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Abstract

The human voice is used regularly in day-to-day activity, particularly by teachers,

politicians and singers. This can place a level of strain on their vocal mechanism. To

counter this, professional voice users may undergo some form of vocal tuition. How-
ever, there is a prevalence of subjective, sometimes ambiguous tuition techniques.
Vocal damage can therefore occur in spite of, or partially because of, the tuition
techniques that are supposed to help the subject.

It is hypothesised that a computer system which can a) objectively measure a
large set of parameters relating to vocal performance, b) appropriately translate
these parameters to a smaller set of easily interpreted measures, and ¢) dynamically
display this information in an appropriate graphical form may be able to provide a
measure of progress to complement instructive techniques during vocal tuition.

A highly flexible, easy-to-use tool for the analysis and visualization of voice
source and acoustic signals has been developed called ALBERT (Acoustic and
Laryngeal Biofeedback Enhancement in Real-Time). The system can be used to
provide real-time feedback on the state of a number of voice parameters. The vi-
sualization of these parameters is highly configurable, and includes 1D, 2D and 3D
arrangements with optional colour mapping. ALBERT is novel in its ability to dis-
play many popular laryngeal and acoustic parameters in many informative graphical
configurations. The system can be used in real-time to function as a tool for use by
a voice tutor.

To test the hypothesis, three studies are presented of vocally developing male
and female subjects as follows: i) a six week course of vocal expression, ii) a group of
actors over an eight month period, and iii) a group of singers over a time span of 2.7
years. Two voice parameters in particular have been identified as indicative of vocal
performance: the closed quotient of the vocal folds (CQ) and the spectral amplitude
in the frequency band within which the phenomenon of the ‘singer’s formant’ is

known to occur relative to the spectral amplitude of the complete acoustic output

(Ratio). ALBERT has been used as a tool to provide real-time visual feedback of

these parameters in the context of singing tuition. Results suggest that ALBERT

1s a tool with considerable potential for use in a voice tuition process.
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Chapter 1

Research aims and report

structure

1.1 Introduction

This chapter introduces the context of the research presented in this thesis. The
reader is introduced to the predominance of vocal abuse in many professional fields,
and the ambiguous techniques frequently employed in the process of vocal tuition to
counter this. A need for objective assessment is identified, and a proposal presented
for the role of real-time feedback. An overview of the research presented in this thesis
follows: 1) the identification of voice parameters which change with the process of
vocal tuition; 2) the design and implementation of a suitable real-time system; and

3) a formal assessment of the benefits of the real-time system based upon (2) when

used as a tool for vocal tuition.

1.2 Vocal use and abuse

The voice is used in everyday life in many different contexts. For some people,
their profession demands a higher level of voice usage. Examples include doctors,
politicians, teachers, and telephone operators. These people often experience a high
level of unintended vocal abuse, often with consequencial vocal damage.

Teachers are prime examples of professional voice users who can suffer from vocal

health problems. Comins (1992) found that 34% of voice patients in some speech
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and language clinics were teachers. After a recent landmark tribunal decision was
made to compensate a teacher who lost her voice during the course of her work, it

was reported that “a flood of similar claims” was predicted (Morrow, 1994). One

comment from a speech and language therapist highlights the extent of the problem;

“These are not just numbers; they represent people who have not been
advised about a problem to which teachers are prone. They represent
classes without their teacher, or taken by a supply teacher at a cost to
the school of over £90 a day. Speech and language therapists know from
cases that some teachers will damage their voices permanently by con-
tinuing to teach with laryngitis, whilst others may, mistakenly, be given
a course of antibiotics, when their basic problem is not infection but

inefficient voice production.” (Comins, 1992)

1.3 Deficient voice tuition

Almost without exception, all instances of abuse could be avoided with appropriate
education and training (Morrow, 1994). However, vocal training is itself open to
much ambiguity and abuse. The voice teacher needs to embody principles from a
wide field of expertise (see figure 1.1). In practice, however, it is often found that
there is a bias towards subjective appreciation (generally shown as the left hand side
of figure 1.1) rather than objective assessment (the right hand side of figure 1.1).
For example, the English National Curriculum has recently been expanded to
require the objective assessment of the oral skills of pupils. Teachers attempting
to satisfy this requirement were reported as realising that they did not have the
knowledge or ability to suitably assess the qualities under consideration (Stables,
1992). Quoted comments include “..if we knew enough about the processes involved
we could actually give that child the help” and “I really question what we are looking
for in terms of actual profictency”. This is one indication of considerable deficiencies
in conventional voice tutoring systems. Vocal damage may be a direct consequence.

In one formal assessment 47% of voice students were shown to have sought medical

help for voice problems (Sapir, 1993).



CHAPTER 1. RESEARCH AIMS AND REPORT STRUCTURE
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Figure 1.1: The relationship of voice teacher to the performer and

to the specialists who support/assist in his/her work (after Hollien,

1993)
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1.4 Ambiguous tuition techniques

The problems indicated as prevalent in the field of voice tuition may well be due
largely to the various styles of tuition adopted. Some forms of tuition are ambiguous

and subjective in their approach. This is illustrated in an example taken from the

field of singing tutorage:

“I was once told to imagine the smell of a freshly cooked pork chop before
embarking on ‘Un Aura Amorosa’ from Mozart’s Cost fan tutle, ...the

memory of pork chops I have known still disturbs my concentration when

I sing the part of Ferrando.” (Lavender, 1994)

Techniques employing mental imagery are frequently employed. This is illus-

trated in the following extract:

“I have frequently used the following mental images in dealing with the
difficulties in the phrases tmmediately preceding the high C-flat in the “O
Don Fatale” aria of Eboli from Don Carlos: On the third beat (a rest),
two bars preceding the high C-flat, immediately preceding the triplets
which lead up to the high note, I imagine a water wheel with water flow-
ing over it. Directly preceding the high note, during the inspiration, I
imagine a well at the back of my head into which the sun s shining.
The water in the well feels warm, the rays of the sun (the breath during

inspiration) are causing the space at the back of my head.” (Quoted in

I'mmoos, 1993)

There are indications that the use of mental imagery in the process of vocal
tuition may not be as appropriate as its prevalence of use might suggest (Anderson
& Helstrup, 1993). For example, Reed & Johnsen (1975) found that it is more
difficult to find a hidden part in a mental image of a complex figure than in a
physical percept of the same figure. Chambers & Reisberg, (1985) reported that
subjects were unable to “see” the alternative interpretation of classical ambiguous
figures in their mental images of the figures, but were able to see this as they drew
their images on paper. Clearly, these points raise questions concerning the suitability

of the use of mental imagery as a form of reliable guidance.
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Orton (1938) epitomises the desire for objectivity:

“Sims Reeves wrote: ‘The tones in the head register vibrate, especially

at the bridge of the nose, and the highest notes convey a sensation as
of an electric thrill in the head.’ Such a description, and many similar
ones, surely demonstrate, by their diversity and ambiguily, the need of

tangible guides and tests in attempts at voice culture.” (Orton, 1938)

1.5 The reduction of ambiguity

Ambiguities present in the tuition process may be resolved through the use of an
automated system able to objectively measure voice usage, and to offer appropriate
visual incitement for vocal development.!. A description of objective in this context
may be the expression or use of facts without distortion by personal feelings or
prejudices.

Such a system would be able to complement the central figure of the voice
teacher.

However, in order to create such a system, there must first be some understanding
of the natural progression of voice development. To this end, studies are required
of people as they undergo vocal training so that parameters indicative of vocal
development which may then be embodied in the creation of a voice assessment and

development system are identified.

A formalisation of these proposals is contained in the following thesis hypothesis.

1.6 Hypothesis

It is hypothesised that computer systems which

1. objectively measure a large set of vocal attributes,

2. appropriately translate these attributes to a smaller set of easily interpreted

measures relating to vocal efficiency, and

'In this context, visual feedback is a form of biofeedback.
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3. dynamically display this information in an appropriate graphical form during

the process of vocal tuition

may be able to provide a useful objective measure of progress for the advance-
ment of vocal development.

In order to satisfy this hypothesis, the following objectives are to be resolved:

1. the analyses of developing voice users in order to identify parameters indicative

of voice development.

2. the development of a software tool for vocal tuition able to embody these

parameters in the process of real-time analysis and subsequent visual display.

3. a formal evaluation of the usefulness of the real-time visual feedback system.

1.7 Thesis content and structure

Chapter 2 considers the nature of the voice in order to set the context for a subse-
quent assessment of vocal parameters which appear relevant to the process of vocal
tuition. It describes the anatomy of the voice, and the acoustic operation of the
physiological mechanisms of which the voice comprises. Attention is given to the

articulatory controls used in phonation, and to the role of the larynx.

Chapter 3 considers voice source and acoustic output parameters which may be

suitable for use in a real-time system intended for use as a tool to help improve

vocal development. Previous related research addressing the application of these
parameters in tools for vocal tuition are discussed.

Chapter 4 presents three studies considering trends in the parameters identified
in chapter 3 in voice users as they undergo tuition. In study 1, male and female
subjects were analysed before and after a six-week course of vocal expression. Study
2 presents a longitudinal assessment of male and female actors in training over a
period of 8 months. Subjects undertook a number of vocal tasks including singing
and three different modes of vocal projection. Developmental parameters and gender

differences are discussed. Study 3 presents a longitudinal assessment of three male

singers in training over a maximum time span of 33 months for both speaking and
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singing voice. Taken in aggregate, the studies indicate two parameters in particular

which appear to reflect the progress of vocal development.
Chapter 5 presents the design and implementation of a highly configurable as-

sessment and visual feedback system which is able to provide and update a visual
representation of the parameters i<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>