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Introduction

This study is called “How are the Psychoacoustic Theories of Spatialisation are used within Music
Production” but the question of this study is “How are the psychoacoustic theories of spatialisation
used within music production?” This essay is going to explore the merging of both the theoretical and
the practical sides of music production and Psychoacoustic Theories of Spatialisation. The word
spatialisation refers to the contextualisation and the conceptual creation of sound within a physical,
conceptual or virtual space, the word space meaning an environment in which a sound or sounds are
localised (Baalman, 2010). The theories of Helmut Haas and Lothar Cremer are going to be explored
along with the practical applications of these theories employed by practitioners such as Chris Lord-
Alge and Sam Phillips within this essay. The structure and layout of this essay will first focus on the
outlining of the terms; music production, perception and psychoacoustics. This is for a better
understanding of the relations between psychoacoustics and music production practice. This will be
followed by the main section of the essay which is split into the two psychoacoustic theories; early
reflection and the Haas effect. This will finish with a conclusion. The early reflection and the Haas
effect sections will be split up into the theoretical and the practical application of the theories. This
essay will be beneficial in future due to personal aspirations of entering the field, music production
and desiring to know more of this field due to currently studying music technology at the University
of Wales Trinity St. David, which focuses on music production and the study of theoretical concepts
employed by practitioners. This essay will explore how to theorise is used within the practice,
specifically if theorists can influence the decisions of practitioners as inspired by Chris Lord-Alge his

works within the field of music production.

Outlining terms

Music Production
The term music production is a broad term that will refer to the process of creating a musical

composition for this essay. Usually, depending on the genre of music there are around seven different
stages of the production process that can be consolidated into three main stages for simplicity ( Music
Production Guide, 2011). The three main stages are the composition process, the recording process
and the mixing processes. They can be thought of the pre-production, mid-production and post-
production processes (Whitney, 2017) (Henry, 2001) (BBC Music Introducing, 2018). The composition
stage starts with the initial writing process of the song. This is followed by the demo which is the final
artefact of the writing process that is formatted in a presentable way to approximate a musical
concept (BBC Music Introducing, 2018). It would usually be during the demo phase where practice
would occur if a band was creating a composition ( Music Production Guide, 2011). Once the Demo

has received a positive response, the recording phase occurs where the main bulk of the creative ideas
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are able to be explored. This includes the basic tracking stage that usually sets in place the main
building blocks of the composition depending on the genre of music. The overdubbing which is where
specific solo instruments and vocals are usually recorded isolated from the rest of the track and are
later layered onto of the track once the previous process is completed (Henry, 2001) (Amyes, 1990).
The post-production processes come after, where the editing phase begins were the recorded tracks
are cleaned up and arranged if necessary. This is followed by the mixing phase where the bulk of the
post-production is taking place. The term ‘mix’ or ‘mixing’ is the post-production process of taking a
multitrack session and ‘mixing’ it down to a single stereo track. The mastering phase follows once the
mixing is completed where the final stereo track would be processed to standardise the audio,
preparing it for radio play and for it to be played onto different mediums ( Music Production Guide,
2011). The whole purpose of music production with its layers that accompanied it is to create a
conceptual world of its own within a given composition, a world the artist or composer creates to
create for an audience to experienced. The term ‘soundscape’ or ‘sonic pellet’ will be used to describe

the conceptual artistic intentions for the sound of a composition.

Perception
In order for the discussion of music production linking with a psychoacoustic theory to be understood,

the theoretical concepts of perception must be understood. Perception is a subject area covering a
broad range of subjects. The focus of subject of perception will be on the contextualisation of the
sensory information, specifically the auditory system (Weissman, 2011) (Akins, 1998). Psychoacoustic
theories heavily rely on the comprehension of certain aspects of the theory of perception. This is due
to the mechanics and building blocks of the theories of psychoacoustics (Deryagina & Khokhlova,
2015). The auditory system actively perceives to contextualise and comprehend the effects of
psychoacoustic on such individual. These effects can be perceived consciously or subconsciously to an
individual meaning an individual can be aware of what psychoacoustic effects are being experienced,
but also an individual can also be unaware of what is being perceived yet still experience

psychoacoustic effects (Deryagina & Khokhlova, 2015) (Weissman, 2011).

Music production relies on an individual to make active and conscious decisions regarding how a
soundscape and music sounds and such skill requires a level of perception to take decisive action
within the practice of music production (Hugill, 2008). Perception is achieved through actively
Interpreting external sensory information, in conjunction with a conscious or subconscious decision
referring to information through former experiences. The process of the interpretation of past
experiences are created through every moment experienced, that in turn effects an individual’s
interpretation of current and future experiences (Sokolowski, 2008). Subconscious explanations are

created through the information as a means of explaining the reality that surrounds an individual and
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as a response to what is observed by an individual (Cowey, 2013) (Azzopardi & Evans, 2017). This
suggests that individuals will have a perception of something which would be different to another
individual, even when the origin of the source was constant (AGoodale & Humphrey, 1998). Active
Interpretation that originates from a concept with value or meaning in the form of a belief or a
perceived concept will affect the future perception of events (Giles, et al., 2016) (Faivre, et al., 2014).
Perception then merges with the thought process and decision making of an individual and will affect
interpretations and opinions in future (Krishna, 2011). There are many different theories and concepts
that surround the different types of perception; many categories ranging from; neurological, sensory
to social perception, with numerous other concepts and theories (Open Biological and Biomedical
Ontologies, 2018). TThe focus of this reading will primarily look at the perception of sensory
information specifically the auditory system which will relate to the ideas and the concept of

psychoacoustics and the application of psychoacoustic theories within music production.

Psychoacoustics
The exploration of the concepts behind psychoacoustic theory focuses on the physics that occurs

within an observer’s environment, the interface between an individual and their surroundings and
how the sound is then perceived (Plack, 2005). The study of Psychoacoustics at its core can be defined
as the perception of sound. Within its a theory, the ideas can be broken down into two intertwining
categories; the 'inner ear' and the 'auditory processing system.' The study of the ‘inner ear’ Explores
how sound effects the ‘inner ear’ and how the ear processes sound into neural signals (Shirley's
Preschool Activities, 2016). This subject touches upon on the anatomy of the of the sensory organs,
but primarily attentive on the inner-ear or in other words, the study of the ‘inner ear’ focuses on the
biological and anatomical aspect of psychoacoustics (Open Biological and Biomedical Ontologies,
2018). The study of the 'auditory processing system' looks at how the neural signals are turned into a
form that the human mind can perceive and understand and the biological mechanics that go into
understanding how it works and how the physical anatomy of the ear can change the perception of
an external stimuli between individuals (Ballou, 2008) (Shirley's Preschool Activities, 2016).
Psychoacoustics is the study of auditory perception and how the anatomy of the human auditory
system influences the perception of occurring external sounds. This also Incorporating acoustical
engineering to help explain how an external stimulus can affect an individual internally, in turn, has
an influence on an individual psychologically (Ballou, 2008). Theorists suggest that the explanation of
the complexity of the auditory system is due to the assistance of human survival from an 'evolutionary'

standpoint (Hiroshi, et al., 2006).
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Early reflection

Theory
A theorist of the perception of sound within spatial audio thus exploring certain psychoacoustic

concepts through works is Lothar Cremer (1905-1990), a respected German acoustical and electrical
engineer who worked within the field of physics, architecture and design of acoustic space (Cremer,
1948) (Cremer, 1984). Through the design of theatres and concert halls the discovery of a then
psychoacoustical phenomenon now known as 'early reflection' theory or ‘law of the first wave-front’
was made (Cremer, 1982). This relates to how the ears and brain can interpret information about a
space or environment and the direction of a sound source without any pre-knowledge of the situation
or external to inform but from the ears (X.Hlig, et al., 2014) (Open Biological and Biomedical

Ontologies, 2018).

The understanding of basic spatialisation and the components that make up spatialisation needs to
be understood to assist in contextualising these theories. As previously stated in the introduction, the
word spatialisation or spatialise, referring to the conceptual creation and the contextualisation the of
sound within a physical, conceptual or virtual space. The word space will be used to describe an
environment in which a sound or sounds are localised (Baalman, 2010). When a sound leaves a source,
whether itis from an instrument or speaker, the sound travels in the direction that the source of sound
if facing, so this means that if an observer was facing the source, sound waves would travel directly to
the ears of the observer unaffected (Cremer, 1982). This will be called the direct sound, in technical
terms the ‘direct signal’ and ‘the initial attack’ in practical terms (Haas, 1972) (Cremer, 1982).This will
then be followed by a pre-delay where there is an undefined moment of time delay before the ‘early
reflections’ of the sound signal would then reach the observer (Baalman, 2010). These reflections are

from nearby reflective surfaces where the sound would be altered in frequency response and phasing

X Reverb OverTime

Pre-Delay Early Reflections Reverb Body Reverb Tail

Amplitude

Direct Sound

Figure 1; A diagram illustrating reverb over time (Burel, 2008)
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due to the differences between distances (Cremer, 1948). The reverb body or the late reflections are
followed, which are many different reflections bouncing off each other and ‘defuse’ the sound. This is
what causes reverb to carry a sound, to sustain a sound for a duration of time also known as the
‘diffusion’ (Turkoz, 2016). As Lothar Cremer states in his book Principles and applications of room
acoustics “Diffusion is a consequence of the reflections on the room surfaces not being specular (i.e.
mirror-like), but rather scattered in various directions” (Cremer, 1982). This is then followed by the
‘tail’ of the reverb or ‘reverb tail’ which is the remanence of the original sound signal but would have

lost all its energy through the different surfaces within the space (Woodhouse, 1993).

The first to explore the concept of early reflection theory was Cremer, but Hans Wallach (1904-1998)
is identified for the contribution that was offered to the research regarding the theory of early
reflection theory. The psychoacoustic effect was named by Helmut Haas in his PhD thesis ‘The
Influence of a Single Echo on the Audibility of Speech’ in 1949 along with the discovery of the
Precedence effect which will be discussed later within this essay (Haas, 1949). The paper focuses on
the theories of Cremer and their effects on language and speech but for this essay will focus on is

psychoacoustic properties and how they can be used within a music production.

Another case study that focuses on the theories of Lothar Cremer is called "On the Playability of
Violins, Part I: Reflection Function" by a Cambridge University Engineering Professor, Jim Woodhouse
(Woodhouse, 1993). This study explores how the shape of a room and the reflection of the surfaces
of the room affects both the sound of an instrument within a space and the perception of that sound
by an individual. Specifically, the sound of a violin and its effects on violin players and how space
affects their perception, that in turn affects their judgement when making real-time decisions when
playing the violin. Even though this case study focuses its effects on musicians, this could be applied
to any individual despite the fact that this study was created to assist the creation of concert spaces

(Woodhouse, 1993).

The experiments of Haas were set up so that the early reflections can be isolated from the reverb body
and tail. The conclusion of this study on the theories of early reflection was that; the direct sound and
early reflection were perceived as one sound as opposed to the two separate components of the
sound depending on the pre-delay (Haas, 1949). In order for the merging of the two separate
components to take place, the early reflections must be heard less than 5ms for a short direct sound
which is typically a click and less than 40ms for complex sounds such as piano, violin or speech after
the original signal and was less than 10dB than the original sound source in a controlled environment
(Cremer, 1948) (Haas, 1949). If the early reflections were 15dB louder than the direct sound, the

auditory system would no longer be able to contextualise and therefore would not have the ability to
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perceive the sound as being situated in space (Haas, 1949) (Haas, 1972). Anything above 40ms would
be perceived as a defused reflection and two separate sounds and would have a 'Slapping' effect. In
technical terminology, this would be known as 'slap-back delay, ‘but this will be discussed further into
this section of this essay (Blitz, 2016). Haas also stated that “the longer the delay, the larger perceived

space” Which means that the delay determines the size of perceived space. (Haas, 1949)

Diagram of Early Reflection
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Figure 2; This is a diagram of the mechanics of Early Reflection (Newell, 2006)

The conclusion of Helmut Haas and Hans Wallach theories suggested that the direction of the sound
origin could be preserved if in an isolated space with no reflective surfaces, but due to subtle variants
with phasing caused by time delays in relation to reflections on surfaces and added distances because
of these reflections, creates a stereo image of the space in which the sound originates in (Blauert,
1983). Due to the binaural nature of this effect within three-dimensional space, the direction in which
a sound source could be determined by listening without prior knowledge of the direction of the sound
(Cremer, 1982) (Woodhouse, 1993). This is due to; the differences in amplitude of the sound in each
ear, the differences in phasing due to the different distances between each ear and by the early
reflections from the space in which the observer is situated in (Woodhouse, 1993). This
psychoacoustic effect is called the Haas effect or the Precedence effect; but binaural nature of this
aspect of ‘early reflection’ theory will be discussed further on into this essay (Haas, 1949). In all,
information that the brain receives can then be processed, which is how a sound can be perceived as
artificial if taken out of the context of the space which has no reflections on it due to the lack of

contextualisation of information.

The conclusion of Jim Woodhouse case study backs up the conclusion of Helmut Haas but also adds
to the conclusion. The additional conclusion discusses that though information about space is carried
through the early reflections and the different delay times between the individual components that
make up the early reflection. Information is also carried through differences in frequency response
between the direct sound and the early reflection (Woodhouse, 1993). This is effecting the way that
the space sound waves respond to the shape of the space and even the materials that space is made

from. Jim Woodhouse discusses that it is due to the perception of the differences in the direct and the
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‘early reflection’ that the ability to determin the composition of the materials of a reflective surface
(Woodhouse, 1993). For example, if the composition of a reflective surface is made from wool, it
would be perceived as a ‘muffled’ reflection even without prior knowledge of what the composition
of the surface. Same for other surfaces, if the composition of a surface was constructed from concrete,
an observer would perceive the reflective response as ‘bright’ and the individual would be able to
determine the surface was made of a hard material. Basically, the auditory system uses the theories
of early reflection to determine the size of the environment in which an observer is in, and what
texture or materials the reflective surface is made from within that given environment. As stated by
Cremer “Diffusion is a consequence of the reflections on the room surfaces not being specular (i.e.

mirror-like), but rather scattered in various directions” (Cremer, 1982).

Practical application
Within the practice of music production, ‘early reflections’ isolated from the reverb body and tail with

a pre-delay more than 40ms is commonly referred as ‘slap-back delay,” depending on the different
timings of the individual components that make up the early reflection (Pro Sound News, 2006)
(Slaten, 2011) (Stewart, 1999). An isolated space is needed while recording to obtain full control of a
sound or instrument within a mis (Owsinski, 2014) (Newell, 2006). Adding the reverb artificially might
be necessary to contextualise the sound depending on the

creative objective of the composition.

By having a sound that is isolated, it can sound artificial due
to the lack of information on the space given by early
reflections. The uses of slap-back delay within music
production are to contextualise isolated instruments
within a space (Owsinski, 2014) (White, 2003). The word

room will be used to both describe a recording studio but

also be used to describe the reflective tonal characteristics

Figure 3; Isolated recording booth used to

of the early reflections and decay of those reflections. remove room noise and room reverb (Editors
Keys, 2018)

During the mid to late 50s, four-track recording devices were created due to the rise of the popularity
of vinyl along with rock and roll, which introduced creative opportunities for recording such as multi-
track recording takes, which means to record with multiple tracks at once, or post tracking, which
means to recording something alongside a track after an existing take (All Music, 2009) (Rumsey &
McCormick, 2014). This meant that a band didn’t need to be recorded all at the same time and that
the vocals, for instance could be recorded in their own with better isolation of other instruments and

of the reflective sound of the room (Rumsey & McCormick, 2014).
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The sound of the room would benefit instruments by contextualising the sound and by giving the
perception of the sound to be more natural which could be considered a problem with isolating tracks
(Amyes, 1990). A practitioner who came up with a solution to this problem was Sam Phillips who was
most notably known as the engineer that worked with Elvis Presley (Larkin, 2006). Sam Phillips came
up with a way of creating a sound of a room in post-production without using expensive studio space
by using a tape machine with multiple tracks and using delay that occurs when feeding the signal from
one track recorded onto another due to
the distances between the play and record
head of the tape machine (Rumsey &
McCormick, 2014). One of the first
instances of this effect can be heard in the
song “Blue Moon of Kentucky” by Elvis

Presley (Blitz, 2016) (Presley, 1954).

Research suggests that Sam Phillips was

Figure 4; This is Sam Phillips in the studio using a tape machine, the same
machine that recorded and created the Tape-Delay on "Blue Moon of Kentucky"
by Elvis Presley (Unterberger, 2018)

the practitioner that discovered the practical application of slap-back delay but there are many
speculations on who created this effect first. Some state that this was the work of George Martin who
produced the Beatles recordings in the 60s, whereas others say it was as early as Sam Phillips who
recorded Elvis Presley in the mid to late 50s (Blitz, 2016) (Vince & Rouse, 1982) (Martin & Pearson,
1994). The findings of Sam Phillips reflect the theories of Lothar Cremer and then later explored by

Helmut Haas even though Sam Phillips doesn’t mention anything about Lothar Cremer theories.

Tape-based delay is still used to this day, but due to advances in technology, tape delays can be
emulated along with reverbs and many other similar ‘time domain effects.” An example of this is by
looking at modern day practitioner Chris Lord-Alge, who is a Mixing engineer for productions, bands
and artists such as; Green Day, Muse, The Greatest Showman, Foo Fighters, Keith Urban and Michael
Bublé (All Music, 2018). Chris Lord-Alge is most notably known for his creative uses of reverbs and the
practical theories that he uses within his practice (Lord-Alge, 2017) (Lord-Alge, 2018). Chris Lord-Alge
stated in an interview that “to get a larger sound, you need to turn up the pre-delay on the reverb to
be over 150ms rather than your usual 40ms” (Lord-Alge, 2017). Early reflection can be considered a
key component for assisting the creation of a realistic sound-pallet or soundscape within a musical
context. It is a crucial element for creating realistic reverb and even when isolated from the reverb

body and tail, creating a slap-back delay effect, can be used creatively to add spatial context for
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instruments and vocals within a mix. The evidence suggests that the reason why slap-back delay can
give context to the soundscape is due to the psychoacoustic properties that it has upon an individual,
conveying contextual information creating the illusion that the music is situated within a space that
can be contextualised. Slap-back delay evidently uses the theory of early reflections, but through the
research of the practitioners, there is no mention of any of the theorist and of their theories
specifically. From what was gathered, however, the practitioners had a vague understanding of how

the theory behind the concept of slap-back delay works and put the theory into practice.
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Figure 5; This is the Waves H-Verb plug-in used to digitally recreate reverb and slap-back delay (Waves , 2018)
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The Haas Effect

Theory
As previously discussed; the conclusion of this Haase’s on the theories of early reflection was that; the

direct sound and early reflection are perceived as one sound as opposed to the two separate
components if the pre-delay was heard less than 5ms for a quick, short direct sound sounds, typically
a clicks and less than 40ms for complex sounds such as piano, violin or speech after the original signal
and was less than 10dB than the original sound source in a controlled environment (Cremer, 1948)
(Haas, 1949). Through these experiments that Haas conducted, the discovery of the mechanics behind
the binaural abilities of localisation of a sound source within a three-dimensional space was made
(Haas, 1949). This is a binaural, psychoacoustic effect is called the Haas effect, named after Haas as
the person to discover the effect but is more formally known as the Precedence effect. (Haas, 1949).
The auditory system gathers information of localisation and directionality of a sound source due to
the differences of arrival times of the sound in each ear and due to the arrival times of early reflection.
If the sound source is situated close to one ear as opposed to the other, the sound from the source
will reach the ear that it is situated close to before the other ear. The auditory system would then take
the audio information and calculate the location of the sound source in relation to the location of the
observer. Other factors that assist in the Precedence effect are; the differences in amplitude of the
sound in each ear, the differences in phasing due to the different arrival times between each ear, and
by the early reflections from the space that the observer is situated in (Haas, 1949). This all depends
on the location where the observer is situated and where the sound source is situated (Haas, 1949)
(Woodhouse, 1993). Basically, this effect assists in determining the location of a sound source within
a given space without pre-knowledge of the location of the sound source. An example of this
psychoacoustic effect being used is by playing the game ‘Blind mans bluff,” where an individual who is

blindfolded must chase a group of individuals within a space using just the sound to aid in the chase.

Figure 6; This is a diagram demonstrating how the‘Haas effect works using pulses or clicks to
demonstrate how the timings in milli-seconds of each click effect the perceived location of each
click (Moore, et al., 1990)
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Practical application
Common terms and concepts with regards to music production must be understood in order to

understand the binaural Haas effect and its uses in practice. The term ‘panning’ or to ‘pan’ derives
from the term panoramic but usually refers; the distribution of a monophonic audio channel to a
stereo channel or multi-channel sound plane usually with the assistance of a ‘Pan-Pot’ or more
formally known as a ‘Panoramic-Potentiometer.” The way in which it does this is by changing the
volumes of either the left or right channel (Hodgson, 2010) (Huber, 2017). Panning in the context of
music production is essential because it is a way of separating instruments from one another in a mix,
giving a form of directionality to specific sounds and is the start of creating a conceptual space (Hugill,
2008). For example; a piano and a harp are two different instruments, but they share the same
frequency range, frequency range referring to the different components that make up the whole
sound. If two instruments have the same frequency range as each other, the listener could have
problems distinguishing each instance both instruments could get “lost in the mix.” There are a few
ways to combat this, such as the use of equalisation, but probably the best solution for this problem
is to pan each instrument within the stereo field (Weiss, 2011). However, this way of giving
directionality in a mix is artificial, in the sense that the auditory system does not perceive sound the
way that Panoramic-Potentiometers work, directionality comes from the many variants of the Haas

effect as opposed to the amplitude difference in each ear alone (Weiss, 2011).

One alternative way of giving directionality in music production is by using the Haas effect its self, and
there are a few different ways in which this could be implemented. The most common way is by using
binaural microphones. It is a stereo microphone, usually built in the shape of a head with silicon ears
and the reason why the microphone is shaped in such way it so emulates the human hearing and to
capture sounds as close to how humans hear the sound (Nusser, 2014). The binaural microphone
concept was created in 1881 as a novelty item used to listen to operas remotely. The binaural setup
conceited of an array of carbon telephone microphones which was installed end to end of the Opera
Garnier where the signals were transmitted from the microphone array to a specially designed
headset with multiple speakers on to recreate the effects of being in the performance (Nusser, 2014).
The popularity of this device dwindled, but in 1978, the first commercial binaural records were
released by Lou Reed who was an experimental rock artist (Beech, 2013). The binaural technology
started to gain popularity and now binaural microphones are now commercially available (Kelly, 2016).
The reason why this effect can seem “weird” is because the binaural playback is giving information
about an environment that is contradictory to the environment that the listener is in, leading the brain
to become confused due to the contradictory contextualisation of the information. In other words,

the mind cannot figure out where it's location within that situation. Some individuals find this
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experience unpleasant while others find it pleasurable (Beck, 2013). This can be experienced by
listening to an AMSR Recording or formerly known as Autonomous Sensory Meridian Response
Recording (Simner, et al., 2006). The most notable use of this microphone is for capturing orchestra
for moving image soundtracks because of its ability to capture the sound that emulates the human
' head (Barratt & Davis, 2015). This is because an orchestra
must be considered an experience, a binaural microphone
is probably one of the best ways to capture both the space
in which the orchestra is situated in and the directionality
of each instrument (Shostakovich, 2013). These
productions would still use traditional panning techniques
because these methods of production work better within

the context of a mix (The Making of 'The Incredibles’,

2005).

Figure 7; A KU 100 Neumann Binaural stereo
microphone (Neumann, 2018)

An alternative method of using binaural effects within a music production is by using an effect called
a stereo widener. It’s predominantly used to transform a monophonic signal into a stereophonic signal
with a perceived width (Thornton, 2010). Stereo widening is created by creating a copy of the mono
signal and panning both audio signals to the left and right channel. One of the signals is then delayed
by 20ms to 40ms utilising the theories of Haas to create a perceived ‘wide’ sound. This technique can
also micro tune both signals up and down from each other by about -4 cent for the left channel and
+4 cent for the right channel to create an even ‘wider’ sound (Sound Bridge, 2018). Cent is a unit of
measurement used within pitching and tuning (Hyper Physics, 2008). This effect was most
predominantly used within the late '70s to early ‘90s where it's most common uses are on instruments
such as guitars and synthesizers for its widening capabilities and its abilities to create depth from a
mono track without the use of reverb (Houghton, 2015) (d'Ark, 2017). An example of this effect being
used within a composition during this time period is the band Toto song ‘Rosanna,” where it can be
heard on all the some of the rhythmic guitar tracks, all or the lead tracks and on the synthesizer solo
(Toto, 1982). The effect is still used to this day in modern production as presented by Chris Lord-Alge
during a short interview with ‘Mixing with the Masters’ showing the processing that went into a lead

guitar track (Lord-Alge, 2017).
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These are the ways in which the Haas effect can be used to create a binaural effect artificially.
Authoritative directionality can be given within a music production without using traditional panning
techniques. The research suggests that these binaural effects being used within the practice are
usually used to create a bed for a sonic soundscape and pallet, usually in the form of either a room or
ambient microphone for the binaural microphones or to give directionality to a specific instrument
within a larger production. These productions would still use traditional panning techniques because
these methods of production work better within the context of a mix. Also, the has an effect can be
used to combat directional masking, where one sound obscures the perceived direction of another or
in other words focal panning or to draw the listener into the specific instrument. On the other hand,
a problem that is associated with using this the binaural microphone is that it must be listened to on
headphones for the effects to work due to the nature of the mechanics of the binaural effects. If
listened through loudspeakers, audio from one speaker would be heard through the opposite ear, and
the illusion would be broken. Other problems associated with using these theories within a music
production, if only the Haas effect was used to give directionality, the perceived loudness would
increase due to every instrument being played through both channels due to the way that the Haas
effects mechanics. Also, comb filtering would occur due to the sum of the left and right channel
causing phasing due to the mechanics of the Haas effect if the recording was to be played back in
mono for radio play (Russell, 2010). These problems can be minimised and unnoticeable in most cases

of well-produced music if these effects binaural are used moderately.
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Figure 8; This diagram demonstrates the effects of comb-filtering induced by phasing (White, 2013)
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Conclusion
The question “How are the psychoacoustic theories of spatialisation used within music production?”

is answered through this essay through the discussion of and the exploration of two major
psychoacoustic theories regarding spatialisation; early reflection theory and the Haas effect. A better
understanding of the subjects and terminology arose through the outlining and analysis of the terms;
music production, perception and psychoacoustics. A better understanding of the relations between
psychoacoustics and music production practice was made through the analysis of the terms. As
previously discussed with regards to early reflection, early reflection theory assisted in the creation of
slap-back delay and in turn assisted in the creation of a realistic sound-pallet or soundscape within a
musical context for the late ’50s where the effect was most predominantly used. To this day this effect
can still be used as shown by Chris Lord-Alge and his works. Early reflection is a vital component for
producing an accurate sounding reverb. Slap-back delay can be utilised in a creative manner to
enhance spatial context for sounds in relation to music production, presented through the works of
both Chris Lord-Alge and Sam Phillips who produced Elvis Presley (Lord-Alge, 2017) (Lord-Alge, 2017)
(Lord-Alge, 2018) (Presley, 1954). The information gathered through this investigation is extremely
useful and applicable to music production. The theories and practices that were discussed were
personally, foreign concepts before this essay but now, these concepts will be used in future
endeavours and in personal music productions. Concepts such as the Slap-back effect being used to
create a conceptual space and that the pre-delay determines the size of the conceptual space. The use
of the Haas effect will also be used in future through the research presented. Using binaural
techniques alongside traditional panning techniques to create authoritative directionality within a
music production. Also, these techniques can be used in the creation process to give directionality to
a specific instrument within a music production or to create a conceptual sonic soundscape and sound
pallet using binaural microphones to capture an environment, usually in the form of a room or
ambient microphone. A minor problem found with using the theories of Haas within music production
is phasing that could affect a piece of music during playback if played in mono. This is most prevalent
when listening to the effects of stereo widening. However, this problem rarely affects the outcome of
the final production. A partial understanding of stereo widening was known before this essay but due
to this research conveyed and improved comprehension of the theoretical concepts behind the effect
can now lead to better-informed decisions within the personal practice and what to keep in mind

about problems associated with using these effects.

15| Page



Bibliography

Music Production Guide, 2011. The Music Production Process, s.l.: Music Production Guide.

AGoodale, M. & Humphrey, G. K., 1998. The objects of action and perception. Cognition, 67(1-2), pp.
181-207.

Akins, K., 1998. Perception. s.l.:s.n.
All Music, 2009. reflections on ritual, religious, and race at rockabilly. rock 'n’ roll pilgrims, 6 August.

All Music, 2018. Chris Lord-Alge Credits. [Online]
Available at: https://www.allmusic.com/artist/chris-lord-alge-mn0000775446/credits
[Accessed 16 11 2018].

Amyes, T., 1990. Audio Post-Production in Video and Film. Oxford: Focal Press .

Art Sites UCSC, n.d. MIXERS. [Online]
Available at: http://artsites.ucsc.edu/ems/music/equipment/mixers/mixers.html
[Accessed 8 May 2018].

Azzopardi, P. & Evans, S., 2017. Evaluation of a “bias-free” measure of awareness. Spatial Vision,
20(1), p. 61-77.

Baalman, M. A., 2010. Spatial Composition Techniques and Sound Spatialisation Technologies. Sound
Space: New approaches to multichannel music and audio, 15(3), pp. 209-218.

Baig, M. A., 2015. Without an audience there is no theatre [Interview] (31 October 2015).

Ballou, G. M., 2008. Psychoacoustics. In: 4th, ed. Handbook for Sound Engineers. 4 ed. Oxford : Focal
Press, pp. 43-51.

Barratt, E. L. & Davis, N. J., 2015. Autonomous Sensory Meridian Response (ASMR): a flow-like mental
state, s.l.: s.n.

BBC Music Introducing, 2018. BBC Music Introducing. [Online]

Available at: http://www.bbc.co.uk/programmes/profiles/44Lx2nCmDbfwPgckSBiD3TD/recording-a-
demo-or-mixtape

[Accessed 1 12 2018].

Beck, J., 2013. How to Have a 'Brain Orgasm'. The Atlantic, 16 December.
Beech, M., 2013. Lou Reed, 'Walk on the Wild Side' Rocker, Dies at 71. Bloomberg L.P, 28 October.

Blauert, J., 1983. Spatial hearing - the psychophysics of human sound localization. Cambridge,
Massachusetts: MIT Press.

Blitz, M., 2016. How Sam Phillips Invented the Sound of Rock and Roll. Popular Mechanics, 15 August

Burel, V., 2008. The Reverb. [Online]
Available at: https://www.espace-cubase.org/anglais/page.php?page=appplugvbl
[Accessed 6 December 2018].

Cleveland, B., 2001. Creative music production : Joe Meek's bold techniques. s.l.:s.n.

16| Page



Cowey, A., 2013. Isoluminant coloured stimuli are undetectable in blindsight even when they move,
s.l.:s.n.

Cremer, L., 1948. law of the first wavefront. s.l.:s.n.

Cremer, L., 1982. Principles and applications of room acoustics (Part 1). 1 ed. London: Applied
Science Publishers.

Cremer, L., 1982. Principles and applications of room acoustics (Part 2). 2 ed. London: Applied
Science Publishers.

Cremer, L., 1984. The physics of the violin. 2nd ed. London: MIT Press.
d'Ark, J., 2017. Stereo Widening: 7 Simple Ways to Give Your Mix Width, s.l.: LANDR.

Dementia and Geriatric Cognitive Disorders Association, 2009. Effect of Music Therapy on Anxiety
and Depression in Patients with Alzheimer’s Type Dementia, s.l.: Dementia and Geriatric Cognitive
Disorders Association .

Deryagina, L. E. & Khokhlova, L. A., 2015. PRONUNCIATION LANGUAGE SUBSYSTEM AND EEG-
CORRELATES OF FOREIGN SPEECH PERCEPTION (PSYCHOACOQUSTIC AND PHYSIOLOGICAL ASPECTS).
Sovremennye Issledovanid Social’nyh Problem, Issue 11, pp. 135-144,

Droney, M., 2003. What Can Save the Music Industry?: Getting Noticed. Mix, 27(6), pp. 106-110.
Droney, M., 2005. Preserving the Art of Audio Engineering. Mix Online, 1 May.

Editors Keys, 2018. Portable VVocal Booth Pro with Floor & Desk Stands. [Online]

Available at: https://www.editorskeys.com/products/portable-vocal-booth-pro-with-floor-desk-
stands

[Accessed 6 December 2018].

Faivre, N., Mudrik, L., Schwartz, N. & Koch, C., 2014. Multisensory Integration in Complete
Unawareness; Evidence From Audiovisual Congruency Priming, s.l.: Psychological Science.

Ferreira, P. P., 2008. When Sound Meets Movement: Performance in Electronic Dance Music.
Leonardo Music Journal, 1(18), pp. 17-20 .

Giles, N., Lau, H. & Obegaard, B., 2016. What Type of Awareness Does Binocular Rivalry Assess?.
PlumX Metrics, 20(10), pp. 719-720.

Grout, D. J., 1960. A history of Western music. London: Vail-Ballu.
Haas, H., 1949. The Influence of a Single Echo on the Audibility of Speech. s.l.:s.n.

Haas, H., 1972. The Influence of a Single Echo on the Audibility of Speech (Revision). JAES, 20(2), pp.
146-159.

Hatton, C., Sherratt, K. & Thorton, A., 2004. Music interventions for people with dementia, s.I.:
PubMed.

Henry, J., 2001. How to write a song. Esquire, 136(1), p. 54.

Hiroshi, S. et al., 2006. The role of biological system other than auditory air-conduction in the
emergence of the hypersonic effect. Brain Research, Volume 1073, pp. 339-344.

Hodgson, J., 2010. Understanding Records. s.l.:s.n.

17 |Page



Houghton, M., 2015. Can Haas delays be mono-compatible?. Sound On Sound, August.
Huber, D. M., 2017. Modern Recording Techniques. 9 ed. s.l.:Focal Press.
Hugill, A., 2008. The Digital Music. New York: Routledge.

Hyper Physics, 2008. Cents. [Online]
Available at: http://hyperphysics.phy-astr.gsu.edu/hbase/Music/cents.html
[Accessed 4 December 2018].

Iliopoulos, A., 2018. The Problem Is Not That Others Don’t Get You. The Problem Is Your Perception..
[Online]

Available at: https://thequintessentialmind.com/the-problem-is-your-perception/

[Accessed 19 May 2016].

Judkins, R., 2016. The Art of Creative Thinking. New York: Perigee.
Kelly, S., 2016. Virtual reality for your ears. BBC Click, 22 April.

Krishna, A., 2011. An integrative review of sensory marketing: Engaging the senses to affect
perception, judgment and behavior, s.l.: University of Michigan.

Larkin, C., 2006. Phillips Sam (vocals). In: 4th, ed. Encyclopedia of Popular Music. Oxford : Oxford
University Press.

Lord-Alge, C., 2017. Chris Lord-Alge. [Online]
Available at: https://www.chrislordalge.com/about
[Accessed 10 May 2018].

Lord-Alge, C., 2017. Mixing Masterclass: Secrets of the Mix with Chris Lord-Alge, s.|.: Waves Audio.
Lord-Alge, C., 2017. Mixing Muse Guitars, s.l.: Mixing with the Masters.
Lord-Alge, C., 2018. Mixing Carrie Underwood's Vocals, s.l.: Mixing with the Masetrs .

Madsen, E. R., 1970. Extraction of Ambiance Information from Ordinary Recordings. JAES, 18(5), pp.
490-496.

Martin, G. & Pearson, W., 1994. The Making of Sgt. Pepper. In: Summer of Love. London: Pan Books,
pp. 81-84.

Moore, C. A,, Cranford, J. L. & Rahn, A. E., 1990. Tracking of a “Moving” Fused Auditory Image Under
Conditions that Elicit the Precedence Effect. Journal of Speech, Language, and Hearing Research,
Volume 33, pp. 141-148.

Neumann, 2018. KU 100 Dummy Head. [Online]
Available at: https://en-de.neumann.com/ku-100
[Accessed 4 December 2018].

Newell, P., 2006. Recording Studio Design. s.l.:s.n.
Nirkind, B., 2000. Sound and Vision. New Yourk: Billboard Books.
Nusser, D., 2014. Arista Has 1st Stereo/Binaural Disk. s.l.:Billboard.

Open Biological and Biomedical Ontologies, 2018. Sensory Perception, s.l.: The Gene Ontology
Consortium is supported .

18| Page



Owsinski, B., 2014. The Mixing Engineer's Handbook. 5th ed. Boston: Course Technology PRT.
Oxford University , 2018. The Oxford Dictionary. In: Mixing. Oxford: Oxford University Press.

Payne, D. J., 2016. Benign Paroxysmal Positional Vertigo. [Online]
Available at: https://patient.info/health/dizziness/benign-paroxysmal-positional-vertigo
[Accessed 2 May 2018].

Plack, C. J., 2005. The Sense of Hearing. s.l.:s.n.

Pre-Mastering Tips, 2014. How to Use the Haas Effect, s.l.: Stage Audio.

Presley, E., 1954. Blue Moon of Kentucky. [Sound Recording] (RCA Records).

Pro Sound News, 2006. Analog Back in Demand at Avatar. Pro Sound News, Volume 28, p. 22.
Recording Boot Camp, 2015. How to find the right delay time for mixing, s.l.: Recording Boot Camp.

Rumsey, F. & McCormick, T., 2009. Sound and Recording. 6th ed. Oxford, United Kingdom: Elsevier
Inc..

Rumsey, F. & McCormick, T., 2014. plug-ins and outboard equipment. In: 7, ed. sound and recording;
applications and theory. Oxon: focal press, p. 136—139.

Rumsey, F. & McCormick, T., 2014. Sound and Recording. 7th ed. Oxon: Focal Press.
Russell, R., 2010. Hearing, Columns and Comb Filtering. s.l.:s.n.

Shirley's Preschool Activities, 2016. Activities for Auditory Perception. [Online]
Available at: http://www.shirleys-preschool-activities.com/auditory-perception.html
[Accessed 3 May 2018].

SHOOT, 2011. Post Perspectives/Creative Challenges. SHOOT, 52(10), pp. 13-19.
Shostakovich, 2013. Symphony No. 5 (Binaural). [Sound Recording] (Clarus Creative Solutions).

Siebein, G. W., Gold, M. A,, Siebein, G. W. & Ermann, M. G., 2000. Language, Speech & Hearing
Services in Schools;. Rockville, 31(4), p. 376.

Simner, J. et al., 2006. Synaesthesia: The Prevalence of Atypical Cross-Modal Experiences.
Perception, 35(8), pp. 1024-1033.

Slaten, W., 2011. Representing Recording Studios of the Past. Current Musicology, Volume 91, pp.
167-164, 220.

Sokolowski, R., 2008. Phenomenology of the Human Person. New York: Cambridge University Press.
Sound Bridge, 2018. The Philosophy of Stereo Widening Techniques, s.l.: Sound Bridge.

Stewart, D., 1999. Studio Sense: Record Effects: An Introduction to Delay and Echo. Keyboard, 25(7),
pp. 72, 74.

StudioPros. Inc, 2010. Music Mixing: What It Is, and Why It’s Important, s.l.: StudioPros.

The Making of 'The Incredibles'. 2005. [Film] Directed by Rick Butler. USA: Buena Vista Home
Entertainment .

19| Page



Theriot, K., 2012. Directional and Omnidirectional Microphones — What Are They Good For?. [Online]
Available at: https://www.homebrewaudio.com/directional-and-omnidirectional-microphones-
what-are-they-good-for/

[Accessed 10 May 2018].

Thornton, M., 2010. Classic Stereo-widening. Sound On Sound, September.
Tingen, P., 2007. Secrets Of The Mix Engineers: Chris Lord-Alge. Sound On Sound.
Toto, 1982. Rosanna. [Sound Recording].

Turkoz, D. D., 2016. Comparison of Single Channel Blind Dereverberation Methods for Speech Signals,
Istanbul: Sabanci University.

Unterberger, R., 2018. Sam Phillips. [Online]
Available at: https://www.allmusic.com/artist/sam-phillips-mn0001197138/biography
[Accessed 6 December 2018].

Vince, P. & Rouse, A., 1982. Abbey Road: The Story of the World's Most Famous Recording Studios by
Brian Southall. London: Patrick Stephens.

Waves , 2018. H-Reverb Hybrid Reverb. Waves.

Weiss, M., 2011. Mixing: Where Do | Start?, s.l.: Pro Audio Files.
Weissman, J., 2011. Connecting with Your Audience. s.l.:s.n.

White, P., 2003. Creative Recording Two. London: SMT.

White, P., 2013. What exactly is comb filtering?. Sound on Sound, June.

Whitney, N., 2017. TECH TOOLS. Canadian Musician, anadian Musician, 2017, Vol.39(3), p.74
May/Jun, 39(3), p. 74.

Wilson-Dickson, A., 1992. The story of Christian Music. Oxford: Lion Publishing .

Woodhouse, J., 1993. On the Playability of Violins, Part 1: Reflection Functions. Acustica, Volume 78,
pp. 125-136.

X.Hug, M., Arias, C., Tommasini, F. C. & Ramosbc, O. A., 2014. Auditory localization and precedence
effect: An exploratory study in infants and toddlers with visual impairment and normal vision.
Research in Developmental Disabilities, 35(9), pp. 2015-2025.

Zimmerman, C. & Bauer, R. A., 1956. The Effect of an Audience Upon What is Remembered.
American Association for Public Opinion Research, 20(1), pp. 238-248.

20| Page



