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Thesen

[Introductory theses]

Kontext.

1. Rdume iiben eine emotionale Wirkung auf Menschen aus.

2. Wahrnehmung und Wirkung von Architektur erscheinen tief in der Biologie
und Psyche des Menschen verwurzelt. Sollten sich allgemein giiltige direkte
Zusammenhidnge zwischen architektonischer Gestalt und Wirkung finden
lassen, erscheinen diese geeignet, im architektonischen Planungsprozess als
objektive Grundlage zu dienen.

3. Raumwirkung gilt jedoch im Allgemeinen als subjektiv, als deshalb kaum
fassbar. Bislang besteht tatsachlich kein systematisches Wissen tiber die Wir-
kung von Rdumen auf Menschen. Raumwirkung ist in der architektoni-
schen Praxis entsprechend kein objektives Kriterium zur Beurteilung von
Architektur. Eine eventuelle Beriicksichtigung liegt weitgehend im person-
lichen Ermessen und in der Sensibilitit der Entwerfenden.

4. Wahrend andere Planungsziele wie Stabilitdt, Wirtschaftlichkeit oder Funk-
tionalitdt mit immer weiter entwickelten und formalisierten Methoden ver-
folgt werden, hat sich die Herangehensweise an Fragen der &sthetischen
Wirkung iiber Jahrhunderte kaum verdndert. Entsprechend ist es wenig
verwunderlich, dass die praktische Gewichtung von dsthetischen Qualita-
ten im heutigen Bauprozess relativ ins Hintertreffen geraten ist.

5. Die Umweltpsychologie beschiftigt sich mit den Wechselwirkungen zwi-
schen psychischen Prozessen und Eigenschaften der Umwelt. Entsprechend
konnen einige dort entwickelte grundlegende Modelle auf das Phanomen
Raumwirkung tibertragen werden.

6. Trotz dieser Uberschneidungspunkte wurde seitens der Umweltpsycholo-
gie die fiir die architektonische Praxis relevante Bestimmung der Wirkung



von konkreten Raumen, bzw. des Einflusses einzelner Raumeigenschaften,
nur am Rande beriihrt. Ein Hauptgrund hierfiir ist die tendentielle Fokus-
sierung dieser Disziplin auf die Erklarung von psychischen Prozessen und
individuellem Verhalten.

Erkenntnisse der Wahrnehmungspsychologie und Kognitionswissenschaf-
ten sowie Simulations- und Analysemethoden basierend auf heutiger Com-
putertechnik bieten eine vielversprechende Basis, das Phidnomen Raum-
wirkung empirisch zu untersuchen.

Ansatz.

8.

10.

11.

12.

13.

Raumwirkung ist ein normales psychisches Phinomen und deshalb mit
Mitteln der experimentellen Psychologie empirisch untersuchbar und quan-
titativ beschreibbar.

Vordringliches Ziel fiir die Architektur als praktische Disziplin muss es
hierbei sein, konkret anwendbares Faktenwissen iiber die Zusammenhénge
zwischen architektonischer Gestalt und zu erwartender Wirkung zu gewin-

nen.

Entsprechend den weitgehenden Unklarheiten bedarf die systematische Er-
forschung von Raumwirkung eines grundlegenden methodischen Rahmen-
werks.

Die Grundbausteine fiir eine empirische Untersuchung von Raumwirkung
sind eine vorldufige Arbeitsdefinition, ein grundlegendes Arbeitsmodell,
die quantitative Beschreibung von Emotion und Architektur sowie eine an-
gewandte Methodik, die es erlaubt, parallel, flexibel, kontrolliert und repro-
duzierbar Daten zu Raumeigenschaften und -wirkung zu erheben.

Trotz der weit verbreiteten Meinung, dass Raumwirkung viel zu “subjek-
tiv” ist, um als Planungsgrundlage zu dienen, sind individuelle Unterschie-
de tatséchlich viel geringer als allgemein angenommen. Uber wenige Perso-
nen gemittelte Daten bieten damit eine stabile Grundlage fiir aussagekraf-
tige und reproduzierbare Untersuchungen.

Fiir explorative Studien, die sich eher mit der architektonischen Seite von
Raumwirkung auseinandersetzen, konnen relativ einfache Messmethoden
und Modelle fiir Emotion verwendet werden. Die quantitative Auswertung
verbaler Beurteilungen reicht aus, tatsdchliche emotionale Einfliisse anna-
hernd zu beschreiben.



14. Der systematischen und quantitativen Beschreibung von Architektur kommt
eine Schliisselrolle fiir eine empirische Untersuchung architektonischer Fra-
gestellungen zu. Ohne sie bleibt die Giiltigkeit von Ergebnissen im Wesent-
lichen auf Einzelfallstudien beschrankt.

15. Momentan existiert noch kein allgemein anwendbares Modell zur Beschrei-
bung von Architektur, das die psychologischen und verhaltensrelevanten
Eigenschaften gezielt quantitativ erfasst.

16. Die mit virtueller Realitat (VR) verbundenen Techniken und Untersuch-
ungsumgebungen erlauben es, architektonischen Raum 6konomisch und
systematisch zu variieren. Diese Technik hat damit das Potential, einen be-
deutenden Beitrag zu einer empirischen faktoranalytischen Untersuchung
der Wahrnehmung von Architektur zu leisten.

17. Alle bestehenden Finzeltheorien iiber Raumwirkung lassen sich als Arbeits-
hypothese auf wenige grundlegende Faktoren zurtickfiihren.

Ergebnisse.

18. Mit Hilfe einfach zu beeinflussender Simulationsparameter kénnen bereits
heutige VR-Simulationen so eingestellt werden, dass in VR gewonnene Er-
gebnisse auf die Realitét tibertragen werden konnen.

19. Die Wirkung von Licht und Farbe lédsst sich anhand weniger Dimensionen
(hell-dunkel, warm-kalt, gedampft-geséttigt) weitgehend beschreiben.

20. Die formale Variabilitdt normaler rechteckiger Rdume ldsst sich mit fiinf
oder weniger allgemeinen Faktoren bereits ausreichend erfassen.

21. Die Wirkungsqualitdten komplexer architektonischer Raumformen lassen
sich anhand ihrer visuellen Eigenschaften von einzelnen Standpunkten aus
gut beschreiben und vorhersagen.

22. Die Wirkung von Raumform und -farbe tiberlagert sich, ohne signifikant in
Wechselwirkung zu treten. Allgemein erscheint die Wirkung von architek-
tonischen Rdumen als Ganzes weitgehend als Summe ihrer Teile.

23. Ein Beschreibungssystem von Architektur, das auf einfach zu erhaltenden
Farb- und Geometriedaten basiert, erscheint einer auf semantischer Infor-
mation aufbauenden Beschreibung fiir die Vorhersage von Raumwirkung
gleichwertig. Beide Techniken erlauben es, mehr als die Halfte der Varianz
von Beurteilungen der Raumwirkung aufzukldren.



24.

25.

26.

Die Wirkung von konkreten architektonischen Rdumen kann nicht unab-
hiangig von ihrem Kontext gesehen werden. Solche Kontexteffekte lassen
sich jedoch ebenso quantifizieren und vorhersagen.

Ein allgemeines Beschreibungsmodell von Architektur fiir die Vorhersage
von Raumwirkung sollte mindestens folgende Faktoren berticksichtigen:
Generelle Farb- und Helligkeitswerte, Raumdimensionen und -proportion-
en, Kennwerte fiir relative Komplexitit und Ordnung, sowie die Geschlos-
senheit der Raumgrenzen.

Architektur als akademische Richtung und Berufsfeld kann vielfdltig von
einer wahrnehmungspsychologischen Perspektive als Planungsgrundlage
profitieren. Das Thema hat das Potential zu einem zentralen architektoni-
schen Paradigma des 21. Jahrhunderts.



Zusammenfassung in deutscher
Sprache

[Summary in German]

Rdume iiben eine emotionale Wirkung auf den Menschen aus. Trotz der unbe-
strittenen Richtigkeit dieser Aussage und ihrer offensichtlichen praktischen Re-
levanz fiir die Architektur ist das Phdnomen Raumwirkung bislang wenig sys-
tematisch untersucht. Diese Arbeit ndhert sich dem Problemfeld von einem ar-
chitektonischen Standpunkt beginnend mit der Frage, aus welchen konkreten
Raumeigenschaften auf eine zu erwartende Raumwirkung geschlossen werden
kann. Da aus der vorhandenen Literatur keine ausreichend umfassenden oder
empirisch gesicherten Erkenntnisse abgeleitet werden koénnen, riickt die Erstel-
lung und Erprobung eines grundlegenden methodischen Rahmenwerks zur em-
pirischen Erforschung von Raumwirkung in den Mittelpunkt dieser Dissertati-
on. Ausgehend von der Annahme, dass Raumwirkung ein normales psychisches
Phédnomen und deshalb mit Mitteln der experimentellen Psychologie empirisch
untersuchbar und quantitativ beschreibbar ist, werden folgende Grundbaustei-
ne als erforderlich erachtet: Eine vorldufige Arbeitsdefinition, ein grundlegendes
Arbeitsmodell, die quantitative Beschreibung von Emotion und Architektur so-
wie eine angewandte Methodik, die es erlaubt, parallel, flexibel, kontrolliert und
reproduzierbar Daten zu Raumeigenschaften und -wirkung zu erheben.

Im Anschluss an diese grundsatzliche Einfithrung in Kapitel 1 wird in Kapitel 2
Raumwirkung von verschiedenen Seiten aus betrachtet. Es erfolgt eine Definiti-
on der zentralen Arbeitsbegriffe, das Thema wird provisorisch abgegrenzt und
es wird ein vorldaufiges Rahmenmodell entwickelt. Ausgehend von normativen
Konzepten und Kategorien der Architektur und phdnomenologischen Untersu-
chungen zum Sprachgebrauch wird Raumwirkung als tendentieller Einfluss ei-
ner rdumlichen Umgebung auf den emotionalen Zustand eines Menschen defi-
niert. Grundlegende auf Emotion bezogene Modelle und Taxonomien sind damit
auf Raumwirkung tibertragbar. Systemtheoretisch kann Raumwirkung als Funk-



tion von physiologisch-psychischen Parametern und Umweltvariablen verstan-
den werden. Hieraus folgt fiir eine empirische Untersuchung, dass unter ansons-
ten konstanten Bedingungen zwischen einzelnen Umwelteigenschaften und ab-
héngigen emotionalen Variablen ein Reiz-Reaktions-Zusammenhang angenom-

men werden kann.

Kapitel 3 bis 5 beschéftigen sich mit den praktisch-methodischen Voraussetzun-
gen von empirischen Untersuchungen, die auf diesem Rahmenmodell aufbauen.
Sowohl Emotion wie auch architektonischer Raum miissen fiir vergleichende Stu-
dien quantitativ operationalisiert werden, aufserdem bedarf es einer Experiment-
methodik, die es erlaubt, Riume unter kontrollierten Bedingungen systematisch

Zu variieren.

Kapitel 3 erortert Methoden zur ndherungsweisen Quantifizierung von emotio-
nalen Reaktionen. In der Umwelt- und Emotionspsychologie sind hierfiir bereits
eine ganze Reihe von introspektiven, physiologischen oder verhaltensbasierten
Messmethoden entwickelt worden, doch haben umfassende vergleichende Un-
tersuchungen ergeben, dass fiir angewandte explorative Studien einfache ver-
bale Beurteilungen eine ausreichend genaue Grundlage bieten. Weiteres Thema
sind individuelle und situationsbedingte Unterschiede, die fiir die Architektur
von besonderer Bedeutung sind, da normalerweise nicht fiir den Einzelfall und
oft fiir unbekannte Einzelpersonen geplant wird. Gliicklicherweise haben mehre-
re Studien iiberzeugend nachgewiesen, dass individuelle Unterschiede deutlich
geringer sind als allgemein angenommen, und dass deshalb bereits iiber wenige
Individuen gemittelte Daten normalerweise ausreichen, stabile und aussagekréf-
tige Grundtendenzen festzustellen.

Das folgende Kapitel 4 behandelt quantitative Beschreibungsmodelle fiir Archi-
tektur. Hauptschwierigkeit hierbei ist es, einen dufserst hochdimensionalen Para-
meterraum auf wenige allgemein anwendbare verhaltens- und wirkungsrelevan-
te Dimensionen zu reduzieren, die im Idealfall auch noch gut interpretierbar sind
und damit konkret im Architekturentwurf beriicksichtigt werden konnen. Kein
bestehendes Beschreibungssystem kann diesem Anspruch momentan umfassend
gerecht werden, doch bieten sowohl architektonische Kompositionslehre, Raum-
analyse, wie auch Wahrnehmungspsychologie und bildverarbeitende Methoden
der Informatik vielfdltige Ansatzpunkte, architektonische Riume nach eindeutig
definierbaren Kriterien quantitativ zu beschreiben.

In Kapitel 5 schliefslich werden Risiken und Chancen von Studien zur Architek-
turwirkung und -wahrnehmung erortert, die auf virtueller Realitédt (VR) basieren.
Prinzipiell scheint dieses neue Medium wie kein zweites dafiir geeignet, in der
empirischen Architekturforschung Verwendung zu finden, da es eine Innenper-
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spektive vermittelt und erlaubt, Raum flexibel und parametrisch zu verandern.
Jedoch kann nicht von vornherein davon ausgegangen werden, dass in VR ge-
wonnene Ergebnisse direkt auf reale Architektur tibertragbar sind. Tatsachlich
vermitteln vergleichende Studien den Findruck, dass die Wirkung von Rdumen
in VR ausreichend dhnlich wiedergegeben wird, jedoch die Wahrnehmung von
Grofien und Distanzen grofieren Verzerrungen unterliegt. In mehreren explorati-
ven Studien werden deshalb Darstellungsfaktoren untersucht, deren Manipula-
tion geeignet erscheint, diese Abweichungen zumindest zum Teil zu korrigieren.
Allgemein kann aber festgestellt werden, dass generelle Tendenzen und relative
Unterschiede zwischen Rdumen zuverlédssig wiedergegeben werden.

An den grundlegenden methodischen Teil schliessen sich Kapitel 6 bis 8 an, die
die mit der Dissertation verbundenen zentralen empirischen Studien vorstellen.
Kapitel 6 rekapituliert zundchst normative Regeln sowie beschreibende und er-
klarende Theorien, die es erlauben, konkrete empirisch tiberpriifbare Hypothe-
sen zu Zusammenhangen zwischen Raumeigenschaften und -wirkung aufzustel-
len und erlaubt damit einen zusammenhingenden Uberblick iiber den theoreti-
schen Hintergrund der zentralen Studien.

Kapitel 7 stellt vier explorative Studien ausfiihrlich vor, die die in den vorigen
Kapiteln entwickelten methodischen Grundlagen empirisch tiberpriifen and an-
hand bestehender Theorien ein breite Auswahl von fiir die Wirkung potentiell re-
levanten Raumeigenschaften erkunden. Alle vier Studien benutzen ein dhnliches
experimentelles Paradigma; tiber mehrere Versuchspersonen gemittelte Beurteil-
ungen von computersimulierten Riumen werden mit beschreibenden Kennwer-
ten der Raume verglichen, die Analyse konzentriert sich auf die Feststellung si-
gnifikanter Korrelationen und damit die Identifizierung von Raumeigenschaften
mit moglichem Vorhersagewert fiir die Raumwirkung. Die Studien 1 bis 3 ba-
sieren jeweils auf einem eigenen Beschreibungsmodell fiir Architektur und kon-
zentrieren sich gleichzeitig auf unterschiedliche Gestaltungsaspekte. Studie 1 be-
trachtet architektonischen Raum bildbasiert, der Schwerpunkt der Analyse liegt
entsprechend auf Licht und Farbe. Zusitzlich werden tiber Bildfrequenzanaly-
se gewonnene Kennwerte mit emotionalen Beurteilungen verglichen. Studie 2
benutzt ein bauteilbasiertes Beschreibungsmodell, das dhnlich einem Raumbuch
insbesondere funktionale und raumliche Merkmale berticksichtigt. Um das Be-
schreibungsmodell zu vereinfachen, beschrankt sich die Studie ausschlieSlich auf
normale rechteckige Formen. Deshalb liegt das Schwergewicht von Studie 3 auf
der allgemeinen Erfassung und Beschreibung von raumlicher Form mit Hilfe von
Isovisten (moglichen Sichtfeldern) und Sichtbarkeitsgraphen. Studie 4 schliefSlich
vergleicht einerseits die drei Beschreibungsmodelle direkt miteinander, anderer-
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seits untersucht sie das gemeinsame Zusammenwirken mehrerer Gestaltungs-

aspekte beispielhaft anhand von Farbe und Raumabmessungen.

Eine vergleichende Diskussion der vier Studien erfolgt in Kapitel 8. In einer Meta-
Analyse der gewonnenen Daten werden weitere generelle Faktoren (Bedeutung
von Neuigkeit/Vertrautheit und Kontexteffekte) fiir die Raumwirkung unter-
sucht und signifikante Einfliisse nachgewiesen. Eine direkte Gegenitiberstellung
der in den Studien festgestellten Raumeigenschaften mit hohem Vorhersagewert
fiir die Raumwirkung zeigt Parallelen zwischen den Beschreibungssystemen auf
und ergibt Hinweise auf wiederkehrende Faktoren. Die explorativen Studien le-
gen nahe, dass ein allgemeines Beschreibungsmodell von Architektur fiir die Vor-
hersage von Raumwirkung folgende Faktoren beriicksichtigen sollte: Generelle
Farb- und Helligkeitswerte, Raumdimensionen und -proportionen, Kennwerte
tiir relative Komplexitdt und Ordnung sowie die Geschlossenheit der Raumgren-
zen. Eine Kombination aus bild- und isovistbasierter Analyse erscheint geeignet,
diese Anforderungen zu erfiillen und hat den Vorteil, keine manuell nachbear-
beiteten Daten als Grundlage zu benétigen. In Hinblick auf das provisorische
Arbeitsmodell unterstiitzen die Ergebnisse der explorativen Studien eine grund-
legende Vereinfachung: Die Annahme einer einfachen Uberlagerung von gemein-
sam auftretenden Faktoren erscheint im Normalfall als plausibelstes Modell fiir
ihr Zusammenwirken.

Alles in allem unterstiitzen die in dieser Dissertation durchgefiihrten Experimen-
te und Analysen die Grundannahme, dass Raumwirkung empirisch untersuch-
bar und quantitativ erfassbar ist. Die mit Hilfe der empirischen Studien entwi-
ckelten und getesteten methodischen Bausteine erscheinen geeignet, als Grund-
lage fiir eine vertiefende Forschung zu dienen. Kapitel 9 diskutiert hieraus zu
ziehende Schlussfolgerungen fiir die vom Dissertationsthema beriihrten Fach-
richtungen und sieht insbesondere fiir die Architekturtheorie und -praxis posi-
tive Chancen, die sich aus einer auf empirischen Untersuchungen beruhenden
und an psychologischen Bediirfnissen orientierten Ausrichtung von architekto-
nischen Entwtiirfen ergeben.
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Chapter 1

Introduction

1.1 Introductory theses

Context.

1. Architectural spaces influence the human emotional state.

2. The perception and experience of architecture is deeply rooted in psycho-
logical and biological processes. Systematic relations between architectural
properties and affective responses provided, this may indeed have strong
implications on the architectural design process.

3. Affective qualities of architecture are however widely seen as subjective and
difficult to grasp. Indeed there is no systematic knowledge on the influences
of architecture on humans. Correspondingly, affective qualities are not seen
as objective decision criterion in the architectural design process. Their con-
sideration is left entirely to the personal sensitivity of the designer.

4. The classic goal of architecture of equally considering stability, functionality,
and beauty has gone into imbalance mainly because of differences in the
development of the respective planning processes.

5. The central concern of environmental psychology is the investigation of in-
terdependencies of psychical states and processes, and environmental prop-
erties. Therefore, several fundamental models and approaches of this dis-
cipline are directly transferable on the investigation of affective qualities of
architecture.

6. However, research in environmental psychology did not contribute much
to the concrete prediction of affective qualities from architectural proper-



CHAPTER 1. INTRODUCTION

ties. This can be explained by a different perspective focusing on general
psychical models and individual behavior.

7. Perceptual psychology, cognitive sciences as well as simulation and analy-

sis methods based on contemporary computer technique offer a promising
basis for an empirical approach to the experience of architectural space.

Approach.

8.

10.

11.

12.

13.

14.

15.

16.

18

Affective qualities of architecture are an empirically investigable and quan-
tifiable phenomenon.

The primary objective from an applied architectural perspective is the gen-
eration of practically applicable factual knowledge on relations between
concrete architectural properties and affective qualities.

Due to the almost complete lack of respective empirical knowledge, this
objective demands for a fundamental methodological framework for em-
pirical architectural research.

The basic elements of such a framework are a preliminary working defini-
tion, a tentative working model, quantification methods for emotion and
architecture, as well as a practical empirical method that allows the acquisi-
tion of data in a flexible, controlled and reproducible manner.

Despite the widespread opinion that affective qualities cannot be accounted
for in the architectural planning process due to their “subjectivity”, individ-
ual differences in affective responses are not nearly as strong as the conven-
tional wisdom would suggest.

For applied exploratory purposes, basic quantification methods of emo-
tional responses based on introspection do sufficiently well.

The development of a general quantitative description system for architec-
ture is a key issue. Otherwise empirical research is mainly restricted to case
studies.

None of the currently existing description methods is truly comprehen-
sively capable of describing architecture in the experientially and behav-

iorally most relevant dimensions.

Virtual reality simulations are a promising means to integrate advantages of
laboratory experiments (control, flexible design, internal validity) and field
studies (perceptual realism, external validity). Therefore, the can become
the primary method in empirical architectural research.
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1.1. INTRODUCTORY THESES

All existing predictive partial theories on affective qualities can be tenta-
tively related to a few underlying basic mechanisms. Yet the general picture
seems to be indeed heterogenous suggesting multiple functional relations.

Results.
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Basic easily adjustable software parameters offer a considerable general po-
tential to improve spatial perception in VR. This allows a transfer of results
obtained in VR on reality.

The emotional effects of light and color can be widely described by only
three principal experiential dimensions (light - dark, warm - cold, muted -
saturated).

The effective formal variance of standard rectangular indoor spaces may be
already captured by five or less simple linear characteristic values.

The affective qualities of arbitrarily shaped architectural environments can
be well approximated by describing the visual characteristics of single ob-
servation points.

Spatial form and color mainly superimpose each other. If there are interac-
tions at all, they are rather secondary. Generally speaking, to a substantial
degree the experience of architecture is the sum of its parts.

A combination of low-level descriptors predicts affective qualities of archi-
tecture as well as a model based on semantic information. Both techniques
explain statistically more than half of the variance in affective appraisals.

The experience of individual architectural spaces cannot be seen indepen-
dent from their context. Such context effects are however quantifiable as
well.

A description system that aims at covering the major physical factors influ-
encing the affective experience of indoor spaces should include measurands
that somehow capture the overall color tone and intensity, absolute dimen-
sions, space proportions, the degree of complexity, order patterns, and the
openness of the space boundary.

Architectural education and practice can greatly benefit from integrating a
perceptual and psychological perspective. Indeed, this approach has the
potential to become a major architectural paradigm of the 21st century.
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1.2 Problem statement

Architecture has an emotional impact on humans. It is a common experience that
being in a dim and heavy Romanesque church feels quite different from an ordi-
nary office space, which in turn is not the same as sitting in a cozy little restau-
rant. A little bit of contemplation on this, ideally within a suitable suggestive
space, raises many questions. How did the builders reach these particular quali-
ties? Did they do it deliberately, or was it just a side effect of other considerations?
What are the basic constituents of these particular experiences? Do other people
feel similarly here?

While immediate experience raises the truth of the initial statement beyond any
doubt, it is surprising that there is so little explicit knowledge about this fun-
damental property of architecture. At the level of architectural education and
practice, experiential qualities are seldom seen as an objective design criterion,
the liability is ceded entirely to the personal sensitivity of the designer. How-
ever, from a planner’s point of view, it seems natural to ask questions such as
“Will people like this room?”, “If they had the choice, which room would they
prefer?”, or “How will a particular architectural design decision affect people in
that room?”. Since architecture is normally built for humans and their needs, the
central relevance of such questions for architectural practice is clearly obvious.
And once again, it surprises that there is no somehow standardized procedure
on how to integrate these questions in the architectural design process.

On the other hand, widely apart from the official academic world of western
architecture, there is a flourishing subculture that seems to have readily filled
a gap obviously many people experience in contemporary architecture. In re-
cent times, particularly methods and publications using the label of traditional
Chinese Feng Shui have gained considerable public attention. How to respond
to such tendencies addressing apparently widespread needs as a professional or
student within the western academic traditions? Neither common architectural
handbooks cover such topics, at best they recapitulate few, mainly historic, nor-
mative rules on proportions or colors, nor does even detailed literature research
in the related discipline of environmental psychology provide readily accessible
or conclusive answers, a closer look reveals a completely different individual-
centered theoretical perspective, and environment-centered practical questions
are at best marginally covered in exemplary case studies.

Already the earliest preserved tract on Western architecture (Vitruvius Pollio, ca
25 BC) defines the goal of architectural design as equally considering “firmitas”,

“utilitas”, “venustas” (stability, functionality, and beauty). The universal valid-
ity of this dictum has never been seriously doubted over numerous centuries,
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and, even nowadays, most architects probably agree on it. If one regards build-
ings from different ages synopticly, one may get the impression that the weights
between these goals have gradually shifted. Even if one takes cautiously into
account that currently existing buildings from earlier centuries are not a repre-
sentative sample, but were subject to some form of selection process, the overall
impression still remains. If the general design goals did not change fundamen-
tally over times, one has to look for other potential explanations. Indeed, the
methods for reaching stability in buildings have fundamentally changed, there
is no reason to doubt the increased accuracy of contemporary methods. Also
with regard to utility or economic efficiency, the planning processes nowadays
are much more developed and come close to a state of quasi-science. However,
with respect to beauty or aesthetic quality, the design process appears basically
the same as in early times, it is still mainly a matter of intuition. It should not sur-
prise that in present-day decision processes that aim for rationality such vague
factors have fallen behind.

To summarize these initial observations, architectural spaces differ from each
other with respect to certain properties which in German would be termed using
the common word Raumwirkung, and which could be approximately translated in
English as experiential qualities. The phenomenon itself is very common and easily
corroborated by examples, but eludes from first attempts to grasp it easily. De-
spite obvious needs, the consideration of experiential qualities in the discipline
of architecture is at best rather intuitive or normative, systematic or even scien-
tific knowledge appears to be widely missing, and in the practical design and
building process they do not play a decisive or defined role.

Are there any intrinsic reasons for this imbalanced situation? Does it reflect the
actual relevance of experiential qualities? Is the apparent lack of explicit practi-
cally applicable rules just a problem of accessibility, or does it indeed mirror the
state of theoretical and empirical knowledge? Are affective qualities in the end
somehow inappropriate for systematic evaluation? Or has the problem just been
too diverse or somehow incongruous to categories of modern science, so that it
has been, let us say, overlooked?

Since none of these questions were readily answerable, even after several days
of literature and internet research, the impression was nurtured that the main
problem is indeed the wide lack of any well-founded systematic knowledge. This
surprising white spot in the map of knowledge made it even difficult to assess to
what degree findings or concepts from other disciplines such as environmental
psychology are actually related and transferable.
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Based on such observations, the general direction for this dissertation was born,
the wish to somehow contribute to a closure of this gap. Since real-world ques-
tions arising from practical disciplines are best countered by providing a practical
answer, an empirical approach was seen as a suitable means for a practically-
oriented person. The complete vagueness suggested to address the big picture
first. If the overall goal turned out to be too far-reaching, the approach of the
problem as a whole would nevertheless either result in valuable components and
solutions for partial problems or at least render novel insights into the feasibility
and the general character of the problem.

Unfortunately, the academic discipline of architecture itself, commonly situated
between applied engineering, arts, and humanities, widely lacks traditions and
methods to address such questions empirically. Hence, the development of a
suitable empirical methodology grew to a central issue itself. Yet such empiri-
cal methods required some sort of general theoretical framework in order to de-
fine goals and requirements. Therefore, it turned out that content-oriented re-
search, the development of suitable empirical methods, and the conceptualizing
of a coarse theoretical framework could only be done integratively.

1.3 Objective

The previous section has outlined several questions opening a vast field of re-
search. Answering them comprehensively clearly goes beyond the resources of
any single dissertation project. Nevertheless, before a necessary breakdown into
more tractable work packages, it seems reasonable to treat the topic initially as far
as possible as a coherent whole. Therefore, the dissertation aimed at conceptual-
izing a coarse framework as basis for further empirical research in the outlined
field of experiential qualities of architecture.

Due to the exploratory character of this objective in a not yet established field
of research, it seemed appropriate to approach it parallelly from multiple sides,
and therefore to treat the three basic constituents theoretical framework, practi-
cal methodology, and empirical explorations as equally important and mutually
dependent. The individual work packages were seen as follows:

= An exemplary proof of concept, an empirical demonstration of systematic
relations between measurable properties and affective qualities of spaces,
probably by a test of existing normative architectural knowledge.
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= A synoptic overview on the current state of knowledge and related research.
An exploration of concepts and methods from currently unrelated disci-
plines on their potential transferability to the scope of this project.

m A coarse provisional conceptual framework consisting of preliminary def-
initions, delimitations, and a working model that allows structurizing the
overall goals in better tractable subquestions.

» A flexible methodology that allows an empirical test of hypotheses.

» Practically applicable quantitative operationalizations approximating affec-
tive responses.

» The development of generically applicable description systems for architec-
tural spaces that provide comparability and capture relevant properties in
simple quantitative measurands.

m First exploratory studies testing the methodology and the theoretical as-
sumptions, and identifying likely relevant factors that have to be considered
in the description systems.

The author was aware that such manifold goals would inevitably lead to a coarse
patchwork with large chasms. Hence, the strategy was to make use of already ex-
isting methods, findings, and theories of other disciplines whenever possible and
to transfer them on this particular topic. In particular recent developments in
computer-based virtual reality simulation, machine vision, perceptual and cog-
nitive psychology appeared to offer a promising potential to solve foreseeable
methodological sticking points and to contribute to the theoretical framework.

All in all, it was hoped to demonstrate exemplarily, both by the expected find-
ings and by the approach itself, that affective qualities of architecture are a topic
open and worthwhile for empirical research. In the long run this project should
contribute to an improved understanding of experiential qualities of architecture
themselves, and thereby help solving practical architectural problems, but also
potentially contribute to a - not yet existing - biologically or psychologically based
theory of architecture.

1.4 Overview

This section describes the structure of this thesis that might in several aspects be
different from others. On the one hand, the text gives an overview on the practical
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Figure 1.1: Graphical illustration of the structure of the dissertation.

empirical work that was done as central part of the dissertation project, but, as
already indicated, the general conceptual design of the written thesis is fairly
autonomous. In several aspects it resembles more a textbook, and in fact the
author chose as a guideline to write the book “he would have liked to read about
his topic”. Thus, a stronger emphasis was put on the collection and synoptic
report of related findings and concepts, and the book is also a summary of the
current state of knowledge as basis for future research. The text is organized in
thematic chapters, that themselves consists of sections that address single basic
questions.

» This chapter outlines the context of the problem and explains and rational-
izes the general approach of comparing physical properties with affective
qualities of architectural space. Additionally, an overview on the thesis as a
whole and its constituent parts is given.

» In the following Chapter 2, the main concept of affective qualities of archi-
tectural spaces is approached from several directions, its psychological and
architectural background is reviewed. On these fundamentals a preliminary
working definition is given, the topic is provisionally delimited, and a pre-
liminary framework model is conceptualized. Furthermore, an overview is
given on related concepts, theories, and findings.

The next three chapters are concerned with general methodological prerequisites
for empirical investigations focusing on the chosen topic. Both affective experi-
ence and spatial properties have to be quantitatively described. Additionally, an
experimental method is needed that provides reproducible and valid data.

» Chapter 3 discusses the issues of measuring and quantitatively describing
the psychological aspect of affective qualities. Also questions concerning
individual differences are touched.
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» In Chapter 4, methods to describe architectural space are presented and dis-
cussed. Analogous to emotions in Chapter 3, it is aimed to describe architec-
tural properties in a few generic meaningful quantitative dimensions. For
this purpose several systems originating from architectural analysis seem
useful, but equally current models from perceptual and cognitive psychol-
ogy offer a potential to link both sides in a biologically plausible manner.

» Chapter 5 discusses the problem of bringing architectural space and experi-
ence together in controlled laboratory experiments. Particularly the prereq-
uisites and potential of virtual reality simulations are considered.

The subsequent part regards the relation between the two constituents of affective
qualities of spaces, the emotional and environmental side.

» Chapter 6 reviews the state of knowledge concerning relations between
physical properties and affective qualities of architectural space. Both theo-
ries and empirical findings are reported.

m Based on these fundamentals developed in the Chapters 3, 4, and 5, in
Chapter 7 as central part of the dissertation four empirical studies are pre-
sented that tentatively explore relations between different description sys-
tems and affective qualities covering a wide range of architectural design
aspects.

» The following Chapter 8 comparatively analyzes the previous studies and
discusses derivable general predications. Based on the empirical findings
and their interpretation, the initial provisional framework is updated and
refined.

In the final Chapter 9, the approach and the main outcomes are summarized,
and the practical consequences of the empirical findings for several disciplines
are discussed. Furthermore, a prospect is given on proposed directions of future
research.

Since the chosen topic is situated between several disciplines, the written disser-
tation aims to address a diverse readership. A reader who is mainly interested in
the scientific experiments and empirical findings that were the main part of the
the practical work can concentrate on

» Section 2.6 that defines and delimits the core concept “affective qualities of
spaces”.
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m Sections 5.4, 5.5.1, 5.5.2 describe the the practical consequences resulting
from the methodological approach based on virtual reality simulations

m Chapters 7 and 8 present and discuss the main exploratory studies on rela-
tions between measurable factors and affective qualities of spaces.

The theoretical framework - as incomplete as it is - is developed in the Chapters
2 and 8.
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Chapter 2

What are affective qualities of
architecture?

2.1 Introduction - the need of preliminary working

definitions

A central aspect of empirical research is the testing of hypotheses. That means,
an assumption is provisionally taking as a matter of fact, from this construct pre-
dictions are derived, the predictions are compared to reality, and the hypothesis
is either approved, rejected, or updated. When exploring a novel direction of
research, a basis for single hypotheses may be missing. Then several basic con-
stituents have to be defined as well as a basic framework of their interplay. From
this provisional basis, empirically testable hypotheses can be derived. Obviously,
such a tentative initial framework is built on unstable ground. In the case of af-
fective qualities, fortunately, preliminary fundamentals can be derived from var-
ious disciplines. Therefore, already existing related concepts are reviewed first.
Additionally, an introductory survey (Section 2.4) collected terms suitable for ex-
pressing experiential qualities of spaces in colloquial language. Based on these
fundamentals, the main concept of affective qualities is defined. Furthermore, a
preliminary framework of contributing factors is introduced, primarily as basis
for the following exploratory studies. Finally, further central concepts (space, ar-
chitecture, environment) are briefly introduced and their specific conception for
this project explained.



CHAPTER 2. WHAT ARE AFFECTIVE QUALITIES OF ARCHITECTURE?

2.2 Approaches from architecture

The first books on architecture by far precede any beginnings of psychology as a
distinct discipline, in fact the roots of architectural traditions reach much further
back even in prehistoric and pre-architectural times (Canter, 2001). Consequently,
early conceptions that have been partially preserved in normative architectural
knowledge widely differ from more recent views at the surface level, but a closer
look reveals that they are closely related to the scope of this essay. Phenomena
that according to a modern view tend to be rather localized within the psyche of
an individual, used to be conceived as “out there”, as an objective integral part of
the outside world.

Basic architectural categories. According to the theories of Canter (2001) and
Valena (1994), one origin of the human interest in carefully designing architec-
tural space has evolved from the experience of natural places. In all archaic cul-
tures certain natural locations were perceived as distinctive from others, often as a
place of some inherent power. Places having this very distinctive and suggestive
sacred atmosphere (an almost personal genius loci) were initially marked by phys-
ical objects, later on these corporeal marks were replaced or complemented by a
surrounding demarcation, finally the demarcation was extended and transformed
into a secluded space, and the initially place-related experiential phenomenon was
transferred on the building. Hence, basic for the act of creating architecture was
the deliberate division of space and the corresponding attribution of meaning (in
this case sacral-profane). Evidence for the outlined progressive transformation of
a special natural place into a building has been provided by numerous archeo-
logical excavations at sacral building sites (e.g., see Valena, 1994).

The second basic differentiation into private inside and public outside space is
seen as a close parallel to the sacral-profane distinction, because both private
and sacral spaces often shared the same constituent elements and were subject
to similar behavioral codes (Bollnow, 1963). Section 2.5 will show that these fun-
damental distinctions have partial correspondents in current models of affective
experience of the environment. Thus, all three basic categories - private, public,
sacral - of architectural space can be seen as early concepts closely related to the
phenomenon of affective qualities.

Beauty. Also the second classic phenomenon related to affective qualities does
not completely fit into modern categories of inner states and an external world.
In the oldest existing textbook of western architecture (Vitruvius Pollio, ca 25
BC) beauty (“venustas”) is mentioned as an architectural aim equal to stability
and utility. Prerequisites for beauty are “elegant parts” and their “right propor-
tion”. This text became the base of the classic tradition of architectural literature
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with Alberti (1485) and Palladio (1570) as the most prominent successors. Beauty
is seen as an objective property open to direct perception, but at the same time
ideas from Plato and Aristotle are echoed in that the right intermediate measure
reflects cosmological principles. The phenomenon of beauty has always been a
central topic of philosophical discourses!, leading to the independent discipline
of aesthetics. Besides the concepts of immediate perceptual evidence and cos-
mological reasons (also prevalent in non-European architectural systems such
as Chinese Feng Shui or Indian Vashtu, cf. Section 2.8), the standpoint of pure
subjectivism (beauty is mainly in the eye of the beholder, cf., e.g., Piecha, 2004)
and Neo-Platonic conceptions shall be mentioned. Mainly influenced by Plotinus
and Augustinus, applied idealistic aesthetics sees aesthetic value in a consequent
material realization of an initially abstract idea. This point of view plays an im-
portant role particularly in architectural design education and debate. Hence,
architectural presentations often place emphasis in the idea and the process of
design, and only to a lesser degree in the final result.

The core concept of affective qualities that will be defined later in Section 2.6
will integrate central aspects of beauty in the sense of “perceptual valence”, as
immediate emotional response mainly to the visual qualities of a stimulus. In
contrast to that, aesthetic quality is seen as a deliberate or cognitive response to
the formal qualities of a stimulus in accordance with an (internalized) aesthetic
evaluation code. The author is aware that there is literature where these terms
are used almost vice-versa (e.g., Cold, 2001, pp. 11-16), yet to his view the given
distinction is more suitable, since it reflects better the use of beauty in normal
language, while aesthetics is mainly a subject of scholar debates.

Place and non-place. Inrecent architectural debates the oppositional categories
of places and non-places have become popular. For example, Anthony Vidler
(1992) or Marc Augé (1994) describe the growing sense of homelessness in anony-
mous, flowing, passage-like spaces that have long since ousted the sheltering
quality of traditional built environments. On the one hand, particularly the forms
of deconstructivist architecture are seen to express or elicit these feelings. Yet on
the other hand, one can also see this as a reflection of ideas and experiences par-
allel to Heidegger (1927, see next section), and locate its causes to a lesser degree
in certain architectural languages, but rather in the lost ability of modern hu-
man beings to develop strong personal relations to certain points in space, as
expressed in the word “place”. The concept of place itself (cf. e.g., Manzo, 2003)
puts particular emphasis on personal anecdotal, historical, symbolical, or refer-
ential meaning as sources of the emotional quality. The physical delimitation of

!Philosophical positions of this paragraph mainly based on Vorldnder (1990a) and Vorlander
(1990b).
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a place can be rather vague, it is more a mental reference than a space. Although
factors related to the concept of place can heavily influence the affective and ex-
periential qualities of a particular space, they are explicitly not within the scope
of this project. As regards the framework of factors to be introduced in Section
2.7, the concept of place can be seen as a superordinate term for a group of indi-
vidual factors that arise from the identity, not from the physical properties of a
spatial situation.

2.3 Positions from phenomenology

In his magnum opus “Time and Being” (“Sein und Zeit”), Heidegger (1927) iden-
tifies spatiality (“Raumlichkeit”) as the basic disposition of human existence be-
sides temporality. All experience and behavior is inevitably related to a spatial
surrounding. Space is more than an idealized category of experience, it is a pre-
supposition of existence and life. Mathematical space is a secondary derived ide-
alization of intellectual aspects of life space. The relation of consciousness to the
environment is completely intentional, space is the medium for actions. Despite
this closest possible relation, at least the modern human being initially experi-
ences its relation to the material world as being thrown into (“Geworfen-sein”),
which implicates feelings of carelessness and needlessness. In contrast to this fun-
damental experience of being thrown into, in the essay “Bauen Wohnen Denken”
Heidegger (1954) postulates the necessity of dwelling in space. Dwelling has to
be learned and done as an active process, but finally allows the development of
a positive attitude towards the world and one’s own existence in it. This philo-
sophical framework appears to be suitable for explaining individual place-related
emotional responses as mentioned in the previous section, in particular with rel-
evance to the home, but does not help much to understand the influences of par-
ticular physical structures.

In addition to this, the introduction of moods (“Stimmungen”) into philosophy
that substantially overlap with the concept of affective qualities can also be traced
back to Heidegger (1927, p. 134). Moods phenomenologically precede the divi-
sion into objects and subject. For the individual they neither reside inside nor
outside of oneself, but are a constituent of the relation to one’s environment.
Bollnow (1963, pp. 230) particularly discusses the environment related aspect of
moods and introduces the concept of tempered space (“gestimmter Raum”). He
emphasizes the possible mutual influences of the introspective personal mood on
the experienced atmosphere of an environment and vice versa. Furthermore, he
stresses the importance of the size of available space and of colors for the emo-
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tional experience of rooms. Emotional psychology makes use of the concept of
moods as well. Russell & Snodgrass (1987) use the term to denote the internal
emotional state at a given time (see Section 2.5 on page 38).

2.4 An operational definition

Introduction. The experience of architectural space is not only a matter of scholar
concepts, but initially something that occurs in the everyday life of normal peo-
ple. Language, as a reflection of inner thoughts and states, does not depend on a
priori definitions, the meaning and conception of terms arises from their practi-
cal use. Therefore, instead of directly seeking explicit definitions, a collection of
statements of attributed experiential qualities seems to be a suitable way to gain a
coarse overview of the bandwidth of the topic as understood by a larger quantity
of people. For this reason an introductory survey on terms to describe the feeling
of architectural space was conducted (cf. Franz et al., 2002).

Method. In this informal survey, 24 participants were asked to brainstorm on
terms suitable to describe the character of architectural spaces. For a first group
(n=18), 20 slides showing a variety of architectural spaces were presented as stim-
uli, but subjects were explicitly advised not to adhere to these examples. In an-
other group (n=6), the same pictures were shown via the internet. Subjects were
allowed to mix their answers freely in German or English. In the analysis the
terms were collected, loosely sorted, subjectively categorized and counted to gain
a coarse overview of the most common and potentially more important concepts.

Results. The total number of mentioned different adjectives was 93, and 94 dif-
ferent terms for evaluation criteria were referred. Table 2.1 gives an overview on
the most mentioned categories and adjectives. A first subjective very cautious
grouping resulted in 34 different categories that were later further subsumed to
about 15-20 more distinct dimensions. There were no apparent differences be-
tween the two groups of subjects. Most subjects used a remarkably similar set of
terms. However, a minority of subjects (n=2) used a noticeable different language
making particularly use of complex analogies.

In a further interpretative analytical step, two different superordinate groups of
terms and categories were identified. One could be termed denotative adjectives
(e.g., “bright”, “large”), mainly referring to physical features of the scenes, the
other could be labelled connotative adjectives mostly conveying emotional mean-
ings (e.g., “pleasant”). But there were also transitional terms, combining emo-
tional and descriptive qualities (e.g., “gloomy”).
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Most mentioned categories n
favor, disinclination Zuneigung, Abneigung 33
dimensions, proportions Dimensionen 28
rate of enclosure, transparency Umschlossenheit 26
form Form 25
level of detail, structure Strukturierung 23
brightness, color Helligkeit, Farbe 20
warm, cold Warme, Kalte 19
naturalness Natiirlichkeit 16
style Stil 12
Most mentioned adjectives n
cool, cold kiihl, kalt 10
warm warm 9
open offen 9
bright, sunny hell 8
dark, gloomy dunkel 8
cozy, homey, comfortable gemiitlich 8
friendly, pleasant, cheerful freundlich, gefallig 7
scaring, menacing, intimidating beangstigend 7
sterile, clean steril, sauber 6

Table 2.1: The most mentioned adjectives and adjective categories of the introductory ques-
tionnaire characterizing architectural spaces.

32



2.4. AN OPERATIONAL DEFINITION

Besides the existence of multiple descriptions of spaces at the same time in several
scales, there was also a tendency to characterize certain indoor spaces by only one
obviously unusual (mostly physical) feature. For example, some spaces were just
labeled as a long, a dark or a narrow room. It seems that any physical quality can
become a prevalent feature entirely dominating the experience of a room.

Related studies. Kasmar (1970) undertook comprehensive efforts to establish a
lexicon of generally applicable environmental descriptors. Starting with a collec-
tion of 500 bipolar pairs of environmental descriptor adjectives, a final set of 66
dimensions was selected in various steps by criteria such as general understand-
ability and appropriateness, unimodal distribution, and the absence of gender
differences. Similarly, Hershberger & Cass (1988) conducted a more formal yet
similar study and came up with 10 primary and 10 secondary dimensions of “ar-
chitectural meaning”, represented by pairs of opposite adjectives.

Generally, the findings of all reported studies correspond well to each other,
smaller numbers of dimensions are mainly subsets of the larger ones. The differ-
ences seem to be caused on the one hand by different levels of comprehensiveness
of the studies. On the other hand, Hershberger & Cass (1988) systematically eval-
uated interrelations using factor analysis, allowing them to reduce the number of
actually different categories further.

Discussion. On the introspective level, emotional aspects seem to be an impor-
tant part of the human experience of spaces. Interestingly, “subjective” emotional
attributes were used the same way as more “objective” physical attributes, they
seem to be equally conceived as characteristics. One could interpret this attri-
bution as an implicit assumption of a certain intersubjectivity of experience, the
emotional quality is assumed to be “out there”. Yet one has to take into account
that the results are not necessarily actual emotional responses, but their intro-
spective conception. Likewise, the number of mentions of one term is mainly an
indicator for its apparentness, it is only a hypothesis to assume a further corre-
lation with importance. Furthermore, the terms presumably particularly include
(possibly cultural-dependent) commonplaces that have found a definitive form
of expression in language. This language dependency became particularly appar-
ent when trying to translate and group English and German adjectives together.
It was not possible to find direct correspondents for every term, sometimes they
had to be either paraphrased quite cumbersomely, or translated by terms which
obviously had different connotations, suggesting that the underlying concepts
might also differ.

The use of adjectives denoting both physical and emotional qualities may be in-
terpreted as reflecting naive or intuitive explanations, the actual relations can be
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quite different. On the other hand, these connections can be seen as common hy-
potheses and seem to be a suitable starting point for further empirical research.

Altogether, the analysis of language suggests that the dimensions of architectural
perception and introspective experience are quite similar between humans. To
what degree they also share specific experiences is subject of the later Sections 3.3
and 3.4.

2.5 Related psychological concepts

One interpretative result of the operational approach presented above was the
identification of a few superordinate categories for the characterization of spaces
in colloquial language. These subjective categories are similar to certain concepts
of psychology and linguistics that appear very useful for a better comprehension
and definition of the general phenomenon.

Denotative and connotative properties. = The term denotative originates from
the discipline of linguistics and signifies words that primarily convey a represen-
tational main content, while its opposite connotative comprises secondary asso-
ciative meanings. For the purpose of the initial survey the term has been intro-
duced to summarize terms that seemed directly related to certain specifiable and
measurable physical properties of a spatial situation as a whole. These character-
izations seem basically transferable on all rooms, yet their quantitative proper-
ties differ between individual rooms. From this perspective, one could conceive
many of these terms as cognitive interpretations or qualitative expressions of per-
cepts as relative measurements. Hence, this subgroup of terms may also be called
perceptual properties.

In this context it has to be considered that perception is not just a passive re-
ception of environmental stimuli, but an active constructive process of informa-
tion pick-up and integration, thus perceptual properties are only correlated and
elicited by physical properties and not necessarily direct correspondents. Fur-
thermore, they are subject to changing environmental conditions and individual
differences. This volatileness is captured in the term appearance, denoting the
current elusive perception of features. Unfortunately in German the same aspect
is again often translated with “Wirkung”?.

The relations between physical and perceptual properties is the topic of an inde-
pendent subdivision of experimental psychology that is called psychophysics. Its
methods are briefly reviewed in Section 3.5.2.

2e.g., “Dieser Raum wirkt grofler als der andere”. In contexts that deal with both experience
and appearance, it seems reasonable to prefer the verb “erscheinen”.
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Collative properties. Besides denotative adjectives that can be more or less con-
cisely ascribed to particular physical features, there is a second discriminable
group of words intuitively related to physics that characterize environments as
a whole, but cannot be related to simply specifiable features, for example order
and complexity. Going back to Berlyne (1960, 1972) and Wohlwill (1976), these
so called collative properties (i.e. properties of comparison) have been defined
as structural properties of a stimulus array. Collative properties have been suc-
cessfully used as predictor variables for aesthetic and emotional response, and so
they are a basis for several specific hypotheses (see Chapter 6). While the intro-
spective assessment of collative properties is relatively easy, it is generally seen
as difficult to directly derive them from real stimuli. There are several reasons
for that, the main reason is probably that structural analysis and decomposition
are in no way unambiguous. Furthermore, the definitions and delimitations of
the terms complexity, diversity, entropy, legibility, clarity, coherence, simplicity,
chaos, disorder, and order are rather vague or idiosyncratic. All these concepts
seem to be to some degree related or contrary. And different authors apparently
use different implicit concepts.

For example entropy, originally introduced as measure of physical disorder, has
been transfered on information by Shannon (1948) and denotes the average amount
information content within an information stream. Also the boundary value of
maximum information density, the complete lack of redundancy has been called
the state of entropy. This liminal state has also been called “Kolmogorov complex-
ity”, defined as the minimal amount of information to describe a system (Chaitin,
1970). Yet complexity, as the most popular yet obfuscated term has also been used
to denote certain aspects of order (higher level order or structural complexity, cf.
Adami, 2002).

When trying to summarize the different notions and definitions, one can do a
journey from one overlapping term to another, and finally returning to the start-
ing point. It seems that together they form a circular collative space, whose two
main dimensions can be arbitrarily chosen from given oppositional pairs that
themselves do not carry any overlapping meaning. It is tempting just to abstain
from any further statement, yet since the topic recurs several times, Figure 2.1
tries to give an integrative overview that fits best to the author’s current prelimi-
nary conception.

Emotion / affect. The group of terms of Section 2.4 that was called connota-
tive is mainly characterized by carrying emotional content. Emotion or synony-
mously affect is an extremely complex and still incompletely understood psy-
chical phenomenon that is very central for human beings and probably also for
most other vertebrates. All currently existing theories and models still claim to
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Figure 2.1: Working scheme for the relations between collative dimensions.

explain only partial aspects. One reason for that is that emotions in humans cross
an epistemological border line and a philosophical main problem of psychology,
the relation between introspective experience and its neurophysiological corre-
late. Emotions normally have physiological and introspective aspects. However,
unfortunately both sides are only moderately correlated (Russell & Snodgrass,
1987), at least according to the current very incomplete state of knowledge, and
it is a matter of ongoing philosophical debates whether it is theoretically possi-
ble to satisfyingly close this gap at all. Also the neuropsychology of emotions
claims to be in an “infantile” state (Mlot, 1998) and could up to now only con-
tribute to partial aspects. Hence, current models are mainly based on classical
behavioral or clinical psychology, even if they focus particularly on the neuro-
physiological basis (cf. e.g., Damasio, 1997, 1999). So, it has to be clearly stated
that, although further chapters will briefly use the terms emotion and affect, the
actually used operationalizations are only a preliminary approximation to the
real phenomenon.

One undisputed property of emotion is that it is a multi-dimensional phenomen-
on. Yet the numbers, names and relations of the dimensions differ from model to
model. Early concepts described a bunch of relatively independent distinct emo-
tions like anger, fear, excitement, or happiness. In contrast to that, system the-
oretic attempts integrate individual emotions in general emotional dimensions.
For example, the Ziircher Model, (cf. Bischof, 1993; Schneider, 2001) uses three
dimensions as inner integration variables of conceptual sensori-motor interaction
loops; further emotions are basically seen as phenomenally distinct expressions
of their interactions (see for example Stamps, 2000, p. 83). While at least their
emergence in conscious experience can be speculatively explained as basis for
complex cognitive coping strategies (cf. Schneider, 2001), no theory explains their
particular feel.
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If one compares several models of emotions (e.g., in Fisher, Bell, & Baum, 1984),
despite their general sketchiness substantial correspondences are clearly appar-
ent. Hence, for applied empirical investigations that do not particularly focus
on the essence of emotion itself, there seems to exist a certain freedom of choice.
Therefore, the following section will introduce one model a little bit in more de-
tail. It was chosen as working basis for this dissertation project due to its simplic-
ity and widespread use.

Systematic investigations in attitude research (Osgood, Suci, & Tannenbaum, 1957;
Heise, 1970) revealed that emotional verbal evaluations contain three principal
components that were termed evaluation, potency, and activity. Later Mehrabian
& Russell (1974) developed a corresponding system to describe inner emotional
states that used the dimensions pleasure, arousal, and dominance. This simple
PAD model turned out to be generally suitable and soon became widely-used
particularly in many applied environmental or architectural psychology studies.

The primary emotional dimension pleasure can be seen as correspondent to the
earlier psychological concept of valence (e.g., in the model of Lewin, 1982, cf. Sec-
tion 6.4.1). The latter term etymologically implicates that positive or negative
responses can be related to underlying values which should not be understood
ethically but as subjective action goals of an organism or as evaluations of the
likely impact on the general well-being of an organism. Indeed, this assumed
connection appears suitable to explain phenomena like unstable or bimodal re-
sponses: Since an organism most naturally has a couple of partially concurring
needs and values, the same stimulus might be evaluated according to several
scales. Therefore, in comparison to the other dimensions, stronger differences
concerning valence within and between individuals are probable over time and
context. The second dimension arousal is defined as a general unspecific level of
activation and can be experienced as interest or excitement. It has the strongest
physiological correlates, for example in the pulse rate (cf. Section 3.2). The third
component dominance captures the feel of autonomy, subjective freedom or self-
determination (cf. Section 2.2, architectural categories public-private). With re-
spect of actions or situations it describes the level of control or the experienced
availability of alternative choices. As regards objects, places, or architectural
spaces, one could conceive dominance as their presence, their potential to draw
attention upon them and thereby induce specific behavior (cf. Section 2.2, ar-
chitectural categories sacral-private). Later investigations cast some doubts on
the general relevance of dominance as affective dimension (Russell & Snodgrass,
1987), but at least the factors valence and arousal appear to be stable common de-
nominators for describing emotion in general. Stamps (2000, p. 81) recapitulates
several studies in a meta-analysis, and gets to the results that the primary factor
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valence accounted on average for 36% of the variance, the arousal factor about
15%, and the dominance dimension for 9%. Hence, a differentiation according
to their relevance can be justified. Finally, it shall be stated that, despite their
(conceptual) linear independence, the density of the three-dimensional emotional
space is not uniform. For example, in real world situations an introspective differ-
entiation between arousal and dominance is sometimes difficult. Under certain
situational circumstances reliable prognoses on one dimension can be done based
on others (see Section 6.4.3). Likewise, the presented preferred model is just one
possible alternative. Other models that are based on rotated axes can claim the
same validity (e.g., Lang’s activation and interaction dimensions as alternatives
to arousal and dominance, cf. Richter, 2004, p. 51).

In addition to the division into few content dimensions, Russell & Snodgrass
(1987) introduced some useful clarifying distinctions of different phenomena sub-
sumed as emotions: They defined emotional episodes as “classical” intensive emo-
tions like anger or fear. Their characteristics are a correspondence of introspec-
tive experience, attributed reasons, and physiological symptoms. Furthermore,
the term mood has been used to denote any current emotional state at a given
moment in time. Finally, affective appraisals are attributed emotional qualities or
cognitions about possible place-elicited emotions. Since affective appraisals are
mainly introspective phenomena, they are not necessarily accompanied by fur-
ther for example physiological symptoms. They are supposed to be particularly
relevant for planning, decision making, and action. The distinction between emo-
tional state and attributed affective appraisals can be expressed by distinguishing
between pleasure and pleasingness, respectively arousal and arousingness. For
dominance, an analogous word pair expressing this difference is unfortunately

missing.

At the end of this section, it shall be mentioned that operational psychological
concepts such as perception, emotional experience, or cognition are not indepen-
dent modules, distinct sequential steps or working modes of the human brain. In
fact perception, cognition, and affective evaluation are seen as parallel processes
(Damasio, 1997) that depend on each other and exert mutual or unidirectional
influences (Meier, Robinson, & Clore, 2004). In theories and practical research it
has been proven to be useful to break down conceptually the complex psychical
system into better manageable but still very broad divisions. For real world phe-
nomena, the artificiality of such an operationalization becomes only sometimes
clearly apparent, but should be always considered.
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2.6. PRELIMINARY WORKING DEFINITION

2.6 Preliminary working definition

Based on the briefly introduced fundamentals above, a working concept of the
central phenomenon affective qualities which could be matched based using the
German word “Raumwirkung” shall be defined. To begin with, it can be de-
marcated as a psychic phenomenon induced by and directed towards the envi-
ronment. Due to this bidirectional character linking the individual to its envi-
ronment, it may phenomenologically appear both as mental phenomenon and as
property of the outside world.

As apparent in everyday language, two related yet distinguishable central as-
pects shall be discerned: The general comparative and the emotional. The former
seems to be directly reflected in generic dimensions of introspective comparison
and characterization. Table 2.2 systematizes the observations of Section 2.4 and
integrates them with psychological concepts reviewed in the previous section.
This more general comparative aspect shall be termed experiential qualities of en-
vironments. However, within these more general experiential qualities there is a
central emotional core that henceforth is termed affective qualities of environments.
For practical reasons they are provisionally equated to the three emotional main
dimensions of the PAD model. Affective qualities are again a superordinate con-
cept for two distinct aspects of emotion: On the one hand, they become apparent
as already highly integrated immediate emotional evaluative responses to a stim-
ulus, on the other hand they also comprise the prevalent mood-altering capacity of
an environment (Russell & Snodgrass, 1987) that may not be introspectively ac-
cessible. The introspective partial aspect can also be termed as affective experience.
Both aspects may differ significantly, but for practical reasons the following ex-
ploratory empirical studies will treat them as basically identical.

As implied in the term environment, the described phenomena are not restricted
to human-built architecture, but are general for the outside world. Yet for the
scope of this dissertation, the focus will be on architectural spaces. The terms
are explicated further in Section 2.9. A further characteristic is expressed by the
use of the word “quality”, which implicates a statement about their temporal and
over-individual stability. In Section 3.3 it will be discussed to what degree this
assertion is appropriate.

2.7 A preliminary framework model

The overall aim of this dissertation is to contribute to the systematic investigation
of relations between physical properties and affective qualities of architecture.
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dimension

affective qualities

English adjective |

English adjective Il

German adjective |

German adjective Il

pleasingness pleasant unpleasant angenehm unangenehm
beautiful ugly schén hasslich
arousingness arousing calming anregend beruhigend
interesting boring interessant langweilig
dominance formal unformal formell informell
strict loose streng locker
tensed relaxed angespannt entspannt
controlled in control fremdbestimmt selbstbestimmt
collative properties
novelty novel familiar neuartig vertraut
unusual normal ungewohnlich normal
order ordered orderless geordnet ungeordnet
coherent incoherent koharent zusammenhanglos
clear unclear ubersichtlich unubersichtlich
complexity complex simple komplex einfach
diverse uniform vielfaltig einheitlich
ornate plain tiberladen schlicht
denotative properties
spaciousness spacious narrow weit eng
brightness bright dark hell dunkel
openness open enclosed offen geschlossen
naturalness natural artificial natiirlich unnatiirlich

Table 2.2: A selection of main dimensions of architectural experience represented by pairs of
opposite adjectives.
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: o

architectural stimulus P affective response
affective qualities '

Figure 2.2: lllustration of a most basic conceptual relation between architectural properties
and affective qualities.

That means, recurring patterns between a varied architectural stimulus and an
overall trend in corresponding affective responses shall become quantitatively
describable. If one takes it for granted that there actually are systematic relations,
the simplest conceptual relation could be illustrated graphically as in Figure 2.2.
This heavily simplifying potential working concept describes basically a simple
stimulus-response relation that leaves however a certain openness due to the not
completely defined role of the observer. An important aspect of the introduction
of an observer is the implication of a relevance of the current sensory horizon. It
approximates the classic paradigm of Lewin (1982, see Section 6.4.1). In analogy
to Lewin’s model, this basic relation could be formulated as follows:

aﬁeCtive response = f(person, environment) (21)

Given that the function and the inner state of the person were stable over time,
a comparison of systematically varied stimuli and the corresponding affective
responses would, a sufficient number of trials provided, allow the determination
the inner variables and their functional relation.

Yet practically seen, this model has severe weaknesses: The entities person and
environment are much too comprehensive to be used as basic constituents, and
also the temporal stability of function and of the inner variables do not comply
with reality. In order to arrive at tractable sizes, both a more differentiated model
is required as well as a method to eliminate or consider partial terms and vari-
ables. The following formula illustrates a proposed slightly more differentiated
and more flexible framework:

affective response

(2.2)

- f(predisposition, action context, cognitive context, perceptual properties, perceptual context, noise)
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Both entities have been broken up and rearranged. The person is replaced by the
factors individual predisposition, action, cognitive context, and the integration of
perception; environment reappears as perceptual properties and context. Several
aspects that the initial model included as not further specified inner variables are
now explicitly considered by introducing the concept of contexts. Contexts allow
the integration of environmental properties beyond the current sensory horizon
as well as of definable psychical states such as action. Furthermore, they allow at
least a conceptual integration of temporal aspects of perception and experience.
Contexts can either be explicitly considered or excluded from a concrete study by
setting them constant. The prerequisites for the latter operation are presented in
Section 3.5 and Chapter 5. If these operations are applied, only predisposition,
perceptual properties, and noise are left as open terms in the framework formula.
Individual predispositions offer a convenient way to integrate observer-related
factors that cannot be derived from the current contexts or percepts, but appear
reasonable to explain individual patterns in the responses. The following Chap-
ter 3 will discuss the method of averaging many individual responses before en-
tering them into the actual correlation analysis in order to widely eliminate the
influences of individual predisposition and random noise, leaving solely percep-
tual properties as main term for the comparative analysis.

Although perceptual properties, or better to say architectural properties within
a given sensory horizon, are much more constricted and better definable than
the initial term environment, they nevertheless cover a wide range of potentially
relevant factors. A further factor reduction for a particular study can be accom-
plished by again setting most perceptual properties constant. Additionally, a
further structurizing framework for perceptual factors of architecture would be
helpful. One basis for such a framework could be the use of the concept of ar-
chitectural design aspects. Using a typical strategy of problem solving (Bertel,
Freksa, & Vrachliotis, 2004), most textbooks on architectural design (e.g., Krier,
1989; Ching, 1996) describe the multi-dimensional issue of architectural design
by breaking it down into a limited number of to some degree independent partial
problems. The following list gives an overview on typical design aspects deriv-
able from the literature:

position and rough shaping of the building with respect to its context

spatial form and configuration

spatial dimensions and proportions

composition of architectural elements
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» form and size of openings
» surface qualities: material and color
s illumination

detailing

furnishing

The concept of design aspects implicates that individual factors within a group
are closely related and therefore best considered integratively during design and
probably as well in factor-analytic studies. Vice versa, design aspects are widely
independent from factors belonging to other groups. While it has to be clearly
stated that the outlined framework of individual design aspects is very provi-
sional, and clear delimitations between design aspects are in reality widely artifi-
cial, it offers at least a not completely idiosyncratic working scheme for a division
of the topic into manageable entities. Additionally, the general concept may get
some support by the assumption that such a categorization may reflect a way of
thinking on or analyzing architecture that is shared by a majority of individuals
(cf. Section 2.4). In this case the categories could have correspondences in the
representation of architecture in the human mind.

In sum, although the outlined provisional framework model is also a coarse sim-
plification, it nevertheless appears of much more practical value in its conse-
quences than earlier concepts. While its basic elements are mainly constructs,
it nevertheless allows an individual exploration of single factors or factor classes
according to a specifiable basis, given that further partial terms can be success-
fully held constant. Therefore, the framework has several strong implications on
the raising of behavioral and environmental data, which will be subject of Chap-
ters 3 to 5, and on actual experimental design (Chapter 7). This experimental part
will also allow an appraisal of the conclusiveness of this framework which will
be discussed in Section 8.4.

2.8 Effects of affective qualities and their relevance

While traditional systems such as Chinese Feng Shui or Indian Vashtu Shastra
take for granted that the built environment has a holistic and strong influence
on the individual life as well as on whole societies, contemporary statements un-
fortunately seem to be rather a matter of standpoint than based on more stable
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grounds. The breadth of respective opinions is large. They extend from basi-
cally irrelevant, as implicitly expressed in “subjectivity”, over mainly a matter
of luxury (cf. the research of Kowaltowski, Mikami, Pina, Gomes Silva, Labaki,
Ruschel, & de Carvalho Moreira, 2004, on wants of poor people in Brazil), to a
basic factor of general human well-being and health (Cold, 2001; Ulrich, 1984).
While a thorough review and discussion would by far exceed the scope of this
dissertation, at least a few findings and references shall be mentioned briefly.

Generally, it is assumed that there is more than one underlying functional mech-
anism that might be influenced by affective qualities. Yet even the relevance of
emotions itself is still also a question of debate. Opinions range from trigger-
ing atavistic archaic behavior, over the basic guidance of attention and learning
(Isen, Daubman, & Nowicki, 1987; Kaplan, 1988b), to “the basic principle of cog-
nition” (Panksepp, 1998). Regarding the relevance of introspectively experienced
emotions and affective appraisals, Russell & Snodgrass (1987) stress their partic-
ular importance on long-term decision making. In addition, direct physiological,
particularly long-term effects have been hypothesized. At least for some factors
such as colors that are highly correlated with affective responses (cf. Section 3.2)
directly measurable physiological effects have been reported (Kiiller, 2001). Fur-
thermore, direct effects on spatial and social behavior have been demonstrated
empirically and described as behavioral settings (Barker, 1968).

Also potential indirect effects due to social moderation shall be mentioned. Since
affective qualities of architecture are likely to be associated with the inhabitants
or users, effects on self esteem or on images formed on them by others have been
assumed. Locasso (1988) interprets the outcomes of his replication of the seminal
environmental aesthetics study by Maslow & Mintz (1956) in this way.

Finally, in industrial psychology the potential positive or negative influence of
spatial forms on the quality and efficiency of working environments has at least
been considered. Yet, unfortunately, investigations of the effects of work place
design concentrated primarily on direct ergonomics and social structures (Friel-
ing, 1989), and comparative long-term studies have not been carried out. Hence,
design guide lines generally remain vague and do not go beyond lighting lev-
els or color recommendations (Nemcsics, 1993). Quantitative studies can at least
be found in the domain of restaurant design psychology. Robson (2002) reports
restaurant seating preferences and effects of seating locations and found signifi-
cant effects of architectural features on the duration of stay.

All in all, as regards the relevance of affective qualities, open questions clearly
exceed the body of empirically backed knowledge. Although comprehensive
studies are still missing, the majority of single findings clearly supports the as-
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sumption that affective qualities are a relevant dimension of environments and,
thus, architectural design.

2.9 Definitions of further main concepts

In Section 2.6 affective qualities have been defined as object or situation directed
and elicited emotional responses. Within the scope of this dissertation, the focus
of interest lies on a special group of entities, subdivisions of the architectural
environment. Depending on the scale or the universality of the predication, this
focus is called either environment, architecture, or space. This section gives an
overview on the particular conception of these terms with respect to this thesis.

Environment. The concept of environment initially comes from biology, and
stresses the embeddedness and interdependency of an organism with its habi-
tat. Perception and behavior are closely related to the characteristics of an organ-
ism’s normal environment, and vice-versa, objects localized within an environ-

ment that do not have any behavioral value do not belong to it.

A direct transfer of this concept to humans can be seen as critical, because one
of the characteristics of humans is their relative environmental indeterminism
(Scheler, 2002). However, while their integration is probably not as complete and
static as in most animals, from a less fundamental position an environmental per-
spective appears to be fruitful to describe and analyze many aspects of human
perception and behavior integrated in its context. Since the concept of environ-
ment is very comprehensive, several disciplines concentrate on partial aspects,
most notably the physical environment (focus of environmental psychology, see
Section 6.4), the social environment (sociology), or the cultural context (cultural
sciences, ethnology).

In this text, environment is mainly used as a general superordinate term for
all kinds of settings or physical environments accessible to and experienced by
humans, whether they are natural or man-made, whether they are distinctively
physically defined (such as spaces) or a momentary construct of perception.

Architecture. Since this project primarily has an architectural background, but
touches several further disciplines, the author sees the necessity to avoid mis-
understandings and to facilitate communication on architecture by pointing out
some differences in conception. Non-architects primarily conceive architecture
as a general term for elaborately designed buildings. In an academic context the
word is often used to express the general structural concept of a complex system
(e.g., software or system architecture). Architects, however, use architecture more
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often as the name of their academic or professional discipline, but see it also as a
process, as the act of designing a building.

Within the discipline of architecture, it is sometimes debated which factors a
building requires to become “real architecture” in contrast to “mere building”.
Therefor often something like an intentional design beyond the purely functional
is referred to. Fortunately, for the purposes of this dissertation, such subtle dis-
tinctions are not necessary. The term architecture is just used to denote the sum
of buildings and to delimit them from natural environments. Several methods to
describe and analyze architecture are reviewed in Chapter 4.

Space. The term space has several different meanings, depending on the con-
text or discipline: There is, for example, Euclidean mathematical space, finite
physical space, and often a distinction is made to the experienced space of psy-
chology or phenomenology. In architecture, spaces as aggregate term are dis-
cerned from space, denoting the abstract category. In contrast to the related con-
cept of places (cf Section 2.2), spaces are primarily defined by their physical struc-
ture, implicating extension and more or less defined boundaries. In this thesis,
space will be chiefly used as a collective term for the plurality of spatial situations
in built environments. This conception is similar to its use in everyday language,
and could be equated approximately with perceptual space. While the following
investigations of relations between affective and physical qualities will be carried
out within the framework of spaces, this attribution is partially mainly concep-
tual, since the analyzed properties in some cases solely relate to certain particular
places within these spaces.

2.10 Summing up

Experiential qualities can be coarsely described as psychological phenomena di-
rected to and elicited by the architectural environment. They comprise affective
qualities that are defined as the potential to elicit emotional response to architec-
tural environments, including conscious affective appraisals and possibly sub-
conscious mood altering effects.

The current state of knowledge allows the description of a distinguishable field
of research which touches several traditional disciplines. Despite many partial
theories, it is still in an early pre-paradigmatic state. The overall vagueness does
not hinder empirical research on actual relations between physical properties and
affective responses, in fact this aggregation of factual knowledge appears as a
promising operational approach towards a better understanding and delimita-
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tion of the core concepts. Accordingly, the following chapters will present further
prerequisites necessary for an exploratory approach.
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Chapter 3

Quantifying affective qualities

3.1 Overview

As one outcome of the previous chapter, the central concept initially termed
Raumwirkung was defined as affective qualities of architectural environments.
This chapter now discusses one central prerequisite of an empirical approach,
the empirical quantification of such affective qualities. In the following section,
several techniques to measure individual affective responses will be reviewed.
For making the overall goal of identifying physical correlates feasible, these re-
sponses need to possess a considerable level of stability, over time as well as
over individuals. Hence, Section 3.3 will discuss whether the usage of the term
affective qualities is really appropriate. Additionally, Section 3.4 gives a brief
overview on findings of differential psychology regarding individual differences
in the experience of architectural spaces. Finally, Section 3.5 discusses the pros
and cons of the two main data raising procedures, the field study and the labora-
tory experiment.

3.2 Measuring emotional responses

As outlined in Section 2.6, there are good reasons to discern two complementary
aspects of emotion: the introspective-phenomenal, only accessible by the experi-
encing individual and the neuro-physiological, behavioral, observable. Since it is
principally doubtful to capture emotions sufficiently by regarding only one side,
ideally studies should consider both aspects of affect parallelly. In the following,
established quantification methods of experimental psychology shall be briefly
reviewed.



CHAPTER 3. QUANTIFYING AFFECTIVE QUALITIES

Verbal techniques. For getting insights into the introspective aspect of emotion,
a straightforward method is making use of the way adult people normally com-
municate their feelings, by verbal statements. Based on self reports, several data
raising methods have been introduced (for an overview see Bechtel, 1987).

For quantifying the three principal dimensions of affective appraisals as described
in Section 2.5, Mehrabian & Russell (1974) developed a verbal scaling technique
that basically was a specialized form of the well known semantic differential from
attitude research (Osgood et al., 1957; Heise, 1970). In a semantic differential,
dimensions of environmental qualities are represented by pairs of oppositional
adjectives (e.g., cf. Table 2.2) and a rating scale (usually seven discrete steps) in
order to allow a differentiation between the two extremes. A similar technique
is the use of word lists. Here subjects just select a subset of words from a given
set that fits to a particular situation. The techniques of word lists and the se-
mantic differential for measuring attitudes to architectural settings are relatively
popular since the late 1960s in environmental studies. In particular the semantic
differential has been used in many classical environmental psychology studies
(e.g., Kasmar, 1970).

Furthermore, similarity scaling techniques have sometimes been been used (e.g.,
Hershberger, 1988; Oostendorp & Berlyne, 1988). Together with multi-dimensional
scaling analysis, they allow an exploration of the dimensionality of a phenomenon,
and may provide insights in the relative weighting of different dimensions. While
similarity ratings have the advantage of not imposing any criteria externally, they
however suffer from the drawbacks that the meaning of the computed dimen-
sions is often difficult to interpret.

Stamps (2000, pp. 98-101) has done a meta-analysis on a major number of stud-
ies using more than one scaling technique, also comprising unusual techniques
such as pairwise forced-choice comparisons. He found a reliable and extraordinarily
high level of intercorrelations between the various techniques (collective correla-
tion r=.99) that led him to the conclusion that all common introspective scaling
methods are basically equivalent, and parsimony suggests to take the most sim-
ple semantic differential.

All these methodological approaches based on introspection and self-reports have
been often criticized due to their potential obtrusiveness and dependence on lan-
guage categories (e.g., Craik & Feimer, 1987). Russell & Snodgrass (1987) how-
ever could show that the general results of self reports substantially correspond
to other data raising techniques, and due to the lack of real differentiating alter-
natives, these verbal techniques often still appear most reasonable. Nevertheless,
some studies also clearly show the limitations of verbal techniques. Russell &
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Snodgrass (1987) report a study by Winslow & Herrington (1936) that found sub-
liminal effects of odor subjects were not aware not, but had significant behavioral
an probably mood-altering effects. Hence, Russell (1988) only assumes a close
relation between the actual mood altering capacity and the introspectively evalu-
ated quality of environments, but leaves space for a certain autonomy of different
methods and measures.

Behavioral indicators. Facial expressions are the classic characteristic concomi-
tant of emotions, they are seen as closely linked to real emotional episodes like
fear, anger, or disgust. However, these “hot” emotions are seldom elicited by
the built environment, affective appraisals or mood changes are not reliably ac-
companied by distinct facial expressions, hence, they do not appear to be reliable
indicators for emotional responses to environments.

Bechtel (1970) has introduced the observation technique of behavioral mapping that
basically means to record humans’ (spatial) behavior in relation to their spatial
environment. The technique has been used to measure proxemic effects on social
behavior (Canter, 1973; Christl & Richter, 2004), and it is obviously transferable
on interactions with the physical environment. It has been also used as a sort
of small scale rating method (Kim & Branzell, 1995). Manually assessed behav-
ioral mapping has been successfully applied in clinical studies. For example,
Alzheimer patients show a set of easily recognizable distinct behaviors that can
be systematically recorded and compared to environmental features (La Garce,
2004).

Since spatial behavior and experience are obviously not directly connected, be-
havioral maps are unfortunately often difficult to interpret. A general problem
is the wide range of variability in spatial behavior, potential influences of the en-
vironment are superimposed by a lot of non-architectural (e.g., temporal, social)
or trivial factors such as hard spatial constraints. Yet on the other hand, the big
advantages of behavioral maps are their ecological validity and unobtrusiveness.
The method seems to be particularly suitable to be combined with virtual reality
simulations (cf. Chapter 5), because this medium allows the recording of spatial
behavior at virtually no effort. Here, however, the experimental task has to be
carefully chosen and also influences of the setup and interaction device have to
be considered.

In a small pilot study done by Jan M. Wiener and the author, exploration behavior
in a virtual labyrinth was compared to the spatial structure of environments (See
Figure 3.1). Several hypotheses were raised on likely route selection behavior de-
pending on the spatial form visible at decision points (e.g., preferences for larger
over smaller rooms, preference for a diverse spatial profile over an unstructured
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Figure 3.1: Example trajectory of one participant from a behavioral experiment in a virtual
maze. The participants had to find five objects that were hidden in a gallery like virtual space.

room, and preferences for obvious continuations). Taken all hypotheses and sam-
ples together, the recorded behavior was in accordance with the hypotheses (Chi
square test p=0.05). However, the small number of measured values that were ob-
tainable from free exploration turned out to be a major methodological problem,
since only first time decisions and entries from the correct direction could be used.
Furthermore, in this case study influences of the global room layout and config-
uration were not separable from local effects. So, while generally promising, for
being practically useful, the method currently lacks elaborate experimental de-
signs and analysis methods (for further improvements of the analysis technique
refer to Wiener et al., 2005).

A further behavioral method is the measuring of environmental influences on
subjects’ performance in experimental tasks needing concentration and attention
(Stone, 2001). For example, Shibata & Suzuki (2004) have used a Stroop test to
determine influences of plants in working environments. Oberzaucher (2001) did
similar studies using driving licence tests. Although it can be assumed that per-
formance is correlated with positive valence and an “optimal” arousal level, a

direct transfer on affective qualities is however difficult.

Finally, a comparison between response times and ratings in a factor analytic study
of the author (see Section 7.3) revealed correlations between the ratings and the
extremity of judgments. That means that the larger the absolute distance of the
rating from the scale mean, the shorter the response time (0.12 < correlation co-
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efficient r < 0.25, 0.001 < p < 0.05). Yet, due to the small proportion of explained
variance (r?<0.06), this behavioral measure turned out to be not practically rele-
vant.

Physiological measurands. Inemotional psychology and psycho-pathology sev-
eral physiological measurands are used to test for affective responses. All classic
methods measure correlates to the emotional dimension of arousal. Typical indi-
cators for heightened arousal are accelerated heart rate, lowered skin resistance,
heightened body surface temperature, and an increased pupil diameter. A fur-
ther more sophisticated method is the electro-encephalographic (EEG) recording
of brain activities. Two components of the waking brain signal referred to as
Alpha and Delta signal are reported to be highly responsive to environmental
stimulation (Kiiller, 2001). When a person is relaxed, Delta and Alpha waves are
clearly detectable, but stimulations by light changes and noise effectively atten-
uate them. This general brain activity seems to be triggered by a region called
reticular activation system.

Physiological correlates have the advantage of being much less cognitively pen-
etrable and influenceable than self reports. Furthermore, they may be less ob-
trusive and interfering with experimental tasks and offer a higher temporal and
discriminatory resolution. Yet, beside the initially stated limitation to arousal,
there are some further general drawbacks. First, to be reliably measurable, most
physiological indicators need an intensive level of involvement of the test person,
corresponding to a real emotional episode in the framework of Russell & Snod-
grass (1987). This is however seldom reached in experiments with non-phobic
participants. Normally a deliberate affective appraisal is not accompanied by the
required level of arousal. Furthermore, according to Russell & Snodgrass (1987),
only moderate correlations between these indicators and introspective experience
were found.

Besides behavioral observations and the classic physiological measurands de-
scribed above, the knowledge on functional processes involved in emotional re-
sponses at the neuro-physiological level was initially mainly based on lesion
studies and invasive animal experiments (for an overview see, for example, Kan-
del, Schwartz, & Jessen, 1991, pp. 982-997). In recent years methods such as
functional magnetic resonance imaging (fMRI) offer non-invasive alternatives to
associate mental events and processes with activity in brain areas. The basic
paradigm of fMRI says that neural activity is correlated with increased blood
flow in the involved brain areas. The influence of this flow on the magnetic field
can be measured. If the brain areas were known that are involved in emotional re-
sponses, such imaging techniques would offer the possibility to detect or measure
emotional responses very directly. Indeed, various studies (e.g., Lang, Bradley,
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Fitzsimmons, Cuthbert, Scott, Moulder, & Nangia, 1998; Beauregard, Levesque,
& Bourgouin, 2001; Oya, Kawasaki, Howard, & Adolphs, 2002) have found that
experienced arousal is correlated with the general neuronal activation level in
several areas, depending on the kind of stimulus, a finding that is in accordance
with the theoretical framework of Berlyne (1960, 1972). In particular the limbic
system including the amygdala seems to play a central role in real emotional
episodes (Morris, Frith, Perrett, Rowland, Young, Calder, & Dolan, 1996; Bir-
baumer, Grodd, Diedrich, Klose, Erb, Lotze, Schneider, Weiss, & Flor, 1998). Even
affective appraisals might be correlated to identifiable local neural activity (Erk,
Spitzer, Wunderlich, Galley, & Walter, 2002). All in all, modern neural imaging
methods offer a great potential also for emotional research. The necessary effort
however is currently immense, and the experimental setup is very inflexible and
obtrusive. Furthermore, the exact attribution of activities to emotion in contrast
to for example perception and recognition processes has still to be treated with
reserve, since a strong stimulus dependency can be observed.

3.3 Affective responses versus affective qualities

The previous section has presented several methods to quantify approximately
single affective responses, which are related, but not identical to the central con-
cept affective qualities as introduced in Section 2.6. As all psychical phenomena,
affective responses are subject of individual and situational variations influenced
by several physical and non-physical factors (the current state of knowledge on
the latter will be presented in the following sections). For systematically investi-
gating the proportion of variance in affective responses that was caused by phys-
ical properties of the environment, individual affective responses do not offer the
necessary stability for meaningful correlation studies. Therefore, in this section
the relation of affective responses and the concept of affective qualities is dis-
cussed in more detail.

The basic supposition underlying the concept of affective qualities is the existence
of stable tendencies in affective responses to environments despite of individual
and situational differences. If this holds true, individual affective responses can
be summarized and their distribution statistically described. A central paradigm
of statistical theory and social psychology says that phenomena whose individ-
ual appearance is subjected to multifactorial causation tend to be normally dis-
tributed (cf. e.g., Gleitman, 1994; Bortz, 1999, pp. 74-79). One theoretical explana-
tion of this often observable distribution is to conceive individual and situational
differences as many linearly independent additive factors. In this case standard
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terms such as mean and standard deviation values can be used to completely
characterize the tendential emotional effect in the same dimensions as the under-
lying individual data. Fortunately, the literature provides conclusive evidence
that affective responses actually follow statistically the outlined pattern (cf. also
Section 8.4). Numerous studies have directly or indirectly addressed this issue
(e.g., Kasmar, 1970; Mehrabian & Russell, 1974; Hoffmann, 1976), and a compre-
hensive meta-analysis of Stamps (2000, pp. 114-139) has revealed and quantified
a dominant “sensus communis” over studies from 21 countries covering various
demographic groups. Furthermore, Russell (1988) points out that eight individu-
als or even few normally suffice to get reliable and stable mean values, provided
that the sample is not based on certain identified special groups of participants
(see Section 3.4).

Besides doubting the level of consensus, the validity of the concept of affective
qualities can be questioned by assuming a dominant influence of the situational
context. In this case, observable common trends between individuals would be
mainly caused by the experiment or survey, but would not mirror actual envi-
ronmental influences. Due to the lack of completely unobtrusive studies, this
objection cannot be rejected by currently existing empirical data. Nevertheless,
several plausible arguments can be raised against this hypothesis:

= A comparison of studies using different data raising and survey techniques
(see Section 3.2) reveals substantial similarities.

» Introspectively, affective appraisals are experienced as properties of the out-
side world. It is common every day practice and often successful to transfer

personal experiences as first approximation on others.

= Emotional assessments of the outside world independent from a current
task is biologically plausible and reasonable, since organisms are often in an
“exploration mode” (cf. diversive behavior, Wohlwill, 1976), that basically
is a prospective assessment of potentially useful or harmful environmental
properties.

» Several explanatory theories for emotional responses to environments offer

plausible explanations for action-independent tendencies (see Chapter 6).

It seems therefore a reasonable working assumption to attribute the existing com-

mon tendencies in empirical data to influences of certain environments.

In sum, despite the widespread opinion that affective qualities cannot be ac-
counted for in the architectural planning process due to their “subjectivity”, em-
pirical investigations come to a different result. Individual differences in affec-
tive responses are, statistically seen, not nearly as strong as the conventional
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wisdom would suggest and therefore justify the introduction of affective qual-
ities as construct denoting the prevailing mood altering tendency. Following a
common practice of environmental, differential, and social psychology, consen-
sus among a group of judges or observations is used to establish a property that
is conceptually attributed to the object judged. This operative concept mirrors
the introspective experience of environments that initially does not clearly divide
between physical properties and psychological effects (see Sections 2.3 and 2.4).
Also it meets the environment-centered perspective of architects and planners
that rather concentrate on the entities of their designs than on the inner perspec-
tive of later users. Moreover, later users are often not yet personally known dur-
ing the design phase, or buildings are planned to be experienced by many peo-
ple, thus a consideration of individual responses is neither possible nor desirable.
Here affective qualities offer the possibility to integrate psychological responses
or needs in the planning or decision process.

3.4 Non-physical factors affecting emotional responses

In the previous section empirical findings have been presented to argue for a
conceptual and analytical attribution of affective qualities to the stimuli. Yet, of
course, affective responses are initially singular events, hence, subject to indi-
vidual and context-dependent differences (cf. Section 2.7). Besides the physical
factors that are core of this dissertation and are treated in the Chapters 6, 7, and 8§,
several studies investigated non-physical factors in order to explain the observ-
able variance further by ascribing it to individual properties of the subject. While
not themselves at the core of this dissertation, they are briefly reviewed in the
following sections because of their explanatory value and their relevance for the
design of empirical studies, for instance for the selection of participants. A careful
balancing and the acquisition of respective personal data offers means to enhance
the external validity of studies or to reduce the number of required subjects.

Demographic factors. Stamps (2000, pp. 114-134) summarizes several studies
analyzing the influence of demographic factors and presents detailed correla-
tion coefficients between samples drawn from different demographic groups (e.g,
country, gender, education, profession). He concludes that demographic effects
in environmental preferences are not nearly as strong as often assumed. Only the
factors children vs. adults, designers vs. non-designers, and interest-groups vs.
the general public turned out to be relatively important and to exceed the over-
all common proportion of variance r? of 0.67, particularly for very modern and
stylish buildings.
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Cultural dependency. It is an ongoing debate to what degree this substan-
tial level of accordance between humans from all over the world (Nasar, 1988c;
Stamps, 2000, pp. 114-134) is caused by hard biological factors, or just a con-
sequence of world-wide cultural levelling. A typical argument against biologi-
cal explanations is the large variety of traditional building and housing forms.
A classic intercultural comparison on the origins of these differences (Rapoport,
1969; Eckensberger, 1976) suggested that natural conditions coarsely define the
bandwidth of possible forms, yet the actual formal occurrence is mainly cultur-
ally dependent. Yet, as Weber (1995, pp. 61-62) points out that the basic processes
of perception are identical, and also the dimensions (Heise, 2001) are the same
across cultures. Houses normally have a strong cultural meaning and value, but
are at the same time a typical archetype. Hence, it is probable that both collective
as cultural aspects contribute to the overall experience.

Personality dimensions affecting environmental preferences. Yik and Russell
(2001) have shown substantial correlations between a person’s actual mood and
her or his personality traits. Hence, one can assume that also affective appraisals
of environments are influenced by the individual emotional predisposition. Be-
yond such general connections, several studies (Mehrabian & Russell, 1974; Mehra-
bian, 1978; Russell & Snodgrass, 1987) have concentrated on more specifically
environment related traits. Two character traits turned out to be related to spa-
tial behavior: arousability and arousal-seeking tendency. While the former likely
affects the intensity of emotional arousal induced by the environment, the latter
should allow refinements for the predication of pleasure based on the level of
arousal (see Section 6.4.3).

Situational parameters. Affective responses and probably even more affective
appraisals are influenced by the current intention or action. Based on the ecolog-
ical action theory (see Section 6.4.1), one can assume that particularly responses
in the valence dimension are influenced by an environment’s usefulness or ob-
structiveness with respect to the particular action context. Related to action, in
post-experiment interviews ensuing the exploratory studies of this dissertation
(see Chapter 7), several participants reported that their appraisals had been dif-
ferent if the actual function of the assessed rooms would have been specified.
The function and functionality concept certainly reflects the idea of suitability for
certain actions.

Further specific predications and empirical studies are rare, maybe because the
concepts of action or plan are generally difficult to systematize and compare. The
question of the influence of situational parameters is however central for assess-
ing the validity of different experimental methods which will be discussed in the
following section.

57



CHAPTER 3. QUANTIFYING AFFECTIVE QUALITIES

3.5 Data raising procedures

3.5.1 Field studies versus laboratory experiments

Experiences in the test tube - the question of validity. As mentioned in Sec-
tion 3.3, the validity of studies that are interested in normal real world responses
or behavior, but interfere with the situation, can be questioned. Particularly stud-
ies based on verbal self-reports introduce a forced focus on introspection that is
not normal in everyday life. Additionally, differences between the introspective
and the reported attitude are always possible, although in the context of envi-
ronmental assessment there are less obvious motivations for doing so than for
other, more controversial, topics. Similarly, completely “natural” spatial behav-
ior under known observation is not realistic. On the other hand, the task “eval-
uating environmental situations” itself is biologically plausible, because diver-
sive exploratory behavior certainly also serves the memorization of potentially
promising places. Also several normal human actions resemble experiments’ sit-
uational context, e.g., house-hunting, the decision for particular seats in pubs or
cafes (Robson, 2002), or the selection of resort domiciles, supporting the ecologi-
cal validity of experimental appraisal tasks.

So, on a less fundamental level, it is a serious and open question which data
raising procedure offers the best mixture of control, flexibility, validity, and effort
for a particular scientific question.

Discussion. The topic that is briefly reviewed here has a long tradition in the
methodological discussions of experimental psychology (cf. e.g., Stapf, 1976;
Kaminski, 1976). Particularly initially environmental psychology partially de-
fined itself by a methodical approach depending mainly on observations in situ
(e.g., prominently Barker, 1968). Nowadays, instead of a decision between either
field studies or laboratory experiments, the debate has widely settled, and both
approaches are rather seen as complementary, both possess specific advantages
and disadvantages.

Generally, laboratory experiments normally increase their internal validity at the
cost of the external, while field studies tendentially weight these factors vice
versa. In laboratory experiments the situational context is normally much more
artificial, the general interferences by observation and the artificiality of actions in
surveys and experiments are much higher. On the other hand, they normally re-
quire much smaller sample sizes, take less time, and can render more exact quan-
titative data. The better level of control also facilitates the detection of smaller
effects, that otherwise would not feature reliable contrast against the higher noise
level. The two methods also differ in their potential to consider temporal aspects
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of observable phenomena. Laboratory experiments can only observe immediate
or short-term effects, since, aside from practical issues, prolonged experiments
would probably render meaningless results due to their unnatural context. Al-
though, on the other hand, field studies may theoretically allow for an observa-
tion of naturally occurring long-term effects, the interference of changing con-
ditions cannot ruled out easily. Therefore, reliable data on long term effects are
almost completely missing.

Besides these principal considerations, also several empirical studies compared
the two approaches. Generally, the actual differences between data gained in
the laboratory and in situ was rather small, provided that the laboratory experi-
ments used appropriate stimuli (see Section 5.2). The consideration and quantifi-
cation of context effects (Russell, 1988) as control variables has turned out to be
secondary in practice. For example, Stamps (2002, 2003), could not find signifi-
cant effects of different environmental conditions (time of day, presentation room,
viewing distance, ambient light levels, presentation times) on environmental as-
sessments, factors that might be relevant for both laboratory experiments and
tield studies.

All in all, field studies are rather seen as advantageous for exploratory research
generating hypotheses, while laboratory experiment are tendentially more suit-
able for the test of hypotheses. Yet for a concrete empirical question the actual
relevance of the principle advantages and drawbacks of each approach have to
be appreciated individually. Besides rationalizing a decision, this consideration
process might also render useful insights on how to actually design an experi-
ment to optimize its general validity.

3.56.2 Psychophysical laboratory experiments

Within the various directions of experimental psychology, psychophysics repre-
sents the extreme contraposition in contrast to unobtrusive passive real-world ob-
servations. Uncompromisingly, in classical psychophysics control, reproducibil-
ity, and quantitative methods have been extended at the expense of naturalness.
Typical characteristics are a consequent stimulus reduction in perceptual experi-
ments under completely constant laboratory conditions and the systematic, bal-
anced, and independent variation of stimulus properties which normally leads
to a huge number many of repetitive trials and small numbers of participants.
Psychophysicists can base there studies on a well-established theoretical frame-
work going back on Fechner (1876), there are quantitative methods to compare
normally incommensurable data, for example by their just-noticeable differences
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(JND), or by active stimulus adjustment. A further overview on the psychophys-
ical methodology can be found in several textbooks, for example Gescheider
(1997).

3.6 Summing up

Although affective responses are primarily individual, a substantial and overall
dominant proportion of communality has been proven in many empirical studies.
Due to that reason the term “affective qualities”, implicating external attribution,
can be justified. In this concept individual differences and situational factors are
provisionally excluded. Apart from that, several personal factors have been iden-
tified that are systematically correlated with deviations from mean responses. In
principle, their consideration as control variables allows a further refinement of
data raising techniques, particular in smaller samples.

While verbal scaling techniques have often been criticized, for the current still
pre-paradigmatic and preliminary stage of concepts and models they have turned
out to offer the same capabilities as other more elaborated experimental mod-
els. Studies that compared empirically different quantification methods have
found qualitatively identical results. Hence, for studies that do not concentrate
on methodological issues itself, it seems clearly advisable to use the simplest ver-
bal method, i.e. the semantic differential, which also was the main data raising
technique of the exploratory studies of this thesis (see Chapter 7).

Nevertheless, in the long run complementary and extending data raising tech-
niques would be highly desirable, ideally focusing on unconscious behavioral
aspects. This would allow for much less obtrusive experimental designs and an
increase of ecological validity, finally levelling the differences between labora-
tory experiments and field studies. Generally, both methodological approaches
are justified, and instead of seeing them as mutually exclusive or complemen-
tary, it seems reasonable to strive for a stronger integration of advantages of both.
Chapter 5 will present respective attempts based on recent advances in computer-
based simulation.

60



Chapter 4

Describing architectural space

4.1 Introduction - from properties to numerical fac-

tors

As outlined in Chapter 2, affective qualities are an environment related and di-
rected psychological phenomenon. In the previous chapter it has been shown
that core aspects of affective experience can be qualitatively and quantitatively
described by a few basic dimensions. In addition, an empirical investigation of
interrelation patterns requires also a systematic description of the corresponding
environments. Describing the physical environment seems at first glance much
easier than capturing intangible emotions, yet actually it turns out to be a non-
trivial and decisive issue: Any analytical representation needs to strive for a mas-
sive data reduction that ideally leaves only relevant information. This necessary
selection and simplification of in itself objective physical properties widely influ-
ences any outcomes and potentially introduces a subjective perspective. There-
fore, the exploration of physical properties that need to be considered in quan-
titative representations of architectural environments and the empirical testing
of models on their respective capabilites have become central objectives of this
dissertation project (see Chapters 7 and 8). Fortunately, this exploration could
be based on already existing description systems from several disciplines that
partially offered elaborated analysis models at least for partial aspects of spatial
environments. Before these various approaches are reviewed, some generically
preferable properties of description systems shall be described.

First of all, the scope of the models and factors should obviously fit the scale
of architectural spaces and small scale spatial configurations. Methodologically,
analysis methods that result in definitive sets of few quantitative characteristic
values appear preferable for correlation studies. The underlying characteristics
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themselves shall be objectively determinable from criteria that are generically ap-
plicable to all kinds of spatial environments. Ideally, an automatic detection of
the constituent properties should be possible. In analogy to the two-sidedness
of affective qualities, two different perspectives for describing architectural en-
vironments can be discerned that can be characterized as environmentally cen-
tric versus perceptually / psychologically oriented. An optimal approach would
consider detailed environmental information and would be at the same time psy-
chologically or biologically plausible and backed up by empirical results. It is
clear that existing description systems, theories, and models only partially fulfill
this catalog of specifications, which nonetheless will be used as a guideline for
the following evaluation.

4.2 Architecture

Reasoning on space has an old tradition in architecture, so, ideally, the norma-
tive knowledge of this discipline incorporates a substantial expertise based on
large number of observations over long periods of time beyond the cycles and of
modern science. Indeed, despite the fact that most more formalized description
approaches are relatively recent developments, many parallels can be found in
historic tracts and buildings that demonstrate a deliberate consideration of as-
pects over longer times. Finally, the diversity of approaches originating from the
changing perspectives between different design and building phases make archi-
tectural description systems to a prolific source for spatial analysis.

4.2.1 Constructive description

In practical architecture, buildings and construction works are described by a
combination of scale plans and contract specifications containing kind, quantities
and dimensions of all structural parts. The roots of the current custom goes back
at least to the middle ages (Antonow, 1993; Biller, 1998). The overall structure
of this description is mainly motivated by the building process, but is remark-
ably similar to the way rooms or buildings are described in colloquial language
(“a small room with two rectangular windows”). Likewise, a similar structure
has been often used in architectural textbooks (e.g., Krier, 1989), and computer-
aided design programs specific for architecture implement a similar constructive
parts oriented data model. All in all, it seems to be a natural way of describing
buildings. The basic elements (wall, window, column, etc.) are sometimes called
architectural archetypes (cf. Section 4.2.2).
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This description method evolved from the need to completely define unique
cases. It fits into a recurring description scheme (see Sections 4.2.2, 4.3) that could
be termed array + structure. While the description of the parts” array is quite
elaborate and standardized, the structure is normally not represented numeri-
cally but graphically. For a systematic comparative approach, several difficulties
arise from this use of different media for information conveyance: Direct com-
parability is only granted by constructive and formal identity. In this case all
differences are exactly defined numerically. So, for comparing spaces that differ
only in these aspects, it seems to be a very efficient description. Otherwise a form
of prior categorization has to be done that can use the hierarchical structure of the
description system. Here, however, potentially important detail information can
be lost. Furthermore, steps of the constructive process are described that finally
are not often perceivable at the surface. Since the substructure often considerably
influences and the overall appearance, it might, on the other hand, be useful to
consider also these properties.

4.2.2 Compositional approach

Using a similar array + structure scheme, several compilatory architectural text-
books (Ching, 1996; Krier, 1989) describe architectural form by defining a sort of
language based on a few basic geometrical primitives, for example using the pla-
tonic bodies or circle, square, triangle. More complex forms are comprehended
either as transformations or as compounds of the basic shapes using several iden-
tifiable common operations. Analogous to the previous approach, instead of de-
scribing the final result, steps for its genesis are defined, but from the perspective
of the designer.

Also the basic geometrical elements of these systems have been called the arche-
types of architecture (Thiis-Evensen, 1982). This concept was borrowed from
Jungian psychoanalysis where archetypes are seen as grounded in the collective
subconscious. It has led to the debate whether already some basic elements have
intrinsic values, or, in terms of this dissertation, convey affective qualities (cf. e.g.,
Smith, 2003, pp. 197-294). Analogously, it can be assumed that transformations
such as “fragmentations” or “collisions” may be affectively laden also.

For the purpose of comparing the formal differences between spatial situations,
this approach has several drawbacks. Methodologically, it can be argued that a
decomposition into compositional elements is often neither obvious nor unam-
biguous. While the number of different primitives might be manageable and
their properties exactly definable, the associated operations and transformations
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seem much more difficult to be strictly formalized (respective attempts are sum-
marized under the label of shape grammars, cf. e.g., Stiny & Gips, 1972). A clear
description of real world examples is often difficult, and a comprehensive effort
can easily become arbitrarily complex. Furthermore, a successful analysis often
requires a completeness of information that is difficult to gain solely from imme-
diate experience, but needs some sort of overview knowledge such as floor plans
and cross-sections. All in all, this kind of formal analysis might mainly offer in-
teresting insight into the underlying formal concepts from the perspective of a
building’s designer. The predictive value for experiential qualities seems at first
glance rather limited, since the perception of the corresponding qualities requires
prior aesthetic training.

Nevertheless, while the compositional approach was initially an instrument of
analysis rationalizing the genesis of form, it can contribute to the understanding
of the experience. Several theories suggest that it might capture important as-
pects of representation and highlight relations that are not obvious but possibly
perceived. Since the human mind is highly trained to induce relations and struc-
ture into very complex percepts (Leyton, 2001; Graf, 2002) for tasks such as object
recognition and categorization. Similar processes can be assumed to exist for the
perception of architectural space.

4.2.3 Space as perceptual density field

Based on a long architectural tradition (cf. Section 2.2), Joedicke (1985) has for-
mulated a theory of architectural space that initiates from the notion of space
as “thing between”, something that arises from the perception of its boundaries.
Hence, the impression of space is a construction of the human perceptual (mainly
visual) and cognitive system that actively forms relations between objects or loca-
tions. If space is basically a system of perceptual relations, the primary quality of
this architectural space is its perceptual density, i.e. the intensity of the perceived

relations.

According to Joedicke, the differentiation of space by its density is one leitmotif of
architecture, particularly in former times this was deliberately used as a means of
expression. Within one space, its density is not homogeneous, it seems in partic-
ular useful to differentiate between peripheral and inner density. For example, a
different treatment of the peripheral density allows to distinct three basic formal
categories of architectural space: (1) Corporeal space is formed peripheral to solid
objects. (2) Space as container is mainly defined by its clear physical delimitation
and constitutes the normal case in everyday architecture. (3) The spatial field is sit-
uated somewhere in between, since it is both constituted by corporeal objects and
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delimiting boundaries. A characteristic of spatial fields are gradients of enclosure
and the continuous flow between spaces. Solid and void are the extreme cases of
perceptible space. The density quality of space is mainly constituted by its shape,
surface properties, and lighting. Furthermore, the temporal aspect of perception
that determines the sequence of percepts and thus the formation of relations has
to be considered.

While Joedicke emphasizes that spatial density is in principle exactly determinab-
le, he sees no real use of such a quantitative approach for the practical work of
an architect and abstains from further concrete statements. Other authors, how-
ever, were more interested in quantitative predications. For example, the work
of Treu (1970) can be seen as an early related formal attempt, referring to the
geometry of the visual space. More recently, Do & Gross (1997) and Glaser &
Cavallin-Calanche (1999) have implemented software tools that calculate and vi-
sualize the rate of enclosure automatically, which can be seen as closely related
to Joedicke’s density. Also isovist derivatives (see next section) allow to derive
similar quantitative measurands. Finally, the studies of Kim & Branzell (1995)
investigate aspects of density empirically (see Section 4.3).

4.2.4 Space syntax

Space syntax is a set of techniques for the analysis of spatial configurations. Orig-
inally conceived by Bill Hillier and his colleagues at the University College Lon-
don in the 1980s, it has since grown to become a tool used by an active com-
munity around the world in a variety of research areas and design applications
(Hillier & Hanson, 1984; Hillier, 1996). Space syntax describes spatial configura-
tions and forms using relatively simple relational graphs consisting of paths and
nodes only, and can be seen as a formalized description system in the tradition of
Lynch (1960). This operationalization allows the derivation of quantitative data
about connectivity, centrality, control level etc. for complex and large-scale spatial
environments.

Original space syntax analysis depended either on completely manual evalua-
tions, or on a human-assisted semi-automatic prior partition of spaces into con-
vex subunits as first step towards an abstract representation. However, this initial
operation is intricate, often ambiguous, and therefore somewhat arbitrary. Due
to that, several alternatives have been developed.

In response to the reported shortcomings, there have been attempts to base space
syntax on isovists (Peponis, Wineman, Rashid, Kim, & Bafna, 1997; Turner, 2001).
Benedikt (1979) has proposed isovists as objectively determinable basic elements
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Figure 4.1: Generating isovists: Left: a hypothetical indoor environment; middle: the gray
area is visible from the person's observation point within the environment; right: the resulting
isovist and its basic measurands.

for analyzing spatial characteristics of architectural environments. Isovists are
viewshed polygons that capture spatial properties by describing the visible area
from a single observation point (see Figure 4.1). From the isovist polygons sev-
eral quantitative descriptors can be derived that reflect physical properties of the
corresponding space such as area, perimeter length, number of vertices, length
of open or closed edges, etc. These basic measurands are directly comparable
and can be combined to generate further integrative characteristic values such as
roundness and vertex density (for an applied example see Section 7.4).

Isovists basically describe local physical properties of spaces with respect to sin-
gle observation points. In order to better describe the spatial characteristics of an
environment as a whole, Turner, Doxa, O’Sullivan, & Penn (2001) have proposed
the technique of visibility graph analysis that integratively considers multiple po-
sitions within an environment. This technique approximates isovist polygons by
an intervisibility graph based on discrete voxel-like spatial elements (See Figure
4.2). As shown in Figure 4.3, typical visibility graph measurands are neighbor-
hood size (i. e. isovist area) and clustering coefficient (i. e. relative intervisi-
bility or visual stability within an isovist, information that may be relevant for
locomotion and navigation). Additionally, Psarra & Grajewski (2001) have pro-
posed a related analysis technique that concentrates on the visibility graph or
space boundaries. They assume them to be the visually most important region of
a viewshed.

The original space syntax representations (mainly connectivity graphs) have been
developed to analyze spatial configurations from the room layout of building
complexes to city quarters. Hence, properties at a smaller scale level are not well
represented. However, this scale segment seems to be well covered by visibility
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Figure 4.2: Graphical representations of a single isovist's area and perimeter, the basic elements
of a visibility graph. These measurands correspond to the visible area and boundaries from one
standing point.

Figure 4.3: Neighborhood size and clustering coefficient measurands for a hypothetical gallery
space. Lighter shading tones mean higher values.

Figure 4.4: Graphical representations of isovist roundness values (i. e. squared perimeter /
area), and of the information gain by one (analytical) step.
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graph analysis, since its resolution can be easily adapted for describing formal
properties of single rooms at an arbitrary precision.

Originally derived from abstract spatial analysis, the relevance of isovists and
visibility graphs was not backed initially by psychophysical empirical findings.
However, isovists describe spatial properties from an inside beholder-centered
perspective, and there is first empirical evidence that they capture environmental
properties relevant for spatial behavior and experience. For example, case studies
on spatial behavior in the Tate Gallery (Hillier, Major, Desyllas, Karimi, Campos,
& Stonor, 1996; Turner & Penn, 1999) have revealed high correlations between
visibility graph measurands and the statistical dispersal of visitors. Readinger
(2002) has found indications for the relevance of isovists for the perception of
object configurations. Wiener & Franz (2005) and Wiener et al. (2005) have found
that basic isovist properties can be perceived well and that derived measurands
are effective predictor variables for human behavior and performance in certain
navigation tasks. Finally, it is worthwhile mentioning that, although originating
from an abstract analytical background, space syntax is in certain aspects similar
to current biologically and empirically motivated models of spatial memory (see
Section 4.4.3).

4.3 Gestalt psychology

Classic gestalt psychology (e.g., Kohler, 1947) investigates the phenomenon of in-
duced perceptual relations between percepts that can be qualitatively described
by few distinct gestalt rules. The concept of fields of perceptual forces around
objects was introduced to describe the interaction of several gestalt principles
(Arnheim, 1977). Initially, Kim & Branzell (1995) empirically tested the concept
for spatial stimuli by psychophysically quantifying the limits of perceived rela-
tions between free standing columns. Their results showed that these perceptual
forces are a normal quantifiable psychical phenomenon.

Gestalt psychology has become very popular and influential on art theory and
analysis. For example, the mentioned compositional description systems are ob-
viously influenced by it (see Section 4.2.2). In the array + structure description
scheme, Gestalt laws can be seen as an attempt to identify single perceptual struc-
turing operations. Yet, hard formalized systems and quantitative predications are
a recent development influenced by information theory (Geissler, 2001). The tra-
ditional method related to art description (e.g., Oostendorp & Berlyne, 1988) is
mainly phenomenally oriented, therefore a strictly formal implementation has
not been attempted.
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4.4 Perceptual and cognitive psychology

4.4.1 Scene and object recognition

The image based model of visual recognition sees objects mainly represented by
combinations of canonic snapshots consisting of characteristic global and local
pictorial frequency spectra (Poggio & Edelman, 1990; Biilthoff & Edelman, 1992).
The model is backed by strong physiological and psychophysical findings and
is well suitable for implementations in machine vision and computational scene
and object recognition. A Fourier transformation or Gabor Filtering allows a rela-
tively simple detection of features in a similar way to the early visual brain areas
(Olzak & Thomas, 1986). Trained on test samples, a classification algorithm based
on frequency distributions can be very efficient when sorting scenes in basic di-
mensions or into basic categories (Oliva & Torralba, 2001; Torralba & Sinha, 2001)
similar to humans (Fenton, 1988). In addition, further visual characteristics (e.g.,
color, lighting, roughness) find direct correspondences in the digital image repre-
sentations and can easily be easily analyzed (see Section 7.2).

Alternatively, the part based theory of object recognition (Biederman, 1987, 1995)
describes objects by invariant relations of a set of geometrical primitives (geons).
While this representation seems to correspond intuitively well to introspection
and has the advantage of being relatively independent of view direction changes,
it requires a prior segmentation and identification of parts, which is a non-trivial
problem for computer vision implementations. A further drawback is the insuf-
ficient psychophysical evidence (Wallis & Biilthoff, 1999).

4.4.2 The ecological view of perception

Gibson’s ecological approach to perception (1979) focuses on the one hand on
invariants in the environment (i.e. perceptual properties that stay constant un-
der active ego-motion), and on the other hand on active information pick-up as
evident in the concept of affordances (i. e. action-relevant information for an or-
ganism about the properties of its environment, cf. Guski, 1996, p. 46). The latter
implicates a demand for a higher level description, seeing environments basically
as an array of functional units, similar to the way spaces are composed in early
stages of the architectural design process when coarsely arranging structural and

mainly functional components.

While Gibson gives several examples for affordances, he does not provide an
elaborate description system. Probably he would have conceived a situation-
independent environmental analysis as inappropriate for the dynamic process
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of spatial interaction, which lends itself best to direct observation and post-hoc
explanation. Hence, the ecological view is mainly an important perspective on
potentially important factors depending on the situation and context. This per-
spective has been influential on environmental psychology via the concept of be-
havioral settings (Barker, 1968, see also Section 6.4.1).

4.4.3 Theories of spatial memory

Another direction to approach to the description of environments arises from the
study of animal and human navigation and wayfinding behavior. It is generally
taken for granted that goal-directed specific spatial behavior beyond the sensory
horizon such as route planning needs some form of internal representation. Con-
sequently, there have been numerous attempts to identify basic elements organ-
isms use to abstract and breakdown their environment (for an overview see, e.g.,
Tversky, 1993; Montello, 2003; Wiener, 2004, pp. 6-13). For a further classification
of proposed constituents, a distinction between format, structure, and content has
turned out to be useful.

An early framework for the mental representation format of space was Tolman’s
(1948) concept of cognitive maps implicating a quasi-metric representation of
places. The concept of places here is relatively broad and open, and can de-
note anything distinctive in an organism’s environment. Recent authors (e.g.,
Scholkopf & Mallot, 1995) rather prefer graph representations that are much more
flexible than metric maps and at the same time economic and mathematically
well defined. Furthermore, they can account for many empirically observable ef-
fects and in the human selection of routes (Gillner & Mallot, 1998; Steck & Mallot,
2000) that are inconsistent with a homogeneous map. Concerning the structure of
spatial memory, recent studies (Wiener & Mallot, 2003) strongly suggest the exis-
tence of hierarchical levels complementing non-hierarchical structures (Kosslyn,
Ball, & Reiser, 1978).

With respect to the content, Kevin Lynch (1960) postulated in his famous sem-
inal book that the mental representation of cities is made-up of a network of
the basic elements paths, edges, districts, nodes, and landmarks. Later empir-
ical studies substantially backed his framework that initially was mainly phe-
nomenologically based. Alternatively, based on considerations on the economic
encoding of spatial information, studies on insects, and parallel models of object
recognition (Poggio & Edelman, 1990; Wallis & Biilthoff, 1999, see previous sec-
tion), Scholkopf & Mallot (1995) have proposed sets of pictorial environmental
snapshots as a plausible minimal form of content representation. Further studies
(Gillner, 1997; Steck & Mallot, 2000; Wiener & Mallot, 2002) indicated that this
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basic principle is also transferable to humans, yet humans seem not to depend
on pictorial identity but can alternatively use abstract structural and geometrical
information (Restat, 2003).

All in all, in principle the outlined research direction offers a very promising
and biologically backed fundament for spatial analysis. However, despite lots
of convincing single findings, the current state of knowledge is also here far from
comprehensive, a theory of spatial memory of general consensus is still not yet
available. Hence, the definitive form of spatial analysis cannot be derived from
theories on spatial memory yet. Nevertheless, depending on the requirements,
theories of spatial memory are capable of offering useful and well-developed
components, in particular for large-scale environments. Their selection and im-
plementation into a concrete analytical system is nevertheless in the responsibil-
ity of the practitioner.

4.4.4 The geometric module

An additional conceptual “geometric module” has been proposed as typical rep-
resentional content of human spatial memory especially for small-scale spatial
situations (Wang, 1999; Wang & Spelke, 2002; Werner & Long, 2003). Recent
research could show that both the layout and the geometric shape of an environ-
ment are of primary importance for an organism’s self-location and the encoding
of object positions in spatial memory. Interestingly, geometry information ap-
peared to rule out other cues such as color in animals and infants (Gouteux &
Spelke, 2001), while for adults both kinds of information were equally accessible.
These results have been interpreted as evidence for a different kind of content
representation. While the studies only tested the efficiency of a few geometric
configurations and therefore do not allow detailed and systematic predications,
they at least offer an additional biological motivation for geometric analyses as
described in Section 4.2.2 and 4.2.4.

4.5 Summing up

Architecture and environments in general can be described using several existing
distinctly different methods. None of the currently existing description systems
can claim to be truly comprehensive, but, since these approaches are by no means
mutually exclusive, they offer considerable alternatives one can choose among
depending on the particular purpose.
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From a practical analytical point of view, visibility graph analysis and the com-
putational vision approach appear particularly promising, since they both offer
well-developed and generically applicable methods. While the two description
systems concentrate on quite different aspects of environments, both are clearly
perceptually oriented. Therefore, in addition a more representational or object-
oriented approach seems to be a further worthwhile alternative to be considered
in empirical applications. Together this ensures that a diverse spectrum of prop-
erties is covered.

A turther preselection with regard to suitability for the initially defined purpose
does not seem possible. Hence, in Chapter 7 all three methods are empirically ex-
plored. Their specific advantages and disadvantages are subsequently compared
and discussed in Section 8.3.
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Chapter 5

Using VR for architectural simulation

Subsequent to the review of methods to quantify and describe emotions and ar-
chitectural properties (Chapters 3 & 4), this chapter will now discuss practical
and methodological issues of empirical investigations on affective qualities of ar-
chitectural space. Section 5.1 transfers the general discussion of Section 3.5 to the
particular context of architectural research and simulation. Classical simulation
and representation media are reviewed in Section 5.2. In Section 5.3, virtual real-
ity as medium for architectural simulation is introduced and its particular advan-
tages and drawbacks are discussed. Then, Section 5.4 presents a small case study
exemplarily comparing the perception of architecture in VR and reality. Finally, in
Section 5.5 specific technical design issues of architectural VR simulations are dis-
cussed in more detail. While the last section may appear at first glance slightly
peripheral for the overall scope of the dissertation, the topic is actually closely
connected to the central objective of identifying physical correspondents to ex-
periential qualities: If the primary factors affecting architectural experience and
spatial behavior were known, simulations could particularly concentrate on ren-
dering those aspects realistically. And vice versa, studies on parameters affecting
simulation validity provide useful hints about physical factors that obviously in-
fluence the experience of architectural space.

5.1 Introduction - why simulation?

Architectural simulation may be of interest for various reasons. From the per-
spective of architectural practice there are obvious economic reasons to consider
the simulation of planned building projects beforehand: Simulations offer the po-
tential to base the design process on immediate inspection, different alternatives
can be evaluated without the need of expensive reconstruc