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Abstract

Figure 1: Sonic objects in virtaul realities

Architecture practice maintains an ongoing interest in the relationship between space and sound. 
While the work of many architects has produced a wealth of knowledge about applying the rules of 
western musical arrangement to spatial design, emerging contemporary theories raise questions about 
the prioritisation of formal outcomes exemplified by this line of enquiry. The increasing validation 
of cross-disciplinary practice as a model for design research, and the development of virtual reality 
technologies, means that new explorations into the role of sound as a dimension of architectural expe-
rience are now possible. Therefore; As a critical response to the ongoing visual bias of architectural 
praxis, this body of research explores how an understanding of the relationship between architecture 
and sound may develop through design-led research undertakings. An open-ended design process 
engaging with a multitude of digital and analogue tools was used to investigate the nature of the 
relationship between sound and architecture. This design process was arranged into three sections.  
The first section - Seeking - explored practical design applications of theoretical ideas about the 
relationship between sound and architecture, examining the differences between designing with 
musical arrangement methods, and designing with sound as a spatial experience.  The second sec-
tion - Defining -  considered the technical limitations and creative opportunities presented when using 
virtual reality as the primary design tools.  The final section - Developing- built upon the outcomes 
of the first two sections, focussing on the design of a coherent outcome that presents the creative 
opportunities of designing with sound as the primary dimension of spatial experience. 

In summary, this thesis argues for a more broad perspective on the utilisation of sound in architecture 
design; shifting focus away from appropriating musical arrangement rules, aiming instead towards 
designing sound as a dimension of spatial experience. 
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The discipline of architecture is subject to ongoing criticism for a visual bias which has persisted 
throughout a considerable period of the last century (Blesser & Salter, 2007; Pallasmaa, 2014, p. 19). 
This visual bias pervades the professional and educational fields, existing as a product of Western 
philosophical tradition (Schafer, 1977; Sheridan & Van Lengen, 2003, p. 41). 

Several prominent architects postulate on the importance of sound as an aspect of spatial experi-
ence; However, most practical endeavours aiming to explore the relationship between sound and 
architecture result in physical representations of music, succumbing to a prioritisation of the visual 
(Martin, 1994). Through these projects much has been learnt about the organisational qualities of 
music as applied to architecture; however, there remains an unwillingness to deal with an authentic 
sonic experience of architecture beyond the often remedial actions of acoustic engineers (Blesser & 
Salter, 2007). 

As an alternative, contemporary theory offers an acknowledgement of the role that sound in-of-itself 
may play in architecture. Recent publications from the fields of sonic ecology and art practice (Bohme, 
2014; Cox, 2009; Wanke, 2017), are proving to be the most enlightening sources of research about 
the untapped potential of sound as a dimension of spatial experience. These emerging works serve as 
parallel developments to the earlier work of architects Juhani Pallasma, Eiler Rasmussen, and Steven 
Holl, who champion the theoretical ideal of multi-sensory architecture. Newly developed virtual 
reality technologies mean that this pool of theoretical knowledge can form the basis for previously 
unexplored practice-based design investigations aimed at uncovering a more direct relationship 
between sound and space. 

Drawing from various contemporary fields of theory, and by engaging with emergent technology, this 
research aims to gain novel insights into the potential of sound as a dimension of spatial experience. 
The research objectives will be explored through an iterative design process, engaging extensively 
with a multitude of analogue and digital media. By offering alternative perspectives that challenge the 
visually biased outcomes of musical representation, the author hopes that a significant contribution 
can add to the field of academia which continues to be interested in the intersection between sound 
and architectural design.

Research Opportunity
Research Genesis

Personal Curiosity

Academic Criticism

Formal Education

Technological Advancements
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Thesis Statement

Research Objectives
Scope

As a critical response to the ongoing visual bias of archi-
tectural praxis, this body of research explores how an 
understanding of the relationship between architecture 
and sound may develop through design-led research 
undertakings.

To understand the opportunities and limitations of visual and 
aural virtual reality systems.

To survey the literary field of architectural research studying the 
relationship between sound and spatial design.

To investigate the practical application of theories uncovered 
during the literature review through a process of divergent pre-
liminary design testing.

To define the research focus through a process of convergent 
design iterations.

To develop the research outcomes through the design of a uni-
fied experience which demonstrates the main findings of the 
thesis.

While there are multiple fields of research interested in the oper-
ation of sound within architecture, it is crucial to acknowledge 
that this thesis is primarily concerned with the design of novel 
and speculative spatial experiences. Physical acoustics is crucial 
to architectural design, however,  the technical complexity of 
this field of study, and the focus of this research, an investigation 
into the effect of building acoustics are outside of the scope of 
this thesis.
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Related Fields

SOUNDSCAPE 
ECOLOGY

VIRTUAL REALITY

ARCH
IT

ECTU
RE

ARCHITECTURE

ARCH
ITECTU

RE

SOUND ART 

THESIS

This research aims to explore the sonic experience of space through a design process which engages 
practices outside of the traditional boundaries of architecture discourse and as such is situated within 
a cross-disciplinary domain. While Roderick Lawrence and Carole Despres acknowledge the elusive 
definitions given to terms used to describe cross-disciplinary practices (2004), they do provide the 
following definition. Cross-disciplinary research is that which engages with two or more academic 
fields aiming to produce new knowledge that is of value to multiple fields of study.

This section aims to give broad explanations of relevant academic fields engaged throughout the 
research process. Additionally, the author hopes that by providing overviews of the most relevant 
communities of practice, the theoretical scope of the project will become clear. Relevant theorists, 
practitioners, and precedents were discovered in a somewhat random manner, a reflection of the 
explorative process undertaken during the research. Relevant research fields are broken down into 
the following subdivisions;

Soundscape Ecology

Mixed Realities

Sonic Arts

Figure 2: Map of Cross-Disciplinary research
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Soundscape Ecology Mixed Realities

Overview Overview

Architectural Relevance

Architectural Relevance

Relevance to research

Relevance to research

The term ‘Soundscape’ was introduced in the 1960s by Murray Schafer (1969, 1977). Schafer’s 
radical new suggestions about the universal nature of sound extended limited ideas about 
musical thought, no longer constrained to the bounds of classical western theory, a universal 
idea of sonic composition was proposed. Schafer states “Behold the new orchestra: the sonic 
universe! And the new musicians: anyone and anything that sounds!” (1969, p. 2). Questions 
about the distinction between noise and music, and the proposed act of listening as a means 
to analyse the experience of the surrounding environment would serve as the genesis for 
theoretical explorations including acoustic ecology, and sound art. In the following decades, 
widespread sonic renaissance permeated many fields of practical and theoretical research 
(Patterson & Larsen, 2019). The establishment of foundations such as the ‘World Soundscape 
Project’, and the ‘World Forum for Acoustic Ecology’ aim to increase public awareness of the 
importance of the soundscape through recording, analysis, publication, and distribution of 
media about soundscapes. 

Mixed reality media describes a collection of digital representation methods that have gained 
commercial popularity over the past two decades. According to Milgram and Kishino, the term 
mixed reality (MR) refers to “a particular subclass of VR related technologies that involve the 
merging of real and virtual worlds” (Milgram & Kishino, 1994). A popular culture dominated 
by visual bias has consistently focused on the development of mixed realities of a visual nature, 
despite the parallel development of aural equivalents. Early techniques for stereoscopic visual-
isation (Sutherland, 1963), are mirrored by the development of binaural rendering methods 
(Gardner, 1962, 1969). Although many of the theoretical concepts relating to the design and 
use of Mixed Realities refer specifically to visual virtualisation, the foundational concepts 
regarding perceptions of reality can be transferred to studies of virtual sound.

Since Schafer’s introduction of soundscape theory, a small number of researchers have explored 
the implications that a more thorough understanding of the relationship between sound and 
space could have for architecture. Contemporary theories of soundscape design extend far 
beyond the initial definition of the term given by Schafer. Barry Blesser and Linda Ruth Salter 
cover many topics describing hearing as it relates directly to the experience of architecture, 
building on many foundational Schaferian concepts. Insights into areas of study from physical 
acoustics, to the poetics of aural architecture, aim to encourage practitioners and academics 
to engage with their sense of hearing as it relates to the built environment (Blesser & Salter, 
2007). The authors argue that by highlighting the relevance of sound to spatial experience, 
the considerations of sonic architecture will develop from the often unplanned and remedial 
actions of acoustic engineers. 

The acceptance of mixed reality technologies in architecture research has continued to increase 
over the past 20 years (Moloney & Bharat, 2010). The use of virtual reality allows the designer 
to experiment without the physical constraints of the real world, as such experimentation is 
free to develop without constraint. Virtual environments allow the designer to operate without 
interference, assumptions, or expectations that people bring to particular existing spaces; 
therefore, the curation of new environments is possible. The indeterminate qualities of spa-
tialised sound within virtual reality can shift the focus away from representation allowing for 
a more interpretive model focusing on the un-real aspects which the technology allows for 
(Twose, Moloney, & Harvey, 2018, p. 180). 

The academic fields of soundscape design and acoustic ecology are highly pertinent to this 
research and help to justify the motivations of studying sound in-of-itself in a profession that 
continues to maintain a visual bias. Schafer’s contemporary Barry Truax expanded the defini-
tion of the soundscape to include composed electroacoustic music (Traux, 2008, p. 103). The 
recognition of such works as soundscapes means experimental compositional works such as 
those undertaken during this research can add value to the field through further understand-
ing. The emergence of soundscape studies in the 1960s and subsequent development within 
the architectural field indicate an ongoing interest and acknowledgement of the importance 
of this field of study.

Virtual Reality technology is used as the primary design investigation media for this research 
project. This thesis aims to explore the architectural and tectonic opportunities afforded by 
sonic texture. By merging qualities of artificial sound creation with those of natural sounds 
existing in the real world, a virtual environment which deals more with the intangible aspects of 
spatial inhibition may be created. The project focuses less on the picturesque elements of our 
inhabited soundscape and sits as a critique of the neatly organised and scheduled formal qual-
ities of visual representations. Dealing with an invisible aspect of everyday inhabitation allows 
for the uncovering of the palpable and indeterminate qualities which sound alone provides. 
It is the parallel development of virtual reality technology, and the subsequent acceptance of 
this technology as a relevant research tool that has serves as the genesis for the thesis. Looking 
deeper into the abstract presences found with designed space, and exploring the outcomes of 
environments designed primarily using aural tectonics, will allow for the uncovering of novel 
ways of thinking about the role that intangible aspects play in the perception of architecture. 
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Contemporary Sound Art

Overview

Architectural Relevance

Relevance to research

Sound art, like many other creative practices, is a term that encompasses a vast and ever-chang-
ing creative field that deals with sound as the primary media for artistic expression. While 
it is difficult to define the exact origins of sound art, Max Neuhaus is widely credited for 
the continued popularisation of sound art practices beginning in the 1960s (Lacey, 2014; 
Ouzounian, 2008). Neuhaus described his works as ‘sound installations’ stating that sound 
could be “placed in space rather than in time.” This revision of sound as a manifestation of 
space, rather than time is one of great historical significance. Since Neuhaus’ foundational 
work, sound art and installations have continued to evolve through a multitude of forms; due 
to the vastness and multifaceted complexity of this creative field, a thorough examination of 
the domain is well beyond the scope of this research.

Christoph Cox (2011) and Riccardo Wanke (2017) in explanations of the lack of engagement 
with sound in-of-itself within art practice put forward the idea of Sonic Materialism as a 
means to begin engaging with the affective, textual, and designerly qualities made available 
through sound. The number of artists working with spatialised sound as a medium continues 
to increase; however, any new understanding specific to spatial design remain mostly unpub-
lished. Christoph Cox suggests that the dominant nature of visual art results in the relegation of 
sound to that which cannot be understood or grasped. Cox states that “the sonic arts are not 
more abstract than the visual but rather more concrete, and that they require not a formalist 
analysis, but a materialist one” (Cox, 2011, p. 149). Architecture has been subject to a similar 
disregard for the true nature of sound. Evidently, in the most thorough and current analysis 
of the field undertaken by Lacey, conclusions are drawn from the analysis of ten current works 
created by various practitioners dating from 1967 - 2005 (Lacey, 2016, p. 148).

Art practice methods strongly inform the development of this thesis. Simon Twose and Jules 
Moloney suggested that through sketching, it is possible to uncover the palpable and intan-
gible qualities of a site to be developed and presented within a virtual environment, this has 
strongly influenced the current research path. This dissertation aims to take Cox’s materialist 
approach to understand sonic art and apply this to the design of inhabitable architecture.

C.Cristoph - 2011

“texts and images present us with discrete multiplicities while, 
  in the sonic arts, we encounter continuous multiplicities”

VISUAL

 ‘discrete multiplicities’ 

AURAL

 ‘continuos multiplicities’ 

Figure 3: Aural versus Visual domains
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Methodology and Process

This research will be conducted through a Self-reflective 
Qualitative Design-as-research methodology following 
Creswell (2009), Downton (2003), and Wang and 
Groat (2013). Design-as-research offers a formalised 
recognition of the emergent qualities of design inves-
tigation and aims towards gaining an understanding 
of an issue through multivariate organic information 
collection (Creswell, 2009, p. 175). The open-ended 
nature of this research and challenges to current archi-
tectural conventions aligns with Pieter Jan Stappers 
explanation of design research. Stappers states that

“Design is seen as being concerned with establishing a 
working effect (creating a product) in a possible future, 
realising successful instantiations in a world that does 
not yet exist and is not yet known” (2007, p. 82).

Furthermore, Stappers suggests the process of uncov-
ering ‘successful instantiations’ enables the synthesis 
of new knowledge within a specific field of enquiry. 
Arriving at a successful outcome requires the designer 
to undergo a series of creative and reflective iterations; 
whereby each subsequent iteration should engage 
prior evaluations as a guide for the starting point of 
new generative ideas. (2007).  In the context of this 
dissertation, iterative design tests informed both the 
research outcomes and process. Evaluations from the 
design process guided the periodic revision and nar-
rowing of the research focus; additionally helping to 
define the technical restraints, creative opportunities, 
and perceptual possibilities of sound as a dimension 
of spatial experience. In the context of this research, 

evaluative methods were primarily self-reflective; 
whereby a maker’s documentation of their creative 
process aids in uncovering further design knowledge 
(Mortari, 2015; Nimkulrat & Mäkelä, 2011; Stynes, 
Murphy, McNamara, & O’Hara, 2018). Self-reflective 
practise methods have gained increasing academic 
recognition as a mode of design-led research since 
the 1990s, and typically involve the collective docu-
mentation of iterative works in the form of a research 
portfolio, diary, or photographic record. Maarit Makela 
and Nithikul Nimk Ulrat arrange self-reflection into the 
following categories, reflection-in-practice - referring to 
quick notes made during a task or shortly after - and 
reflection-on-practice - referring to more developed 
conclusions formed holistically at the end of a project. 
Following this, the reflections presented within this exe-
gesis are separated into reflections at the end of each 
design test (in-practice), and reflections after each of 
the three design sections (on-practice).

As this thesis acknowledges the importance of indi-
vidual perception, self-reflective practice adds value 
by providing a framework for thorough analysis’ of 
design outcomes. This results in a profoundly personal 
research outcome arrived at by process of reflecting on 
and subsequent altering of previous design outcomes. 
According to Katherine Busch,  outcomes of a creative 
undertaking that produce knowledge, regardless of the 
level of subjectivity, offer complementary and equally 
valuable contributions to the body of knowledge as the 
scientific method (2009).

Framework
Paradigm: Post Positivist - Acknowledgment of individual 
experience
What guidelines can be formulated?

Ontology: Critical Realism - Independent nature of being
What approximations can be made about the sonic nature of 
architecture?

Epistemology: Objectivist - Human Cognition of phenomena
What approximations can be made about the aural perception 
of architecture?

Output: Generalisation, patterns
What will I find out that can relate the experiments I design with 
perceived spatial qualities? 
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Thesis Structure

Section 2 - Sound
Aiming to define an appropriately scoped research opportunity, section two presents a survey of the 
relevant academic fields of study. A literature review helps to identify the relevant disciplinary context, 
while an informal project review provides creative and technical precedents for design tasks in the 
following sections. 

Section 3 - Seeking
Section three describes the prefatory design stage of the thesis, undertaken with an intentionally broad 
scope; design tests were used to explore the practical manifestations of theoretical ideas uncovered 
in section two. 

Section 4 - Defining
Following the outcomes of section three, Section four explores the opportunities of sound as an 
explicitly spatial experience. Continued iterative design investigations help to define the research 
focus further while providing the opportunity for mastery of the various creative and technical aspects 
of the work.

Section 5 - Developing
The final design section investigates how the creative and technological advances made in the thesis 
can be used to develop a coherent outcome. An ultimate virtual experience provides an opportunity 
to demonstrate significant research findings.

Section 6 - Reflecting
The final part of this thesis contributes an in-depth reflection on the research process and design 
outcomes. A summary of the most important conclusions from each design section is included, along 
with an identification of the possible further research that may develop on the presented findings.

This thesis has been organised into six main sections. Section two works to establish a theoretical 
context for the project, covering the current state of research as it pertains to the relationship between 
architecture and sound. The following three sections illustrate the exhaustive iterative design and 
reflection process, which serve as the primary investigation method.

SEEKING

CONTEXT

SCOPE

OPPORTUNITY

DEFINING

DEVELOPING

REFLECTING
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part two
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Sound Spatialisation and perceptionA Typology for Sonic Qualities

While the author acknowledges the existence of an entire academic field of study concerned with 
the methods for describing the qualities of sound, it is imperative to outline a precise vocabulary for 
description to aid in the consistent explanation and analysis of precedent studies and design outcomes. 
The application and accuracy of this typology are outside of the research scope.

The following terms and definitions serve as methods for analytical purposes, relating exclusively to 
the works presented in this thesis. The term ‘aesthetic’ will be used to describe the total or partial sum 
of the following attributes that constitute a particular sound.

The amplitude of sound waves, perceived as loudness

Fundamental frequency of a tone that determins the note

The aesthetic qualities of sounds that allow them to be distinguished from one another

The profile of the notes onset - the tones beggingin, and offset - the tones disintegration

The percieved or actual movement of sounds within a space

Volume

Pitch

Timbre

Articulation

Motion

A primary function of human hearing is the ability to approximate the position of sound sources; 
this is possible due to the brains independent processing of signals from each ear. Two contributing 
factors in this process are the perception of inter-ear Intensity Differences (IID) and inter-ear time 
difference (ITD). ITD is the time delay between the reception of a single sound source between each 
ear. Sound sources closer to the left ear will take longer to reach the right ear - helping to approximate 
the direction of sound sources relative to a person. IID is the difference in intensity of volume between 
each ear. Sound sources which are further away will have a lower intensity than sound sources which 
are closer to the listener - helping to indicate the proximity of sounds to the listener.

Spatialisation is a term that describes methods used to simulate the position of sound sources in 
virtual realities. Mark Gardner and John Chowning were early pioneers of spatialisation methods 
using stereo headphones(1977; 1962, 1969). Employing the interaural differences described above as 
a method for processing audio signals, relatively accurate simulations of sound source locations can 
be created. In the early design stages of this research, stereo headphone spatialisation was engaged 
as the primary method for simulating the position of sound sources.
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The exploration of the relationship between sound and 
architecture has historically been undertaken primarily 
through the translation of music into architectural form. 
It is widely accepted that this tradition has links to greek 
mathematical and scientific theology (Christensen & 
Schnabel, 2008; Ham, 2016); however, the origin of 
this line of enquiry within modern architectural research 
originates with Alexander Walton (1934).

Pierre Schaeffer’s publication ‘Traite´ des objets 
musicaux.’ marked the beginnings of a critical shift in 
perceptual studies that continues to have an ongoing 
prominence (Schaeffer, 1966). Historically, the cog-
nition of sound was understood as the human ears 
interpretation of vibrations in the air caused by one 
or more sounding bodies. Although this is a scientifi-
cally accurate explanation, Schaeffer proposed that 
this model did not account for the human experience 
of listening. As an alternative, a formalised perceptual 
model that made a distinction between a sound and its 
causal event was presented (Chion, 2009). Here, sound 
objects are considered as totalities, existing between 
the listener and source. In this way, a sound can be con-
ceived of and analysed as an independent phenomenon. 

The conceptualisation of sound as individual entities 
led to the development of various graphical notation 
systems throughout the 1960s. Dennis Smalley (1997), 
and John Cage (Fowler, 2012) - in reaction to the tech-
nological developments of experimental electronic 
music beginning in the 1940s - both proposed meth-
ods for describing sounds that involve assigning visual 
pictograms to various qualities of a sound. Smalley’s 
method is highly prescriptive, whereby attributes includ-
ing the attack, tone, frequency, and decay are assigned 
pre-determined shapes that if when organised end to 
end, reveal a sounds ‘Spectromorphology’. Attributes 
of individual spectromorphological sound-shapes are 
described using architectural terms such as location, 
scale, proximity, enclosure, and boundary. It is difficult 
to discern how Smalley is using this language; how-
ever, the use of spatial language is striking, considering 
the emergence of musical-spatial studies that would 
develop out of these early representational works. 
Cage’s work is focused more on providing open-ended 
scores for live performances that celebrate musical 
interpretation. Both methods are useful for describing 
qualities of sound not accommodated for in traditional 
western musical notation. While only Smalley makes 

Representational Studies

direct reference to Schaeffers ‘sonic objects,’ it is clear 
that both practitioners operated with an ontological 
understanding of sounds as independent phenome-
nons. The treatment of sound objects as visual shapes 
by Cage and Smalley provide interesting interpretations 
of Schaeffer’s perceptual model of sonic objects that 
have continued to persist through musical and spatial 
studies.

Explorations into the appropriation of musical and sonic 
information for architectural purposes were developed 
alongside graphical notation and spectromorpholog-
ical analysis. Notable projects include Corbusier’s and 
Xenakis’’ Phillips Pavilion (1958), Steven Holl’s Stretto 
House (1991), and Daniel Libeskind’s Jewish Museum 
(2001). While it is acknowledged that each of these 
projects engages with sound in different ways, they all 
share a common desire to create architectural inter-
pretations of either a musical passage, traditional 
notation, or graphical composition. Elizabeth Martin 
(1994), and Michael Fowler (2012) present methods for 
the interpretation of drawn graphical compositions into 
three-dimensional architectural forms. With the aim of 
creating more complex and engaging inter-disciplinary 

architectural projects, the lines and shapes of graphical 
compositions which are arbitrarily developed into archi-
tectural forms. In the case of Martin, this is achieved 
through manual drawing and modelling techniques, 
while Fowler engages 3D digital modelling software 
to extrude and manipulate lines into polygon meshes. 
Each of these works begins with graphical compositions 
inspired by or directly based on the works of Cage and 
Smalley (Fowler, 2012).

Developing on the architectural interpretations of 
Martin and Fowler, the work of Peter Christensen 
(2008), Jeremy Ham (2016) and Adrien Levy (2003), 
includes experimentation with computational process-
ing of sound as a means for generating parametric 
architectural forms. Unlike Martin and Fowler’s works, 
these forms are produced using parametric algorithms 
designed in node-based programming software such as 
grasshopper or MAX/MSP. Numerical data collected 
from sound clips can be entered as inputs for these 
algorithms, subsequently being utilised to manipulate 
three-dimensional polygon meshes. The open-ended 
nature of node-based software means any numerical 
values can be used. Typically attributes of a sound clip 

Figure 4: Stretto House - Steven Holl // Composite drawing - Author
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such as amplitude or frequency may be used, how-
ever, as shown by Christensen, the use of MIDI files 
can substantially increase the number of data sources 
for use in a parametric model (2008, p. 505). It is 
interesting to note that the divisions of sound attrib-
utes made by Christensen are the same as those used 
in Smalley’s Spectromorhpological analysis. Practical 
and theoretical similarities can be drawn between the 
methodology of Christensen, Ham’s, and Levy’s work 
with much earlier visual music explorations undertaken 
in the 1950s by John Whitney (1991). Whitney’s work 
included the design of algorithms that could be used 
to translate numerical data from musical content into 
visual graphics. Whitney’s algorithms allowed for real-
time updates of the base algorithm visual displays in 
the same way that modern node-based programming 
software allows.

Common to these projects is the desire to develop a 
more complex and meaningful relationship between 
sound and architecture, a reflection of the aim to 
broaden boundaries separating the various art prac-
tices; expressed in both architectural (Levy, 2003), and 
musical publications (Alvim, 2017). Tracing a direct 
lineage between contemporary works of architectural 
representations and the tradition of graphical music 
developed by John Cage, John Whitney, and Dennis 
Smalley is useful for understanding the reasoning 
behind this field of enquiry. Ontologically the fields 
of Graphical Music, Spectromorphology, and musi-
cal-spatial studies are very closely related, sharing a 
belief that the structures and relationships inherent 
to sound might be used to learn something about the 
organisation of graphics or architectural form. The 
development of ideas into contemporary architecture 
projects has resulted in methods the produce an unde-
niable ‘objectification’ of sound. Once again this is a 
reflection of the visual bias culturally ingrained in archi-
tecture research - the desire to transform the unstable, 
temporal and interpretive qualities of sound into the 
fixed, concrete and objective qualities of traditional 
architecture is undeniable. 

Figure 5: Phillips Pavilion - Le Corbusier, Iannis Xenakis // photo - 
unkown
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Materialist Studies

The term ‘Materialist studies’, adapted from Christoph 
Cox’s ‘Sonic Materialism’ (2011), is used to describe 
research that deals with sound in-of-itself as distin-
guished from the representational methods discussed 
in the previous section. A growing interest in the study of 
sound, its material properties, and the role that humans 
play in the creation of the sonic world has continued 
to develop in the last twenty years. Within the fields 
of acoustic ecology, and ethnomusicology, this shift 
of focus is commonly referred to as the ‘Sonic Turn’ 
(Patterson & Larsen, 2019; Titon, 2017). Arising as an 
alternative to the visual bias which dominates popular 
cultural philosophy (Cox, 2011; Patterson & Larsen, 
2019), the sonic turn aims to deal more with the design 
qualities inherent to sound and an understanding of 
the experience that is not dominated by the linguistic 
or visual. Many authors from various theoretical fields 
have sought to develop the knowledge of the creation 
and perception of sound within their respective fields; 
including architecture.

It is argued that the genesis of a cultural sonic turn 
emerged with Murray Schafer’s seminal publication ‘The 

New Soundscape’ (1969). As previously mentioned, 
Schafer’s theoretical discussion on the differentia-
tion between music and noise, and recognition of the 
sonic value found in the surrounding environment was 
groundbreaking. For the first time, awareness of the 
vast and complex soundscape was increasing. In the 
language of Barry Traux, Schafer’s ideas encouraged 
the acknowledgement of the ‘aural portrait’ of inhabit-
able space (2008, p. 105). Simultaneous developments 
in ecological studies helped to formalise Schafer’s find-
ings, and have contributed significantly to the rise of 
intra-disciplinary sound studies that currently exits 
(Bohme, 2000). 

Mid 20th century architectural theorists, encouraged 
by a rise of postmodernist rhetoric began to grapple 
with materialist ideas of sonic architectural experi-
ence. Prominent architects postulating on the subject 
included Juhani Pallasmaa (1996) and Steen Eiler 
Rasmussen (1962). While their work is separated by a 
considerable period, the ideological propositions are 
remarkably similar. What is provided by Rasmussen 
and Pallasmaa is an acknowledgement of the critical 

role that hearing plays in architectural experience. This 
is developed using references to buildings that possess 
interesting acoustic qualities; a shared theme is the 
explanation of the correlations between the devel-
opment of musical and architectural styles typical of 
classical religious architecture. The text’s do differ in 
their explanation of how sound can give meaning to 
space. Rasmussen maintains a focus on the physical 
acoustics of architecture, in particular with reference to 
the difference between spaces that invite inhabitation 
through soft acoustics, and ones that reject through 
cold reverberance. Pallasmaa, on the other hand, 
discusses how it is the perpetual differences between 
sight and sound, which give meaning to architecture. 
Vision gives an analytical perspective of mass and 
void, while “hearing structures and articulates the 
experience and understanding of space” (1996, p. 53). 
Rasmussen’s acoustic focus is a reflection of the dom-
inance of architectural modernism in the 1960s, while 
Palasmaa’s understanding of the perceptual differences 
between vision and hearing is made possible by devel-
opments in contemporary human cognitive theory. A 
shared acknowledgement of the indeterminate and 

changeable nature of aural perception within archi-
tecture is a significant concept that has continued 
throughout the contemporary sound theory.

Further theoretical work has been undertaken by Barry 
Blesser and Linda Ruth Salter (2007) with the develop-
ment of the concept of ‘aural architecture’. Insights into 
areas of study from physical acoustics, to the poetics 
of aural architecture, aim to encourage practitioners 
and academics to engage with their sense of hearing 
as it relates to the built environment. Blesser and salter 
conclude that pre-literate societies perceived the world 
around them in a more holistic manner than modern 
analytically focused western cultures. Sonic percep-
tion played a much more substantial and integral 
part of the perception of the world, a phenomenon 
that has become less prevalent with the development 
and expansion of written language and associated 
shift towards prioritisation of the visual (Ong, 1982; 
Sheridan & Van Lengen, 2003). The shift to visual lit-
eracy has had an effect on all aspects of society and is 
well recorded within the architectural field (Sheridan & 
Van Lengen, 2003, p. 41).

Figure 6: Subterranean Voices - Jordan Lacey // photo - Ellen Dewar
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Jordan Lacey develops upon the understanding of 
aural architectures by extending the term to include 
a connection between people and sonic environments 
(Lacey, 2014). Lacey proposes this person-soundscape 
connection can only be understood as the result of com-
plex interactions between social forces that remains 
consistently in flux - thereby avoiding any truthful or 
final analysis of meaning or value. For Lacey, a specific 
site becomes essential to the uncovering and under-
standing of aural architectures, aiming to develop a 

stronger ‘voice’ of a given context (Lacey, 2014). It is 
stipulated that by making and processing recordings 
of a site/building, and then replaying them back into 
space a more precise understanding of the inherent 
qualities (voice) of that space is achievable. Not sur-
prising as Lacey’s positioning of his work sits between 
architectural theory and soundscape design, both of 
which have long traditions of the site as generators for 
creative work.

Figure 7: Pulses/Grains/Phase/Moiré - Ken Furudate

Confliction

The reviews presented above display a clear bimodal 
distribution of established theoretical positions. The 
aim of presenting the literature review in this way was 
to describe the divergent nature of the field while high-
lighting some of the shared ontological origins. It is 
proposed that the distinction between these modes of 
understanding is typified by the dominance of a visual 
bias within the study of representational methods. This 
bias is not surprising, considering the fields historical 
lineage; direct developments on the graphical notation 
of John Cage, and spectral analysis of Dennis Smalley. 

While Ham tries to engage with a more ‘truly interdis-
ciplinary’ experimentation of the relationship between 
architecture and music, arguably his outcomes remain 
translational representations - albeit utilising computa-
tional algorithmic calculation as opposed to slide rule 

utilised by his precedent Iannis Xenakis.
Each of the sections discussed above is divergent in 
research focus, and both have produced interest-
ing ideas about understanding the intradisciplinary 
studies between sound and architecture. One of the 
most important outcomes of this literature review is 
the uncovering of the dominance of representational 
methods as a tool for investigating the relationship 
between sound and space that exists within architec-
tural discourse. While there is a wealth of theoretical 
work dealing with sound in-of-itself, there continues 
to be a lack of design research being conducted within 
the architectural field. This is evident from the sources 
that were surveyed in the Materialist studies section, 
apart from a few examples that design with sound as a 
spatial parameter most papers are based on theoretical 
postulation.

SPECTROMORPHOLOGY
Denis Smalley

VIRTUAL SOUND SHAPES
Manuella Blackburn

PHILLIPS PAVILION
Iannix Xenakis

MUSIC

SUBTERRANEAN VOICESSOUND OF SATURN
NASA Jordan Lacey

STRETTO HOUSE
S.Holl

SPATIAL POLYPHONY
P.Christensen

WESTERN MUSICAL NOTATION

aural 
VISUALISATION

reificationsignificationcross media representation

aural 
EXPERIENCE
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Project Review’s

The following project reviews aim to provide examples of cre-
ative works which align with the aims of this research. Where 
possible a variety of sources have been engaged to provide 
accurate descriptions and analysis; however, some examples 
that offer valuable narrative or aesthetic qualities provide min-
imal written accompaniments. Therefore the researcher would 
like to state that the following reviews offer personal opinions of 
the works, intending to catalogue useful precedents as possible 
inspiration and creative guidance throughout the design-re-
search process.

Meaghan A. Dee
Forgetfulness

003

Gerhard Eckel
Macke Labe

002

Jordan Lacey
Subterranean Voices

001
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001

Jordan Lacey

2013

Artist

Project Review

Year

Subterranean Voices

Figure 8: Subterranean Voices - Jordan Lacey // photo - Ellen Dewar

Design Summary

Sound Composition

Relevance

Subterranean voices is a sound installation by Australian artist Jordan Lacey. The work explores 
how the often overlooked sonic material within an urban soundscape can be captured and 
re-inserted into an environment as a means of revealing more clearly to visitors a buildings 
sonic signature. As Lacey asks “Can sonic architectures emerge through the recomposition 
of and augmentation of existing sonic infrastructures” (2014, p. 1). The site for the work was 
a small Melbourne city alleyway that served as a service area for a nearby subway system 
and water system. 

The sound qualities of Lacey’s work are a result of the recomposition of raw recordings taken 
within the site. While many of the sounds are ambiguous, there is a shared ‘mechanical’ theme. 
Sonic objects include passing trains, the sound of gurgling water through pipes, air-condi-
tioning units, and other somewhat ambiguous mechanical events. The resulting soundscape 
is the result of an intriguing intersection between a composition about the built environment 
and composition that defines the built environment. It is fascinating to consider that the work 
simultaneously comments on the unplanned machine-made soundscape of the site while 
playing a considerable role in the curation of the referenced soundscape. Lacey’s composition 
ensures that the piece is ever-evolving, with many moments of sonic tension and release. 

Not only is ‘Subterranean voices’ an aesthetically pleasing work, the augmenting of the 
composed sounds back into the site results in a unique relationship between the composed 
soundscape and architecture. Lacey’s installation will be a valuable creative precedent for the 
work undertaken in the design research process. It is evident that through this process, Lacey 
has been successful in revealing the sonic architecture within the installations site.
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002

Gerhard Eckel

2001

Lead Designer

Project Review

Year

Macke Labor

Figure 9: Macke Labor - Gerhard Eckel

Design Summary

Sound Composition

Relevance

The Macke Laboratory’s ‘listen project’ completed in 2001, was intended to enhance visitors 
experience and understanding of an exhibition of artist August Macke’s work. The ‘listen 
project’ is significant as an early example of spatialized context-specific sound design. On 
entering the exhibition, visitors are provided with a set of stereo headphones which act as 
a tracking tool and a virtual aural interface. Spatialized audio clips ranging from abstract 
music to educational speech about each painting are distributed throughout the exhibition 
and allow visitors to dictate their exploration of the area freely. The exhibition used a stereo-
typing system to group visitors into one of four categories ranging from causal museum-goer 
to focused art expert. Appropriate complexity and information detail where then able to be 
conveyed to each individual. Zimmerman et al. describe that in this way, agents were able to 
begin “using their bodies as interfaces” (Zimmermann & Lorenze, 2008).

Within the Macke laboratory example, a pedagogical focus on artworks by August Macke 
drove the design of the augmented soundscape. Location information is used to determine 
an individual’s intentions and levels of concentration in regards to specific art pieces and are 
consequently used as a determination tool for what specific sound entity to play to any given 
agent. A visitor meandering through the exhibition triggers general information that describes 
links between multiple pieces of art, while a visitor standing close to a particular painting is 
played specific information relating to the painting they are investigating. This high level of 
personalisation of sound entities combined with gentle encouragement from the exhibition 
creators goes far beyond the simple localisation of sounds. Using agent behaviour as a selec-
tion process of the next sound entity to play ensures that each visitor is able to have a tailored 
and enjoyable experience. 

The extensive selection criteria for available sound entities are valuable for creating an 
augmented experience that may not have been achievable with conventional loudspeaker 
methods. Additionally, the lack of hardware dedicated to user interface allows for a high 
level of agent embodiment and control, which is offered in a very natural way. In regards to 
the sound entities, Zimmerman states that the project was explicitly not an artistic practice 
aimed at creating an atmosphere in of itself. Instead, the augmented virtual soundscape 
served only to help in the education of visitor’s to the exhibition. Consequently, a significant 
portion of the experienced audio is recorded speech from various real and fictitious art critics, 
historians and authors. 
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003

Meaghan A. Dee

2009

Lead Designer

Project Review

Year

Forgetfulness

Figure 10: Forgetfulness - Meaghan A.Dee

Design Summary

Sound Composition

Relevance

Forgetfulness is an audio-visual artwork completed in 2009; the work aims to further peoples 
understanding of a poem authored by Dennis Dulhame through a multi-layered interactive 
experience.  Engaging Dulhame’s poem as a subject allowed the artist to focus on crafting 
various experiential qualities throughout the work, reflecting the narrative of the text. This 
narrative manifests as a Morbius strip pathway of particles; navigating along this path, the 
listener experiences the progression of the poem and soundscape simultaneously. As Bukvic 
states “The speed of motion is intentionally limited to induce a meditative/introspective state 
through the exploration of the ever-changing aural landscape”(Bukvic, 2009).

Aesthetically the layered aural composition reflects the meditative mood created by the slow 
progress along the path and poem.  Maintained through the majority of the experience is an 
underlying tone that has unchanging pitch and timbrel qualities, layered with periodically 
interjected sounds of a more complex nature. The qualities of different tones are created 
primarily through shifts of timbre, while each tone has a different pitch; these do not change 
throughout the tone. Functionally this stability in pitch re-enforces the meditative and intro-
spective atmosphere set up by Bukvic while creating a steady sense of movement through 
changes in the textural qualities of sound.

This piece serves as a valuable creative reference for design works undertaken throughout this 
research. It is clear to see how the addition of Dulhame’s poem as a subject helps the artist 
align the experiential qualities of different aspects of the work, resulting in a coherent narrative 
easily understood by the viewer. Additionally, the seamless integration between visual content 
and aural landscape means that neither is perceived to dominate the experience. 
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Introduction

The first stage of this design thesis consists of multiple design 
experiments of relatively small scale and complexity. The form-
based outputs of this stage are a reflection of the line of enquiry 
resulting from the literature review. Following the autoethno-
graphic method previously outlined, precedents and inspiration 
for the following design work can be found in both theoretical 
and practice-based examples. The theoretical work of Manuella 
Blackburn, Dennis Smalley, and John Watkins provided much of 
the justification for the initial experimentation into spectromor-
phological translations. Building on the theory uncovered in the 
literature review, this first section aimed to navigate between 
the two modes of inquiry that have been outlined. Following 
this aim, the design experiments include explorations of rep-
resentational forms and materialist studies. 
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This experiment aimed to create 3D visualizations of both pre-recorded and live audio feeds as a 
means to begin to understand sound through a spectromorphological lense. It was hypothesized 
that the resulting 3D visualizers could be viewed and navigated around using the VIVE VR headset. 
Additionally, location and movement information could be used to feedback into the audio processing 
software and therefore set up an interactive sound visualizer which draws from either the real context 
of the viewer or places them inside a created context.

Spectromorhpologies

Figure 11: Preliminary audio-reactive form testing
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Figure 12: Further audio-reactive form finding 

Design

Reflection

A simple geometric model can be created within the rendering engine of MAX/MSP; these 
models are defined by values entered for the X, Y, and Z matrix’. It is possible to enter any 
number value as a range for these parameters, and so it is feasible that the absolute ampli-
tude of live recorded sounds can be used to manipulate the model. A model consisting of 16 
planes arranged along the X, Y, and Z-axis are moved towards or away from the centre point 
as the total amplitude of the source audio increases or decreases. In theory, any shape could 
be entered as the base geometry and then deformed with various audio sources. Using an 
external package for the program created by Graeme Wakefield, it was hypothesized that the 
rendering world could be viewed and navigated using the VIVE VR headset. The creation of a 
3D audio-reactive model within an open 3D world was achieved with relative ease. As shown 
in the following slides, a vast range of shapes could be used as the basis for the deformations 
and produced varying results. Currently, the only way to navigate the system is with a keyboard 
and mouse through a traditional desktop screen. While considerate efforts have been made 
to make the model compatible with the VIVE VR headset, at this time technological issues 
have not allowed for this. 

The results produced from these series of experiments are successful in producing novel vis-
ualizations of real-time or pre-recorded audio sources. The ability to navigate the rendering 
would continue to stand as a proof of concept for the viability of interacting with the model in 
VR. Through the process of learning to create the 3D visualizers, a lot was uncovered about 
the extent and methods for audio file manipulation and processing. In regards to related 
works, the experiments begin to deal with some of the re-active aspects of Kirsty Beilharz’ 
work; however, the inability for the experiments to be viewed in VR is a significant issue.













Seekingamorphous

52 53

The first design experiments of this research proposal were generated as a direct manifestation 
of research objective 1. By gaining an understanding of the existing tools and working to create a 
few simple test environments, experiment 1.0 would allow the uncovering of the limits, behaviours, 
methods, and outputs available. Simple 3D environments will be created within the game engine 
‘Unity’, and using the available Spatialisation tool ‘SteamVR’ populated with new sound sources. 
The experiment does not aim to produce complex or profound outputs, instead begin to explore the 
possibilities allowed by the technology. 

Binaural Sound Spatialisation

Figure 13: Virtual Spatialised sound sources
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Design

Reflection

Four simple 3D environments were created in the game engine ‘Unity.’ Each was populated 
with a few geometric objects that acted as either sound sources, surfaces off of which to reflect, 
or objects which would inhibit the soundwaves travelling between the source and the listener. 
The first two experiments explored elementary occlusion geometry with static sound sources. 
Experiments 1.03 and 1.04 will deal with non-static objects to explore the overall fidelity pro-
duced by the in-built bi-natural rendering methods of ‘SteamVR.’ The HTC VIVE headset with 
standard onboard headphones. Reflections will be based entirely on the author’s response to 
the effectiveness, fidelity, and user-role of each experiment. The four environments created 
and tested within experiment 1.0 were successful in providing a foundation for the operation 
off available software. It was relatively simple to create the scenes and the use of ‘SteamVR’ 
allowed for the easy specialization of pre-recorded audio files. Occlusion was achieved with 
high fidelity with a notable drop in high frequencies with a small remainder of low frequencies. 

The implementation of a VR interface with spatialized audio provides a proof of concept for a 
method to begin dealing with sound in space. The use of stock audio files does mean that the 
results are somewhat arbitrary in their design value; however, this could quickly be developed 
further in later experiments with contextually relevant audio recordings. Moving forward, the 
ability to interact with sound in a more tactile way might produce some impressive results. If 
the Vive VR controllers were used to implement pick/up and drop commands on objects with 
attached sound entities, then possibilities would be created for generative sound generation 
driven by the user’s actions. Additionally, the manipulation and activation of sounds on col-
lision with other objects would add more exciting elements. It would also be valuable to work 
through a process of reverse-engineering the two identified case studies produced by Eckel 
and Beilharz as a means to gain a greater understanding of the possibilities of dealing with 
sound in space. 

1.04

1.01 1.02 1.03
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Following the initial experimentation with audio-reactive forms, this design iteration aimed to explore 
the interactive opportunities allowed by the real-time virtual engine (RTVE) ‘Unity3D’.   

Virtual Theramin

This iteration successfully allowed a high level of control over a digital environment; however, the virtualisation 
of a musical instrument resulted in a focus on ‘playing’ the instrument, instead of experiencing a designed space. 
Technologically a lot was learnt about sound synthesis inside of an RTVE that may apply to future design develop-
ments. Primarily a clear distinction was made between the design of an instrument and design of an experience. 
While there is value in allowing users interactive opportunities within virtual environments, the balance between 
designing an experience or designing an environment needs more significant consideration.

Design

Reflection

Unity3D collects position and rotation data from the VIVE headset and controllers and uses these values to render 
representations of real objects inside the virtual environment. This data routs to the inputs for a synthesiser created 
natively within the RTVE. In this way, users can control the synthesiser only by moving their hands in space. The 
advantage of this system is that no prior musical knowledge or experience with a theremin is required.

Figure 14: Virtual Theremin played by the author
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This series of design tests aimed to see if it was possible to translate the audio-reactive functions of 
the previous tests from MAX/MSP into Unity3D. Although the outcomes of the previous test were 
valuable, the inability for users to experience the forms in a virtual environment meant that explo-
rations of scale, inhabitation, and embodiment, were not possible. Unity3D allows for the reliable 
implementation of the VIVE VR headset along with binaural rendering for audio-specialization will 
allow for architectural forms produced through spectral analysis to be experienced by the user. 

Audio Reactive Form Making

Figure 15: Audio-reactive forms designed in Houdidni
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Design

Primitive three-dimensional polygon mesh forms can be easily generated in Unity3D, manip-
ulation of the mesh proportion and scale is relatively simple and can be achieved through 
scripts written in C#. Processing of an audio clip was essential for these test and was achieved 
through simple spectral analysis. The total frequency range of a given audio clip was evenly 
divided into eight sections, and the total volume amplitude for each division was retrieved. 
These eight discrete numerical values - continuously updated throughout the length of an 
audio-clip - were subsequently passed into a script that controlled either the scale, proportion, 
or location of several primitive game objects. The outcomes of this design test were a series 
of game scenes in Unity3D populated with simple audio-reactive objects. Primitive objects, 
including cubes and spheres, could be moved or scaled in real-time in reaction to an imported 
sound clip. The scenes could be inhabited by a user in virtual reality, allowing for navigation 
around, and interaction with the primitive objects. Additionally, the use of an audio spatialiser 
meant that the corresponding sound source could be placed into virtual space along with the 
audio-reactive shapes.

Figure 16: Forms are created based upon analysis of a sound source Figure 17: Audio-reactive forms explored through an RTVE
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As a preliminary test into the possibilities of designing audio-re-
active forms in Unity3D, this undertaking was relatively 
successful. However, due to the complexity of coding required 
to produce such simple results, it may not be possible to match 
the complexity in mesh deformations achieved in MAX/MSP. 
Additionally, the manipulation of forms did not express the 
architectural qualities expected. With the careful organisation 
of many primitive forms, it may be possible to design inhabitable 
spaces that change along with an audio source in the desired 
way.

Reflection

Figure 18: Audio-reactive forms designed in Houdidni
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Under the title of seeking, section 3 aimed to navigate between the two distinct lines of enquiry 
uncovered in the literature review. As discussed in the introduction, small design inquiries were used 
to evaluate the various possible states of co-existence between sound and architecture. The prior 
definition of representational and material methods allowed the inquires to be appropriately focused 
while accommodating for possible discoveries through experimentation. Although inquires into rep-
resentational methods produced exciting and valuable results, the abundance of existing research on 
this topic means that there are minimal opportunities for new research developments. Additionally, 
the form-based outputs are oriented more closely with a prioritisation of the visual; which is in direct 
contradiction with the research objective. Therefore the research focus was re-orientated to focus 
solely on materialist studies of the relationship between sound and architecture.

Critical Reflection

III
fin
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Introduction

The fourth section of this research proposal aims to define a 
more precise angle from which the relationship between sound 
and spatial design will be explored. Once again, an iterative 
design process will serve as the primary investigation method. 
Developing knowledge of more complex technical aspects of 
the project should help to reveal the creative opportunities and 
technical limitations of the virtual systems used throughout the 
design process. Following the outcomes of section three, and 
the subsequent orientation of the research focus towards the 
experiential qualities possible through sound design, the iter-
ative design tests presented here will have a convergent focus 
on sound in-of-itself.
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This test was undertaken to establish the possibility of determining spatial through sound source 
simulation in a virtual environment using spatial distribution and movement of sound sources. It was 
proposed that through the positioning of sound sources within a Virtual Environment users could be 
able to interpret information about a space that they may be inhabiting.

Hearing Architecture
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Figure 19: Sound sources distributed along a vector are experienced by the listener
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Figure 21: Sound sources distributed along a vector are experienced by the listenerFigure 20: Sound sources distributed along a vector are experienced by the listener
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Figure 23: Sound sources distributed along a vector are experienced by the Figure 22: Sound sources distributed along a vector are experienced by the 
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Figure 25: Sound sources distributed along a vector are experienced by the listenerFigure 24: Sound sources distributed along a vector are experienced by the listener
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After testing the experiments it was determined that the fidelity of moving sound sources was 
far lower than expected. Sound sources moving from front to back were difficult to locate with 
any accuracy. Sounds which moved in a lateral direction from left to right had a higher level 
of fidelity. Perception of localised sound sources is achieved primarily through Interaural Time 
Difference. As the brain is able to process and receive independent signals from both ears the 
time difference between receiving the signals is used to determine the location of the sound 
source along a lateral axis relative to each ear (Carty, 2008). 

Reflection

Figure 26: Sound sources distributed along a vector are experienced by the listener
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This iteration focused on the design of an integrated audio-visual experience. While previous design 
testing had dealt with sound in a limitedly or technical capacity, the creative and experiential pos-
sibilities of an immersive audio-visual virtual environment had yet to be engaged. Utilising a short 
composition by the author, a virtual environment experimenting with movement along a predetermined 
path was created. Following the previous tests into the fidelity of sound source location, a related 
visual component was introduced to increase users’ ability to orient themselves spatially. 

Audio Frames

Figure 27: Frames used to aid in spatial perception
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Figure 28: Diagram Showing the path the viewer moves along
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Design

Attempting to create a stronger sense of spatial experience with added visual content; the 
design can be broken down into its aural and visual components. The soundscape of this 
particular iteration was composed in a computer-based digital audio workstation utilising 
samples of various instruments. The same composition plays through multiple virtual sound 
sources distributed along a path defined by a series of virtual light-emitting frames. The 
following video shows how the frames are used to define the path which users move along.

While the design had some interesting aspects, the composed soundscape was quite unusual 
in its orchestral nature. Additionally, the multitude of sources emitting the same composition 
resulted in an unexpected blending of sound, making it challenging to discern spatial loca-
tion and specific sonic qualities. The limitations of Unity’s native binaural sound spatialiser 
may have exaggerated the blending of perceivable sounds sources; however, as previously 
discovered the longitudinal placement of sound sources dramatically reduces the perception 
of spatially distributed sounds.

Reflection
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Spatially distributed sound sources was a design experiment that aimed to draw upon all the creative 
and technological outcomes up to this point. The initial aim of this experiment was to develop the 
initial spatial distribution experiments undertaken in section 3.0. Utilising the VIVE VR headset as 
a locating device, two sound sources created in MAX/MSP are distributed in Unity3D, and by the 
application of correct scaling are augmented into the real world. As the user walks around this space 
the experience is defined solely by sonic experience. 

Sonic Augmentation 1.0

2.0

1.0

Click to listen Click to listen 

2.0

This design test proved to be a significant stage in this research project. The use of augmented sound 
sources within a real environment allows for the conceptualisation of sound design as a truly spatial 
undertaking. Considering that the user is wearing a VR headset displaying minimal visual content, 
self-testing found that this method provided reduced visual stimuli thereby increasing the attention 
given to the inhabited soundscape. While users navigate a virtual space the only reference to locomo-
tion is kinetic awareness. The two sound sources were designed with contrasting aesthetic features, 
respectively described as warm and cold. Initially, this was only to provide a distinction between the 
two independent sounds; however, it became apparent that the contrasting sounds had a significant 
effect on the perception of the inhabited space. The spatial significance of the sound sources was 
probably due to the lack of other sensory stimuli experienced by the user. Currently, the application 
of sound as spatial experience functions by contrasting two sources, the development of this phe-
nomenon into more complex spatial relationships may be valuable.

Reflection

Figure 29: Diagram showing augmentation of spatialised sounds



Figure 30: The author exploring augemented sonic spaces
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This design is comprised of a virtual environment of distributed sonic objects. The user navigates 
around the environment using the Vive controllers with a flight mechanic as described below. Visual 
components consisting of various particle systems are used to aid in navigation while avoiding ref-
erence to any traditional architectural form. This design will build on previous experiments through 
the development of a more expansive environment. The design places various sound sources into a 
virtual environment that extends vertically and horizontally. A navigation system was designed that 
allowed the user to experience the whole environment while in one physical location, the navigation 
system was based on the flight mechanics in the VR game Lucid trips (Uthe, Vogl, & Heinken, 2017). 

Sonic Universe
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Figure 31: Diagram Showing the arrangement of sonic entities

Figure 32: Screenshots from the Unity3D RTVE interface
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This design test was valuable in uncovering the difference in perception of spatiality between 
real locomotion and virtual navigation methods. As covered in the reflection of the previous 
design test, a significant contribution to the feeling of spatial awareness can be attributed 
to kinesthetic awareness, when this is removed and locomotion is achieved through passive 
means as in this experiment, there is a definite reduction in spatial awareness.

Design

Reflection

While designing this virtual experience, it became clear that the design of the individual sound 
sources would be critical to the perception of the space. Navigating between the perspectives 
on designing sound sources as a musical practice and as an architectural practice raise proved 
to be an interesting and revealing task. It is easy to dismiss the act of making sounds to the 
realm of music, however, through the theoretical and practical research undertaken previously, 
the author argues that this is a truly spatial undertaking. 

The most interesting outcome of this design experiment was the loss of a sense of spatial 
navigation as compared with the earlier experiment (). The key difference between these 
experiments is the role that the body plays in the navigation of the environment. In the first 
example () the user walks around in a room which has a 1:1 correlation to the virtual environ-
ment where two distinct sound sources are located. The simulation of these sound sources 
is manipulated in such a way to exaggerate the decay in the amplitude of the sound over a 
distance such that each individual sound source is inaudible at 0.5 metres. Walking around 
in a real space that has a correlation to a virtual sonic environment allows for a strong sense 
of space through the kinetic movement of the body. This is lost when the user is utilising the 
Vive controller for navigation. This finding aligns with those made by Lennox et al. where 
it was discovered that the perception of 3-D space in virtual environments with specialised 
sound is based primarily on the perceived time and energy use it takes to move through space 
(Lennox, Myatt, & Vaughan, 1999).
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Figure 33: Videos demonstrating explorations of the sonic universe






Figure 34: Videos demonstrating explorations of the sonic universe
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Through an iterative process of design inquires, and guided by the aim to define creative boundaries, 
this section of the exegesis has revealed significant knowledge about the nature of sound as a spatial 
experience.  From a technical perspective, a greater understanding of the limits of spatially rendered 
audio allowed for a more precise definition of the creative possibilities allowed by spatial sound. Early 
tests indicated the difficulty of identifying physical spatial characteristics with sound. Although poorly 
spatialised sound sources may have exaggerated these results, It is reasonable to assume that people 
cannot discern the formal spatial characteristics of a space with hearing alone. The experience of 
real spaces engages all sensory modes, and as such, the ability to recall with accuracy, the different 
qualities of a space may be over-estimated. Conclusively this indicates an under-estimation of the 
complex nature of aural perceptions of space. For example, the simulation of a sound source in a 
large room with reflective materials produces many late reflections; however, it would be difficult to 
discern if a given individual perceives this as a sound source within a vast space or as a sound object 
with reverberant aesthetic qualities.   

Technical mastery of more complex systems will allow for the development of more exciting sonic 
experiences in the final design phase. Early research into materialist perspectives of sound helped to 
shape the practical outcomes presented here through a maintained focus on the experiential qualities 
of space made possible through virtual reality.  The final design section of this book will seek to develop 
on the research findings uncovered thus far. A curated virtual reality experience will be designed that 
expresses the full creative potential of sonic spatial experiences. 

Critical Reflection

fin
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Introduction

Design stage III represents the final series of design experiments 
conducted in this body of research. Drawing from theoretical 
reasoning discovered in the literature review, case studies, and 
the outcomes of previous design experiments, this ultimate 
phase attempts to collate the research outcomes into a singu-
lar final exhibit of the research serving as the main focal point 
for the thesis examination. 

DEVELOPING

FURTHER WORK

NARRATIVE DEVELOPMENT

PERCEPTION OF VIRTUALITY

SONIC ARCHITECTURE

LIVE + GENERATIVE SOUND SYNTHESIS

SCOPE AND CONTEXT
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A significant development in the final stage of this research was the shift from binaural rendering 
controlled by Unity3D to a six-speaker, circular speaker array system. Moving to the speaker array 
posed many technical problems, however, the creative opportunities made available by such an 
undertaking were far greater than those available using the native binaural sound spatialiser of the 
Unity3D software. The development and construction of this system took several weeks to complete 
and involved the extensive set up of hardware and software. The following sections outline the design 
and development of this system.

Speaker Array Setup
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Figure 35: Early stages of the speaker array setup

Ambisonic Sound Spatialisation

Ambisonics System
Ambisonics is a term that refers to a collection of tools 
and methods for the recording of sound in a 360-
degree field. While ambisonics primarily refers to the 
aforementioned methods, the term can also be used to 
describe a file type of an instance of a recording that 
contains 360-degree sound-field data. Techniques 
for multi-channel 360-degree sound field playback 
were first developed in the 1970s by Gerzon (Gerzon, 
1977) whereby multichannel microphones arranged in 
a sphere are used to make recordings. Encoding and 
decoding these multichannel recordings into useful for-
mats involves complicated mathematical operations 
based on physical acoustics, much of which is outside 
of the scope of this research.

Ambisonics libraries
As ambisonics serve as a general framework for 360-
degree sound field recording, and not one specific 
system, there exists a multitude of publicly available 
programmes that perform similar functions, albeit 
with varying levels of quality, accessibility, and build 
platforms. During the establishment of the spatialised 
system for this research two ambisonics algorithms were 
tested.

HOA Library
The first was the High Order Ambisonics library (HOA 
library) developed by the centre of research on musical 
composition and computer science of the University 
Paris 8 (Guillot, Paris, & Colafrancesco, 2014). HOA 

library runs in the node-based programming software 
MAX/MSP and takes as inputs; audio sources, sound 
source locations, and a number of speakers to output 
to. When the package was loaded into MAX/MSP the 
six live gain monitors for each channel wouldn’t acti-
vate, after extensive troubleshooting without successful 
operation, the HOA library was abandoned. This exer-
cise is a common occurrence with open source software 
that serves a small community of researchers and is a 
reflection of the ongoing technical challenges faced 
throughout this thesis.

ICST Ambisonics
The second ambisonics package tested was the 
ICST Ambisonics Tools developed by the Institute 
for Computer Music and Sound Technology Zurich 
University of the Arts (Institute for Computer Music 
and Sound Technology ICST & Zurich, 2015). Like the 
HOA library, this toolset runs in MAX/MSP and takes 
as inputs; audio sources, sound source locations, and a 
number of speakers to output to. In the adjacent screen-
shots, the user interface can be seen with the radial 
display for sound source location and loudspeaker 
arrangement. Through an arrangement of mathemati-
cal audio processing functions including doppler effect, 
air absorption, and distance delays, this toolset allows 
the user to simulate virtual spatialised sound in real-
time. Early testing showed that the ICST Toolset worked 
well with the loudspeaker setup being utilised, and so 
design experimentation progressed using this system.
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Digital Interface

Interop. Toolkit 

Spawning
Destruction
Position
Movement 

Audio Interface

Overview
 While tests indicated that the ICST patcher would allow 
for real-time spatialised virtual sound, the control of the 
audio source positions within MAX/MSP only facili-
tated very simple behaviour and movement. A control 
system that allowed for more complex behaviours and 
movement would be valuable in allowing greater cre-
ative freedom to the designer.  Earlier design test’s with 
the Unity3D game engine had revealed that complex 
behaviour could be achieved with simple coding and so 
a Unity3D - MAX/MSP - ICST Ambisonics toolkit was 
designed. In this proposed system Unity3D would be 
used to run all sequencing events, including;
  
-Instantiation and destruction of sound sources
-Spawn location and movement of sound sources
-Selection of live synthesisers for each sound source
  
This information would be sent to MAX/MSP and be 
passed into the ICST Ambisonics toolkit for ambisonic 
encoding and subsequent decoding to the loudspeaker 
interface. 

Open Sound Control 
Open Sound Control (OSC) is a communication pro-
tocol for sending messages via computer networking 
(Freed, Schmeder, & Zbyszybski, 2000). In this research 
project, OSC networking is used to send information 
from Unity3D to MAX/MSP where it is in turn used as 
inputs for the ICST Ambisonics toolset. OSC was chosen 
due to its relative simplicity and flexibility. Although 
there may be some reliability issues as compared with 
another networking protocol’s, relatively short set up 
times and an abundance of resources available online 
make OSC a valuable resource for research purposes.

Digital to Analogue
Audio signals processed by the ICST Ambisonics Tools 
are passed to the computers Audio card as digital sig-
nals. The format and voltage of these signals mean 
that they are not suitable for transmission directly to 
the loudspeaker. A digital audio interface serves as the 
amplification unit between the computers digital output 
and the analogue speakers. 

Unity to MAX/MSP toolkit development
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Figure 36: Diagram showing the six-speaker array

Figure 37: Digital USB audio-interface
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The final design iteration of this thesis aims to arrange the main research findings into a unified 
virtual reality experience.  This design iteration will focus on creating spatial atmospheres through 
combined audio-visual elements and engages with both theoretical and applied knowledge gained 
throughout the research period.

Unfolding Reality

Figure 38: Sonic objects in virtaul realities






Developingamorphous

118 119

Design

Further Development

Following previous design experiments, and in consideration of the somewhat technical 
learning focus that has persisted throughout a lot of the design work, the final experience 
will be designed to communicate a narrative. By integrating a narrative story element, the 
researcher hopes that the outcome will not only be more accessible but also produce a more 
engaging experience for participants.  The accompanying diagram provides a brief overview 
of the proposed narrative.

The following diagrams and videos give an overview of the design in the current stage of 
development. Further design work will be carried out before the visual examination to ensure 
that an accurate and engaging display of the research findings can be made.

REPRESENTATION OF REAL ROOM

DETERORATION / UNFOLDING OF REALITY

‘GLITCHING’  BACK TO REPRESENTATION OF REAL SPACE

SURREAL OBJECTS + SOUNDS, MORPHING IN OBSCURE WAYS

SIMPLE SOUND SPATIALISATION
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Figure 39: Disentegration, or the unfolding of reality
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Design

The persistence of a visual bias

Limitations

As discussed in the introduction of this thesis, architec-
ture theory is dominated by the assumption of vision 
as the primary sensory mode for understanding space 
(Blesser & Salter, 2007; Pallasmaa, 1996). This bias 
prioritises the discrete multiplicities of form and light as 
the foundations of spatial understanding and pervades 
education and practice. These ideas are so founda-
tional to the practice of architecture that throughout 
this research, outcomes of design experiments involving 
spatialised sound have consistently not aligned with 
the author’s preconceived ideas of architectural space. 

While significant research has been undertaken that 
involves designing spatial experiences defined by vari-
ous sound sources, it is still difficult to reflect accurately 
on the newly discovered modes of spatial experience. It 
is hypothesised that this is the result of many factors. A 
lack of education in musical and sound studies means 
that a familiar pool of academic research can’t be 
called upon to justify decisions or expand knowledge. 
Primarily though it is the result of a culturally pervasive 
visual bias within architectural praxis that is the root of 
this dilemma. 

Part of the genesis for this research is the acknowledg-
ment of a visual bias within architectural discourse by 
prominent theorists; therefore, it is interesting upon 
reflection to notice how frequently the design work 
undertaken throughout this body of work relies upon 
sight to communicate spatial information. Not only is 
this evident in the design work, but it is also apparent in 
the presentation of individual design experiments within 

the research portfolio. While limits of communication 
media are partly to blame, revisions of dominant visual 
design aspects occurred at almost every stage of the 
inquiry. While these observations are anecdotal, they 
nonetheless serve as supplementary justifications of 
the importance of research intending to work towards 
a more authentic consideration of sensory experiences 
in architectural design

There was a multitude of limiting factors that stunted 
the further development of research. Gaining an under-
standing of the function and limitations of available 
technologies was a much longer process than expected; 
this slow learning process affected the development of 
design ideas. Much of the planned work could not be 
undertaken due to troubleshooting of technical issues, 
particularly in the initial stages of the research. In the 

latter stages of work, financial restrictions delayed the 
procurement of hardware needed to set up the speaker 
array system. Considering the design value uncovered 
through shifting from the native spatial sound systems 
of Unity3D to the loudspeaker array, it is probable to 
assume that the research would have advanced con-
siderably had this change been made possible at an 
earlier stage. 

Process

Further Works

Design lead research methods are inherently open by 
nature. Throughout this research, extensive designing 
has allowed for a broad exploration into the relation-
ship between sound and perceptions of space. At the 
outset of this investigation, the author knew very little 
about virtual reality or the various fields that deal with 
the theoretical implications of sounds in architecture. 

In this way, the design process has been successful as 
a learning method. A more thorough investigation of 
literary fields outside of the domain of architecture may 
have allowed for a more informed starting point for the 
research, additionally serving as a foundation for more 
in-depth analysis and subsequent developments of the 
sonic components of each of the design tests.

The proposed further research of this exegesis can 
be broken down into the following three sections; 
Application to non-virtual environments, founda-
tional qualitative analysis, and continued collaborative 
research.

Non-Virtual applications
Applying the creative and technical outcomes of this 
research outside of a virtual environment would allow 
for a more thorough understanding of sound as a spa-
tial experience. A vast space populated with sound 
sources from a multi-channel speaker array system, 
where people are free to navigate would provide the 
opportunity to evaluate the possibilities of an architec-
ture designed entirely with sound. More speculatively, 
a building that is designed from the outset to include 
spatial sound which relates to a coherent narrative 
could offer exciting and unpredicted additions to the 
architectural experience.

Foundational Qualitative analysis
Although the outcomes of this research have high-
lighted a novel approach for designing spatial 
experience defined primarily by the composition of 

sound, the self-reflective process undertaken through-
out the design phase has resulted in highly subjective 
perspectives on the correlations between aural percep-
tion and space. Further qualitative analysis, including 
the surveying of groups of participants, might help to 
establish guidelines to help designers working with 
sonic spaces. In addition to this, the formalisation of 
a vocabulary that bridges the gap between sound art 
and architecture design might allow researches from 
each respective field to collaborate on further research 
undertakings.

Collaborative research
Engaging practitioners outside of the architecture pro-
fession would be invaluable for any further research 
into the operation of sound in architecture. It is the 
researcher’s personal opinion that the insulative 
nature of historical explorations into the relationship 
between sound and architecture has resulted in the 
visual dominance of most research outcomes. Although 
the alternative offered in this thesis engages with the 
experience of sound in a novel way, there is still biased 
towards an architectural expression and perspective.
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