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This dissertation proposes a design concept for an interactively modifiable living space aimed to 

support the lifestyle of neo-nomads. Popularly known as Silicon Valley talent, this new breed of 

highly mobile, technology-dependent, creative professionals is currently facing a severe housing 

crisis (limited availability, often resulting in higher rent). The proposed architectural concept 

consists of a single, multi-functional living space. It is designed to offer an adaptive, highly 

optimized spatial solution that reflects and enhances the transitional, temporal, minimalist living 

of young mobile professionals.  

The proposed design is informed by awareness of anticipatory processes. The proposed dwelling 

is designed to allow occupants the technical possibility to generate affective spatial qualities 

adapted to their needs. This is made possible through interaction with space characteristics (such 

as texture, color, contrast and other aesthetic parameters) in order to accommodate their current 

and emergent emotional, psychophysiological needs. Affective space-making is acknowledged 

as a primary goal of architecture. The traditional space articulation technique is introduced in the 

realm of interactive design with the goal of modifying sensory design elements of color, 
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brightness, texture and material that can be perceived by the occupant as warm, cool, exciting, 

calm, spacious or intimate. The proposed design was evaluated in a six-sided interactive Virtual 

Environment. The experimental component had the goal of providing data to support the 

description of an underlying aesthetic framework. The data acquired helps define a guideline for 

meaningful human-space interaction design.  

As a testament of its time, architecture represents a way of life, symbolizing contemporary and 

emergent technologies, lifestyles and ideologies. The proposed design attempts to define 

interactive architecture that is physical, tangible and essentially spatial in nature, and which 

provides a platform for further research and experimentations for a humane and aesthetic living 

solution for the target group. 
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CHAPTER 1 

INTRODUCTION  

1.1  Research Overview 

This dissertation integrates architectural knowledge of space design with interactive 

system design in the field of habitable interactive architecture. A new design concept of an 

interactively modifiable living space is introduced as a real-world dwelling that consists of a 

single living space with variable design parameters of color, brightness, texture and material 

used to generate affective or emotional experiences of spaces. Through human interaction with 

physical space, occupants generate possible sensory-perceptive, affective spaces by means of 

spatial articulation in real time with the goal of accommodating their evolving emotional, 

psychological, physiological and aesthetic requirements associated with daily activities. Here, 

spatial articulationða space creation technique of traditional architectureðrefers to 

modification of overall visual quality of space, i.e., character, feel and appearance, by 

manipulating the variables of visual space perception. These variables generally include but are 

not limited to light, material, color and texture.1 In the input-output (action-response) mechanism 

of human-space interaction, living space articulates spatial quality in response to an occupantôs 

perception or emotional responses to its affective dimensions. 

In the initial user study phase of research, design parameters of color, brightness and 

texture are used as means of spatial articulation to examine user perception of specific affective 

or psychophysiological dimensions of space. These are feelings of warmth, coolness, 

                                                 

1. Steven Holl, Juhani Pallasmaa, and Alberto Pérez-Gómez, Questions of Perception: Phenomenology of 

Architecture (San Francisco, CA: William Stout, 2006). 
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spaciousness, intimacy, excitement and calmness. Based upon the study findings, some 

modifications are further made to the design scheme. Material is added as a fourth design 

parameter and two additional affective dimensionsðmuted and saturatedðare included in the 

later design phase.  

Design of proposed interactive living space explores two different aspects of creative 

problem-solving: a) enabling anticipatory capacity in design to generate possible spatial 

experiences in order to satisfy design goals of supporting emergent minimalist lifestyles; b) 

formulation of an aesthetic framework for the interactive system to regulate meaningful human-

space interaction. The anticipatory dimension of living space is explored and examined in its 

capacity to generate possible affective spatial experiences to accommodate an occupantôs moods, 

emotions, actions and functions that may occur in daily living. An anticipatory design looks at 

prior and possible future conditions and prepares for emergent needs by making affordances in 

its current condition.2 In the proposed design, human-space interaction is driven by possibilities 

of psychophysiological spatial experiences that may emerge to potentially meet current and 

future needs and desires of occupants. Design is also investigated in order to formulate a set of 

aesthetic principles based upon which human-space interaction will generate meaningful spatial 

possibilities in response to an occupantôs needs. The aesthetic principles are design guidelines 

formulated from correlations established between variable design parameters and occupantôs 

perceptions of psychophysiological spacesði.e., emotional responses to spaces. Correlations are 

measures of the extent to which each design parameter impacts perception. A Virtual 

                                                 

2. Mihai Nadin, ñAnticipation and the Artificial: Aesthetics, Ethics, and Synthetic Life,ò AI & Society 25, no. 1 

(April 2010): 103ï118, doi:10.1007/s00146-009-0243-0   
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Environment is used as an evaluation tool to test proposed design concept and gather relevant 

data from which the aesthetic principles can be formulated. In a user study conducted in a six-

sided immersive Cave Automatic Virtual Environment (CAVE)-type display, living space is 

simulated with adapted equivalent parameters of color, brightness and texture to test affective 

space creation. Both quantitative and qualitative research methodologies are applied with the aim 

of measuring the extent to which design parameters influenced emotional responses to perceived 

spaces.  

The chief research question posed in this research is: Can Virtual Environment serve as a 

viable evaluation tool for architectural design concepts where variable design parameters can be 

adapted to replicate real-world affective space creation? Generated data confirmed the 

hypothesis posed in the user study that real-world influence of affective space creation can be 

successfully replicated in a simulated environment with adapted design parameters. Relevant 

data pertinent to design is further analyzed in order to formulate a set of aesthetic principles. 

Underlying aesthetics provide a framework based upon which the interactive control system 

meaningfully interprets an occupantôs subjective sensory perception of desired 

psychophysiological spatial qualities and regulates the output of articulated spatial feedback that 

is purposeful and effective in human-space interaction.  

The final outcome of the dissertation is the formulation of an aesthetic framework for the 

interactive system in the form of design guidelines on how to regulate the behavior of human-

space interaction of the living space. This involves processing of received occupant inputs and 

articulation of possible affective spaces as outputs that are meaningful for occupants and can 

potentially support their psychophysiological needs. Databases for design parameters of color, 
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texture and material are constructed in association with design principles for the interactive 

system to use.  Fuzzy logic system, a soft computation method, is implemented for the 

interactive system in order to analyze and process qualitative, linguistic perceptual data received 

from occupants, and respond through modifications of color, brightness, texture and material to 

articulate living space as output data that is meaningful and effective. As examples, rendered 

images of a series of designed articulated spaces are also provided as outcomes of some possible 

human-space interaction scenarios. 

 

1.2  Target Occupants 

 The conditions of globalizationðthe open market, the worldwide integration and 

assimilation of ideas, products and cultural views, the unprecedented changes in communication, 

digital and social networks, innovative computer technologies reshaping the urban infrastructure, 

new waves of migration and multi-national identitiesðhave led to the rise of a new class of 

workers: the ñneo-nomads.ò Similar to the historical nomads, they are characterized by mobility 

and adaptability.3 The mobility of neo-nomads is not necessarily only physical or spatial 

displacement, but also mental and digital, referring to the displacement or detachment from oneôs 

historical or cultural roots.4 As a cultural hybrid, the neo-nomads are a highly adaptable 

population that can establish a new sense of belonging in new contexts and situations, similar to 

traditional nomads.  

                                                 

3. Anthony DôAndrea, ñNeo-Nomadism: A Theory of Post-Identitarian Mobility in the Global Age,ò Mobilities 

1, no. 1 (March 2006): 95-119. 

 

4. Yasmine Abbas, "Neo-Nomads and the Nature of the Spaces of Flows" in UbiComp in the Urban Frontier 

Conference proceedings, September 2004. Nottingham, England: UbiComp 2004: 12-13. 
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ñNeo-nomadsò is a broad concept that includes expatriates, migrants, global workers, as well as 

frequent travelers. Various researchers have attempted to define the modern-day nomadism. In 

his paper Neo-nomadism in the Global Age, Anthony DôAndrea discusses the ñglobal nomadò or 

the ñexpressive expatriate.ò While the nomadic concepts of the refugee and the immigrant 

diaspora are linked to experiences of cultural uprooting, cultural confusion, as well as ethnic or 

national ñnostalgic melancholia,ò5 the global nomads are known as a new breed that rejects a 

single identity tied to a fixed idea of a homeland.6 Many of these modern-day expatriates select 

location-independent jobs and travel to remote locations around the worldðsuch as technology 

hubs and tourist resortsðfor work, cultural exploration and entertainment. Not completely 

detached from their own home, these constant travelers are motivated by the need for self-

exploration and cultural assimilation in order to form an identity that belongs to the global.7  

 In his book Free Agent Nation: How America's New Independent Workers Are 

Transforming the Way We Live, author Daniel Pink discusses the rise of another group of mobile 

professionals who are freelancers. The decline in long-term job security during the past decades 

has led to the rapid rise of self-employed, independent contractors who work in various 

professions, such as advertising, information technology, animation and the movie industry. 

These workers own the manufacturing tools and search for contract jobs that provide the 

                                                 

5. Tim Oakes and Claudio Minca, ñTourism, Modernity, and Postmodernity,ò in A Companion to Tourism, eds. 

Alan. A. Lew et al., (UK: Blackwell publishing, 2004), 283. 

  

6. Anthony DôAndrea, ñNeo-Nomadism: A Theory of Post-Identitarian Mobility in the Global Age,ò Mobilities 

1, no. 1 (March 2006): 95-119. 

 

7. Ibid. 
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opportunity to develop skills and forge new partnerships in order to enrich their resumés.8 

Embedded computing has increased mobility and location independence for these new-

generation freelance professionals. The freelancing professionals are always connected and 

accessible through web and social media, extending their identity beyond the physical and into 

the new context of the digital. The existing infrastructure of free wireless network at cafés and 

retail technology outlets support their nomadic lifestyle, enabling them to travel and work from 

any remote location.9   

In this dissertation, the living space is designed for a specific segment of the neo-nomads. 

These are the new-generation information technology professionals, entrepreneurs and 

freelancers, also popularly known as Silicon Valley workers. This is a new breed of a highly 

mobile, technology-dependent, wireless population who can work and correspond remotely.10 

Portable computing devices, mobile technology, digital and ñcloudò media, social networking 

and constant internet presence dematerialize the digital-dependent world they inhabit. Moving 

from café to café, these target occupants are highly adaptive to new, dynamic settings, with no 

fixed sense of belonging.11 The past decades have witnessed a rapid increase in the number of 

these tech literate, young professionals and entrepreneurs in pursuit of remote jobs at various 

                                                 

8. Daniel H. Pink, Free Agent Nation: How America's New Independent Workers Are Transforming the Way We 

Live (New York: Warner Books, 2001). 

 

9. Dan Fost, ñWhere Neo-Nomadsô Ideas Percolate,ò SFGate, March 11, 2007, 

http://www.sfgate.com/news/article/where-neo-nomads-ideas-percolate-new-2610920.php. 

 

10. Yasmine Abbas, "Neo-Nomads and the Nature of the Spaces of Flows" in UbiComp in the Urban Frontier 

Conference proceedings, September 2004. Nottingham, England: UbiComp 2004: 12-13.   

 

11. Dan Fost, ñWhere Neo-Nomadsô Ideas Percolate,ò SFGate, March 11, 2007, 

http://www.sfgate.com/news/article/where-neo-nomads-ideas-percolate-new-2610920.php. 



 

7 

technology hubs around the world.12 The booming industry of internet, social media and 

smartphone technology of San Francisco experienced a recent influx of job growth that, in 

addition to space shortage and higher rent, has contributed to the severe housing crisis.13 The 

phenomenon of transitional living of rapidly growing information-age professionals and the 

ongoing housing crises have led many researchers, architects and interior designers to seek new 

design vocabularies with computer-mediated spatial solutions, and affordable concepts of 

compact living to accommodate the transitional lifestyles of these technology-dependent, mobile 

professionals.14   

The proposed concept of multi-functional single space is inspired by the current trend of 

efficiency or studio apartments, and ñmicro-apartmentsò available in overcrowded, high-density 

big cities, such as San Francisco, New York and Seattle, that are rented by the digital-age 

population.15 Many of these tiny apartments consist of single, multi-functional living areas that 

are as small as 9.3 m2 or 100 sq ft.16 Such housing intends to accommodate the overlapping, 

shared activities of work, sleep, eating or socializing of young professionals with minimal 

                                                 

12. Anna Hart, ñLiving and Working in Paradise: The Rise of the Digital Nomad,ò The Telegraph, last modified 

May 17, 2015, http://www.telegraph.co.uk/news/features/11597145/Living-and-working-in-paradise-the-rise-of-the-

digital-nomad.html.   

 

13. Lauren Hepler, ñThe Shadow of Success: Inside Silicon Valleyôs Affordable Housing Crisis,ò Silicon Valley 

Business Journal, last modified January 31, 2014, http://svbj.tumblr.com/post/75132767372/the-shadow-of-success-

inside-silicon-valleys. 

   

14. Mike Weinstock, "Terrain Vague: Interactive Space and the Housescape," Architectural Design 75, no. 1 

(2005): 46-50.     

 

15. Neal J. Riley, ñS.F. Supervisors Back Micro-Apartments,ò SFGate. last modified November 20, 2012, 

http://www.sfgate.com/bayarea/article/S-F-supervisors-back-micro-apartments-4055493.php. 

    

16. ñWhat is the Tiny House Movement?ò The Tiny Life, accessed June 14, 2016, http://thetinylife.com/what-is-

the-tiny-house-movement/.  
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belongings in a single multi-purpose space with compact furniture and storage.17 In most cases, 

spatial transformation for these minimalist living spaces is mostly limited to furniture design. 

Limited space is optimized through smart design solutions of multi-purpose, compact furniture 

and storage design to add a feeling of spaciousness.  

This dissertation proposes a design concept as an optional living solution, a real-world 

alternative to expensive built dwellings for this rapidly growing population. A subset of this 

population is selected as target occupants based upon examination of their profile. Spatial 

flexibility and optimization are sought through creative spatial solutions beyond conventional 

multi-functional furniture design aimed at complementing their minimal, transitional lifestyle, 

computation-based interconnectedness and constant mental shift to dynamic territories. An 

online survey was conducted as part of the background study for this dissertation in order to gain 

insight into the lifestyles of a segment of the technology-dependent, modern-day students and 

professionals (see Appendix: A). A total of 85 people participated in this study who are 

accustomed to using various mobile technologies and portable computing devices, such as 

smartphone, laptop, tablet and PDA for their daily personal, professional and social activities. 

Survey results were analyzed in order to gain an insight into their residential space usage 

patterns, and their preferred living environments for performing various daily activities. 

Although the data were not directly used for design purposes, they were helpful in gaining an 

understanding of space use preferences for domestic and professional activities.  

                                                 

17. Nellie Bowles, ñThe Real Teens of Silicon Valley: Inside the Almost-Adult Lives of the Industryôs Newest 

Recruits,ò The California Sunday Magazine, accessed May 2015, https://stories.californiasunday.com/2015-06-

07/real-teenagers-silicon-valley. 
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Most of the participants (38%) belonged to the 25-34 age group, while 19% of the 

participants were within the age group of 18-24 and 25% were between 35-44. Survey findings 

revealed that the majority of participants (65%) were professionals; 42% of the participants 

performed their job-related activities from an office or workplace away from home, while 39% 

of the participants worked or studied from home. Smartphones and/or portable computers were 

used mostly for communication (phone or text) and social media. Other important but less 

frequently performed activities were related to occupation (work and/or study) and recreation, as 

well as for socializing (chat or video apps). The primary living situation for most participants 

consisted of two or more rooms. The majority lived with roommates or family. Most participants 

used their primary living space for sleeping, eating and working. Other less frequent activities 

included recreational and creative pursuitsði.e., watching TV, playing games, reading, art and 

design. The majority of participants never entertained guests at home, did not have a second 

bedroom, family/living room, a separate study or office space in their primary residence. The 

bedroom of the primary residence of most participants was used for sleeping, studying and often 

for working. The following spatial environments were selected by most participants for carrying 

out certain daily activities: 

i) For sleeping: private, calm and intimate 

ii)  For work or study: calm, spacious and private  

iii)  For recreation: exciting and spacious  

iv) For contemplation, meditation, prayer or similar activities: private, calm and very intimate  
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1.3  Rationale 

This dissertation investigates the concept of interaction in the realm of architecture that is 

physical, tangible and essentially spatial in nature. It excludes interactive projects and theories 

that have been developed in the fields of art, cybernetics, artificial intelligence, as well as 

conceptual theories of predictive technology and ñanticipatory architectureò18 based on Paskian 

systems still at a development stage, and which have not been implemented yet in the realm of 

architecture that is habitable. The genre of ñresponsive architecture,ò including parametric or 

generative systems that are based upon biomimicry and biological systems of self-organization 

are also excluded from the scope of research for the same reason.  

In the current practice of habitable interactive architecture, human interaction with 

physical space is enabled by embedded microchips and sensors. Buildings and physical spaces 

embody wireless interconnectedness of information technology and respond to human input and 

behavior.19 Through formal and visual changes, reconfigurations and personalization, buildings 

respond to the occupantôs input. The last decade has witnessed a boom in the field of interactive 

design. A range of multi-disciplinary, collaborative projects have been developed by artists, 

designers and architects greatly inspired by interactive technology. Some researchers predict 

embedded interactive computing to redefine human relationship with built spaces in the coming 

                                                 

18. Michael Fox and Miles Kemp, Interactive Architecture (New York: Princeton Architectural Press, 2009) 

ebrary, 3. 

     

19. Antonino Saggio, "Interactivity at the Centre of Avant-Garde Architectural Research." Architectural 

Design 75, no. 1 (2005): 23-29. 
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years, and stress the urgency of research on computing-enabled spatial adaptation for 

contemporary ñinformation-ableò architecture.20 

However, a growing number of researchers and practitioners, such as Fox, Wiberg and 

Weinstock, criticize the current trend of buildable and habitable interactive architectural projects 

for their disregard and insensitivity towards the traditional role of architecture as a spatial entity 

having distinct spatial functions. The interactive ñintelligentò or ñsmartò environment is 

criticized for its market-driven, surface-deep focus on gadget and media design.21 The intelligent 

architectural systems or automation is primarily geared toward energy optimization, cost-

efficiency in management, environmental sustainability, and security aspects. On the other hand, 

the practice of interactive digital façade is criticized for its treatment of buildings solely as 

objects of art, digital canvases or computer interfaces instead of interactive architecture.22 These 

researchers argue that the current practice of interactive architecture is removed from traditional 

ñarchitectural thinkingò23 of spatiality with its conceptual, aesthetic and functional aspects. They 

urge designers to explore the creative opportunity computing technology offers in order to 

dynamically enhance and articulate living spaces in real time. Some researchers also ask 

designers to investigate how it can support the highly mobile lifestyle of information-age 

professionals.24  

                                                 

20. Ibid., 25. 

 

21. Weinstock, "Terrain Vague: Interactive Space and the Housescape."  

      

22. Mikael Wiberg, Interactive Textures for Architecture and Landscaping (Hershey: IGI Global, 2011). 

       

23. Ibid., 134-135. 

       

24. Weinstock, "Terrain Vague: Interactive Space and the Housescape." 
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The urgency for thoughtful collaborations between interactive system design and 

architectural design of recent years has also led to workshops, such as ñHuman-Building 

Interaction,ò to focus on the necessity to integrate interactive designði.e. interactive media, 

sensor-actuator systems, automation and interface designs, as well as the new mobile lifestyle of 

people resulting from ubiquitous computingðinto the architectural design ideology.25 They also 

stress the integration of architectural concepts and theories in the realm of interaction design, for 

understanding the complex human decision-making and behavior in the physical, spatial and 

social aspects of interactive built environments.  

This dissertation is such an attempt to coordinate the complexity of human behavior and 

decision making, and emerging mobile lifestyle with interactive system design in the realm of 

spatial designs of architecture. It attempts to bridge the gap by introducing traditional 

architectural knowledge of space-making to coordinate with interactive computation as a creative 

design tool to enhance usability of living spaces. Design of interactive living space 

acknowledges the real-world emotional responses to space that is predominantly influenced by 

sensory engagement with space design parameters of light, color and texture. Affective space-

making of traditional architecture supports or modifies human activities and behavior through 

sensory-perceptive, visually engaging spatial experiences, articulated to elicit emotional 

responses from the occupant. Spatial articulation is acknowledged as a fundamental architectural 

technique that enhances psychophysiological aspects of the human condition, further shaping 

                                                 

25. Hamed S. Alavi et al. ñInteraction and Architecture: Deconstructing Human-Building Interaction,ò 

Interactions 23, no. 6 (November-December 2016): 60-62.    
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activity, behavior and experience.26 Spatial articulation, within the ñtime-space dimensionò of 

traditional architecture, changes spatial quality in real time to accommodate the rapidly changing 

daily living activities of neo-nomad professionals.   

The proposed design is anticipatory in its active involvement of the occupant in affective 

space creation, thus enabling the occupant to personalize spatial qualities. The necessity for 

personalization and customization of spatial qualities through subjective perception, as well as 

physiological, emotional, functional, aesthetic and creative explorations, prompts generation of 

continuous human-space interaction in an attempt to accommodate emergent lifestyles. A set of 

aesthetic principles forms the framework based upon which a control system interprets the 

occupantôs input of desired spatial qualities and regulates the output of articulated space as 

feedback in an effective, meaningful way. The formulation of an underlying aesthetic 

framework, composed of a set of design principles, will guide the interactive control system of 

living space in regulating the input-output mechanism of human-space interaction. 

 

1.4  Virtual Reality as an Evaluation Tool 

This dissertation defines virtual reality (VR) as a viable evaluation platform for new 

architectural concepts that explores psychophysiological, experiential spaces with adapted 

variable design parameters in simulated virtual space. Here, VR is used to quantify aesthetic 

parameters of architectural space-making pertinent to design by replicating the three-

dimensional, multi-sensory real-world spatial experiences with use of alternative sensory-

                                                 

26. Joanne Jakovich and Kirsty Beilharz, "Interaction as a Medium in Architectural Design," Leonardo 40, no. 

4 (2007): 368-69, http://www.jstor.org/stable/20206449.    
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perceptive methods within the technological constraints of graphical methods.  This requires 

understanding of how real-world sensory perceptions can be overridden, further providing the 

affordance for a new aesthetics that conforms to the medium, influencing its capacity and 

efficiency.27 VR provides controlled conditions for conducting scientific experiments, the ability 

to manipulate visual attributes of simulated space, interactive components, and high-resolution 

graphics with a high level of perceptual realism, all of which are necessary for simulated 

architectural perceptual studies, and can potentially be an effective tool for conducting 

psychophysiological experiments. 28 

Although evaluation of architectural design is not new in the practice of VR technology, 

there are very few studies conducted on qualitative spatial aspects in architecture, specifically on 

sensory and psychological dimensions of space perception. Literature review suggests that the 

psychological, emotional or metaphysical dimensions of color, light, texture and materiality, 

essential parts of affective space creation, are yet an unexplored area in VR. Architectural design 

evaluation by VR has mainly been in the exploration of unbuilt or difficult-to-realize concepts in 

the arena of educational, recreational and communal sectors in a collaborative setting for 

decision-making purposes or other participatory inputs from architects, designers and clients.29 

Walk-throughs and prototyping systems are used in architectural studies in VR. Prototyping 

                                                 

27. Mihai Nadin, ñNegotiating the World of Make-believe: The Aesthetic Compass.ò Real-Time Imaging 1, no. 

3 (August 1995): 173-190. 

 

28. Gerald Franz, Markus von der Heyde, and Heinrich H. Bülthoff, ñPredicting Experiential Qualities of 

Architecture by its Spatial Propertiesò in Designing Social Innovation: Planning, Building, Evaluating (Cambridge, 

MA: Hogrefe, 2005), 157-166. 

 

29. George Drettakis et al. ñDesign and Evaluation of a Real-World Virtual Environment for Architecture and 

Urban Planning,ò Presence: Teleoperators and Virtual Environments 16, no. 3 (June 2007): 318-332.  
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systems have user-centric designs during early development phases while walk-throughs allow 

users to navigate free.30 The first head-mounted display (HMD) for immersive architectural 

space in VE,31 designed by Sutherland, later developed into the first room-sized VR called 

CAVE,32 with four 10-foot projection screens and interactive user interfaces. Multiple 

perspectivesðat both ground and global (above-ground) levelsðwere introduced for 

architectural design in a prototyping system called CALVIN in CAVE.33 

VR has been used for measuring both qualitative and quantitative factors of architectural 

space design. The quantitative studies pertain to size, scale, proportions and distance perceptions, 

while the qualitative studies include measurement of environmental, and affective or 

psychophysiological spatial aspects. For quantitative affective appraisals of space, some basic 

models were used in environmental psychology. Semantic differential scales (non-numerical 

scales) used pairs of oppositional adjectives as descriptors of environmental aspects of mood to 

measure affective aspects of space. These adjectives assigned both emotional and physical 

meanings to perceived architectural spatial aspects relating to size, shape, style, structural details, 

apertures, color, luminance, temperature, such as: pleasant and unpleasant, bright and dull, 

arousing and calm, narrow and spacious, dark and bright, open and enclosed, and warm and 

                                                 

30. Ibid. 

    

31. Ivan E. Sutherland, ñThe Ultimate Display,ò in Proceedings of IFIP Congress 65, no. 2 (1965): 506-508. 

    

32. Jaeho Ryu et al. ñApplication of Human-scale Immersive VR System for Environmental Design Assessment 

- A Proposal for an Architectural Design Evaluation Tool,ò JAABE 6, no. 1 (May 2007): 57-64. 

 

33. Jason Leigh and Andrew E. Johnson, "CALVIN: An Immersimedia Design Environment Utilizing 

Heterogeneous Perspectives," in Proceedings of the Third IEEE International Conference on Multimedia Computing 

and Systems, June 1996. Hiroshima, Japan: IEEE: 20-23. doi: 10.1109/MMCS.1996.534949 
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cold.34 Some VR studies drew comparisons between qualitative virtual perception to 

corresponding real-world perception in order to find similarities, and established quantifiable 

correlations, between perceived affective aspects and spatial volumes: scale, lighting, 

architectural details and artifacts.35  

Attempts have been made to integrate VR in architectural design curricula in order to 

improve design quality of students.36
 In mid-1990s, walk-throughs were conducted in VE to find 

design flaws. A more sophisticated, immersive CAVE system was used in design studios by 

Fröst and Warren in the late 1990s that proved VR a better design tool for concept development, 

analysis, testing and construction of architectural designs than traditional paper and pencil design 

sessions.37 In one such example, the College of Architecture and Planning (CAP) at Ball State 

University introduced HMD-based VR for students to study spaces with affective meanings in 

terms of everyday semantics, and replicate real-world functional spaces in VE.38 Some studies 

also focused on emotional responses to spatial features. In another VR-based perceptual study, 

                                                 

34. Gerald Franz, ñAn Empirical Approach to the Experience of Architectural Spaceò (PhD diss., Max Planck 

Institute for Biological Cybernetics, Tübingen and the Bauhaus University, Weimar, 2005). 

 

35. Daniel Henry and Tom Furness, "Spatial Perception in Virtual Environments: Evaluating an Architectural 

Application," in Proceedings of IEEE Virtual Reality Annual International Symposium, September 1993. Seattle, 

WA: IEEE: 33-40. doi: 10.1109/VRAIS.1993.380801  

 

36. Mark P. Mobach. ñDo Virtual Worlds Create Better Real Worlds?ò Virtual Reality 12, no. 3 (September 

2008): 163-179. 

 

37. Peter Fröst and Peter Warren, ñVirtual Reality Used in a Collaborative Architectural Design Process,ò in 

2000 IEEE Conference on Information Visualization. An International Conference on Computer Visualization and 

Graphics, July 2000. London:568-573. doi: 10.1109/IV.2000.859814. 

 

38. Drettakis, ñDesign and Evaluation of a Real-World Virtual Environment.ò 
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still images of interior spaces were used to establish correlations between physical openness of a 

roomðits size, openingsðand affective spatial qualities.39   

VR has been proven beneficial in architectural design studies for its immersive, high 

resolution, photorealistic interactive system. For the user study conducted in this dissertation, the 

mixed-reality environment of immersive CAVE-type display, with human-scale simulations, 

photorealistic high resolution, real-time projections on six screens, and enhanced sense of 

presence with 360-degree view has been considered most appropriate. 

 

1.5  Dissertation Overview 

The following three chapters (Chapter 2-4) pertain to relevant background studies. The 

second chapter of this dissertation (Chapter 2) addresses the notion of affective space creation in 

traditional architecture, and the relationship between space articulation and human emotions, 

mood and behavior. Here, analysis of the visual perceptual process of space is limited to 

examination of subjective affective dimensions of two variables of space perceptionðcolor and 

texture as sensory stimuliðas well as materiality. Discussion involves relevant 

psychophysiological significance of these design variables in the context of architecture. 

Architectural space-making process is explained as a meaningful construction of sensory-rich, 

spatial narrative intended to evoke emotional and aesthetic responses. Subjective perception and 

meaningful interpretation of spatial narrative is structured around emotion and imagination. 

Many renowned architects of the past, such as Kahn, Le Corbusier, Wright and Gropius, and 

                                                 

39. Gerald Franz, Markus von der Heyde, and Heinrich H. Bülthoff, ñAn Empirical Approach to the Experience 

of Architectural Space in Virtual RealityðExploring Relations Between Features and Affective Appraisals of 

Rectangular Indoor Spaces,ò Automation in Construction 14 (2005): 165-172. 
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contemporary architects Zumthor, Pallasmaa and Holl have actualized these mental spaces with 

emotional functions to fulfill an occupantôs spiritual need, through exploration of the 

metaphysical, psychological and metaphorical implications of light, color and material as design 

tools of spaces, acknowledging their impact on human emotions and behavior.    

The third chapter (Chapter 3) defines the notion of flexible and adaptive space within the 

scope of this dissertation, and analyzes the concept of spatial adaptability in Modernist 

architecture. Historically, architecture has perpetually transformed and adapted itself to support 

changing individual, social and environmental needs, seeking rational solutions in innovative 

technologies. Spatial adaptability is evident in vernacular architecture, as well as in the 20th 

century Modernism that sought new conditions of life, and pragmatic living solutions for the 

working class population during the industrial era through integration of innovative technologies. 

Traditional Japanese and Modern architectural spaces of Loos, Mies van der Rohe, Wright and 

Rietveld changed in real time to adapt to everyday activities. The living spaces of the Modernism 

era reflected new ideas, political, socio-cultural, economic and aesthetic conditions. Flexible 

open plans, modularity and prefabrication indicated advances in construction techniques, giving 

way to rational solutions with multi-functional living spaces and furniture to address the housing 

crisis for low-income working class people in 1920s Modernism. Le Corbusierôs minimalist, 

adaptable living spaces transformed with user participation. The flexible, space-saving functional 

space and furniture designs of Ferdinand Kramer reflected the mobility and pragmatism of the 

Industrial Age. In recent years, human-centered information technology has moved towards 



 

19 

social, cultural, creative, mobile and embodied human ñinteractions.ò40 Some researchers predict 

embedded computing technology to play a crucial role in our interaction with the surrounding 

built environment in the coming years. Architectural solutions are needed for the new living 

conditions of this digital-age population through exploration of technologies, and adaptable 

space-making methods to accommodate their transitional lifestyle.  

The fourth chapter (Chapter 4) defines the notion of interaction and interactive 

architecture within the scope of this dissertation, including characteristics, current trends, as well 

as the aesthetics and materiality of human-space interaction. In this dissertation, interaction is 

understood as a basic input-output mechanism, similar to Malcolm McCulloughôs definition of a 

ñdeliberativeò two-way exchange between man and machine.41 An action must be reciprocated 

with a deliberate response in order to complete an interaction. In the realm of architecture, 

interaction occurs when a physical structure or space with embedded computing systems changes 

shape, appearance or environment in response to inputs (action) from human or external weather 

conditions.42  

The final three chapters (Chapter 5-7) introduce and discuss proposed design. In the first 

chapter (Chapter 5), the concept of an interactively modifiable living space is introduced and its 

anticipatory dimensions of spatial possibilities are explored in the conceptual, functional, 

aesthetic and creative realms of design. The second chapter (Chapter 6) describes the process of 

data collection pertinent to formulating aesthetic principles through a user study conducted in 

                                                 

40. Malcolm McCullough, Digital Ground: Architecture, Pervasive Computing, and Environmental Knowing 

(Cambridge: The MIT Press, 2004). 

 

41. Ibid., 20. 

 

42. Fox and Kemp, Interactive Architecture, 12. 
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Virtual Environment as an evaluation tool. The user study is conducted with a total of 33 

participants in the proposed living space simulated in a six-sided, immersive CAVE-like display. 

The study measures perceived emotional dimensions of virtual spaces in nine categories: 

warmth, coolness, excitement, calmness, intimacy, spaciousness and comfort, as well as spatial 

preferences for two activities: work and rest. Since emotional responses to space depend on 

context, the influence of activity on perception was also assessed by evaluating responses from 

two groups of users: an active group that performed a typical daily activity and an inactive 

(passive) group. In a quantitative study, participants rate psychophysiological spatial aspects of a 

set of virtual spaces. In the qualitative portion of the study, a qualitative, open-ended question is 

posed to participants, engaging them in a pseudo-interaction with living space in order to gain 

insight into their subjective emotive and aesthetic perception pertaining to the spatial 

modifications they desire in order to satisfy their need. Data findings confirm the hypothesis that 

affective space creation of the real world could be replicated in a simulated environment with 

adapted design parameters of color, brightness and texture. Quantitative and qualitative 

correlations between aesthetic parameters of light, color and texture and perception are 

established, and inferences are drawn to articulate a set of aesthetic principles. In the last chapter 

(Chapter 7), design of an interactive control system is discussed, based upon formulated design 

principles as a guiding framework. Databases for design parameters are constructed and a fuzzy 

logic system is implemented to process qualitative input and output data. Images of a set of 

designed interactive spaces are given as examples for some possible human-space interaction 

scenarios that may emerge.   
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This dissertation considers shortage of space as one of the primary reasons for the 

existing housing crisis for neo-nomads in highly populated, urban areas. A possible solution is 

proposed that focuses on space optimization and spatial adaptability through meaning-driven, 

anticipatory spatial solutions. Interactive technologies offer interior surfaces that constantly 

modify a single living space through articulation of color, brightness, and texture. A single space 

is thus transformed into multiple environments to support multiple functions. Such a space is 

designed to not only support a transitional lifestyle structured in time, shifting between 

domesticity and work, private and shared activities, but also to take part in an occupantôs creative 

exploration in redefining his/her relationship with a dynamically evolving domestic space.  

Future work involves further exploration of affective spaces, design means, as well as the 

affective, symbolic and temporal quality of simulated natural light as a primary design element. 

Construction of interactive space requires investigation into the emergent interactive 

technologies and innovative nanotechnology-driven smart materials for their ability and 

effectiveness. Further studies in interactive space design brings an opportunity to also examine 

the potential of VE as an aesthetic medium. Future work also includes further research on the 

adaptive processes of the interactive living space that has the ability to ñlearn.ò 

This dissertation is an attempt to define the field of interactive architecture. It offers a 

humane and aesthetic approach towards sustainable, efficient living conditions. Its innovative 

approach thus qualifies as original. 
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CHAPTER 2 

AFFECTIVE DIMENSIONS  OF ARCHITECTURAL SP ACES 

2.1  Introduction  

Architectural design is essentially about experiential space-making in an explicit or 

implicit manner. Spatial quality is perceived as a wholeði.e., its scale and proportion, openness 

and enclosure, relation to other spaces, and the sensory elements of light, color and texture that 

modulate the space. The visual space perceptual process relies on the visual properties of various 

architectural elements, such as color, light, material, texture, size and shape, as well as their 

interactions with each other.43   

Affective architecture articulates atmospheric attributes of color, light, texture and 

materiality to create sensory stimulating, visually engaging spatial experiences for eliciting 

emotional responses. Psychological scenarios are presented to occupants through construction of 

spatial narratives in order to derive subjective meanings. Renowned architect Peter Zumthor 

argues that the primary goal of architectural space creation is not about forms, but creation of 

emotional experiences through multi-sensory engagements.44  

This chapter discusses notions of meaningful emotional and aesthetic spaces. ñAffectò is 

defined in the context of architectural space design. Various concepts, theories and practices for 

affective space creation in traditional architecture, as well as the models of emotions commonly 

used for evaluation of affective spatial dimensions, are explained. This dissertation focuses only 

                                                 

43. Francis D. K. Ching, Architecture: Form, Space, and Order (Hoboken: Wiley, 2007). 

 

44. Amy Frearson, ñArchitecture Is Not about Form: Peter Zumthor,ò dezeen, February 6, 2013, 

https://www.dezeen.com/2013/02/06/peter-zumthor-at-the-royal-gold-medal-lecture-2013/ 
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on visual sense perception. As variables of visual space perception, the psychological, 

physiological and aesthetic dimensions of color, texture and materiality are further analyzed in 

the context of architectural space articulation.    

 

2.2 Space Design: Meaning and Aesthetics  

In his article Architecture and Meaning, Robert G. Hershberger quotes architect Romaldo 

Giurgola: "It is the peculiar task of architecture to reach meaning: the human habitat is pivoted 

around meanings, not objects."45 Architectural design is concerned with meaning. Space 

becomes meaningful in its ability to successfully communicate its intended function to the user, 

and moreso, in its ability to satisfactorily accommodate intended functionsðphysically, 

psychologically and functionally. Meaning is in the architectural ñexpressionò intended by the 

architect, and in the ñimpressionò received or inferred by the observer through perceivable, 

identifiable properties of design elements.46  Meaning is conveyed through definitive or implied 

formal and sensory expressions at various emotional, physiological, symbolic or metaphorical 

levels; and observer selectively derives or infers meanings through observerôs interpretations of 

these expressions. The architect carefully selects and articulates forms, shapes, or sensory 

elements of color, light, material and texture that have perceivable, associated relations in order 

to express suggested meaning. Observers identify elements that are representational of their 

culture, tradition and beliefs in order to derive meaning. For instance, color is perceived not only 

as a sensation, but also as associated relational meanings that are culture and context driven. In a 

                                                 

45. Robert G. Hershberger. ñArchitecture and Meaning,ò The Journal of Aesthetic Education 4, no. 4 (October 

1970): 37. 

 

46. Kurt Brandle, Architecture and Meaning (Michigan: Brandle Publishing, 2012) iPad edition, 15. 
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space where all unlocked gates are painted blue and all locked gates are painted yellow, the 

colors become particularly meaningful through their association with freedom of movement. 

Repetitive associations and derived mental or physical, pleasant or unpleasant experiences 

endow these colors with new meanings at a conceptual level for the observer beyond cultural 

connotations.47  

 Meaning can be objective or subjective, denotative or connotative, i.e., directly related to 

physical attributes and function or have emotional dimensions. A ñlargeò space directly refers to 

the physical attribute, while a space perceived as ñpleasantò has emotional implications. 

Objective meaning can be derived from the interpretation of architectural elements or forms. The 

shape of a door as an opening to walk through, the slope of a ramp as a surface to climb, or the 

wall as a barrierðthese elements have objective meanings based upon perceived affordances that 

indicate what type of action they can afford.48 Architecture shaped as a nest, such as the Olympic 

Stadium in Beijing, is iconic and connotes a shelter. In relation to form and content, symmetry 

and order can bring formality and focal interest to architectural spaces as well. On the other 

hand, subjective perception of architectural elements may extend beyond their physical limitation 

or immediate intended function. Emotion, culture, imagination and experience play a crucial part 

in the selective process of deriving meaning. A wall, a specific color or a shape of a door can be 

observed or contemplated as an element separate from its context and can be ascribed subjective 

qualities that have roots in culture, values and experience.   

                                                 

47. Ibid. 

 

48. James J. Gibson. The Ecological Approach to Visual Perception (New York: Psychology Press, 2015). 
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Aesthetics is the sensory assessment of the nature and quality of beauty, art, pleasure and 

displeasure. In architectural design study, aesthetic feelings of beauty or delight arises from the 

meaning that is derived from human assessment of properties of architectural elements pertaining 

to form, space, sensory attributes, and relationship with other architectural elements. Aesthetic 

feelings of pleasure, displeasure and comfort form a combined psychological and physiological 

sensation stemming from perceptions of architectural sensory properties. The positive or 

negative feelings arising from perceptions of propertiesði.e., warm, cool, exciting, calm, 

depressing, inspiring, gloomy, soft, hard, open and enclosedðhave emotional, physical, 

physiological and behavioral dimensions. 

There are innate, objective aesthetic values in symmetry, proportion, order, harmony, 

balance, contrast and rhythm that are part of the architectural design process as principles. The 

golden ratio has been used in art, architecture and other visual media as an aesthetically pleasing 

proportion. Subjective aesthetic values in architecture are sensory, emotional and cognitive. The 

sensory elements of color, light and texture have ascribed psychological, metaphysical and 

metaphorical meanings from which aesthetic experiences are derived. Beauty is also a subjective 

assessment conditioned by cultural constraints, personal taste, education, age, as well as political 

or moral values. In Japanese architecture, aesthetic values are deeply ingrained in religion. 

Naturalism plays a significant role at the cultural core, and aesthetic experience in spatial design 

is sought in simplicity, movement and stillness of wind, water, trees and other natural elements. 

Sculptural ornamentations, formal and spatial arrangements, and articulations with color, light 

and materials in traditional Indian architecture have strong religious and spiritual meanings 
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structured around ritualized lifestyles. On the contrary, in Islamic architecture, beauty is sought 

in both the simplicity and complexity of geometry, patterns, proportions and purity of shapes.  

    

2.3 Affective Space-Making 

 In architectural space studies, the terms ñemotionò and ñaffectò have been used 

synonymously.49 Emotion is a psychological state generated by subjective interpretation of 

interaction with an external stimulus or situation resulting in both physiological and behavioral 

expression.50 In other words, emotion is a psychological state that impacts physiology and 

behavior. Mood is a brief or prolonged state of mind caused by or contributing to specific 

emotions, and can be heavily influenced by thoughts, physiological states, physical activities, 

temperature and weather conditions.51 Affect is a broader concept that encompasses moods, 

emotions, feelings, preferences and attitudes.52   

Renowned architect Louis I. Kahn believed that a roomôs size, surfaces, openings and 

lighting as a whole has an influence on its occupantôs mood and action in that space.53 Perception 

of experienced spatial environment and the occupantôs emotional state or mood are 

                                                 

49. Gerald Franz, ñSpace, Color, and Perceived Qualities of Indoor Environmentsò in Environment, Health and 

Sustainable Development (IAPS 19 Conference Proceedings), 2006. Alexandria, Egypt: IAPS. 

 

50. Don H. Hockenbury and Sandra E. Hockenbury, Discovering Psychology (New York: Worth Publishers, 

2007). 

 

51. Scott Brave and Clifford Nass, ñEmotion in Human-Computer Interaction,ò in The Human Computer 

Interaction, eds. Andrew Sears and Julie A. Jacko (Boca Raton: Taylor & Francis, 2009), 54-65. 

 

52. Michael W. Eysenck and Mark T. Keane, Cognitive Psychology: A Studentôs Handbook (New York: 

Psychology Press, 2015). 

 

53. Peter Loewenberg, ñArchitectural and Emotional Space,ò in Center17: Space & Psyche, eds. Elizabeth 

Danze and Stephen Sonnenberg (Canada: Center for American Architecture and Design, 2012), 16-43. 
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interdependent, one influencing the other. It is not only the basic sensations of sensory 

elementsði.e., light, color, texture, sound, smell, temperatureðbut also aesthetic preferences, 

cultural associations, memories, experiences, and previous or prevailing emotional states that 

influence subjective emotional responses to perceived spatial quality. Affective space-making in 

architecture has psychological, physiological and aesthetic dimensions with the capacity to alter 

emotions, mood, attitudes, behavior and impact physiological responses. Spatial functions are 

supported by creation of various material and metaphysical experiences intended to evoke 

feelings, such as warm, cool, soft, dark, bright, spacious, intimate, open, enclosed, narrow, 

exciting, calm, pleasant, beautiful, unpleasant, inspiring, informal, formal, relaxing, depressing, 

natural and artificial.  

Space creation, reorganization and articulation techniques of traditional architecture 

extend beyond the physical boundaries of space. In the Poetics of Space, Bachelard explains the 

perceptual process of space as a subjective reconstruction of memory and imagination.54 The 

spatial, architectural imageries and sensations associated with oneôs memories of past lived 

spaces are intertwined with symbolic meanings, dreams and subjective interpretations that evoke 

a variety of emotions in us human beings. The openness, enclosure, warmth, lightness, and 

darkness of past domestic habitats are imbued with emotions and feelings of safety, solitude, 

intimacy, creativity and/or danger.55 

Architects create affective spaces through construction of spatial narratives at conceptual, 

creative, aesthetic, and psychological realms structured around subjective human perception, 

                                                 

54. Gaston Bachelard, The Poetics of Space (Boston: Beacon Press, 1994). 

 

55. Ibid., 9. 
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imagination and emotion. Symbolism in architecture, combined with sensory-rich elements, 

stimulates the senses and evokes meanings. Cultural, metaphysical and temporal meanings of 

natural light, material, color and texture to provide imaginative dimensions to the perceived 

space.56 Aesthetics of space relies on the emotions that emerge from subjective meanings, 

essences and sensuousness of color, light and material as sensory elements.57 Some spaces have 

aesthetic dimensions that carry higher levels of consciousness. Figure 2.1 shows two such 

examples. 

  

    

 (a) Ronchamp Chapel58 (b) Exeter Library59 

  

Figure 2.1. Examples of Affective Space-making 

                                                 

56. Juhani Pallasmaa, ñHapticity and Time: Notes on Fragile Architecture,ò Archit. Rev. 207, no. 1239 (2000): 

78ï84. 

 

57. Peter Zumthor, Thinking Architecture (Basel: Birkhäuser, 2010). 

 

58. Source: http://www.france2.fr/emissions/le-monument-prefere-des-francais/monuments-2015/la-chapelle-

notre-dame-du-haut-de-ronchamp-region 

 

59. Source: http://raquelportillo.pbworks.com/w/page/38143218/Louis_20Kahn_2C_20Exeter_20Library 
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In Le Corbusierôs chapel of Notre Dame du Haut in Ronchamp (Figure 2.1-a), the 

carefully constructed light wells generate a deliberate play of natural light through colorful 

stained-glass windows on coarse concrete surfaces intended to arouse feelings of awe, silence 

and serenity. The illuminated large central space of Kahnôs Exeter Library is a play of direct 

ñwhiteò light and indirect ñblueò light symbolizing knowledge and learning,60 and designed for 

no other programmatic function but to provide inspiration and excitement (see Figure 2.1-b).    

 

2.4  Concepts and Theories for Spatial Narratives 

Analysis of affective dimensions of architectural elements in creation of spatial narratives 

has necessitated many researchers to delve into the realm of evolutionary psychology. The 

psychological model of Maslowôs hierarchy of need in the context of architectural space design 

suggests that the primary goal of domestic space is to fulfill the basic psychological and 

physiological needs essential to survival. Pleasure is gained from architectural spaces engendered 

by safety and comfort as an innate survival instinct of the prehistoric hunter-gatherer human.61 

Pleasure is a positive psychological, physiological and cognitive response that also indicates 

aesthetic preferences in spaces. 

In architectural design, several theories are practiced that can be directly linked to basic 

human need for comfort and pleasure. The theories of prospect and refuge, mystery, risk and 

reward are applied by architects in their spatial narrative. The prospect and refuge theory, 

proposed by Jay Appleton (1975) in his book Experience of Landscape suggested that prehistoric 

                                                 

60. Shannon Mattern, ñGeometries of Reading, Light of Learning: Louis I. Kahnôs Library at Phillip Exeter,ò 

Nexus Network Journal 12, no. 3 (September 2010): 389-420. doi: 10.1007/s00004-010-0042-4. 

 

61. Grant Hildebrand, Origins of Architectural Pleasure (Berkeley: University of California Press, 1999). 
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man desired certain degrees of protection, as well as freedom from his domestic space as a 

necessity for survival.62 This means taking refuge in a shelter, as well as having an unobstructed 

access to the vast savannah that held prospects for hunting and exploration for food.  

The occupantôs preference of the degree of openness or enclosure, spaciousness or 

intimacy, brightness or darkness in a domestic space, reflects subjective perception of 

containment and freedom that is satisfied through manipulation of size, proportion, openings and 

other sensory qualities of architectural space. Spaces with lowered ceilings, warm and softer 

lights or visually heavy structure and materialsðsuch as a fireplace in a living roomðmay 

reflect a shelter-like containment protected from weather. Open, unobstructed views, 

waterbodies, visually light-weight structures, bright lights and smooth, bright materials may 

create feelings of openness and spaciousness. Transitional spaces, such as corridors, balconies 

and terraces also contribute to the narrative of prospect and refuge. 

Several other architectural theories are linked to evolutionary psychology associated with 

spatial exploration stemming from the need for challenges and adventures of the prehistoric 

human to remain alert and active as part of survival. Psychophysiological and cognitive pleasure 

is derived from these architectural experiences related to theories of mystery, risk, reward, thrill 

or peril, as well as familiarity and predictability. These theories revolve around anticipations of 

aesthetic experiences of heightened pleasureði.e., pleasant, positive experiences of reaching a 

satisfactory goal of a psychologically or physiologically pleasant environment, a surprising 

                                                 

62. Jay Appleton, The Experience of Landscape (London: Wiley, 1975). 
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discovery that stimulates the senses, or an initial negative expectation turning into a positive 

experience.63 

In space design, a clear distinction is made between fear and pleasure in the exploration 

of the unknown by maintaining a level of awareness and clarity in design pertaining to perceived 

threat or control. Architects practice various formal and sensory spatial articulations in order to 

heighten the level of curiosity and encourage exploration: e.g., use of directional elements of 

wall curvatures, creation of visual focal points with light or color, lighting effects from dark to 

light, a sudden change in texture or material, partially obscured views, creation of sensory 

stimulating tactile or aural environments that invite engagement.  

Complexity and order is a space design theory that translates the beauty found in the 

sensory-rich, complex and fractal geometries of nature into architectural design. Order brings 

symmetry, clarity, coherence and spatial hierarchy to geometrical compositions. In space design, 

psychological, cognitive and aesthetic pleasure are derived from the complexity of textural 

details and contours of building surfaces, exposed structure and materials, and movement of light 

and shadow patterns that create stimulating, visually enhanced environments. 

Figure 2.2 shows examples of spaces designed by architect Tadao Ando that explore 

natural light and shadow, texture and materiality to create various aspects of prospect-refuge and 

mystery. In the residential design of the Koshino House, feelings of enclosure or spaciousness, 

warmth and comfort are enhanced by inviting natural light to come in through various 

strategically located narrow apertures in a cave-like concrete residence (see Figure 2.2-a). 

                                                 

63. Sander Van de Cruys and Johan Wagemans, ñGestalts as Predictions ï Some Reflections and an Application 

to Art.ò Gestalt Theory 33, no. 3/4 (2011): 325-344. 
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Church on the Water is a small, secluded chapel that is hidden from public view by a 

surrounding wall on three sides. Visitors step down a narrow stairway into the prayer hall that 

opens to the view of a vast, undisturbed natural landscape, enhancing feelings of safety and 

security and a heightened level of aesthetic experience (see Figure 2.2-b).  

      

       

 (a) Koshino House, Japan64 (b) Church on the Water, Japan65  

  

Figure 2.2. Space designs of architect Tadao Ando  

2.5  Evaluating Affective Dimensions of Architectural Space 

Many experimental and observational studies have been conducted by researchers to 

establish correlations between various architectural design elements and affective dimensions of 

experienced space. As affective responses are highly subjective and may be triggered by stimulus 

beyond tested parameters, empirically-backed standardized rules or theoretical frameworks are 

difficult to establish, despite the great number of comprehensive literature available on this 

                                                 

64. Source: http://www.archdaily.com/161522/ad-classics-koshino-house-tadao-ando. 

 

65. Source: http://www.pritzkerprize.com/1995/works. 
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subject.66  It is more difficult to find affirmations concerning impacts of interactions of design 

elements on emotions. However, some generalized objective guidelines could still be inferred or 

hypothesized based on certain patterns or trends observed in these studies.  

 To understand affective dimensions related to architectural spaces, researchers have used 

several models of emotions to create correlations between emotional dimensions and 

architectural spatial aspects, in order to measure psychological (personal preferences, taste, 

attitudes) and physiological responses to stimuli, as well as aesthetic dimensions. 

A model of emotions developed by professor of Industrial Design Peiter Desmet has been 

applied in evaluation of both architectural spatial quality and product design containing three 

variables: appraisal, concerns and stimulus (see Figure 2.3-a).67 The model considers perceived 

architectural space as a stimulus. Appraisal is the evaluation or assessment of architectural 

spatial experience that elicits emotion. Concerns indicate the userôs expectations, desires or past 

experiences that need to be satisfied. The combination of these three variables indicate the type 

of emotional response the architectural space will evoke, such as happiness, boredom, surprise, 

pleasure or excitement. Positive or negative emotional response depends on whether the 

experience has been deemed favorable or unfavorable to human concerns.  

Other models of emotions used in architectural studies have been borrowed from 

environmental psychology, i.e., a study of human behavior pertaining to environmental quality. 

An emotional state model for affect pertaining to physical and sensory properties of architecture 

has been commonly used in many empirical studies for quantitative affective assessments of 

                                                 

66. Franz, ñSpace, Color, and Perceived Qualities of Indoor Environments.ò 

 

67. Simon Droog and Paul de Vries, ñEmotion in Architecture: The Experience of the User," issuu.com, 

October 24, 2009, https://issuu.com/pauldevries/docs/20090202_emotioninarchitecture_big 
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architectural spaces. The model developed by Mehrabian and Russell is the Pleasure-Arousal-

Dominance (PAD) emotional state model representing three primary measures: pleasure 

(valence), arousal and dominance (see Figure 2.3-b),68 commonly used in various scientific and 

observational studies. Linguistic scaling techniques (semantic differential scales) are generally 

used for affective appraisals, using variables with pairs of oppositional adjectives as descriptors 

of environmental aspects of mood.   

 

                          

 (a) Peiter Desmetôs Model of Emotions 69 (b) Pleasure-Arousal-Dominance (PAD) 

  

Figure 2.3. Models of Emotions  

In the context of architectural space studies, valence is positive or negative emotion 

related to aestheticsði.e., pleasure or beauty. Arousal is related to excitement and interest, and 

dominance is related to seriousness and formality. The architectural principles of order, balance, 

                                                 

68. Robert. G. Hershberger and Robert. C. Cass, ñPredicting User Responses to Buildings,ò in Environmental 

Aesthetics: Theory, Research, and Applications, ed. Jack L. Nasar (Cambridge: Cambridge University Press, 1988), 

195ï211. 

 

69. Droog and de Vries, ñEmotion in Architecture," 12. Figure is adapted from source. 
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variety (diversity) in design have aesthetic dimensions associated with valence, whereas both 

complexity and variety have associations with arousal.70  

Several studies on affective appraisals of architectural elements have pointed out a direct 

or indirect relationship between pleasure (valence) and physical comfort related to body 

movement and posture, light (brightness), temperature, moisture, sound, tactile sensation of 

rough or smooth surfaces, as well as the aesthetic aspect of textural patterns.71 While proportion 

of space has a significant relation to valence, the feeling of spaciousness has been related to 

valence and dominance.  

 

2.6  Affective Dimensions of Color 

Color is an emotional, physical and physiological stimulant. Artists, architects, interior 

designers, scientists, physicians and psychologists have worked with the science of colorði.e., 

its impact on the human physiology, psyche and behavior, its natural and cultural associations, 

and various interactions among colors. Perception of color is contextual. The causes behind 

emotional and physiological responses to a color are manifold and complex, yet interrelated. 

Perception of red, as a symbol of romance, passion, power, criticism, anger, warning or violence 

may stem from its natural or biological associations with health, blood, stamina, vigor, heat or 

flame.72 Similarly, blue as the color of the sky may soothe and calm. On the other hand, the idea 

of ñfeeling blueò as an expression of sadness may have biological roots with emotional and 

                                                 

70. Franz, ñSpace, Color, and Perceived Qualities of Indoor Environments.ò 

 

71. Franz, An Empirical Approach to the Experience of Architectural Space. 

 

72. Adam Alter, Drunk Tank Pink (New York: The Penguin Press, 2012). 
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cultural associations. Cultural connotations of a color can have strong impact on human attitude 

and behavior. Experiments have demonstrated that student engagement in class could be 

improved by avoiding the use of red in grading papers, and male aggression in jail cells could be 

reduced by painting interior walls pink, a color that is culturally recognized as feminine.73  

 

2.6.1.  Color Attributes  

To discuss various findings of scientific and observational studies, as well as the 

application and perception of color in architectural space design, it is important to provide a brief 

overview of the color attributes that are manipulated to various extents in order to articulate 

types, intensities and brightness levels of spatial color. As illustrated in Figure 2.4, a traditional, 

three-dimensional Munsell color system74 is used to understand and explain the three main 

attributes of color, as follows:  

Hue: Hue is an attribute of color. It indicates the name (or type) of a color independent of its 

saturation, intensity, lightness or darkness levels, such as red, blue, orange or green. In the 

traditional, three-dimensional color space Munsell color system, warm and cool hues are 

arranged along horizontal bands according to color temperature.  The hue spectrum is a 

continuous, smoothly changing gradient of primary and secondary hues, and their various 

combinations organized in their natural order. The spectrum consists of five primary hues: red, 

yellow, green, blue and purple, and five secondary hues: Yellow-Red (YR), Green-Yellow (GY), 

Blue-Green (BG), Purple-Blue (PB), and Red-Purple (RP). The rest of the hues are combinations 

                                                 

73. Ibid. 

 

74. ñHow Color Notations Work,ò Munsell Color. Accessed January 30, 2016. http://munsell.com/about-

munsell-color/how-color-notation-works/ 
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of primary and secondary hues. For scientific use of color, the Munsell hue circle is divided into 

100 hues. 

Value: The color attribute of value is the lightness or darkness of color that represents its 

perceived brightness. Value is the amount of white (tint) or black (shade) in a color. Color with 

low value is perceived darker, and color with a high value is perceived comparatively lighter. 

The value spectrum of a color indicates the range of values for each hue. It extends vertically 

from lightest (absolute white) to darkest (absolute black), or darkest to lightest of any given hue 

in the three-dimensional color space. For any hue located on its vertical value spectrum, the hues 

below it are its shades (darker) and the hues above are its tints (lighter). 

 

Figure 2.4. The Munsell Color System75 

Chroma: Chroma is an attribute of color that indicates its strength, intensity or level of 

saturation. Although the terms ñsaturationò and ñchromaò are used synonymously, they are not 

interchangeable.76 High saturation indicates high chroma for a color, with less gray, and are 

                                                 

75. Source: http://munsell.com/about-munsell-color/how-color-notation-works/ 

 

76. George A. Agoston, Color Theory and Its Application in Art and Design (New York: Springer-Verlag, 

1986). 
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perceived as strong or vivid. Colors with more gray have low chroma, low saturation level, and 

can be perceived as muted, soft, weak or dull. The chroma scale is the range of chromas for each 

hue. Colors closer to the center of the three-dimensional color space have low chroma, whereas 

colors further away from the center have less grey, more saturation, and higher chroma. In the 

highly asymmetrical, spherical color solid of Munsell color space, the highest chromas and their 

corresponding value levels vary from color to color. The ñstrongò colors, such as red, blue and 

purple have more chroma steps and reach highest intensity and saturation at 50% gray on the 

value scale. The ñweakò colors, such as green and yellow, have fewer chroma steps and reach 

full saturation and intensity at 70-80% gray on the value scale.  

 

2.6.2.  Scientific and Observational Studies 

Warm and cool are sensorial emotions related to color. Warm colors are at the red end of 

the color spectrum, consisting of red, orange, yellow and their combinations. Cool colors are at 

the opposite end of the spectrum, consisting of blue, green, purple and their combinations. Warm 

colors feel arousing or exciting, while cool colors feel calming.77  In his paper Space, Color, and 

Perceived Qualities of Indoor Environments, Gerald Franz summarizes findings of various 

scientific and observational experiments pertaining to emotional responses to color.78 These 

studies acknowledged certain affirmations regarding affective aspects of color related to arousal 

and dominance, which are applicable in architectural space design. According to these findings, 

hue (warm and cool) and chroma (saturated and muted) are associated with arousal, whereas 

                                                 

77. Maud Hårleman, ñDaylight Influence on Colour Design: Empirical Study on Perceived Colour and Colour 

Experience Indoorsò (PhD diss., Royal Institute of Technology, Sweden, 2007). 

 

78. Franz. ñSpace, Color, and Perceived Qualities of Indoor Environments.ò 
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value (lightness and darkness) is associated with dominance. Color is found to have an impact on 

perception of spaciousness of a space, as well as on distance perception. Franzôs studies further 

observe that light, cool and desaturated colors increase perceived spaciousness, whereas dark, 

warm and saturated colors decrease perceived spaciousness. Warm colors are known as 

ñadvancing colorsò that appear to be closer, and cool colors are known as ñreceding colorsò that 

appear to be farther away.79   

Josef Albers, a Bauhaus artist and educator, explored the science of color, its perception 

and various interactions between colors, and introduced several color concepts, such as 

simultaneous contrast, additive and subtractive attributes of color, and optical illusions. In his 

book Interaction of Color (1963), Albers stated that ñIn visual perception a color is almost never 

seen as it really isðas it physically is.ò80 Color is always perceived in relation to other colors. In 

his series Homage to the Square, an examination of interaction between groups of selected 

gradations and arrays of colors, he developed series of square studies exploring hues, as well as 

color values, to give three-dimensional depth to two-dimensional surfaces. Each scheme of the 

series generally consisted of three to four flat colored shapes (squares) nested one inside another 

in a symmetrical composition, but shifting towards the bottom edge asymmetrically on the 

vertical axis. Some schemes appear to have three-dimensional depth, while other schemes appear 

to have various levels of visual illusion. Different colors appear to move towards the foreground 

or background, increase or decrease in size, or draw near or move further away based upon their 

warmer and cooler hues, lightness or saturation levels (see Figure 2.5-a). The same color with 

                                                 

79. Reynold J. Bailey, Cindy M. Grimm, and Chris Davoli, ñThe Real Effect of Warm-Cool Colors.ò 

Technology Report WUCSE-2006-17 (2006),  http://openscholarship.wustl.edu/cse_research/166  

 

80. Josef Albers, Interaction of Color (New Haven, Conn.: Yale University, 2006), 1.  
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gradations in value may create an illusion of three-dimensional depth (see Figure 2.5-b). 

Additionally, in some cases schemes containing arrays of colors with varying hue or value, an 

optical illusion called halation (glow) occurs at the edge of two inner squares of adjacent colors.  

 

    

(a) Arrangement of different hues and/or values can create an illusion of spatial depth 

  

(b) Same hue with varying values can create an illusion of spatial depth and halation 

Figure 2.5. Study of spatial depth in Josef Albers: Homage to the Square series 81 

 

Figure 2.6 illustrates ñatmospheric perspective,ò a popularly used technique that is used 

by artists to create spatial depth with color on flat two-dimensional surfaces. It is a painting by 

Fauvist artist André Derain that utilizes the visual phenomenon of advance-and-recede effects of 

warm and cool colors to create depth.  Figure 2.7 illustrates spatial depth created by gradations in 

                                                 

81. Source: Ibid.  
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value of the same color, objects appearing to fade away as they move towards the background 

into the distance. Overlapping of objects enhances sense of depth.   

 

                  

Figure 2.6. Atmospheric Perspective: The Pool of London: Artist André Derain (1906)82 

 

   

Figure 2.7. Spatial depth created by gradations in color value83 

 

                                                 

82. Source: http://www.artyfactory.com/art_appreciation/art_movements/fauvism.htm. 

  

83. Source: silvercreekart.weebly.com.  
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2.7  Color Concepts in Architectural  Space Design 

Artists, painters and architects from early Modernism, De Stijl, and the Bauhaus 

movements explored perception of the chromatic phenomena, their complex relations with 

geometric shapes and forms, and psychological effect related to spatial use of color. 

Development of color theories for architectural space design initiated in the early 1920s. 

Architects Le Corbusier and Ozenfant employed ñconstructiveò colors in architectural spaces, 

assigning specific functions to colors. During post-war Modernism, use of colors became 

experiential and subjective in spatial design.  

Architect Bruno Taut, the pioneer of polychrome architecture in Modernism, used colors 

symbolically to typify certain housing complexes in order to elevate the social status of working 

class members. Bright, contrasting, complementary colors, together with strategically placed 

pure and bright colors in the sunlight, signified color as a symbol of life, enhancing feelings of 

happiness and self-esteem (see Figure 2.8).84   

 

Figure 2.8. Color concept for housing: Bruno Taut85 

                                                 

84. Barbara Klinkhammer, ñThe Spatial Use of Color in Early Modernism,ò in Legacy + Aspirations: 

Considering the Future of Architectural Education: Proceedings of 87th ACSA Annual Meeting, eds. Geraldine 

Forbes and Marvin Malecha (Washington D.C.: ACSA, 1999), 222-225. 

 

85. Source: http://blogdephaco.blogspot.com/2014/05/bruno-taut-le-moderniste-rebelle.html. 
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Le Corbusierôs concept of architectural polychromy explored how forms defined color, as 

well as the various physiological and psychological effects of stimulating colors in creating and 

articulating spaces. Varying color values were also used to give three-dimensional effects to flat 

surfaces, enhancing sense of depth. In his text, Polichromie Architecturale, Le Corbusier 

introduced color concepts, including the Salubra wallpaper collections,86 and established certain 

relationships between architectural elements and ranges of lightness of color. However, not all 

relationships were properly explained. He employed three major color sets in order to enhance 

perception of spatial proportions, stabilize and ñsolidifyò volumes, and ñcamouflageò 

architectural elements, providing spatial unity and balance, as well as giving rise to various 

psychological scenarios (see Figure 2.9-a). 

 The grande gamma of ñconstructiveò colors with natural pigments, such as brown, red-

ochre, yellow, sienna, white, black, ultra-marine and their specific derivatives, were perceived as 

more ñhumanò and used in constructing spatial volumes, in order to enhance perceived formal 

and spatial proportions. Employing the advance-and-recede visual phenomenon of volumetric 

colors,87 Le Corbusier placed light and bright colors, such as yellow or white, strategically under 

daylight to enhance warmth and light, while the darker, earthy colors were used in the 

background to create spatial depth and provide stability to volume. The ñdynamicò colors of 

lemon-yellow, oranges, vermilions, light cobalt blue and other ñanimatedò colors were employed 

to enhance a feeling of movement. ñTransitionalò synthetic colors of specific greens were 

                                                 

86. Jan de Heer. The Architectonic Colour: Polychromy in the Purist Architecture of Le Corbusier (Rotterdam: 

010 Publishers, 2009). Le Corbusier designed two series of wallpapers for Salubra, a Swiss wallpaper manufacturer. 

His color sets represented his choice of color schemes assigned for various types of spaces or wall surfaces. 
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believed to have no impact on depth perception and were used only for tinting surfaces. Ozenfant 

suggested similar color theories to solidify and strengthen architectural forms with pure and 

neutral colors.88 Le Corbusier also conceived spaces with planar surfaces with contrasting 

surfacesðsetting pure and vibrant colors against exposed ñrealò materials to examine their 

interactions and elicit emotional responses (see Figure 2.9-b). However, his later works reflected 

use of bright spectral colors, without strict association to any form, evoking strong physiological 

sensations, as can be seen in the chapel at Ronchamp (Figure 2.1). 

  

             

 (a) Villa la Roche (1923-25)89 (b) High Court, Chandigarh (1956) 90 

  

 Figure 2.9. Le Corbusierôs Color Concepts  

In the architectural space design of de Stijl (1917), colors did not have a constructive or 

functional purpose. With floating painted surfaces, forms and colors were rather in a sculptural 

composition, creating spatial tension. Architectural spatiality was examined by artists and 

architects with highly reductive orthogonal lines and a color palette of primary hues (red, blue 

                                                 

88. Carolyn Kane, ñBroken Colour in a Modern World: Chromatic Failures in Purist Art and Architecture,ò 

Journal of the International Colour Association 14 (2015): 1-13. 

 

89. Source: http://www.ecomanta.com/2011/01/le-corbusiers-villa-la-roche.html. 

 

90. Source: http://www.sightunseen.com/2015/11/robert-storey-set-designer-for-kenzo-nike-and-more/. 
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and yellow) and neutrals (black, white and gray). The composition of primary colored elements 

and their juxtaposed chromatic sensations aimed to evoke emotional responses. Aesthetic and 

metaphysical beauty and order were sought in the energy, movement and contrast evoked by 

weightless or ñfloatingò vibrant, contrasting colors in perfect harmony with opposing geometric 

surfaces, forms and their proportions. Figure 2.10-a shows Theo van Doesbergôs color concept: 

The Construction of Space and Time. Painter, sculptor and architect Van Doesberg, inspired by 

artist Wassily Kandinsky, designed architectural spaces as tilted geometric compositions with 

vibrant colors, creating spatial tension between form and color in a unified, sculptural 

composition to open up constructional, ñclosedò architectural volumes.91 

 

                    

 (a) Theo van Doesberg 92  (b) Rietveldôs Schröder House 93    

Figure 2.10. de Stijl Color Concepts  

The Schröder House, designed by Gerrit Rietveld, is known as a perfect manifesto of the 

de stijl style with its colored planes and lines, integrating structural elements and furniture into 

                                                 

91. Klinkhammer, ñThe Spatial Use of Color in Early Modernism.ò 

 

92. Source: https://www.artsy.net/artwork/theo-van-doesburg-the-construction-of-space-time-iii  

 

93. Source: http://www.archdaily.com/99698/ad-classics-rietveld-schroder-house-gerrit-rietveld. 
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the harmonious, unified spatial composition (see Figure 2.10-b). Among Bauhaus architects, 

Alfred Arndt was the first to apply polychromy in constructive spatial design in Auerbach Haus 

in Jena (1924) and used color to delineate and articulate geometric spatial proportions.94  

Although there is no homogenous approach pertaining to color-space programmatic 

relations that are practiced by contemporary architects and designers in spatial design, the 

psychological, physiological and phenomenological aspects of color are examined and explored 

by many. Figure 2.11 shows two such examples. 

     

                    

 (a) Architect Luis Barragan95  (b) Architect Steven Holl96     

Figure 2.11. Contemporary Color Concepts 

 Renowned Mexican artist and architect Luis Barragan, who referred to his house as a 

refuge, ñan emotional piece of architecture, not a cold piece of convenience,ò97 used a wide 

                                                 

94. Ibid. 

 

95. Source: https://creativethresholds.com/2014/11/27/postcolonial-thoughts-barragans-spiritual-transcendence-

through-color/ 

 

96. Source: http://www.stevenholl.com/projects/ 

 

97. Della Hansmann, ñPioneering Modernist: Luis Barragan,ò moss, March 8, 2016. http://moss-

design.com/barragan/ 


