet

Ved ikke

«Kode»
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14.2 Teenk pa sidste gang du lukkede et vindue i din bolig. Hvad var arsagen til
at du lukkede det? (sat gerne flere krydser)

|

Ooooooooodd

Jeg havde det for koldt

Andre bad mig om det

Jeg havde luftet ud og mente, at luften var blevet frisk nok
Jeg lukker altid vinduet pd det tidspunkt

Jeg ville gerne afskaermes fra det, der foregik udenfor

Jeg ville preve at undg8, at der blev for koldt

Jeg mente, at luftkvaliteten var blevet god nok

Der var for megen luftbevaegelse

Andet

Ved ikke

Kode
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15 Regulering af varmen i boligen

15.1 Teenk pa sidste gang du skruede op for varmen i din bolig. Hvad var
arsagen? (szt gerne flere krydser)

|

O Ooo0OD0Ooo

Ooo00ooao

Jeg eller andre havde det for koldt/frgs

Da jeg kom ind i lokalet var der for koldt

Jeg vidste at det senere ville blive for koldt hvis jeg ikke skruede op.
Jeg kunne maerke at vejret udenfor var blevet meget koldt

Jeg traengte til at fa varmen efter at jeg havde veeret udenfor

Jeg tror ikke det havde veaeret godt for bygningen, hvis jeg ikke skruede
op for varmen

Jeg tror der ville opsté’] problemer med fugt, skimmel, mug eller svamp
hvis jeg ikke skruede op

Der var fugtigt

Jeg skulle have gaester

Jeg skruer altid op p& det tidspunkt

Andet

Ved ikke

15.2 Teenk pa sidste gang du skruede ned for varmen i din bolig. Hvad var
arsagen? (szt gerne flere krydser)

O I o B S R

Oooooaog

Jeg eller andre havde det for varmt

Da jeg kom ind i lokalet var der for varmt

Jeg vidste at det senere ville blive for varmt hvis jeg ikke skruede ned.
Jeg kunne meerke, at vejret udenfor var blevet varmere

Jeg ville spare p& varmen for miljgets skyld

Jeg ville spare p& varmeregningen

Jeg tror ikke det havde veeret godt for bygningen, hvis jeg ikke skruede
ned for varmen

Jeg tror der ville opsta problemer med fugt, skimmel, mug eller svamp
hvis jeg ikke skruede ned

Der var fugtigt

Jeg skulle have gaester

Jeg skruer altid ned pa det tidspunkt

Andet

Ved ikke

Kod
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16 Tekniske installationer i boligen

16.1 Forestil dig at du er usikker pd hvordan man bedst bruger en af de tekni-
ske installationer i din bolig (f.eks. en radiatortermstat eller dit fyr). Hvad ville
du ggre? (Sat gerne flere krydser)

Jeg ville hente rad og vejledning i min bekendtskabskreds

Jeg ville forsgge at finde information om det p& internettet

Jeg ville ringe til en hdndvaerker/teknikker og forhgrer mig det

Jeg ville kontakte kommunen

Jeg ville prgve mig frem

Jeg ville kontakte vicevaerten

Jeg ville ikke foretage mig noget

Jeg ved ikke, hvor jeg skulle henvende mig

Andet

Ved ikke

|

OoDoOoooooao

16.2 Hvordan foretreekker du at det felgende styres i din bolig? (Szt ét kryds
for hver linje)
Begge to i kombinati-
on/Automatisk med mulighed for

at slukke automatik og styre Ved

Manuelt Automatisk manuelt ikke
Elektrisk belysning  [] O ] U]
Vinduesabning ] ] ] ]
Solafskaermning | ] [l []
Temperaturindstilling ] ] ] ]

16.3 Er der ud over en emhaette i kgkkenet og udsugning fra badevzerelset et
ventilationsanlaeg i din bolig?
Et mekanisk ventilationsanlaeg indeholder en ventilator, der blaeser luft ind i bygningen,
suger luft ud af bygningen eller begge dele. Luften bliver i nogle tilfaelde fordelt til for-
skellige rum vha. kanaler. I andre tilfaelde sidder ventilatoren i et hul i vaeggen og blze-
ser/suger kun luft fra/til ét rum.

O Ja

O Nej
O Ved ikke

Kod
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17 Adfeerd i boligen

Hvor ofte gor du fglgende i din bolig om sommeren? (Szet ét kryds for hver linje)

Flere .
Flere gange Flere gange En gang om
gangeom  om om mane- maneden eller Ved
dagen ugen den sjeeldnere ikke
17.1 Abner/lukker vinduer O O O O O
17.2 Teender og slukker lys ] ] ] ] |
17.3 Treekker gardiner
fra/for fordi der gnskes ] ] ] | ]
uforstyrrethed
17.4 Treekker gardiner
fra/for fordi det er for ] ] ] | ]

varmt

17.5 Teender og slukker for
bord eller gulv blae- ] ] ] | |

ser/ventilator

Hvor ofte ggr du fglgende i din bolig om vinteren? (Szt ét kryds for hver linje)

Flere ’
Flere gan- gange Flere gange En gang om
ge om om om méne- méneden eller Ved
dagen ugen den sjeeldnere ikke
17.6 Rbner/lukker vinduer ] ] ] ] |
17.7 Taender og slukker lys ] ] ] ] !
17.8 Treaekker gardiner
fra/for fordi der gnskes [l [l O O ™
uforstyrrethed

17.9 Regulere pd varmen

fra varmeanlaegget ved at [l [l O O O
indstille en termostat

Kode
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18 Muligheder i boligen

Hvor vigtigt er det for dig at have fglgende muligheder i din bolig? (szt ét kryds
for hver linje)
Det seetter  Det saet- Det betyder Det betyder

Ved
jeg stor ter jeg ikke sa meget  slet ikke no- ikke
pris pa pris pa for mig get for mig
18.1 At kunne abne og
lukke et vindue O O O O O
18.2 At maerke luftbevae-
gelser indendgrs O 0 O 0 O
18.3 At kunne 8bne en dgr
til det fri O 0 O 0 O
18.4 At kunne fglge med i
vejret udenfor O 0 O 0 O
18.5 At kunne f3 frisk luft
uden at det traekker O 0 O 0 O
18.6 At kunne f3 frisk luft
uden at der bliver koldt in- | [l ] [l ]
denfor
18.7 Altid at have frisk luft
] L] ] L] (]

fra et ventilationsanlaeg

Kode
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19 Vaner og indeklima i boligen

19.1 Hvor meget synes du selv du ved om hvordan dine vaner pavirker dit
energiforbrug og indeklima i din bolig?

O Det ved jeg rigtig meget om
Det ved jeg meget om
Det ved jeg en del om
Det ved jeg ikke sa meget om
Det ved jeg naesten ikke noget om
Det ved jeg intet om
Ved ikke

Ooooooao

19.2 Hvor let er det at forstd hvordan installationerne i din bolig (ventilation,
varmesystem, solpdvirkning, isolering...) virker bedst og hvordan du i din dag-
ligdag far det bedste ud af dem?

O Det er meget let at forsta

De er let at forsta

Det er sveert at forsta

Det er meget sveert at forsta
Ved ikke

Ooo0oogoao

19.3 Tror du at du ville have gavn af at fa rdd og vejledning om vaner med
hensyn til udluftning, renggring og opvarmning?

Ja, det ville jeg have stor gavn af

Ja, det ville jeg have gavn af

Nej, det ville jeg ikke have sa stor gavn af

Nej, det ville jeg ikke have gavn af

Ved ikke

Ooo0oOooao

Kod
«hoder Side 21



Vaner og indeklima i boligen - fortsat

19.4 Ville du benytte dig af et apparat der kunne vejlede dig om hvordan du
opndr et godt indeklima ved at bruge sa lidt energi som muligt, hvis et sddan
fandtes?

O Ja
= Huvis ja, hvor meget ville du veere villig til at betale for et sadan apparat?
Kr
O Ved ikke
O Nej
= Huvis nej, Hvorfor ikke?
O Jegved selv hvordan jeg opnar et godt indeklima pa en effektiv
made
O Jeger ligeglad
O Jeg vil ikke have at mine handlinger skal dikteres af teknologi
O Jegville glemme at kigge pa apparatet
O Andet
O Ved ikke
O Ved ikke

19.5 Tror du at et sddan apparat ville kunne hj=lpe dig og de andre beboere i
din bolig med at vaere energi beviste?
O Ja

O Nej
O ved ikke

19.6 Tror du at et sddan apparat ville kunne hjzlpe dig og de andre beboere i
din bolig med at fa/bevare et godt indeklima?
O Ja

O Nej
O ved ikke

19.7 Hvor meget teenker du over varmeregningen/energiforbruget nar du
skruer op eller ned for varmen?
O Det teenker jeg over hver gang

Det taenker jeg over naesten hver gang
Det teenker jeg tit over

Det teenker jeg ikke sa ofte over

Det teenker jeg naeste aldrig over

Det teenker jeg aldrig over

Ved ikke

OooO0ooogao
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20 Indeklima og sundhed

20.1 Hvor meget taenker du over egen/familiens sundhed nér du skruer op el-
ler ned for varmen?
O Det tenker jeg over hver gang

Det teenker jeg over naesten hver gang
Det teenker jeg tit over

Det teenker jeg ikke sa ofte over

Det teenker jeg naeste aldrig over

Det taenker jeg aldrig over

Ved ikke

Ooooooao

20.2 Hvor meget teenker du over egen/familiens sundhed nar du lufter ud om
vinteren?
Det teenker jeg over hver gang

Det teenker jeg over nzesten hver gang
Det teenker jeg tit over

Det teenker jeg ikke sa ofte over

Det teenker jeg naeste aldrig over

Det teenker jeg aldrig over

Ved ikke

Ooo0ooogooad
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21 Problemer med indeklimaet i boligen

21.1 Hvilke problemer i forbindelse med indeklimaet, har du i dit hjem? (Sat
gerne flere krydser)

OoDoooooooad

Oooad

Problemer med skimmelsvamp

Problemer med traek

Problemer med koldt gulv

Problemer med stgj udefra eller fra naboer

Problemer med ubehagelig lugt udefra eller fra naboer

Problemer med at der bliver for varmt i boligen om sommeren
Problemer med at der bliver for koldt i boligen om vinteren
Problemer med for lidt dagslys i boligen

Problemer med vand (kondens) pa vinduernes inderside om vinteren
Sundhedsproblemer, som du kun oplever, nar du er hjiemme (hovedpine, Igbende
nase osv.)

Andet:

Jeg har ingen problemer i forbindelse med indeklimaet i mit hjem
Ved ikke

Hvis ja til problemer i 21.1:
21.2 I hvor hgj grad ved du om problemet er sundhedsmaessigt eller byg-
ningsmaessigt alvorlig?

O

OooO0gao

Det har jeg stor viden om
Det ved jeg en del om

Det ved jeg ikke sa meget om
Det ved jeg ikke noget om
Ved ikke

21.3 Hvis der markeres i én af de tre fgrste: Hvor har du fundet in-
formation om problemets alvor? (Szet gerne flere krydser)

O Painternettet

P3 biblioteket

P4 kommunen

Ved at forhgre mig i min omgangskreds (familie, venner osv.)
Der er almen viden

Jeg vidste det inden problemet opstod

Andet

Ved ikke

i o I o o A
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Problemer med indeklimaet i boligen - fortsat

21.4 Har du prgvet at finde oplysninger om, hvordan man Igser de indeklima-
problemer, du stér over for

O Nej
O Jegved, hvad der skal ggres, og jeg har ikke brug for mere information
O Jeg ved ikke, hvor jeg skal lede efter oplysninger
O Problemet er ikke stor nok til at handle
O Det er ikke mit ansvar
O Andet
o Ja
O Jeg spurgte mine venner
O Jeg spurgte min familie
O Jeg kontaktede nogle eksperter (ikke familie) / et selskab, der har speciali-
seret sig i dette omrade
O jegsegte pa internettet
O Jeg spurgte min lege
O Jeg kontaktede kommunen
O Andet
O Ved ikke
21.5 Har du undgdet at Igse et indeklimaproblem, selvom du vidste, hvad du
skal ggre:
O Ja
= Hvorfor har du ikke Igst problemet?
O P& grund af finansielle arsager
O Legsningen pa problemet ville vaere for tidskraevende / besveerlig
O Problemet var ikke stor nok til at ggre en forandring
O Legsningen havde nogle ulemper, som stoppede mig fra at gen-
nemfgre den
O Jegkan ggre det alene eller med min ven eller familie, men har ik-
ke tid til det
O Jeg har ikke tilladelse til at lgse problemet/det ma jeg ikke
O Det er ikke mit ansvar
O Andet
O Ved ikke
O Nej
O Ved ikke
«Kode»
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21.6 Tror du, at du har nok viden til at passe godt pa din bolig og anvende in-
stallationerne korrekt (fyr / ventilationsanlaeg/gulvvarme/radiatorer osv.) i
hjemmet:

Ja, jeg ved, hvordan man skal handtere alle installationer

O
O Ja, jeg ved, hvordan man bruger nogle installationer i hjemmet
O Nej, men der er en anden derhjemme, der ggr det

O Nej, jeg er helt afhaengig af hjelp fra andre
O Ved ikke

Kod
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32.2

323

ooggogog

Ooogg

Ooodono oood

22 Husstanden

Angiv venligst husstandens samlede arsindkomst fgr skat
Under 200.000 kr.
200.000 - 299.999 kr.
300.000 - 399.999 kr.
400.000 - 499.999 kr.
500.000 - 599.999 kr.
600.000 kr. og derover

Angiv venligst din senest afsluttede uddannelse
Grundskole
Gymnasial uddannelse
Handvaerksmaessig uddannelse
Kort videregaende uddannelse

Lang videregaende uddannelse

Hvad er din beskaftigelse
Ansat som ufagleert
Ansat som specialarbejder eller lignende
Ansat som fagleert arbejder, handvaerker, montgr eller lignende

Ansat som funktionzer, tjenestemand eller lignende (f.eks. i kommunen el-
ler som lzerer)

Ansat som overordnet funktionzaer, akademiker, konsulent eller lignende
Selvsteendig eller medarbejdende xgtefzlle

Modtager dagpenge, kontanthjzelp eller lignende

Pensionist eller efterlpnsmodtager

Under uddannelse og modtager SU

Andet (skriv gerne hvad)
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Appendix B Appendices

Appendix B

Core part of the CBE occupant satisfaction survey. Full survey can be found at
http://www.cbe.berkeley.edu/research/survey.htm.
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Background

How many years have you worked in this building?
OLess than 1 year

O1-2 years

O 3-5 years

OMore than 5 years

How long have you been working at your present workspace?
OLess than 3 months

0O4-6 months

0O7-12 months

OMore than 1 year

In a typical week, how many hours do you spend in your
workspace?

010 or less
0O11-30
OMore than 30

How would you describe the work you do?
O Administrative support

OTechnical

O Professional

O Managerial/supervisory

O Other

What is your age?
O30 or under
0O31-50

OOver 50

What is your gender?
OFemale
OMale

Continue

L]

Survey Progress...
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Personal Workspace Location

On which floor is your workspace located?

[ ]

In which area of the building is your workspace located?

[ ]

To which direction do the windows closest to your workspace face?

[ ]

Are you near an exterior wall (within 15 feet)?
OYes
ONo

Are you near a window (within 15 feet)?
OYes
ONo

1]

Survey Progress...

All contents copyright © 2010 The Regents of the University of California. All rights reserved.
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Personal Workspace Description

Which of the following best describes your personal workspace?
QO Enclosed office, private

O Enclosed office, shared with other people
Q Cubicles with high partitions (about five or more feet high)
QO Cubicles with low partitions (lower than five feet high)

O Workspace in open office with no partitions (just desks)
O Other:

Continue

Survey Progress...
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Office Layout

How satisfied are you with the amount of space available for individual
work and storage?

Very Satisfied &g [O O O O O O O B Very Dissatisfied

How satisfied are you with the level of visual privacy?
Very Satisfied 2[00 00 0 0 O B Very Dissatisfied

How satisfied are you with ease of interaction with co-workers?
Very Satisfied &g [O O O O O O O % Very Dissatisfied

Overall, does the office layout enhance or interfere with your ability to
get your job done?

Enhances &g [0 OO OO0 OO B Interferes

Please describe any other issues related to the office layout that are
important to you.

Survey Progress...

All contents copyright © 2010 The Regents of the University of California. All rights reserved.
Revised: March 20, 2009



Office Furnishings

How satisfied are you with the comfort of your office furnishings
(chair, desk, computer, equipment, etc.)?

Very Satisfied 2g [0 00 00 00 B Very Dissatisfied

How satisfied are you with your ability to adjust your furniture to meet
your needs?

Very Satisfied 2@ [0 00 00 00 B Very Dissatisfied

How satisfied are you with the colors and textures of flooring,
furniture and surface finishes?

Very Satisfied 20 0000 00 B Very Dissatisfied

Do your office furnishings enhance or interfere with your ability to get
your job done?

Enhances é}. O000000 I’ﬁ% Interferes

Please describe any other issues related to office furnishings that are
important to you.

Continue

Survey Progress...
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Thermal Comfort

Which of the following do you personally adjust or control in your
workspace? (check all that apply)
[ Window blinds or shades
[JOperable window

O Thermostat

[JPortable heater

[OJPermanent heater

[JRoom air-conditioning unit
[OPortable fan

[OCeiling fan

[JAdjustable air vent in wall or ceiling
[JAdjustable floor air vent (diffuser)
[JDoor to interior space

[ODoor to exterior space

[ None of the above

[10Other:

How satisfied are you with the temperature in your workspace?
Very Satisfied 2500 00 00 0O B Very Dissatisfied

Overall, does your thermal comfort in your workspace enhance or
interfere with your ability to get your job done?

Enhances &g /O OO OO0 OO B2 Interferes

Continue
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Air Quality

How satisfied are you with the air quality in your workspace (i.e.
stuffy/stale air, cleanliness, odors)?

Very Satisfied &g [O O O O O O O B Very Dissatisfied

Overall, does the air quality in your workspace enhance or interfere
with your ability to get your job done?

Enhances g O OO0 00 00 B Interferes

Continue

Survey Progress...
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Lighting

Which of the following controls do you have over the lighting in your
workspace? (check all that apply)

[Light switch

[OLight dimmer

O Window blinds or shades

[ODesk (task) light

[ONone of the above

[JOther:

How satisfied are you with the amount of light in your workspace?
Very Satisfied 2g[00 00 00 O B Very Dissatisfied

How satisfied are you with the visual comfort of the lighting (e.g.,
glare, reflections, contrast)?

Very Satisfied é%. OO OO0 OO0 O K Very Dissatisfied

Overall, does the lighting quality enhance or interfere with your
ability to get your job done?

Enhances g O OO OO0 OO B Interferes
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Acoustic Quality

How satisfied are you with the noise level in your workspace?
Very Satisfied 2g [0 OO0 00 00 B Very Dissatisfied

How satisfied are you with the sound privacy in your workspace
(ability to have conversations without your neighbors overhearing
and vice versa)?

Very Satisfied ag OO0 00 00 B Very Dissatisfied

Overall, does the acoustic quality in your workspace enhance or
interfere with your ability to get your job done?

Enhances &g O OO0 00 00 B Interferes
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Cleanliness and Maintenance

How satisfied are you with general cleanliness of the overall
building?

Very Satisfied &g [O O O O O O O B Very Dissatisfied

How satisfied are you with cleaning service provided for your
workspace?

Very Satisfied ag /00 00 00 O B Very Dissatisfied

How satisfied are you with general maintenance of the building?
Very Satisfied &g [O O O O O O O % Very Dissatisfied

Does the cleanliness and maintenance of this building enhance or
interfere with your ability to get your job done?

Enhances é&. O000000 I’ﬁ% Interferes

Survey Progress...
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General Comments

All things considered, how satisfied are you with your personal
workspace?

Very Satisfied 2g [0 00 00 00 B Very Dissatisfied

Please estimate how your productivity is increased or decreased by
the environmental conditions in this building (e.g. thermal, lighting,
acoustics, cleanliness):

Increased g © 00O OO0 O B Decreased

% 10% 59
20% 10% 5% 0% 5% 10% 20%

How satisfied are you with the building overall?
Very Satisfied 281000 00 00 B Very Dissatisfied

Any additional comments or recommendations about your personal
workspace or building overall?

Thank you for participating in this Survey!
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The main objective of the Ph.D. study was to examine the occupants’ perception of comfort in homes and
offices. The results showed that comfort in indoor environments is influenced by indoor environmental
parameters (thermal, visual and acoustic conditions and air quality) together with building factors (e.g.
building type, having a control). The study also showed that in office buildings the most important para-
meter for overall satisfaction with personal workspace is satisfaction with amount of space for work and
storage, followed by satisfaction with noise level and visual privacy. Furthermore, the study showed that
in residential buildings many people ignored problems related to indoor environment, which may suggest
that there is a need for increasing people’s awareness regarding the conseguences of poor indoor env-
ironment on their health and for improving people’s knowledge on how to ensure a good indoor climate.
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