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Abstract

Driven by policy guidelines and interest of the Irezstate market, building

performance evaluation is becoming a growing margefactor. While methods and

strategies for the monitoring of technical or eaoreal characteristics are widely
established, little is known about approved critdar the socio-cultural dimension of
buildings. Particularly there is a lack of time-danost-effective procedures with
regard to evaluation of comfort at workplaces. Blase surveys in office buildings an
overall building index has been developed whichpresented in this paper.
Computations were done by Correspondence Analysis Rrincipal Component

Analysis (PCA) with optimal scaling which both peml evidence for an overall

building index based on simply summed mean scoeesatl from relevant comfort

parameters. Beyond the index a praxis-oriented fmokhe real estate market has
been developed which provides information on thec@ue of each parameter for

supporting day-to-day operations in new (sustaiadohd existing buildings.

Keywords: overall building index, occupant satisif@e, sustainability, certification

systems, energy saving.



1 Introduction
Offices represent an important work environment arela worthwhile challenge in

the context of designing sustainable buildings vaw energy consumption, which
provide comfort for the employees as well. Besiue wse of renewable energy and
environmentally friendly building materials, plangi sustainable ‘Office Buildings
for the Future’ (Voss, Lohnert, Herkel, Wagner & Masganf3, 2006) should consider
low energy demand for heating, cooling, ventilateomd lighting while meeting the
needs of the occupants at the same time.

Thus, driven by new policy guidelines and risingerest of the real estate market,
building performance evaluation is becoming a @ldssue. Post-occupancy
evaluation (POE) is a diagnostic tool and systenchviallows facility managers to
identify and evaluate critical aspects of buildpgrformance systematically based on
the employees’ day-to-day experiences (Preiserjn@elitz & White, 1988). In the
conceptual framework for Building Performance Ewdilon (BPE) of Preiser and
Schramm (2005) the process model involves POE asmgortant loop to get
feedback from the occupants. POEs can be appliedetatify problem areas in
existing buildings and to evaluate new buildingtptgpes as well: "POEs also test
some of the hypotheses behind key decisions madgragramming and design
phases” (Preiser & Schramm, 2005, p. 19). Thisspge@ally of interest for new
sustainable buildings evaluated in certificatioogasses.

Certification systems and labels are auxiliaryrumnstents for the practical application
of political objectives and concepts in the buidimdustry, e.g. "The Concerted
Action supporting transposition and implementatadrDirective 2002/91/EC of the
European Parliament and of the Council (CA EPBD)oreover they are supportive
to fostering sociopolitical and professional disiass (Kaufmann-Hayoz et al. 2001).
On a general level they contribute to a more holistrategy in the handling of
existing building stocks.

A variety of rating systems like BREEAM (Building eRearch Establishment’s
Environmental Assessment Method, UK) or LEEQLeadership in Energy and
Environmental Design‘, U.S.) have been establishati are updated continuously. In
Europe the development and implementation of naticertificates is an increasing
issue. In Germany, a voluntary certification systén office and administration
buildings has recently been launched. A short aeanis given below.



The German Certification for Sustainable Office andAdministration Buildings
The Federal Ministry of Transport, Building and Wdrb Affairs (BMVBS) in
cooperation with the German Sustainability Buildirfgociety (DGNB) developed a
voluntary certification system for sustainable r&ffice and administration buildings:
It is understood as a quality assurance systerth&building industry as well as the
society. It was developed by scientists and expErtie construction and real estate
sector on the basis of ‘the complete value chaith@fconstruction (...) and gives a
clear orientation for this future-oriented economhisector.(...) The certificate is
based on the concept of integral planning, defirabhgan early stage, the aims of
sustainable construction” (www.dgnb.de). As anedamment-oriented rating system,
it comprises all relevant topics of sustainablddings: quality of ecology, economy,
techniques, functionality and processes as welhassocio-cultural dimension. This
topic includes comfort parameters like thermaluaisand aural comfort, air quality
and options for occupants’ control (e.g. operabladaws) as well as safety and
security aspects. Like for most European countriiptaldonado, Wouters &
Aleksander Panek, 2008), the certification is preth@antly based on standards and
calculated data. Auditors evaluate a building byadrix and supporting software with
respect to the maximum number that can be achiéwethe subsets of the main
topics. The calculated results are transformed anttegree of compliance, given in
percentages, for example ‘thermal comfort” is @&sbto 100%, "visual comfort” to
80% and so forth. The mean percentages for the mogiics such as the “socio-
cultural dimension” are calculated and transfornméd a German school mark to
make the results more comprehensible. Outstandawg huildings are awarded
depending on the degree of compliance, with cedifis and plaques in the categories
gold (80%)), silver (65-79,9%), or bronze (50-64,9%dditionally, planned buildings
can get a pre-certificate allowing owners to opsienheir building and to market it at
an early stage with verifiable statements abowgutgainability.

Currently the certification system is expanded xsteng buildings. Concerning the
socio-cultural dimension, it is intended to impletheccupant surveys. Credit points
can be obtained by conducting surveys within ainaptus monitoring procedure. In
this paper we present the development of a metbodhe real estate market with
focus on comfort at workplaces fitting to the aiidieof the socio-cultural dimension

of the German Certification system and therefoiitable being incorporated into the



certification procedure for existing buildings.istbased on POE field studies of the

authors.

2 Project background and objectives

While methods and strategies for the evaluationthef technical or economical
performance of a building are widely establishetilelis known about approved
criteria for the socio-cultural dimension when mnees to building performance
evaluation. What does “socio-cultural” mean? Oareetal level, "socio-cultural” is an
umbrella term for a variety of cultural, social political interests and needs of a
society or social group. Combining the aspectsiafoand “cultural” represents their
strong relation with respect to social groups dmartvalue systems. Furthermore it is
a term of cultural and educational policy and stafwd the responsible actors’ turning
towards social reality and everyday life. Thus,tie field of building industry
involving the occupants’ day-to-day experienceshvatbuilding would be a symbol
for participation and would meet the idea of tughiowards social reality. Although
occupant surveys are seldom part of rating systemgar information from the
occupants’ perspective would benefit quality managa, could help to prevent
vacancies in buildings and support consultatiomelt as negotiations in transaction
processes. As complement to technical monitorinfexycle analyses, surveys have
a great potential of gaining relevant feedback frita occupants as a basis for
various improvements in energy efficiency regardid@y-to-day operations.
Experiences show that there is often a gap betwleertalculated and the metered
energy consumption for a variety of reasons whigh be assessed by continuous
monitoring. Similarly, the occupants’ votes alstowl a continuous check whether
forecasted comfort parameters can be achievedainbrglding operation. Currently
there is a lack of time- and cost-effective proceduwith regard to evaluation of
comfort at workplaces when the aim is to have &lqoverview about the building
performance based on occupants’ votes.

Main goal of this project was (1) the developmerarm overall building index and (2)
the development of a manageable (time- and costgawand praxis-oriented
instrument with focus on occupant satisfaction.

(1) According to theoretical or empirical findingglices can be developed by adding
or multiplying scores either with or without weigig factors. Our literature review

did not reveal any clear ranking for comfort partereand therefore necessitating a



special weighting. In the history of statisticsfeli€ntial weighting was already a
matter of discussions. Spearman, Thurstone or Likealed with this issue and the
following questions: "...How to define the univariageale? Can it be by simply
adding scores or by some sophisticated differemtgadjhting method?” (Gifi, 1990; p.
83). Empirical studies for differential weightingaved little effects, especially when
variables are highly correlated. Guilford concluded.weighting is not worth the
trouble...” (1936, qtd. in Gifi, 1990, S. 83) and W& (1976, Ibid.): "Estimating
coefficients in linear models: it don‘t make no aewmind’.

Thus, the concern in this project was to test dér¢hwas evidence to keep it simple
and to develop an overall building index basedmmédicator subset from the applied

questionnaire which covers relevant comfort paranset

(2) The instrument should include an easy to handhaputer-based instrument for
the Facility Management Staff which is applicabiethe real estate market when it
comes to benchmarking and day-to-day operationsomresidential buildings. The
purpose was to support decision making for impreaes in the building concerning
comfort and sustainability. The occupants’ votesusth be indicated on different
information levels. Besides a more detailed buddsignature by means of mean
scores and frequencies of categories concerningvaet comfort issues (e.g.
temperature, lighting) a combined overall buildindex would allow the ranking of

single buildings in comparison to a building stackan aggregated level.

3 Method

3.1 Data and material

The study is based on field studies on workplacdityuwhich have been performed
with focus on energy efficient buildings (Wagnemssauer, Moosmann, Gropp &
Leonhart, 2007). The applied questionnaire was |ldped in accordance to
frameworks from environmental psychology (Bechi€l97; Brill, Margulis, Konar
and BOSTI, 1984, Gifford, 2002; Sundstrom & Sunaisty 1986), findings in the
field of the sick-buildings-syndrome (Bischof, Batjer-Naber, Kruppa, Miller &
Schwab, 2003) and the questionnaire of the Cerdertfe Built Environment,
University of California, Berkeley (www.cbe.berkgledu). With regard to the
development of an overall building index, the ramjeassessed buildings has been



expanded in 2008 and 2009 to different buildingegjpmostly to old or refurbished
buildings, to get a more profound basis for thdisdteal methods. Only buildings
with more than 30 participants in the survey weduded in the analyses. Occupants
in the assessed buildings were employees from semvice and the private sector.
The response rate averaged 79% of the manuallybdited questionnaires.

The questionnaire was slightly modified in 2008 $&ystematising the indicator
subsets for comfort parameters and the accordastigns "Overall, how satisfied are
you with ... at your workplace?” (Table 1). Beyondestions concerning the
workplace, items were added which broach the issuéhe entire building (e.g.
restrooms, conference rooms) and which coincidé wie criteria for the German

certificate (e.g. safety, security).

Two approaches were chosen to prove if there issstal evidence for an overall
building index: (a) Correspondence Analysis, a meéthften used in social research
or market research and (b) Principal Component ysm(PCA) with optimal scaling.
Both methods have very flexible requirements far ttata and can be applied as
exploratory methods for representing multivariaééadets. The aim was to prove if
large sets of variables could be reduced to fewedsions by aggregating individual-

level data to construct measures for units at hdriggvel.

3.2  Correspondence Analysis

Correspondence Analysis is a method of factorindfipte categorical variables and
displaying them in a property space which providegobal view of the data useful
for interpretation (Benzécri, 1992; Cibois, 200#teénacre, 1993). Variables can be
considered simultaneously. The primary goal is @plgical display of contingency
tables, i.e. rows and columns. The associationhefJariables is visualised on a
correspondence map in two or more dimensions. Eajaas reflect the relative
importance of the dimensions. The first dimensibvags explains the highest inertia
(variance) and has the largest eigenvalue, the tmextsecond-highest, and so on.
Points (variables) are plotted along the compugetof axes, i.e. dimensions (Figure
1). The map can help detecting structural relatigpgesamong the variable categories.
In contrast to the Chi-square test which showshiéreé is a relationship, the

correspondence analysis shows the character ofetagonship between variables.



Very similar objects (variables) are very closeetch other, unlikely objects are
distant from each other. To give an example foruked questionnaire in which a
five-point-Likert scale (coded 1 to 5) was appli®dhen the correlation between two
comfort parameters is high, the "1s” should be ggdutogether, the "2s”, the "3s” and
so forth. The "1s” and the "5s” should be distamh fanother in the graphical display.
The applied software was Trideux (French free saféw http://pagesperso-
orange.fr/cibois/Trideux.html), however correspamoke analysis is supported by
other software as well (e.g. SPSS, SAS).

3.3  Principal Component Analysis (PCA) with optimalscaling

PCA is mostly used as an instrument in explorattata analyses and for making
predictive models. PCA is the simplest of the tmigenvalue-based multivariate
analyses. Its operation can be thought of as reggetie internal structure of the data
in a way which best explains the variance in thea.d®nce again, as with the
correspondence analysis, the aim is to reduce af s&triables to a set of underlying
superordinate dimensions.

The basic idea of optimal scaling is to transfohm dbserved variables (categories) in
terms of quantifications for further computatio@sdinal values from the Likert-scale
(very dissatisfied = 1 to very satisfied = 5) ar@nsformed into metric values which
can be used for further computations. PCA involescalculation of the eigenvalue
decomposition of a data covariance matrix. Resarksusually discussed in terms of
component scores and loadings. Analyses were daoig by applying PASW
Statistics (Predictive Analytics Software, forme8pSS).

4 Results

4.1  Correspondence Analysis

The biplot in Figure 1 shows one dimension which ba considered as a scale for
general satisfaction, the score for the eigenvalieis sufficient to consider
dimension 1 as a valid scale. Thus, the data atebéel for aggregation.

The distribution of the grouped and framed variablgpresents the characteristic of
the ordinal character i.e. the profile of the viles: they are plotted along the

principal axes (dimension 1). As shown in the Feguhe comfort parameters are



predominantly grouped together according to thalues from 1 (very dissatisfied)

over 3 (neutral) to 5 (very satisfied). This regms the high correlation between the
variables: high satisfaction (e.g. coded by 5) weitle comfort parameter appears with
high satisfaction with the other comfort parametéinss is the same for variables
coded by 4, 3,2 and 1.
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Figure 1  Output for the Correspondence Analysis Witdeux after interpreting and
marking of relevant outcomes.
(Eigenvaluel > 0,1 = strong correlation between variable$),01 - 0,1 = standard, <
0,01 = weak correlation, could be at random, Cib2307). Sample: 23 buildings| =
1,329. 69 variables were chosen concerning satisfagvith comfort parameters at the
workplace, including “Overall...”-questions.

The “horseshoe’- or "Guttman’-effect in the grapghinarouse interest, but with
regard to content there is no interesting inforovator interpretation in it. The arch is
a methodical effect due to the geometric charactehe correspondence analysis.

Primarily the underlying relationship for the reden dimension 1 is a linear one.



4.2

Principal Component Analysis (PCA) with optimalscaling

Table 1 shows the variables which cover overalkfattion for comfort parameters

concerning workplace. The

complementary information on the different aspeatsd by the occupants.

related subsets to thestqpns are given as

Table 1 Overall” comfort variables and related stdbs

Summarising Overall...”- questions Indicator subsets

Overall, how satisfied are you witemperature at| e.g. sensation of temperatufe,
your workplace? preference of temperature, control
Overall, how satisfied are you withir quality at e.g. humidity, odour, control

your workplace?

Overall, how satisfied are you witlght conditions | e.g.  daylight, artificial  light,

at your workplace

blinds/shades, control

Overall, how satisfied are you witicoustics/noise
at your workplace?

e.g. noise coming from technic
equipment, colleagues

Overall, how satisfied are you withspatial
conditions at your workplace?

e.g. privacy, individualization of th
workplace

Overall, how satisfied are you withrniture/layout

at your workplace?

e.g. desk, chair, materials and col
of walls and ground)

DI'S

After having tested that reliability for the indica subsets is given (average .79),

all six summarising "Overall.-questions concerning comfort parameters at the

workplace were comprised in the analysis to testife underlying dimensions in the

data.

Table 2 shows that all variables load well on tingt dimension (eigenvalue 3,316),

and can be considered as a scale for generalasgitisf with the workplace. High

scores mean a high level of satisfaction: people ate satisfied with one comfort

parameter are also satisfied with the others. Dsioen 2 has no importance

(eigenvalue 0,949), because dimensions with eigeesamaller 1 have less weight

than the original single variables themselves. Kbeetess dimension 2 is quite

interesting, because it shows both positive anéitnegyscores and seems to represent

a kind of polarisation by means of indoor climabaditions versus spatial conditions,

furniture/layout and acoustics. Possibly furtheralgses by means of building

characteristics may reveal an explanation forfihding.



Table 2 Component loadings for comfort parameters

Comfort parameter Dimension 1 Dimension 2
cousticainaisat your workplace? 747 344
Spatal condiionsat your workplace? 670 381
farmtarellayout of your workplace” 713 423
I(i)gvhetirr?g'czonvéiﬁigzﬁ;dygijer }\:\?ourlglglce? 128 049
lomperatire at your workpace? 784 560
Overall, how satisfied are you with 810 427

air quality at your workplace?

Component loadings: > 0, 7 = very high, 0, 5 - 9 hégh, 0, 3-0, 49 poor, < 0, 3 very poor
(Hatzinger & Nagel, 2009). Sample: 14 buildings,= 867; those buildings were chosen
where the modified latest questionnaire with thes af 6 indicators for satisfaction at the
workplace was applied.

Additionally, it was tested if differently compute@omfort” Scales including the six

comfort parameters would correlate (Table 3). Beside new metric variable

obtained with the object score for dimension 1 fribra optimal scaling, a weighted
"Comfort” scale was computed, based on multipleessgon-analysis with the six

comfort parameters (‘Overall...” questions, Tablea®)predicting variables and the
question "Overall, considering all aspects, howsgatl are you with your workplace

conditions?” as dependent variable. A third sqa@pmfort” Scale — summed-) was
computed by simply summing the mean scores ofitheasnfort parameters.

Table 3 shows strong correlation for the "Comf&tale based on simply summed
mean score with the other two differently comput€dmfort” Scales (regression-
analysis and optimal scaling). All three scoresthar differently computed "Comfort”

Scale are highly correlated as well.



Table 3 Correlation Coefficients for different "Clamt” Scales

"Comfort” Scale | "Comfort” Scale "Comfort” Scale
-object score for
-summed- -weighst*ed-2 dimensisgn 12
< , r 1 ,96 ,97
C‘_);que%‘fa'e p 000 1000
N 8657* 867 8%7
. , r .96 1 ,94
N 867 867 867
‘Comfort” Scale r 975 940" 1
-object score for p ,000 ,000
dimension 1- N 867 867 867

! = sum of simply added mean scores for satisfaatitin single comfort parameters,
2 = standardised prediction value from regressiaiysis,
% = standardised prediction value for dimensionohfioptimal scaling.

Concluding, a scale for "workplace satisfactionsdsh on simply summed mean
scores can be considered as valid for these data.

4.3  Final building index
Beyond occupants’ ratings concerning their workplabe experiences of the

occupants with the entire building is of importangken it is intended to give a
comprehensive overview by means of an index. Thelified latest questionnaire
covers items which affect this issue. Occupant® rat subset of items (e.qg.
maintenance, restrooms, conference rooms, zonasftomal contacts, security) as
wells as a summarizing question (‘Overall, hows$iatil are you with the building in
general?’, reliability for the 18 items Cronbach's .91). The mean score for the
summarising question "Overall, how satisfied ara with the building in general?”
was added as a further indicator to the final bogdndex. Data of our field studies
revealed that occupants spent nearly 90% of timag in the office and only 10% in
other areas of the building, thus the six comfodrameters for “workplace
satisfaction” build the main part of the "overalllding index’.

The scale reliability (six indicators for satisfact with workplace conditions and the
added indicator for the overall satisfaction witle touilding) of this final index was
tested, showing Cronbachis= .82. Additionally, an explorative factor-analysias
carried out testing if the precondition for thereipal Component Analysis (PCA)

with optimal scaling for the final “overall buildinndex” is given. The assumption in



factor-analysis is that single indicators are hygbbrrelated. A high value for the
Kaiser-Meyer-Olkin-statistics (0,883) shows thatrfogeneity in the data is given.

The subsequent computations by PCA revealed a amterf solution with high
positive loadings for all seven indicators (> 0and an eigenvalue greater 1 (3, 856;
residual eigenvalues < 1). Figure 2 illustratesfdets of the final “overall building

index”.

Overall Building
Index

Scale o Satifaction
warkplace satiataction with blding

G indicators (6O 1Tems) 1 indicator (15 1tems)

(1) thermal and
(2yvrual comfort,
(33 aw quality.
(4aconstics netse,

{51 #patial cenditions,

(O} furuture Lavout

Figure 2 Facets of the final “overall building imde

4.4  Practical Implication

The application of the developed instrument in tlntext of post occupancy
evaluation will be shown exemplarily by means & thtest sample held from field
studies in the years 2008 to 2009.

(1) On a general level, the overall building index &nel mean scores for comfort
parameters serve as benchmarks with respect tmpacson of larger building
stocks and to screen monitoring processes regamiicgpants' feedback in
single buildings (Figure 3).



overall building index for user satisfaction
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Figure 3  Results for a building with certificate mold” in comparison to a sample
of 15 buildings ("®, N = 915) assessed in winter 2008 and 2009.

The bars representing the outcome of the buildiity & certificate in "gold” show
that the building performs better than the samplaresenting the overall building
index and a variety of comfort parameters (e.gngat for "building overall and
‘spatial conditions”), but obviously the occupamtgperienced a problem with
temperature. This information is helpful for thechity Management staff planning

interventions.

(2) The benefit of occupant surveys as part of the Ganman certification system
for existing buildings is to compare the resultdhe predicted outcome for the
socio-cultural dimension based on plans, standards audits in a specific
building and to detect the potential for optimieati It is suggested to rate
commissioned buildings regularly (fixed intervalssorveys) and with respect
to the scope of topics (e.g. solely workplace, udetig building overall
acceptance).

It has to be mentioned that the development of th&rument here and the

development of the German certification system rtbtl happen simultaneously; the



first approach only started in the context of thmwe described project. For this
reason a complete congruence is not possible: uhengd up score for the socio-
cultural and the functional dimension in the ceréfe includes a variety of
management aspects, e.g. back-up options forbtiiding control systems which
cannot be part of an occupant survey. Thus theativewilding index and the score
for the socio-cultural and functional dimensionnfrdhe certification system cannot
be compared directly. Moreover, the comfort paramsetspatial conditions” and
“furniture” are not considered in the certificatgystem, but they are highly relevant
in occupant surveys in terms of overall satisfactiath a workplace. Nevertheless
there is enough analogy to get hints for optimisain a building by comparing the
percentages of degree of compliance from the e&tibn system and frequencies of

satisfaction based on occupant surveys (Table 4).

Table 4  Ratings for a building with certificate igold”: predicted comfort from
certification procedurgdegree of compliancegnd results from occupant

surveys(N = 115)regarding comfort parametgfsurvey in 2008, other comfort
data are coming from survey in winter 2009)

Predicted fort Experienced comfort

Comfort redicted comror based on occupant survey

from certification syste — — T — ——
parameters satisfied / very satisfieq dissatisfied / very dissatisfied
thermal comfort o 0 o
TR — 100% 43% 31%
thermal comfort 0 o 0
in summet 100% 45% 26%
air quality 100% 50% 16%
acoustics 100% 66% 6%
visual comfort 85% 73% 18%
user control** 67% 46% 26%

**includes air quality, temperature in winter andgrsmer, daylight, artificial light, shades and bknd

Even if it is not realistic to obtain 100% satidfan for comfort by subjective ratings,
concerning the ambient environment conditions “teragure’, "air quality” and
‘acoustics” the outcome for this building shows emormous gap between the
predicted comfort and the results from the occupanveys. Values for visual
comfort are more congruent, may be due to thetfedtin the certification procedure
the architectural feature “atrium” was taken intooaint which resulted in a reduced

degree of compliance.



5 Discussion and conclusions

The aim of an index is to summarise informatioma womprehensive, manageable and
- where ever applicable - easy to communicate vdlbe simplest kind of an index is
a summed score, e.g. held from items of a quesdionnThe question at hand in the
presented project was if such a simply summed tvbralding index could be
applicable regarding post-occupancy evaluation. Hos purpose a statistical
approach was chosen which (to our knowledge) islyansed in this field. The
applied Correspondence Analysis and Principle Corapb Analysis (PCA) are
common explorative methods for reducing informationdatasets and useful for
ordinal data, which are typical for surveys regagdivorkplace environment. The
results revealed that by means of both methodscamplementary empiric-analytic
methods like explorative factor-analysis and regjmsanalysis an overall building
index could be developed. A factor resulted frone thtatistical procedures
representing general satisfaction with comfort peaters at the workplace and with
the building. This final "overall building index’ould be developed due to high
correlations for the considered variables. Gifi 9P broached this issue: 'If all
correlations in R [Burt Table, showing the frequescfor all combinations of
categories of pairs of variables in a data set,.-K.5 are large, the correlation
between any linear compound with nonnegative wsigimd the simple sum variate
necessarily must be large, too’, (p. 83). The adggnof an index based on simply
summed mean scores is that this value refers birecthe original ordinal scale level
from the questionnaire, e.g. a five-point scaleecbthto "very satisfied” (2) to "very
dissatisfied (-2). Results for the overall buildimglex can be reported equally based
on these codes and is thereby exceedingly compsddierand doesn’t need any
further transformation into threshold values.

The high attractiveness of an "overall buildingerdobtained from surveys expresses
itself by the possibility of a quick ranking of kdings in terms of occupant
satisfaction. When it comes to portfolio analydes index can be used as a basis in
consultations, e.g. as a first orientation in tease of a screening instrument for
investors or owners. Thus, the challenge of thgeptayoals was to balance praxis-

oriented requests and scientific approaches. Thaltse of the applied statistical



procedures appear to indicate that a valid scajgesenting overall building
satisfaction could be constructed. But is a sisglere adequate to represent the social
reality concerning facets of comfort in a buildimgpperly?

The benefit of the statistical methods was disaisg®ve; the final building index
can be seen as a useful indicator regarding the-sattural dimension in buildings.
But it has limitations as well. Buildings are compldue to e.g. architectural features,
functionalities, and maintenance or occupant behayviAside from quick evaluation,
a responsible handling is required when problens luilding occur, and an overall
index should not replace an in-depth evaluatiomuiidings to detect potential for
optimisation. Based on an international dataseinfr®6 office buildings in five
European countries, Humphreys (2005) analysed ticeracy of prediction for a
combined index which ranked comfort parameters vatfard to indoor environment.
His conclusion was that an index failed because wee&htings for the comfort
parameters varied. We strongly agree to his recamdat®n: "It seems prudent, then,
to continue to consider each aspect separatelyr@thgr than to rely solely on overall
evaluation.” (p. 325). Thus, beyond the "overaildig index” and with regard to the
Facility Management staff we developed an instrunfiensurveys which includes a
detailed feedback for each comfort parameter suimgoday-to-day operations in a
building.

Another limitation to the findings may be the saengize. The acquisition of
buildings is often complicated and troublesome dovariety of reasons, e.g. time
consuming decision procedures. Fears might bedraistne board of management for
agitation among the employees initiated by a sumeyn terms of cost-intensive
improvements. Probably we ended up with a sele@na too homogenous sample.
On the other hand, the question is if significaffedences in the outcome of building
ratings are expectable due to relatively high saael for buildings and the indoor
environment in Germany. When looking at the comipyeaf subjective perception,
there is evidence from environmental psychologyhe field of housing showing
effects like the “satisfaction paradox” or the sdissfaction paradox” (Glatzer & Zapf,
1984): people are satisfied with their housing emwinent despite objectively
uncomfortable conditions and vice versa. Additibnad bias in perception may have
an impact on occupants’ satisfaction due to spebidilding types. In their analyses
of "Green buildings” Leaman and Bordass (2007) dotie following tendency in

occupants’ ratings: 'If they like the design, ahdiit experience of using the building



is generally good and supportive for their workktaseven if there are chronic
problems with it, users will tend to be more tofgra(p. 671).

Comparisons among colleagues concerning the pevoepttindoor environment and
comparisons between different offices in their wogklife are presumably affecting
ratings of the functionality of a workplace or altung. But, the relationship between
occupants and the building cannot be reduced totifumality: "...occupants do not
assess their functional comfort on the basis opnphysical comfort. They bring
feelings, memories, expectations, and preferenots their assessment, and this
increases the complexity of the outcomes being areds(Veitch, 2008, p. 236).
Furthermore, when considering comfort as "a matfeculture and convention
(Chappells & Shove, 2005, p. 33), changes in ingmu& of comfort parameters over
time respectively generations are expectable, andnstruments for measuring
subjective issues should be well defined and aggu$br its scope. The discussed
aspects illustrate the complexity of the socialuéss in the field of building
performance and the challenge of translating soeslity into scores.

The database for occupant surveys in Germanyligati small to define threshold
values or standards for the socio-cultural dimemgjresuming this is basically a
realistic approach), this would demand a standeddisample. Nevertheless a
continuous assessment of occupants’ feedback sedmesa useful part for evaluating
the sustainability of buildings in certification stgms. With respect to energy
efficiency and optimal building operation a greatgmtial can be seen in occupants’
behaviour. In the sense of Gibson’s’ theory of egalal perception feedback-systems
as stimuli lead immediately or may lead to a retpeebehaviour as well as providing
an appropriate surrounding for a desirable envirmmnfriendly behaviour (Thomas,
1996). The development and evaluation of smart daeklisystems which enable
occupants to understand and to react properlyg@tiergy concept of a building are a
future challenge in the field of post-occupancyleation as well as in the long run
for updating certification systems.

The database will be enlarged by further surveps.e&Fmore area-wide application
we developed a time- and cost-effective surveyrumsént including a computer-
based questionnaire and an easy to handle evaluptimcedure for the Facility
Management staff respectively personal from thd estate market (s. 4.4). A

questionnaire for the Facility Management sta#litsonsidering aspects like energy



controlling and occupant behavior has recently bieemched as complement to
occupant surveys.

Further research will focus on certificated buiginto learn more about the
relationship between the predicted outcome basedtamdards and the subjective
ratings obtained from occupant surveys. For thipgse Correspondence Analysis is
a helpful statistical method which allows explorirglationships between building
characteristics and occupant satisfaction duenlsaneous computations of ordinal
as well as categorical variables. An important epph to validate relevant structures
in the data is multilevel analysis; the advantagercmormal regression analyses is
that the level of building and the level of indiuas can be computed simultaneously.
Another aim is to gain more reference scores frarargety of building types to prove
if benchmarks for various building types (certited, refurbished or old existing

buildings) should be specified.
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