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Abstract

The early music singer became established within classical singing over the last forty
years and is now accepted in the mainstream performance of music written into the
nineteenth century, being identified by specific stylistic features and vocal qualities.

This thesis presents a multidisciplinary study to assess the distinguishing characteristics
of this specialist group of singers. An experiment case-studied eight early music singers
and eight opera singers to identify the vocal characteristics that made them suited to
their specialty. Quantifiable aspects of vocal technique which have previously been
associated with opera singing were analysed including, larynx closed quotient, vibrato,
vertical larynx position, loudness, the singers’ formant and other acoustic resonance
strategies. Alongside the results of this study research exploring the emergence of the
early music singer is reviewed together with modern theories of historical vocal
techniques and the primary literature from which these theories are constructed.

Although classified as having a characteristically distinct sound from opera singers,
early music singers were found to utilise methods of vocal production strongly
representative of a modem operatic technique. Differences that were identified between
early music and opera singers seem to represent the individual vocal backgrounds of the
singers rather than any scholarly revival of historical vocal techniques. The training of
the singers and particularly their choral background seemed to be a major determining
factor of the singers’ specialty. In spite of a scholarly interest in historical vocal
techniques infiltrating performance institutions to various extents in recent years, the
central objective of the singers appears to remain the need to conform to conventional
aesthetic of a ‘classical’ voice.
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Chapter 1 - Introduction

Chapter 1

Introduction

This study considers the current trends of the specialist vocal performance of early
music and grand opera, looking specifically at vocal techniques and the resulting sound
produced by female voices. The nature of the thesis is intrinsically multidisciplinary,
combining musicology, scholarship in performance as well as the science of singing to
explore new avenues of performance research. Musicological studies of performance
practices are considered alongside contemporary knowledge of the science of the
singing voice, employing modern technological advances to obtéin and examine
quantifiable aspects of the voice to further the musicological discussion of modermn
performance practices. The presentation of this cross-disciplinary study between
scientific and artistic fields intends to pave the way for musicians and particularly
singers to introduce voice science as a tool in performance research in the future. The

thesis is intentionally structured to remain accessible to both scientists and musicians,

hopefully introducing new perspectives into both disciplines.

The core of the thesis is an experiment based on previous scientific studies in the
singing voice, which was devised to analyse specific quantifiable aspects of vocal
techniques. The investigation case-studied sixteen professional female singers, eight of

whom specialised in the performance of early music repertoire and eight performed
mainstream opera. The findings of this study are considered alongside modem

perceptions of the two specialties and musicological theories of historical vocal
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Chapter 1 - Introduction

techniques. The main objectives of this research are to determine the actual and
perceived differences between the two groups, and to assess the extent to which any

differences reflect theories on historical singing practices.

The present chapter introduces the current performing conventions of early music and
grand opera, outlining the origins of the present performance culture and the scholarly
investigations into historical vocal practices which have taken place to date. The
tradition of performance in England is the prnimary focus of this thesis because the
distinctive practices of the performance of early music originated in England and retain
specific connections to English traditions: ‘The phenomenon was particularly British,

but found, as we know, imitators and admirers throughout Europe and America’

(Wistreich, 2002: 21).

1.1Background

Fashions of performance are constantly changing. Particularly concerning singers, the
apparent suitability of certain voices to specific genres of music is often high on the
agenda of critics and vocal teachers: ‘she has a splendid sense of rhythm for the
baroque; her voice is not entirely to my taste in this music, however’ (McHugh, musical
criticism website 2007). Although perceptions of like and dislike ultimately decide the
professional success or failure of a voice, there are distinctly traceable trends of
preference in certain vocal qualities throughout the history of music as audience tastes

have changed.
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Chapter 1 - Introduction

Within the domain of Classical Music a number of different categories of singer are now
established. Aside from categorisation of range into soprano, mezzo-soprano, efc.,
distinctions are now drawn between oratorio singers and opera singers, choral singers,
ensemble singers and solo singers, efc. Within such categories, singers now further
identify themselves; for example, opera singers will be defined as Wagnerian,
Coloratura, Lyric, Dramatic, Bravura, efc., (Mitchells, 1970-1971). Whilst it is now
common and often expected of a singer, the trend to categorise and further sub-
categorise voice types, and music in general, 1s quite recent. Potter comments that the
term ‘classical’ in connection with music has only been in use in its common form since
the nineteenth century and explains that ‘its current status is the result of historical
processes that have formed and re-formed over many hundreds of years’ (Potter, 1998:
1). As a result of the early music revival, over the last 30 years a new genus of singer
has evolved specialising in early repertoire composed from pre-1600 to the nineteenth
century. ‘One of the consequences of the stylistic fragmentation of classical music has

been the proliferation of singing styles associated with early music’ (Potter, 2000: 3).

The period of composition encompassed by this new genus of singer expanded from the
Renaissance into repertoire of the nineteenth century, embracing both ensemble and solo
repertoire of sacred and secular origins. Performance conventions currently practised in
the musical canon therefore involve a cross-over of repertoire between this new

specialising group of early music singers and the conventional opera singer: operas

written before the late eighteenth, even the nineteenth century, now lie within the
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Chapter 1 - Introduction

repertoire of the early music singer but are still also performed in the grand opera houses

by more conventional operatic voices.

Due in part to this cross-over and in part to the divergent origins of the two groups,
singers specialising in early music have had a ‘sometimes fraught relationship with so-
called “mainstream classical vocal practice” (Wistreich, 2002: 17). Potter articulates a
common attitude that divides the two performance genres in a book review: ‘brighter
performers tend to go into early music rather than submit their voices and their intellects
to the coaching provided by opera houses’ (Potter, 2000: 342). This divide and the
stereotyped perception explained above is largely the result of the divergent
backgrounds of the singers of the two genres, particularly considering the training and

emergence of the early music singer from academic institutions.

The background to the establishment of the early music singer is particularly important
to this study as it provides a base on which to form an investigation into the
distinguishing characteristics of this specialising group from the conventional opera
singer. The following sections therefore consider the origins of the modern early music

singer, including their objectives, techniques and motives.

1.2 The Rise of the Early Music Singer

In order to begin a comprehensive study of the modemn ‘early music voice’, it is

necessary to retrace its development within the °‘classical voice’ drawing on the
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Chapter 1 - Introduction

extensive range of research and resources which is now available. The early music
revival which took hold in the 1950s and 1960s was the primary component which
triggered the foundation of the specialist performance of early music, although the
introduction of the new vocal sound of the early music singer did not become
established until the 1970s (Wistreich, 2002: 20-21). Below is a brief review of the
various aspects of the development of the early music revival which contributed to the

impact of the phenomenon on current singing styles.

1.2.1 The Early Music Revival

A renewed interest in historical sound-worlds in the early twentieth century is thought to
have been born out of a reaction against the ‘romanticism’ which had long reigned in
performance conventions: ‘we were in flight from elements of the then current musical
aesthetic that we didn’t like’ (Potter, 2002: 9). This became expressed in a desire to
identify and reconstruct the intentions of composers and performance practices of
historical repertoire. Once the academic mission of those musicians was established and
audiences warmed to a new style of performance, this period of change in the

conventional playing of renaissance and baroque repertoire became known as the early

music revival (Haskell, 1988).

Academic musicians began their re-discovery of old performance styles through the
scholarly exploration of literary evidence such as historical treatises that provide an

insight into attitudes towards performance and various rules of specific and informed
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Chapter 1 - Introduction

practices such as omamentation, as well as instructing technical methods of playing on
specific instruments. Combined with the academic study of original manuscripts, Urtext
editions of the compositions began to be produced and new manuals and texts became
available informing the twentieth century performer how to interpret the information in
the score based on the primary sources. As a result of these scholarly explorations and
the subsequent implementation of their findings through performance, an abundance of
literature has been produced since the early music revival, cataloguing and evaluating
primary sources as well as discussing and instructing ways to perform music written
before the nineteenth century (e.g. Newman, 1985; Bianconi, 1987; Donington, 1989;

Brown and Sadie, 1989; Strunk, 1998; Somerset-Ward, 2004; Boorman, 2005;

Foreman, 2006).

Since this retrospective approach to performance took hold, the scholarly world has
been thronged with arguments concerning the relevance of performance practice as a
concept and the different theories presented within it (see for example; Kenyon, 1988;
Kivy, 1995; Leech-Wilkinson, 2002). The further research into historical performing
conventions develops, the wider the period of music that is examined and therefore
encompassed by early music performers and their styles of playing: notions of
historically informed performance now affect the performance of music written into the
late nineteenth and early twentieth centuries (Brown and Sadie, 1989b). Research into
the historical performance of music continues to be important whether viewed as an
essential conformist mode of performance, or simply an academic, musicological or

historical exploration.
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Chapter 1 - Introduction

Resultant fashions of different playing styles have in turn impacted on the styles and
techniques of singing music from the relevant period. Until recently, however, the voice
was passively led by this fast-growing trend of historically informed performance in
instrumental playing, applying, at most, the appropnate theoretical musical styles, but
with no specific interest in investigating historical vocal techniques. This resulted in a
peculiar blend of musical performance which could only in part lay claim to any
scholarly rediscovery due to ‘the strange coupling of highly researched instrumental

playing with academically under-nourished singers’ (Potter, 2000: 3).

The objectives and consequent practices of the singers involved in the beginnings of the
early music movement inevitably impacted upon contemporary perceptions of early
performing practices due to the ‘authenticity’ label under which they performed.
However, the influences of these singers have a further residual effect on the re-
examination of historical vocal techniques: once a style has been established, even if
that style has no dependable historical grounding, it will influence the subsequent
decisions made as the result of reliable research. Kivy philosophises, ‘now evangelism is

over, and the good news is established doctrine. In such a stage foundations cease to be

argued for and harden into faith’ (Kivy, 1995: 2).

Certain aspects of research into historically informed performance have become
depended upon since the academic assessment of historical vocal techniques began.

Investigations into historical vocal practices began to progress beyond the misconceived

20




Chapter 1 - Introduction

trends that became established as a results of the original sound-worlds associated with
the start of the revival, however they remained embedded in modemn traditions. For
instance, whilst the playing techniques of historical instruments have been thoughtfully
considered, applied, and reconsidered, the technical use of the voice in historically
informed performances remains, on the whole, based upon reactions to instrumental
findings and techniques. This oversight 1s enhanced in the musicological study of
manuscripts, as, whilst vocal scores have been heavily scrutinised alongside
instrumental music, the consideration of vocal performance remains, on the whole, a

secondary element to instrumental music within a highly generalised umbrella.

The early music movement has encouraged many excellent singers to
cultivate various types of ‘anti-romantic’ vocal production, but we still
fashion our ‘Renaissance’ voices after criteria that are really less secure
than those by which the instruments of the period are reconstructed.

Uberti, 1981: 486

1.2.2 Historical Instruments

It i1s unsurprising that instrumental music took the lead in historical performance
techniques when the surviving evidence available for musicians and musicologists is
examined. A renewed interest in historical instruments led to developments in the
contemporary perception of the music of the past. New playing techniques and styles of
performance emerged, and as a result the sound-worlds associated with pre-baroque to

classical music changed:
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Chapter 1 - Introduction

German scholars used to wonder how Bach could have seen anything of
value in the piéces de clavecin of Frangois Couperin. But now the
harpsichord revival has proceeded beyond the Taskin model of the 1950s
to include reconstructions of late 17"- and early 18"-century French

models.
Lindley 1977: 285§

The attempted reconstruction of historical playing styles relies heavily on period
instruments as the physical characteristics of the instruments are indicative of specific
techniques. As with any historical evidence, whilst the existence of such instruments is
of vast importance, there are vulnerabilities in their reliability as factual historical
sources that need to be considered. The aging of surviving historical instruments is
likely to have affected their sound quality and therefore cannot be relied upon as aural
evidence. Also, most original instruments have been restored in some way, often
presenting further issues of authenticity, as Lindley highlights; ‘Misguided restorations
often entail adding or removing major structural pieces or making critical changes in the

acoustical apparatus’ (Lindley, 1977: 288).

Further issues arise when the significant role of the instrumental players in the physical
reconstruction of instruments is considered. In restoration, it is often on the advice of the
instrumentalists after playing the original instruments that conclusions are drawn
concerning physical characteristics of historical instruments, the twentieth century
performer deciding which combination of instrument phystology and playing techniques
produces the most popular effect. Lindley explains that ‘in this sense authentic
restoration depends on authentic playing’ and recognises, ‘Of course, using taste to

decide points of fact is a nice paradox in itself and i1s bound to complicate matters.’
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(Lindley, 1977: 188). This was almost entirely the method used in the vocal
performance of historical music in that the music was performed in the manner which

proved most appropriate and successful to modem vocal techniques.

Playing techniques (whether historically informed or otherwise) are bound to differ from
original styles, resulting in a different sound from that made on the same instrument by
the original players. Reproductions created from scrutinising surviving instruments, the
study of detailed instructions on how they were constructed, iconography, literary
descriptions, and evidence of sound quality, must also be used with a degree of caution,
because any or all of the factors mentioned may be slightly changed or misunderstood.
Most importantly, and a factor over which there is no control, human perception of
sound 1s continuously changing; perceptions of music have been, and will continue to be
affected by all subsequent musical influences. When used as reliable historical evidence,
the above mentioned margins for error must be kept in consideration, especially when
that knowledge is then used to inform another aspect of performance such as the voice;

however, the combination of existing historical instruments with modern reproductions

does provide beneficial evidence of a historical sound-world.

The lack of physical or audible evidence of a historical voice is, therefore, a significant
disadvantage to any considerations of historical vocal practices. Instruments are still of
utmost importance when making any investigations into the history of music, whether
considering compositional style, performance practices, musicology or any other aspect

of musical academia or performance. The dedication of the instrumentalists in their
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studies not being matched by singers also destabilises the academic integrity of the
voices that went with them: ‘Their readiness to take the major step of committing
themselves fully to historically informed practice enabled the founding of the first
successful professional period instrument ensembles’ (Wistreich, 2002: 18). The use of
this evidence is therefore essential for investigations into the voice; however, the
limitations mentioned above are particularly important when using their evidence as a
pathway towards historical techniques. In spite of the issues of ‘authenticity’ and the
path of historically informed performance which are now well documented, there is now
a wealth of established professional ensembles using historical instruments with playing

styles that are currently conceived as appropnate.

1.2.3 Commercial Market

The founding of the scholarly rediscovery of historical instruments and playing styles
led to the creation of the early music singer. However, this novel group of singers was
not based, like the instrumentalists, on an academic study of their instrument, rather on
the exploitation of an opportunity created by the scholarly performing historians. The
historically informed instrumentalists, or rather their conductors, found they had a ‘want
or need for an “historically informed vocal performance” to go with their period
instrumentalists’ (Wistrich, 2002: 19). Wistreich identifies that this, alongside a number
of other agendas, and hidden agendas, sparked the formation of a select group of singers
specialising in early music. The key to their pursuit of such a voice lay in the outsiders’

perception of the early music movement: that it was something new. ‘In the early 1970s,
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clearing a fresh and separate space in the forest and announcing something “new” was
an important part of the process of establishing a significant presence in a fiercely self-
protective environment’ (Wistreich, 2002: 20). This is also true of the profitable market,
in that record companies needed a new angle allowing them to re-record and re-sell

existing repertoire (Wistreich, 2002; Potter, 2002).

1.2.4 English Choral Roots

The early music movement found its new singers by turning to academic institutions,
particularly the Oxbridge colleges, rather than performing establishments. The vocal
traditions of these institutions have always been rooted in choral rather than solo music
(Day, in Potter ed., 2000: 123 — 132). The quality of the choral music at these
institutions is famed for its characteristic sound and the singers of these choirs are
carefully selected for the desired timbral blend that has become the customary sound of
the English choral tradition. It is mainly singers from these choirs, certainly in England,
that became the specialists in early music singing, first exploring secular and sacred
music (including madrigal and monody repertoire from the Renaissance), then moving
into solo and ensemble baroque music and eventually classical repertoire (Wistreich,
2002). Due to the traditions from which they came, the sound which became established
as the early music voice retained distinguishing characteristics largely identical to those

of their origins.
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As the musical environment of these singers was removed from the performing colleges
in stylistic and technical conventions, the practices of the conservatoires were unlikely
to infiltrate the techniques of the Oxbridge choral schola‘r, especially considering that
the opposing schools strived for contrasting sounds, and to begin with performed
different repertoire. Potter explains: ‘In effect, singers from the two universities have
been able to establish a dominant style of their own in parallel with the main classical
style’ (Potter, 1998 :116). Howeyver, in order to be accepted into the mainstream for later
repertoire they had to correspond to the traditions which could be identified as ‘classical
singing’ ‘from this point on, the singing was to conform firmly to the same
characteristics demanded by the received tradition, nuanced with certain stylistic

gestures’ (Wistreich, 2002: 22).

This new breed of early music solo singer lifted from a choral environment, politically
and commercially adhered to the criteria of the early music revival — to provide the
listener / conductor / record company / early instrumentalists with a new vocal sound to
comply with their new performance ideals. Their voices appear lighter and quieter than
those of modemn day opera singers which suited the baroque instruments with their gut
strings, lighter bowing techniques, and smaller orchestral ensembles. They ‘answered
the immediate demand for “otherness”, but although that sound may have been
quantitatively lighter (originally, perhaps because it was simply “younger’”) and more
homogenous (and anonymous?) than the mainstream, it was still intimately linked to the
same highly developed received tradition of western classical vocal production that it

purported to displace’ (Wistreich, 2002: 21). Although the new sound of early music
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singers was different enough from opera singing, the fundamental characteristics of the

sound which the audience could associate with ‘classical singing’ remained.

The fact that the roots of the original early music singer lay in traditional academic
institutions only strengthened their cause, as it provided an impression of further
scholarly contributions towards the reclaiming of old performance practices. However,
as explained above, when these singers were first introduced to the movement there was
little or no scholarly impetus behind their objectives. In spite of this the charactenistics
of these singers’ techniques that Wistreich identifies above, besides setting them apart
from ‘conventional classical singing’, were still rooted in western conventions of
classical singing and continued to represent early music, even once the academic

Investigations that followed began to disseminate through performance literature.

1.3 Theories of Historical Singing Techniques

The academic origins of the early music singer are a further advantage to the early
music movement, in that once these singers had found their niche in the market genuine
scholarly interest evolved. As Wistreich recollects above, whilst the musicological
Investigation into historical vocal techniques was not an original objective, it became so
to many of those involved in the beginnings of the revival, and continues to inform
singing practices today. This could also explain the continued function of academic

institutions as a primary base for singers specialising in early music, as the subject has

remained an area of academic interest. The exploration of historical vocal techniques to
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date employs the use of current understandings of intended performance styles,
particularly since the sixteenth century, combined with the study and interpretation of

historical treatises written on singing and vocal pedagogy.

Scholarly investigations draw on many of the resources utilised by the instrumentalists
in their quest for knowledge of historical playing techniques, including treatises,
original manuscripts, forewords, and contemporary descriptions of music, as well as
historical instruments, the music and application of that music, and, more recently and
less exhaustively, the consideration of scientific principles of the singing voice. Each of
these resources has positive and negative attributes that need to be considered
throughout the research process, as they can be manipulated individuallly and as

collective resources by hidden agenda or misunderstanding,

Many aspects of performance style for the modern early music singer, in terms of the
notes to be played or sung, approximate speeds and articulations, have often been
deduced in relation to instrumental music and the findings of instrumentalists during the
beginning of the early music revival. This 1s 1n part because instrumental music was
‘revived’ first, and also because instrumental music remains the area in which the
majority of research has been focused to date, and where the majority of reliable sources
can be found. Potter explains: ‘There has been no revolution in singing techniques to
compare with the reconstruction of historical instruments, but singers and conductors
involved in early music are much more familiar with written sources than they used to

be’ (Potter, 2006: 523). As a result scholars have based many arguments on vocal
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techniques upon the conclusions drawn on instrumental music. The details of
historically informed performance practices have been essential in research into the
historical voice, in terms of gaining an understanding of the notational and musical
demands on the singing voice in order to speculate on technical methods of
performance. Whilst the specific theories of historically informed performance in
singing are too vast to detail in this study, a brief outline of some of the attitudes and

processes which contribute to the academic pursuit of the historical voice are outlined

below.

1.3.1 Primary Sources

Primary source material in the form of letters, diaries, treatises and other literature
commenting on the voice are invaluable to musicologists interested in historical
techniques. Without any physical evidence in the form of recordings documenting
voices before the 1900s, the study of historical texts has necessarily been relied upon.
However, being graphic and prose descriptions of aural traditions, they are unavoidably
exposed to interpretation and bias. Historical treatises have been utilised as reliable
historical accounts of vocal techniques since interest in the field of historical vocal
techniques began (See for example, Zaccont, 1592 facs., 1987; Caccini, 1602 ed. Tr.
Hitchcock, 1970; Tosi, 1743 in ed. tr., Galliard, 1967; Mancini, 1774 ed. tr. Foreman,
1967; Hiller, 1780; Lanza, 1813; Garcia, 1841 / 1872 in tr. Paschke, 1984: Corri, 1810).
When dealing directly with the voice and vocal techniques rather than descriptions of

performances, as in the case of vocal tutors, the apparent significance and relevance to
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the matter of interest can lead to conclusions that appear more accurate but that are still
based on interpretation. Wistreich highlights this in the case of the tnillo, which in
Caccini’s treatise i1s demonstrated visually through the repetition of the same note

gradually speeding up from crotchet length notes to demi-semiquavers:

This has led to generations of ‘Baroque’ singers reproducing this exercise
as it stands, in the belief that this is the trillo. If they read a little further
into the treatise, they would see that Caccini explains: ‘The frillo written
by me on a single note 1s demonstrated in this way for no other reason
than that, in teaching it to my first wife and now to the [other] one...]
observed no other rule than that which 1s wnitten out: that is...to begin
with the first crotchet and then restrike each note with the throat on the
vowel a, up to the final breve.” In other words, it is an exercise in
speeding up the repercussions of the glottis. The trillo itself is in fact the
fastest possible repetition of the tone...

Wistreich, 2000; 187

The extraction of specific passages of treatises as a means of obtaining information on
precise aspects of technique, or the execution of particular ornaments as the case above
demonstrates, is common to contemporary literature which deals with historical
performance practices, often with the same passages being highlighted throughout the
research. However, as Potter explains, there 1s an aspect of bias in the interpretation of

sources and the implementation of varnious performance styles represented within them,

the received idea of what ‘early music’ should sound like has been a
major determining factor behind what 1s likely to be implemented from
historical sources, and this has resulted in the actual disappearance of
certain stylistic or technical traits that we have consciously or
unconsciously decided to 1gnore

Potter, 2006: 523
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It 1s likely that the few treatises which survive today represent only a fraction of the
number produced, others having been lost or destroyed. The lost information within
them would have contributed to current perspectives on historical performance practices
and perhaps have altered the significance of the evidence that is currently relied upon.
Wistreich’s opinion concemning the correct execution of the trillo cannot be proven or
otherwise; it 1s a question of interpretation. Caccini’s explanation of the execution of the
trillo 1s unavoidably ambiguous. It 1s also important to remember that the above
example is in translation from Caccini’s original Italian manuscript. Language is always
an obstructive factor increasing susceptibility for ambiguous interpretation, not just in
the translation of texts into the native tongue of the reader, but also in the changing use

of terminology over time. However, this does not suggest that utilising such texts for

historical study is futile.

The information obtained from treatises is often combined with other historical
resources which comment on the voice in order to assess the relevance and meaning
behind the technical explanations in the tutors. Diaries and correspondence are often
thoroughly combed for references to any aspect of performance to construct theories of
historical sound-worlds and preferences. Modem texts which present an assessment of
the authority and significance of these primary sources are now common (For primary
literature see for example Burney, 1776; Evelyn, 1620-1706 ed. Bédoyére 1995, Mozart
in ed. Anderson, 1985; For secondary literature see for example, Lockwood, 1932;

Lockwood, 1934; Myers, 1946)
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The vast majornity of relevant information conceming the history of vocal technique has
resulted from the combined examination of historical sources, particularly treatises, and
the musical score. However, the theories compiled need to be challenged from new
perspectives to maintain some objectivity with the interpretation of the primary sources,
even if the only outcome is to consolidate the original theory. The importance of
maintaining a connection with mainstream classical ideals, which is a recurring factor in
the commercial success of the early music revival, highlights the importance of the re-
analysis of the original sources. As theories are developed certain aspects of
performance are often bypassed in order to comply with a modern ideal, ‘the need that
we all have to fit the past into our contemporary aesthetic is something that needs to be

negotiated, or we risk mythologizing our source material’ (Potter, 2002: 12).

1.3.2 Stylistic Implications

Once the early music revival had been established, singers began to implement the
theories of historically informed performance that were originally constructed by
instrumentalists, creating contemporary performance techniques for the voice through
the application to the music itself. Speeds and omaments for example, are often
considered using the most essential tool at the singers’ disposal — through singing. This
process presumes that through experimenting with different performance styles it is
possible to deduce those theories of performance practice that are realistic and those

which could not and would not have been possible. This is based on the assumption that
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the physiology of the voice hasn’t changed significantly over the last four hundred

years.

The problem identified by Lindley in terms df instrumental techniques being shaped by
modern performers, and Wistreich’s comment on the fundamental similarities between
the techniques of the new early music singers and opera singers are particularly
significant to this process. The fact that the physiology of the instrument of the singer is
thought to have changed relatively little over that time, apart from likely affects of
differences in height, diet, environment, efc., seems to provide the scholar with a highly
reliable source with which to test theories; ‘the human voice box is itself an unchanged
and unchanging organ’ (Wistreich, 2002: 19). However, the singers implementing the
theoretical styles being proposed were ‘classical singers’ with a modern technique

which does not necessarily represent the possibilities of a sixteenth or seventeenth

century voice.

The presumption that the vocal organ itself hasn’t altered dramatically doesn’t provide
any specific evidence as to how that instrument was used. ‘I reject the notion that
because our larynxes are identical to those of our forbearers, then the way we use them
to perform repertoires of the past must therefore also have remained unchanged’
(Wistreich, 2002: 25). The vast possibilities of the voice are illustrated through the
varied vocal traditions and techniques practised throughout the different cultures of the

world in, for instance, Tuvan throat singing, overtone singing, or Mongolian chant. To
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use modern classical principles of vocal techniques as a basis for historical methods 1s

therefore not necessarily reliable.

1.4 Environmental Factors

Alongside the study of vocal tutors and other literary evidence of vocal techniques and
typical vocal timbres of the past, scholars interested in historical singing practices also
construct theories of vocal change through evaluation of the changing demands made on
the singers. Not only did the style of the music and so the technical intentions of the
singer change, the environments in which they were performing are also thought to
dictate certain elements of the singers’ techniques based on necessary changing
objectives of performance. The development of opera from a courtly entertainment to a
public pastime with the introduction of public opera houses in the seventeenth century

marks a significant change in the expectations of singers both in terms of social and

vocal standing.

It was at this juncture that the voice teacher began to play a major part in
the art of singing. In order for singers to meet the increasing vocal
demands made by composers, the singer’s technical facility had to
increase. The voice needed to be freely produced in order to accomplish
the new technical feats demanded of it and to project in public theatres.

Miller, 1995: 125

It is thought that the continually increasing environmental demands on singers
throughout the Baroque climaxed in the early to mid nineteenth century contributing to a

significant change in vocal techniques which has been identified at this time.

34



Chapter 1 - Introduction

1.4.1 Concert Halls

Room acoustics are known to have an effect on both vocal production and perception.
‘The effect that the local environment can have on the transmission of the acoustic
pressure wave from speaker to listener arises from the dimensions of its enclosing
surfaces, how the surfaces lie relative to each other, and the materials from which they
are composed’ (Howard and Angus, 2001: 29). This understanding, which has been held
by musicians based on performance experience rather than necessarily an understanding
of the physics of sound, has been used to construct theories on historical sound-worlds
and performing practices considering the varations in conventional performance spaces

over a considerable period of time.

The first public opera houses were notably larger than the rooms which had previously
staged the courtly opera of the first half of the seventeenth century, mainly because they
could seat a larger audience and accommodate the impressive stage machinery (Potter,
1998: 50). The new performance spaces therefore placed different requirements on the

same singers.

A significant factor facing the singer in larger concert halls and opera houses 1s
audibility in terms of both overall sound and musical expression and conveying text.
Celletti comments on the alternative positioning of the performers on stage in the first

operas as opposed to today,

35



Chapter 1 - Introduction

As far as the performance of music was concerned, was that the
orchestra, which in the earliest operatic performances had been placed on
the stage behind the singers, was moved to the front of the proscenium on
a level with the stalls. There 1s no reason to think that given the limited
resources of the orchestras of the time and the sparseness of the
instrumentation, that there would be a wall of sound between singers and
audience.

Cellett1,1991: 21
This alternative positioning of the singers and orchestra in turn implies that issues of
audibility were less problematic in very early opera, if only due to the reduced distance

between the singer and the audience.

The changing role of opera in society with the introduction of new opera houses, besides
the need to be sizable to fulfil profitable capacities of audience, also dictated other
physical aspects of the buildings themselves: ‘the need for separate furnished boxes for
the noble families who subscribed to the theatre in Venice and Naples, caused multiplied
tiers and considerable total height — yet lined the whole building with sound absorbents’
(Bagenal, 1951-1952: 16). Bagenal, in his detailed reconstruction of the acoustics of
historical concert halls transfers the implications of the acoustics of the space to the
possible effects on musical performance. In terms of the execution of the florid passages
and the speeds that are thought appropriate for late seventeenth and eighteenth century
compositions Bagenal comments ‘it 1s true to say that this technique both as to
coloratura and rapidity of tempo was made possible by the short sharp acoustics of the

well-draped wooden box free from echoes, and with the majority of listeners raised well

above the sound source’ (Bagenal, 1951-1952: 17).
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Unfortunately due to the impractical financial viability of opera, and the tendency of
eighteenth century opera houses to burn down, much of the current understanding of the
acoustics of these buildings is based the descriptions and plans of the famous
performance spaces which are no longer standing combined with a study of those still in
existence. There 1s now a significant amount of research into the construction and
workings of the opera houses and theatres which contributes to the knowledge of those
seeking to assess the consequences of these spaces on historical singing styles
(Lawrence: 1921: Dent, 1944 — 1945; Buelow, 1978; Hume, 1982; Price, 1989; Price et

al., 1991). .

Historical literary sources also comment on the development of opera houses and
concert halls throughout the Baroque and Classical periods remarking on their visual
impact and observing the resultant changes on the performance experience. Alongside a
number of other references to concert halls in Fubini’s comprehensive collection of
primary sources, he includes the letters of a Samuel Sharp conveying his experience of a
performance at the King’s Theatre in Naples in 1765,

The voices are drowned in this immensity of space, and even the

orchestra itself, though a numerous band, lies under a disadvantage: It is

true, some of the first singers may be heard, yet, upon the whole, it must

be admitted, that the house 1s better contrived to see, than to hear an
opera.

Sharp, 1765 in Fubini 1994: 209

Comments such as these support theories of a period of change in vocal techniques
during this time based on a need to be heard over the growing orchestral forces and

sizable performance spaces. Primary source evidence on this matter is particularly
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important as it supports the theories which are constructed based on the knowledge of

the environment which is often also constructed through modern day research.

1.4.2 Orchestras and Instruments

The increased size of the concert hall was reflected inrthe growth of the orchestra, as
both the number of players increased and the instruments themselves developed to meet
the demands of the larger space. There is also evidence that as orchestral forces
continued to grow and compositional textures became denser in their orchestration,
problems of audibility facing singers continued to grow (Potter, 1989: 50-51). Henry
Phillips explains in his autobiography that as a professional singer in England in the
mid-nineteenth century he did not possess a very powerful voice and that this was
occasionally detrimental to his career: when seeking employment he was faced with a
retort, ‘Why sir, you are not worth two shillings, they can’t hear you over the third row

of the pit’ (Phillips, 1864: 48).

Phillips makes other observations in his biography which provide a perception of
performance in the nineteenth century and the ‘power’ a singer needed to possess.
Phillips praises the acclaimed soprano Catalani after seeing her perform in London for
overcoming the environmental hazards facing singers at the time, ‘the chorus, the
orchestra, and the organ tried to overpower her voice, but through all, such was her
prodigious power, she could be heard as distinctly as if she was singing alone’ (Phillips,

1864: 76). However, Phillips also comments on the subsequent change in attitudes
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toward singing, with a new importance being placed on the ‘loudness’ of a voice as he
explains, ° 1n consequence of her extraordinary stentorian powers, the public began to

think that a great singer must shout tremendously...” (Philips, 18: 77).

This apparent change in the primary objectives of a singer in the mid-nineteenth century,
with a new predominance of perceived volume often defining the quality of a voice, is
echoed 1n the current theories of scholars theorising on historical techniques. The
consensus amongst modern theorists that there was a significant change in technique at
this time has been formed based on the result of a culmination of changing
environmental factors facing the singers, including compositional styles and a new
scientific approach to singing introducing a more comprehensive understanding of the

workings of the voice (Potter,1998: 50 — 56).

1.4.3 Composition and Orchestration

Combined with the growth of the orchestra is the continuously evolving world of
composition. This is particularly important as the compositional style, the notes for the
performers to play and sing, are the starting point from which any speculation on the
techniques of playing the music of the period can be formed. Particularly important to
the development of modern vocal techniques is thought to be the changing role of the
accompaniment, particularly in the case of the orchestra in operatic repertoire as its role
became more complex and integral to the overall musical expression throughout the

classical period (e.g. Celletti, 1991, Potter, 1998: 51). Celletti bases his exploration of
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the voice through the ages on the changing compositional demands on the singer,
retracing the various aspects of vocal style that are commonly identified with certain
periods to various pivotal composers. The introduction of more virtuosic vocal parts
with the¢ move away from passive accompaniments he attributes to the progressive
works of relatively little-known composers,

All in all, the singing in Legrenzi, Sartorio, Ziani, and Pollarolo does not

attain a level of virtuosity to compete with that of later composers, but it

lays the foundations for them, above all by introducing figurations for

trumpet and violin, and discourse between the voices and these
instruments.

Cellett1, 1991: 52
The changing compositional style, combined with the new importance placed on voice
training mentioned above, is thought therefore to suggest certain qualities were preferred
In voices performing during this time. Miller deduces from these combining factors that
music from this period necessarily requires an accomplished vocal technique, ‘To
conceive of early baroque solo music vocal literature as the domain of the vocal

miniaturist is to ignore the intermal evidence of what was demanded of the highly-

trained professionals of the period’ (Miller, 1995: 124).

Charles Bumney in his comprehensive biographical records of performance in the
eighteenth century, comments on the detrimental effect the increased orchestral numbers
combined with a more involved compositional style had on the audibility of singers in

1770,

In the opera house little else but the instruments can be heard through the
noise; a delicate voice is suffocated: 1t secems to me as if the orchestra not
only played too loud, but that i1t had too much to do.

Burney, vol. 1 1770a: 77
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Beyond the eighteenth century, composers began to react against the highly ornamental
florid executions of the Baroque and Classical periods and began to claim an authority
over their compositions which had previously been artistically shared with the singer.
The result was thicker compositional and orchestral textures with longer, more sustained
vocal lines, demanding a focus on the quality of sound produced by the singer and less

virtuosity in terms of rolling coloratura phrases.

1.5 Scientific Revolution

The common theory that there was a significant change in vocal technique in the early to
mid-nineteenth century from which a technique which we currently associate with
modern ‘classical singing’ developed was mentioned above. Combined with the
environmental factors also discussed, a principal change in the world of performance

which contributes to this theory comes from the significant advancement in technology

at that time and the new understanding of the voice which developed.

The leading figure in this scientific revolution of the singing voice was the singer,
teacher and scientist Manuel Garcia (1805- 1906). His investigations into the voice led
to a considerably increased understanding of the mechanisms of the larynx and the vocal
tract in producing and shaping sound. One of the main characteristics of vocal technique
which he identified and which modemn theorists consider most significant in their
theories of a new method of singing is the use of a lowered larynx to produce a dark

quality which he defines as the ‘voix sombre’. This vocal timbre is identified in contrast
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to the light quality ‘voix blanche’ which uses a higher larynx position and is thought to
represent a sound and technique common before the nineteenth century (Potter, 1998:
55). Complementing this theory is the modem understanding that the use of a lowered
larynx 1in singing, in addition to darkening the sound, introduces acoustic factors that
increase the projection power of the voice over an orchestra by creating the singer’s
formant cluster, therefore satisfying the further environmental demands that were
introduced to singers at this time (e.g. Potter, 1998; Wistreich, in ed Potter, 2000:

Wistreich, 2002).

The new scientific age of the voice, which began with Garcia, took hold on the singing
world and began quickly to infiltrate the common principles used in vocal tuition, with

vocal treatises endorsing their methods with physiological principles and scientific

jargon.

1.5.1 Teaching Styles

Historical sources that can be utilised in the pursuit of knowledge of historical singing
techniques, due to the absence of any recording technology available, constitute the
surviving literary evidence. Particularly useful are the treatises which provide
information on the teaching methods used at certain periods and there have been a
number of studies tracing the development of teaching methods over the last 400 years
through the evaluation of treatises (Sands, 1943 — 1944; Foreman, 1967: Monohan,
1978). This information on teaching methods can yield certain speculative theories on

the technique being employed by singers. After the dissemination of Garcia’s
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discoveries through his own treatises published in the 1840s, vocal tutors undertook to
include science in their teaching methods which had previously been less ‘technical’ in
their explanations (Monohan, 1978). This dramatic change is thought to be the basis of
the teaching methods used today, ‘Eighteenth century singing-teaching was based on

empiricism, whereas ours at any rate seeks to base itself on science’ (Sands, 1943-1944).

Today an abundance of published vocal tutors are available for the classical singer, each
promoting their own methods of vocal production through various holistic and scientific
principles. However, all these techniques appear to be striving for the same result in
terms of conforming to the modern ideal of the ‘classically trained voice’. In turn,
therefore, there remain common desirable aspects of the voice that are being strived for
throughout the numerous genres that are incorporated into ‘classical music’. This is

particularly important to the current study considering the modern performance of early

vocal music.

The theories which have been constructed concerning historical techniques are generally
presented within academic literature rather than within modem teaching practices. The
specialist music colleges have long had an interest in producing specifically opera
singers which continues to contribute to the perception of all ‘classical singing’ today;
‘opera increasingly became the flagship course, to the extent that all of the Brtish
conservatoires eventually became the opera singing factories that they are today’ (Potter,
2002: 10). Without a training convention incorporating the scholarly findings of

historical vocal techniques, the probability of these theories impacting on performance
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culture were very slight, unless the students were themselves interested in the scholarly

investigations surrounding the music they performed.

It 1s only recently that conservatoires have begun to consider early music specialists.
Wistreich explains that when he took responsibility for early music at a conservatoire he
began to infuse his teaching with his academic understanding of historical techniques,
‘Naturally I wanted to pass on the fruits of my haphazard studies and also infect my
students with the same bug that infected me...” (Wistreich, 2002: 24). In spite of a
change occurring in the teaching of singing to include a representation of the theories
presented above, these continue to be applied to singers already trained to various
extents in the modern tradition encompassing the concept of ‘classical singing’.
Wistreich also appreciated the need to satisty the modern conventions of classical
performance, going on to explain: ‘I understand the need meanwhile to try to equip my
students with the basic skills of received practice of vocal technique...” (Wistreich,
2002: 24). Potter explains that the need to comply with modern ideals, due to the
audience preconceptions of classical music, and the wide range of repertoire performed
by singers today can prevent a representation of historical ideals: ‘We have to accept
that singers today have to deal with a huge variety of music from many periods and need
a good basic general technique, but they have to apply this judiciously: there is a
tendency to teach way beyond the demands of the music so that everything comes out

sounding the same’ (Potter, 2002: 16).
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1.6 Current Styles and Changing Fashions

Since the beginnings of the revival there has been a change in the various preferred traits
in vocal performance of all ‘classical music’. Desirable vocal qualities continue to
change within the tradition of opera in addition to the specialist performance of early
music which is a direct result of the revival. However, there is no doubt that the various
stages of the revival discussed above effected a distinct change in voice-type expected to
perform music of the Renaissance and Baroque periods. The introduction of an
Oxbridge choral sound in solo repertoire was dramatically different to the operatic
voices previously employed for that music; however, as discussed above, this originally
had no foundation in an interest in historical performance techniques. A number of
developments have occurred in the musical world since the inception of the early music

singer which have contributed to the subsequent alteration of the early music voice.

The scholarly interest in historical vocal styles which emerged has begun to infiltrate
those teaching establishments which previously focussed their attentions on grand opera
singing. The repertoire encompassed by early music singers has also expanded to engult
much of the repertoire of the Classical period. In spite of the further interest in historical
performance practice by singers, the ‘classical’ Western origins of the singers combined
with the need to conform to acceptable sound worlds has resulted in a new sound that is
not necessarily connected to a historical sound-world: ‘what we in the so-called
informed performance project have been up to for the last thirty years has nothing to do
with the historical. It has to do with the modern: “it is the sound of now, not then™

(Wistreich, 2002: 24).
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1.7 The Science of Singing

To establish a sound understanding of the vocal techniques employed by singers today
requires a comprehensive knowledge of the workings of the voice. To consider in
particular the viability of the techniques currently used by early music singers as
reflecting conventions of the past, therefore necessarily involves the secondary
assessment of descriptions of voices and vocal practices alongside the direct assessment
of physical characteristics of modern performances. To date, research into vocal
techniques has encompassed a wide variety of disciplines resulting in a certain amount
of confusion. So that attitudes can progress through organised methodical research these
complexities need first to be acknowledged and then re-examined. Awareness of the
physiology of the voice has become far more specific and scientific to the point that
there are now clear divides in the approaches used when investigating vocal techniques.
Whilst previously, music and singing have been matters for musicologists and
performers, the study of the singing voice i1s now as much a concemn for acousticians and

voice scientists as it is for the musical scholar (See, for example, Sundberg, 1987;

Howard, 2006).

Significant progressions in voice science in recent years have the potential to provide
musicologists with a vast new knowledge base, previously lacking in their resources,
with which to take their investigations to a new level. However, currently these two

researching disciplines remain, on the whole, self-contained. Uberti acknowledges that
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‘the time is ripe for an infusion of objective knowledge into this field of intuitive
endeavours, and I think we can obtain it by reading the theorists of the day in the light of
modern knowledge about the physiology of the voice’ (Uberti, 1981: 486). Whilst
Uberti recognises the potential of using voice science In a retrospective manner, the
extent to which research to date actually uses such an approach is comparatively very

small.

1.7.1 Advancement of knowledge

Voice science and its use in musical research are evidently extremely valuable to the

advancement of research in singing:

How the singing voice best functions, what constitutes its limitations, and
how it should be trained to meet the performance demands placed on it,
are interdisciplinary concerns in which experts must cooperate.

Miller, 1995: 128
However, the novelty of such research also has the potential to cause complications in
the pursuit of historical practices. Whilst scientific understanding of the singing voice
has advanced significantly over the last fifty years, as a science it remains very young
and general knowledge of the science of the singing voice amongst singers, voice
teachers and theorists remains quite confused. There have been a number of scientific
studies into the effects of training on the voice, the differences in vocal technique
between musical genres, as well as much interest in the aspects of classical vocal
technique that contribute to its distinguishing features (e.g. Sundberg, 1987). However,

there is a danger of vocal coaches and musicologists working with only partial
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understanding of current scientific theories, or, a misconception that research in voice
science is in itself complete. To combine such half-knowledge with theories and
presumptions on the singing voice could contribute to an entirely misconceived concept

of historical vocal techniques claiming to be rooted in scientific fact.

1.7.2 The Fusion of Science and Music

The progression of knowledge also causes further complications in the use of voice
science in investigations into the historical voice. It was discussed above that the rapid
development of the understanding of voice physiology in the early nineteenth century
invited teachers, singers and musicians to discuss the voice in a new way, descrbing
techniques and styles from a physiological and scientific rather than a metaphorical and
descriptive perspective, although these explanations were often confused and
misrepresentative of the techniques they were describing. It was explained previously
that contemporary musicologists and performers constructing theories of historical vocal
techniques have used such information, at least in part, to conclude that concurrent to

the time of this changing outlook on the voice in the mid-nineteenth century there was a

fundamental change in classical vocal technique.

Whilst philosophies such as these often provide logical solutions to questions of
historical vocal techniques, notions based upon such evidence are deserving of closer
scrutiny. It is often difficult to distinguish between those theories which are simply

technical characteristics being explained in a scientific way for the first time, and those
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which were actually occurring for the first time. Careful selection and criticism of
individual sources is therefore essential in the use of descriptive explanations, whether

ostensibly scientific or otherwise.

1.7.3 Implementation of Knowledge

The relatively few musicologists who have drawn on the use of scientific knowledge of
the singing voice to inform their theories of historical techniques, strengthen their
theories based on the principles of voice science which are associated with classical
singing today. Potter, for example, uses the modern understanding of vocal acoustics to
explain the use of a lowered larynx technique in post-nineteenth century performance

practices,

Sundberg’s (1977) researches imply that a modern opera singer is by
definition one who sings with this technique, whether or not he or she is
aware of it. A lower larynx undoubtedly became the norm during the
later nineteenth and twentieth centuries, to the extent that in the twentieth
century it is taken for granted.

Potter, 1998: 55

The primary advantage of the singer’s formant cluster in opera singing is deemed the
ability for singers to be heard without needing to compete with the overall intensity of
an orchestra (a physically impossible task). The basic understanding that lowering the
larynx achieves this acoustic ﬁhenomenon complements the theory of a change 1n
technique based on the changing environmental demands of the singer and supporting
literary sources. Uberti places a strong emphasis on the science of singing, using a
modern understanding of the voice to deconstruct a vocal technique in order to speculate

on the preferred timbres and vocal qualities of Renaissance singing, ‘When the jaw is
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held forward (as it is in Renaissance singing), the size of the throat cavity is slightly

increased and thus stabilized, and so the vowels are somewhat ‘rounded’’ (Uberti, 1981:

490).

Stark’s detailed research exhausts most aspects of vocal techniques and characteristics,
actively incorporating modern knowledge of the singing voice and acoustics into his
studies of historical techniques (Stark, 1999). Scientific studies applying his theories of
historical vocal techniques by analysing himself singing were used to strengthen the
technical and physiological aspects of his theories. As a result Stark goes beyond the
application of modem acoustics to strengthen arguments of techniques, speculating on
specific features of laryngeal activity and other physiological aspects of the voice,

Dr Stark believes... that Caccint’s singers, highly trained virtuosos,

produced the ornaments with the more efficient anterior phonation,
perhaps using a technique now lost to us.

Robson, 1983:98
Caccini did not discuss or understand the role of the larynx in singing, and yet Stark
here uses the information provided in the musical score and other literary information of

voices to deduce finite detail of laryngeal behaviour in the techniques used by Caccint’s

singers.

1.8 Structure of the Thesis

The purpose of this thesis is to identify characteristics which distinguish modern
performers of early music from modern performers of grand opera through the scientific

study of various aspects of vocal technique. From this information it will be possible to
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ascertain the extent to which speculative theories on historical vocal techniques have

infiltrated the modern performance of early music.

The aspects of vocal technique that are considered within the study have all been
identified as having specific characteristics associated with modemn opera singing, often

known to be effected by classical training.

Chapters 3 — 6 of this thesis deal with specific aspects of technique and characteristics of
the classical voice, drawing on the relevant results from the case-studies in detail, in
light of both modern perceptions of early music singers and theories of historical
techniques. The aspects of technique which are quantified and discussed in detail are:
vocal fold contact area; vibrato; larynx position; timbre; loudness and intensity; and
resonant strategies including the singer’s formant cluster. These facets of the voice have
been ordered and grouped as they function in the voice. For example, vocal fold contact
area and vibrato are addressed in Chapter 3 under the heading ‘vocal fold activity’
because both aspects are connected with the voice source rather than, for example, the
resonant frequencies of the vocal tract (which are addressed in Chapter 6 under the
heading ‘resonance strategies’). Each chapter explains the significance of the relevant
vocal characteristic as it is currently understood in terms of contemporary scientific

knowledge and musicological theortes of contemporary techniques.

The following chapter explains the aspects of vocal technique that are measured in the

study in terms of their role in voice production as it is currently understood.
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Terminology is explained alongside the current methods available to measure various
factors of voice production. The methodology of the study as well as an overview of the

results is also provided within Chapter 2.

1.9 Hypothesis

New scientific understanding demonstrates that modern singers of early music exploit a
technique which ts founded on the same basic principles as modern singers of grand

opera, which does not necessarily adhere to current theories of early singing practices.
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Chapter 2

Experiment

This chapter explains the scientific element of the thesis presenting the methodology of
the experiment. A background to the aspects of vocal technique that are analysed within
the study is also provided, containing a review of methods currently available to assess
these various qualities of voice. An overview of the results for all vocal facets which
were assessed is also featured in this chapter detailing the methods used to analyse the

data.

2.1 Background

Scientific investigation into the voice has identified various quantitative parameters of
vocal production as being characteristic of classical singing and being effected by
classical singing training (See, for example, Sundberg, 1987; Howard and Angus, 2006:
204-214). However, exploration of voice science tends to consider ‘opera singers’ as
being representative of ‘classical singing’, without distinguishing any other areas of
specialisation within classical vocal performance. Music theorists with interests in
historical performance practices or historical vocal techniques tend to compare methods
of singing early music with the modern practices of singing grand opera (Wistreich in
Potter ed., 2000: 178 -191), partly because this is the conventional voice type employed
to perform ‘classical’ music, and also as there 1s extensive scientific research in this

area. Various parameters have been identified by voice scientists and acousticians as
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accounting for the typical acoustic characteristics of the ‘operatic voice’ and from these
findings musicologists and performers have developed theories on historical vocal
production and current vocal techniques used in modern performance practices of early
music. However, to date very little specific research has been carried out to determine or

confirm specific vocal differences.

This chapter outlines an experiment to investigate possible differences in vocal
technique between modern singers specialising in early music compared with singers
performing grand opera. Sixteen female singers were used as case-studies, eight from
each genre and the study focussed on six parameters of voice production: vocal fold
contact area, vibrato, larynx position, timbre, singer’s formant cluster and other

resonance strategies and intensity, and these are described below.

2.1.1 Voice Source Activity

With the invention of the laryngoscope at the beginning of the nineteenth century, an
understanding of the working mechanisms of the larynx (and specifically the vocal
folds) began to emerge. Whilst the larynx had previously been identified as an essential
physical component of the voice, until recently theories of the role of the vocal folds
remained confused. Although there were suggestions that the folds function as a type of
reed mechanism, many incorrect assumptions were present, such as the idea that, rather
than vibrating, the vocal folds actively open and close by a muscular action to create

voiced sounds (Husler and Rodd-Marling, 1976: 55). The voice organ is composed of a
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complex system of muscles and tissue, the intricate workings of which are still not
understood; however, the basic system of voice production is now more widely

recognised.

Brietfly, the vocal folds vibrate largely due to a force known as the Bernoulli effect as
air 1s passed from the lungs through the glottis (Sundberg, 1987: 12). The vocal folds
vibrate regularly producing a complex sound wave which is then ‘shaped’ by the
acoustic properties of the vocal tract before it reaches the ear (Howard, 2007: 205-206).
Sounds that can be made without the vocal folds vibrating are known as ‘unvoiced’ and
include some consonants such as [s], [f]. For phonation to take place the vocal folds
must be brought together, or adducted, by the muscles of the larynx. The adduction of
the vocal folds is achieved by the actions of the arytenoid cartilages positioned at the
posterior ends of the vocal folds controlled by the lateral cricoarytenoid and the
interarytenoid muscles. Complex changes in the laryngeal musculature control the
length, density and adduction of the vocal folds, changing the perceived pitch as well as
spectrum of the sound wave being produced. For example, the contraction of the
cricothyroid muscle causes a lengthening and thinning of the vocal folds, also increasing
the tension, resulting in an increase in the fundamental frequency (Sundberg, 1987: 15 -
17). Investigations into the specific modes of vocal fold closure, or phonation type, are
of particular interest to research into registers which are known to be connected with
voice source changes (see for example Sundberg 1987: Miller, 2000). A complex

discussion of the workings of the voice is not necessary here as publications dealing
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with the functioning of the voice are plentiful. For an introduction to the physiological

workings of the voice see, for example, Sundberg, 1987: 6 — 25.

Whilst knowledge of the voice source is far from complete, it is rapidly improving as
technology advances and new methods are i1mplemented that progress our
understanding. Endoscopic and stroboscopic imaging is now available allowing for high
resolution pictures of the vocal folds as they vibrate, and electrolaryngographs and
electroglottographs provide non-invasive methods for investigating aspects of voice
source activity. In electroglottography or electrolaryngography, a pair of circular
electrodes is placed on the neck either side of the thyroid cartilage and held in place
using an elastic strap. A small high-frequency current is passed between the two
electrodes. The conducting properties of human tissue mean that as the vocal folds come
together the current flow increases, decreasing when they move apart. This 1s
represented by the electrolaryngograph output waveform from which the vocal fold
activity of each vocal fold cycle can be observed. Figure 1 shows an idealised output
waveform from an electrolaryngograph and the way that each cycle can be divided to
define the opening and closing phases. The amount of time the vocal folds spend in
contact in each cycle, known as the closed quotient (CQ) can then be calculated. For
more detailed descriptions of electrolaryngography and electroglottography see, for
example, Baken, 1992; Rothenberg, 1992; Baken et al., 2000; Herbst and Terstrom,

2006; Howard, 2008.
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Figure 1 Idealised output waveform from the electrolaryngograph indicating Closing phase
(CP), opening phase (OP) of one vocal fold cycle (Tx). (Howard and Murphy, 2007)
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A key feature identified by voice scientists as being associated with classical singing is
the amount of time the vocal folds spend closing and staying together and opening and
staying apart in each vibratory cycle. Current research suggests that contact time or
closed quotient increases with training (Howard et al., 1990: 205-212). Increasing the
contact time in each vocal fold vibratory cycle 1s thought to be beneficial to the classical
singer for a number of reasons: the time that the folds spend apart is shortened reducing
the time in which the sound can travel back down the glottis to be absorbed by the
lungs; 1t increases the breathing capacity for phrases as ‘less stored lung air being vented
in each cycle with the reduced open phase’; and produces ‘less breathiness of voice
quality’ (Howard et al., 1990: 211). There is also evidence, based on research using
electrolaryngograph derived data, that closed quotient also increases with fundamental

frequency in trained female voices (Howard, 2003: 467-470).

Research into the reliability of using electroglottography (EGG) to measure contact time
suggests that when dealing with female voices closed quotient calculation can become
inaccurate (Herbst and Ternstrom, 2006). Considerable discrepancies were identified

between electroglottograph and videokymographic and videostroboscopic data in
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falsetto phonation which presents with little adduction, as compared with more reliable
data for phonation in ‘chest’ register or high adduction falsetto phonation as employed
by counter tenors (Herbst and Temnstrom, 2006: 126-138). Whilst this indicates
limitations when dealing with female voices, the findings of Herbst and Ternstrom were
based on 2 male voices, making relevance to female voices dependent on a number of
factors, including the types of phonation being used by the singers presuming a likeness

between the phonation type of female singing and male ‘untrained’ falsetto.

Factors of vocal fold closure in the present study will be investigated in terms of any
consistent differences observed between the two groups and between individuals. The
findings of Howard discussed above which connect increased closed quotient values
with classical singing training are also of important consideration to this research.
Therefore, particular focus will be given to the connection between any noteworthy

findings and the training of the individual subjects in the current study.

2.1.2 Vibrato

Vibrato is perhaps the characteristic most typically associated with classical singing and
corresponds to periodic modulations of the fundamental frequency which can be seen 1n
figure 2. Stereotypically, it is often the singer’s ‘warble’ that identifies them to the
classical genre. Comprehensive research has been carried out in vibrato, beginning with
Seashore in the 1930s, as to its perception and production in singing. In western

classical singing it has been found that ‘the regulanty of this modulation is considered a
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sign of the singer’s vocal skill: the more regular the vibrato, the more skilled the singer’
(Sundberg, 1987: 163). The acceptable parameters of vibrato in terms of maximum rate
and extent before becoming perceived as separate pitches have been explored and
standardised at between 5.5 and 7.5 undulations per second with an extent of up to +/-
one tone (Sundberg, 1987: 164; Hirano ez al. in Sundberg, 1995: 50). Research suggests
that vibrato is created by pulsations ot the laryngeal muscles (Seashore, 1936 :196),
although the physiology of vibrato 1s still not well understood (Dejonckere, in Sundberg,
1995: 4). It i1s thought that vibrato develops unconsciously in classical training
(Bjorklund, 1961), although a study analysing changing vocal parameters with training

across four semesters found no significant increases in vibrato (Mendes et al.,

2003:541).

Figure 2. Spectrogram showing vibrato in a sung tone. The oscillation in fundamental frequency

1s most easily viewed in the higher frequencies in the spectrum as the absolute frequency change
1S larger.
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Although some scientific research suggests that vibrato is an integral element of
classical singing, musicological literature suggests that vibrato would have been reduced
in historical singing compared to modern standards, and that 1t would have been used as
a musical ornament rather that as a standardised feature of vocal production (e.g.

Wistreich in ed. Potter, 2000: 184-185). The use of vibrato by modern early music
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singers since the early music revival has also been reviewed (Potter, 2000:162). The
literature presenting these theories along with the primary sources on which they are
based are discussed in light of the current vocal practices explored in this study in
chapter 3. The scientific findings presented by those such as Seashore on the physical
production and perception of vibrato, and the theories of vocal performance practices
presented by researchers such as Potter, provide an interesting foundation on which to
consider any differences in vibrato usage between the singers specialising in early Music
and grand opera. According to current theories of historical singing, the early music
singers should present with less overall vibrato, consciously introducing it as a musical
ornament. Depending upon their vocal training, according to scientific studies, this is
less likely if they have been trained in a modern ‘classical’ style consistent with opera

singing, as this promotes the ‘natural’ production of a constant vibrato.

2.1.3 Larynx Position

A significant amount of literature conceming the singing voice addresses larynx
position. Chapter 4 explores some of this literature and the theories put forward in
context of the findings of this experiment. Much of this material presents speculative
theories based upon the findings of scientific research. In terms of the classically trained
voice, there is an established theory of the use of a lowered larynx technique.
Particularly considering the Singer’s formant cluster (see below), physiological
implications, such as necessary shapes of the sound modifiers (and specifically the
lowering of the larynx) are often assumed to be based on acoustic understandings.

Sundberg explains the likely association of larynx position with the singer’s formant

60



Chapter 2 - Experiment
cluster, using the knowledge of the fourth formant and the non-intrusive nature of the
singer’s formant cluster on vowel production to presume its connection with the larynx
tube (Sundberg, 1987: 115-124). In spite of the extensive discussion of larynx positions
in singing, direct scientific and quantitative studies into larynx positions in singing are
relatively scarce, in part due to the difficulties in obtaining and calibrating the data.
Currently the most accessible means of measuring larynx position is by using a multi-
channel electroglottograph with split electrodes, the details of the workings of which

have been described in detail (Rothenburg, 1992: 36-43).

Measurement of larynx height using the dual-channel electroglottograph was found by
Pabst to be valuable, particularly to allow measurements in females who tend not to
have prominent thyroid cartilages (Pabst and Sundberg, 1992: 67-78). However, whilst
Laukkanen also found it wuseful, when comparing results with simultaneous
videofluorography there were discrepancies in the amount of movement made by the
larynx, highlighting the limits of its accuracy (Laukkanen et al., 1999: 60-71). Phonation
1s essential in order for a signal to be produced by the electroglottograph, and this poses
a problem of calibration when using this method to measure larynx height as the resting
position cannot be obtained through these means. In her study on ‘Physiological Aspects
of a Vocal Exercise’ Elliot used a multi-channel electroglottograph to measure larynx
height, calibrating the measurements by marking dots at the anterior gap between the
cricoid and thyroid cartilage on the neck of the subjects in resting position and when
deliberately phonating with a number of different fixed laryngeal positions (Elliot et al.,

1997: 172). If subjects could not consciously manipulate laryngeal positioning, Elliot
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used the reciprocal technique suggested by Rothenburg of moving the electrodes
vertically as the subject sustained a vowel with a fixed larynx position (Rothenburg,

1992; Elliot et al., 1997: 172).

The relatively small volume of research investigating the treatment of vertical larynx
position in female singers compared to males is discussed in chapter 4 alongside a
review of the overall findings of the studies using the techniques described above to
discern larynx height behaviour in opera singers. There is clear evidence of a lowered
larynx position being associated with opera singing in male voices which has come to
dominate common opinion of larynx height behaviour in classical singers (e.g. Shipp
and Izdebski, 1975; Sundberg, 1987: 113-115; Pabst and Sundberg, 1992), even though
such secure conclusions have not been formed concerning the soprano voice (Johansson
et al., 1982). However, there are still indications of specific laryngeal height behaviours
being employed in classically trained female singers (Johansson et al., 1982; Pabst and
Sundberg, 1992). In light of the research which does consider larynx height in female
opera singers, the considerable attention given to vertical larynx position in theories of
historical techniques and in the modern pedagogy of classical singing makes it of

particular significance to the current study.

2.1.4 Timbre

Timbre plays a significant role in the speculations of historical vocal techniques, as well

as in discussions of the modern performing cultures of early music and grand opera.
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Considerations of tone quality in terms of historical ideals and modern practices are
based largely on descriptive language, and, particularly in the musical literature of
performers or musicologists, there is rarely an attempt to consolidate any timbral
descriptors by means of acoustic analysis. When addressing the differences between
early music singers and modern singers of grand opera, both as a historical 1deal and a
modern genre of singing, issues of tone quality and timbre often arise, labelling the early
music sound as ‘lighter’, ‘purer’ or ‘clearer’ than that of opera singing (Wistreich in ed.
Potter, 2000; 185; Wistreich, 2002). Chapter 6 explores issues of timbre, including
theories presented in current literature on historical vocal sounds, modern day ideals and

the origins of these theories.

There are now efficient methods of acoustic analysis available which allow the
investigation of vocal timbres through a visual means, enabling the quantification of
timbral aspects of the voice. Whilst these cannot be applied to voices of the past, such
methods can provide another level of exploration for modern styles of singing, in order
to clarify ambiguities caused by using timbral descriptors to define a sound, as well as
providing new information on acoustic aspects which contribute to differences in

perceived timbre.

Spectrographic analysis to view and measure the quality of sound has become
indispensable in the quest for knowledge on vocal physiology, singing techniques, and
in gaining knowledge through listening tests in psychoacoustics. A spectrogram plots a

pictorial image of the spectrum of a sound signal achieved by filtering the signal. This
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provides valuable information as the sound spectrum is the key information provided to
the brain by each ear and is the basis for our perception of sound (for an understanding
of psychoacoustics and its connection to spectrography see Howard and Tyrrell, 1997).
Howard describes a filter as ‘a device which separates out a portion of the frequency
spectrum of a sound signal from the total’ (Howard, 2007: 57). After filtering the
signal, the spectrum can be viewed by a number of means. A spectrogram provides a
pictorial representation of the sound spectrum over time by a process of narrow or broad
band-pass filtering being applied to the sound signal. The spectrogram plots the signal as
time along the x axis and frequency along the y axis. A grey scale is traditionally used to
represent the amplitude of the signal; the darker the shade the higher the amplitude.
Spectrograms can be used to quantify a number of acoustic factors of sound particularly
in the voice, including formants, and overtone content in singing. There are an extensive
number of studies on the voice which use and explain spectrograms (see for example,

Fry, 1979; Baken, 1987; Howard, 2007: 62-63).

2.1.5 The Singer’s Formant Cluster and other Resonance Strategies

The singer’s formant cluster has long been discussed in scientific based literature on the
voice, and has more recently become of interest to musicians exploring issues of vocal
techniques. In 1934 Bartholomew comments on the presence of an extra formant in the
region of 3 — 4 kHz (Bartholomew, 1934: 27-28). Whilst it is now understood that the
phenomenon of the energy in this frequency region is not in fact an additional formant
in the way that formants are defined in speech analysis, its presence continues to be of

high importance in investigations of voice science and acoustics (see, for example
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Sundberg, 1987 for a explanation of formants and their role in the identification of
vowels). The band of high energy between 2 — 4 kHz, which remains labelled the
singer’s formant cluster, manifests as a peak in the output sound spectrum (see tigure 3).
This provides the singer with an acoustic advantage over the orchestra which has no
such peak in this frequency region; the frequencies above a low frequency peak at
500Hz the harmonics gradually decay in amplitude. The frequency band of the singer’s
formant cluster also coincides with the most sensitive frequency range of human
hearing, identified at around between 2.4 to 4 kHz (Howard, 2007: 80). One of the main
effects of the singer’s formant cluster has therefore been identified as allowing
projection of the voice over the orchestra without needing huge sound pressure levels

which could result in vocal strain.

Figure 3 Idealised spectral envelope for a singer speaking (left) an orchestra playing (middle)
and a singer with an orchestra (right), the extra peak in this spectrum represents the singer’s
formant cluster. (Howard and Angus, 2006)
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Whilst the singer’s formant cluster has been identified as a defining characteristic of
male opera singing, the effect of producing a peak in the spectral envelope is also
employed by female opera singers. Weiss et al. (2001) found that trained female singers
presented with a band of energy in the region of the singer’s formant cluster when

singing vowels at low and mid pitches in their range. This band of reinforcement was
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found to be wider in female singing than in male singing (Weiss et al., 2001: 457).
When singing at higher pitches, Weiss identified the production of a strong fundamental
with a reinforcement of the first four or five harmonics in trained voices and the
progressive deterioration of harmonics at higher frequencies in untrained voices. Weiss
concludes that the methods of maximal projection used by sopranos are different to the
singer’s formant cluster phenomenon of male singers and suggests the introduction of

EFR (extended frequency reinforcement) as a term to distinguish the two (Weiss et al.,

2001).

Mendes et al. (2003) reported a decrease in the presence of the singer’s formant cluster
In sopranos as the period of vocal training increased, and noted the raising of the first
formant to approximate the fundamental causing an increase in SPL of the fundamental
by up to 30 dB. These findings are supported by similar studies by such as Miller
(Miller, 2000: 97-108). Mendes also noted a third formant located at approximately the
same frequency as the singer’s formant cluster, but agreed that vowel modification at
higher pitches ‘would cause the singers’ formant to decrease in amplitude because there
would be no harmonic energy in the area of a formant peak to be maximised’ (Mendes
at al., 2003: 542). Sundberg suggests that the singer’s formant cluster is not necessary in
the higher frequencies of females voices as ‘the risk of masking is probably smaller in
high-pitched singing female singing, as all partials are higher in frequency than the

strongest sounds from the accompaniment’ (Sundberg, 1974: 843).
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Whilst there i1s evidence that the singer’s formant cluster is not as relevant to female
singing as male singing, research into the phenomenon of the singer’s formant cluster
and specifically the acoustic techniques of female opera singing remains inconclusive
due to ‘either insufficient evidence in the literature, or lack of consensus, or the results
are inconclusive, nonexistent, or contradictory’ (Weiss et al., 2001: 458). Berndtsson
and Sundberg (1995) found that the singer’s formant cluster did influence voice
classification when using singing synthesis. The perceived quality of soprano synthesis
improved when increasing the centre frequency to 3.5kHz, except from the most high-
pitched tones for which widely spread higher formants was preferred (Berndtsson and
Sundberg, 1995). Due to this, even though the current study uses only female singers,
the singer’s formant band will be considered in terms of its acoustic significance
particularly as a tool for projection. However taking into account current research into

the specific devices used by females at high pitches, these alternative projection and

resonance techniques will also be considered.

Projection techniques and acoustic trends known to be consistent with classical training
are of utmost importance to this stuély, considering its comparison of two genres of
‘classical’ singing. Many of the arguments pertaining to the significance of acoustic
features, such as the singer’s formant cluster, are based upon the singer’s environment,
In terms of the large halls and substantial orchestral forces over which they need to
project. Therefore, much of the research into the effects of classical training on the voice
also considers the acoustic parameters being investigated in terms of presumed

objectives of projection. Singers who specialise in the performance of early music are
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not faced with the same acoustic barniers, performing music written in a compositional
style that provides more ‘space’, and usually performing with smaller orchestras in
smaller concert halls. The training of these singers varies considerably, from the
conventional training roots of opera singers through conservatoires to formal training
through choirs. The standard performing environments and training of the individual
singers are therefore of particular interest to the present study, especially when the
extent to which the early music singers in the study present with similar acoustic

tendencies to the ‘opera singers’.

2.1.6 Intensity and Perceived Loudness

Whilst common perceptions of opera singing often include reference to the volume of
the sound produced, in light of the strategies discussed above, and assuming that
competing with overall sound pressure levels of an orchestra would be an impossible

task for a singer, that overall intensity is not as significant a factor as it may seem.

As loudness is a perceptual measurement made by the human ear it is a very difficult
parameter to measure. DB SPL meters are generally used to quantify intensity in voices,
however the results do not necessarily represent the perceived loudness of the tone being
analysed as the SPL meter may only be measuring the intensity of one or a few partials
present in the sound (Sundberg, 1987: 32; Sundberg, 1994: 70). However, research does
show that trained singers tend to produce higher overall intensity values than untrained

singers, and that this effect is most noticeable in soprano voices (Sundberg, 1987: 116).
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Research also shows that the steepness of the spectral slope has an effect on the
perceived loudness of a tone as well as changing the projection qualities and timbre of
the sound. Investigations into the effects of loudness on LTAS 1in speech suggest that the
overall slope decreases if vocal loudness increases and is known to be connected to

changes in subglottal pressure (Nordenberg, 2003; Sundberg, 2006).

Considering the importance placed on loudness in stereotypical perceptions of opera
singing and the theories of historical techniques which suggest an increase in volume In
classical singing over time, intensity 1s an important factor in the context of the present
study. Current research relevant to intensity, particularly in sopranos, and the possible
connections with this feature and other acoustic strategies is considered alongside the

results in detail in chapter 6.

2.2 Methodology

2.2.1 Subjects

Sixteen subjects took part in the study, all professional female singers. Eight of the
singers were employed on full time contracts by the Royal Opera House, Covent Garden
in London as part of the opera chorus and formed the group named the ‘opera group’.
Four of these singers were sopranos and four were mezzo sopranos. The other eight

singers who formed the ‘early music group’ had careers as freelance singers specialising
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in early music, often performing in professional early music vocal ensembles as well as

regular solo engagements. Of these singers two were mezzo sopranos and six were

sopranos. The age of the singers ranged from 29 — 54 years old in the opera group and

from 28 - 59 years old in the early music group. All singers were British apart from

subject 14 from the early music group who was Greek. Each subject provided

information regarding their career and training which is summarised in table 1 and their

own perceptions of current singing genres within classical music.

Table 1 The education and musical background of each subject

Subject | Age
| 1 28
Sop
Sop
3 36
Sop
4 38
Sop
5 48

Training

Cambrdge
University

Birmingham
University

(BA Music)
2 yrs RAM
University of
York (BA
Music)

2 yrs RCM

Cambridge
University

2 yrs GSMD
(early music
course)

Music College

Opera Course

Choral
Background

Choral scholar

University
Choirs

University
Choirs

University
Choirs

Music College
choir

| Solo work (with early

| Glyndebourne Chorus

Career

Professional Early Music
ensembles.

music string ensembles)

Professional Early Music
ensembles

Church choirs

BBC singers

Early Music Ensembles

Church choirs

Solo work (oratorio)

Early Music Ensembles

Solo work

ROH Chorus

BBC Singers |

Mainly
Renaissance and
Baroque Some
Classical

Mainly Early
Music willing to
sing music beyond
Classical

Baroque and
Classical some
contemporary

Renaissance and
Baroque

Anything
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| 6 | 38 | 5 yrs Music Church Chorr ROH chorus Anything except
College Bach or very early
Music College Glyndebourne Chorus
= | choir
7 54 Music College | ROH Chorus Anything (avoids
| | Verdi or Wagner)
| | Opera Studio Buxton Opera chorus
| Scottich Opera chorus
8 | 29 Music College Girls’ choir from | ROH Chorus All styles and eras
13
Opera Course Glyndebourne chorus ‘Not so well suited
College choirs to early music’
9 47 2yrs Copenhagen | Church choirs ROH Chorus Anything Post-
University Mozart
| Glyndebourne Touring
RCM | Opera |
| - first career with early
| music ensembles
10 37 4yrs Music Church choir ROH Chorus Mostly post-
College Mozart
11 54 Music college School choirs ROH Chorus | Anything
Chamber choirs
Church choirs
12 41 Music college Choirs at college ' ROH Chorus I Early to
| contemporary (not |
| Wagner or Verdi)
' F
13 58 GSMD Choir at college | Mainly Oratorio | Mainly Early but to
| | Puccini |
Sop
14 37 Music School in | Various choirs Vocal ensembles in Mainly Early
| Greece l I Europe Music but later |
M-S opera as well (not
Soloist, oratorio Verdi or Wagner)
15 59 Oxford Choral Scholar Early Music Ensembles Renaissance and
University . Baroque some
| Sop Soloist | Classical
16 27 Cambridge Choral Scholar Early Music Ensembles Mainly early music
| University but no Wagner or
| Sop Verdi
2yrs RAM
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2.2.2 Dual-channel Electroglottograph (EGG)

During the experiment the singers wore an elastic neck collar to hold in place
electroglotograph electrodes on either side of the thyroid cartilage. The electrodes were
connected to a two-channel electroglottograph from which two outputs were recorded
on an Edirol R4 4-channel hard disk recorder. To collect closed quotient data the glottal

waveform was obtained using the average output of the electroglottograph.

To measure the larynx height of the subjects as they sang, the laryngeal tracking output
from the electroglottograph was connected to a sinewave oscillator, the output of which
was recorded on channel 3 of the Edirol. In order to calibrate this measurement, the
procedure used by Elliot 1997 when using a multi-channel electroglottograph was
adapted (Elliot et al., 1997: 172). Before the electrodes were introduced, a strip of
micro-porous tape was placed on the neck and a mark was made at the point of the

centre of the thyroid cartilage with the larynx in rest position. The singer was then asked
to sing three notes to the vowel [a] these were A4 (440Hz), A5 (880Hz) and A3

(220Hz). The placement of the thyroid cartilage was marked for each note during
phonation. When some of the subjects sang the upper note (A5), the larynx moved too
high in the throat for the thyroid cartilage to be marked accurately. This exercise was
then repeated with the electrodes placed at the marked resting position. If a good glottal
signal (viewed on an oscilloscope) was not obtained by this placement, the electrodes
were moved accordingly and their movement noted. The movements of the larynx were

then obtained by viewing the frequency contour provided by the oscillator.
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Figure 4. Box diagram of the recording set-up

EGG

Oscillator
Oscilloscope
Channel 3

o Channel 1

Channel 4

Edirol R4

The recordings took place at venues according to the suitability of the singers in rooms
that were used for the practise of singing. All the subjects from the ‘opera group’ were
recorded in the main rehearsal room at the Royal Opera House, Covent Garden. A CD
quality recording (16 bit stereo at 44.1kHz sampling frequency) was made of each
subject using a flat response omni-directional head-worn microphone and a 4-channel
portable Edirol R4 Digital recorder. The microphone was positioned approximately 6¢cm
from the subject’s mouth at an angle to avoid popping due to plosives. Figure 4 shows

the recording set-up represented as a block tlow diagram.

2.2.3 Tasks

Once the recording was set up, the singer sustained a note while a sound pressure level
was taken for purposes of calibration at the position of the microphone. The calibration
measurements were then taken for larynx height investigation as the procedure is

outlined above.
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Wearing the electrodes, the first task assigned to the subjects was to read a passage of
text aloud. Producing an ‘ng’ sound they were then asked to siren from the lowest part

of their range to the top and then down again. A number of vocal exercises were then
sung including two ascending two-octave Bb major scales, firstly to an [1] then to an [a],

followed by speaking and then singing the text ‘bid, bead, bed, bard, bored’ to each note
of a D major arpeggio starting on D4 and ending on AS (see appendix III). The final

exercise was to sing an ascending F major scale of one octave as a coloratura scale.

To allow for consideration of stylistic changes all subjects were asked to sing a short
extract from two songs, ‘Ombra Mai Fu’ from Serse by Handel (1685 - 1759) and ‘O
Mio Babbino Caro’ from Gianni Schicchi by Puccini (1858 — 1924) which are shown in
the appendix. The arias were taken from the Baroque and Romantic period respectively
as these represent a period from within each specialism. This task is especially important
to this experiment as specialist music performance employs specific performance
practices depending on the compositional period, place of composition, nationality of
the composer, the originally intended performers, venue and audience as well as modemn

expectations of style.

The songs that were chosen are currently popular in the musical canon and have been
for some time. This was to avoid making subjects spend time leaming new music or

having to sight-read. Both songs chosen are 1diomatic of their period; written in Italian

74



Chapter 2 - Experiment

(and to be sung in Italian by the subjects); have a range of a compound fourth; and are of
a similar tempo. Whilst they have the same range, the tessitura of ‘O Mio Babbino Caro’
(Eb4 — Ab5) rests a minor 3™ higher than ‘Ombra Mai Fu’ (C4 — F5). All subjects were
provided with the entire score for each aria so they could interpret the pieces as whole
songs although they were only asked sing a short extract from each. They were informed
of the composer, and the date of composition. Both songs were sung at modern pitch
(A4=440Hz) 1n the original keys. The subjects sang the song related to their specialty

first, all singers in the early music group first performing the Handel extract and the

Puccini being performed first by singers in the opera group.

The subjects were asked to sing each extract in a style they considered appropriate in
light of their knowledge of the music and were given a few minutes to look at the music
and practice if they wished. This was to allow for the identification of any changes in

technique caused by stylistic motives, and provide insight into the subjects’ perceptions

of differing styles and techniques across the periods.

2.3 Analysis Techniques

2.3.1 Speech Studio

The software ‘Speech Studio’ from Laryngograph Ltd. was used to extract quantitative
closed quotient data from the electroglottograph waveform. This software estimates
closed phase at 3:7 of the peak to peak amplitude of each vocal fold cycle. The

waveform was inverted in ‘Audacity’ before it was analysed in speech studio to invert
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the electroglottograph waveform due to the necessary use of an electroglottograph rather
than an electrolaryngograph to allow measurements of larynx height using split channel

electrodes.

2.3.2 Inverse Filtering

Inverse filtering is another method that can be used to obtain closed quotient data and
involves filtering the sound signal to remove the effects of the sound modifiers. To do
this a filter that has a response curve exactly inverse to the sound modifiers needs to be
used (Howard, 1998:373 — 375). Howard highlights the issue that in order for inverse
filtering to be successful there must be an accurate presumed knowledge of either the

formant frequencies or the nature of the excitation waveform itself, which makes inverse

filtering an inappropriate method of analysis for this study. Whilst in the analysis of
speech, the formants can be estimated with a high degree of accuracy, the possibilities of
formant tuning being used by female singers at high pitches makes the identification of

the formants very difficult and any results of inverse filtering are therefore likely to be

unreliable.

2.3.3 Spectrographic Analysis (PRAAT)

Spectrographic analysis was carried out using the freeware voice analysis software
PRAAT. This program allows the user to change many of the parameters of analysis
including the time analysis window and frequency bandwidth. It also provides formant

measurement, although this function can be inaccurate and so was not relied upon.
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Spectrograms allow analysis of changes In acoustic energy over time which 1is
particularly useful when considering timbre and the impact of consonant production on

the spectrum.

2.3.4 Long Term Average Spectra (LTAS)

Long term average spectra (LTAS) analyses were performed on a number of the tasks to
assess 1n particular resonance and singer’s formant cluster characteristics as aspects of
voice quality. LTAS plots provide a representation of the spectral energy in a sound
sample averaged over time (Howard, 2006: 218) from which the spectral slope can be
calculated and peaks in the spectral envelope can be observed and quantified (Sundberg,
2001; Kenny and Mitchell, 2004; Watts el al., 2005). The averaging process reduces the
effects of short term variations in spectra caused by the production of different vowels
and fundamental frequencies, the effects of which can be seen through spectrographic
analysis. Sundberg encourages use of LTAS when analysing soprano voices as it is less
dependent on fundamental frequency than other techniques which concentrate on
specific vowels, and suggests a 20 — 30 second analysis to extract a ‘stable and
representative curve shape’ (Sundberg, 2001: 181). A problem with using LTAS
analysis to quantify aspects of voice is the effect of SPL on spectral slope. An increase
in overall SPL yields a greater increase in energy in the frequencies above 2kHz in the
spectrum: the greater the SPL the less steep the spectral slope (Bloothooft and Plomp,

1986; Sundberg, 2001). This is taken into consideration in the results.
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2.3.5 Singing Power Ratio (SPR) and Energy Ratio (EnR)

Singing power ratio (SPR), first presented and defined by Omori et al. (1996) as ‘the
ratio between the highest intensity peak between 2 and 4 kHz and the highest intensity
peak between 0 and 2kHz.” (Omon et al, 2000: 490), has become a common
quantitative measure of the resonant quality of the singing voice (Lundy et al., 2000;
Barnes et al., 2004; Watts et al., 2005; Kenny and Mitchell, 2006; Kenny and Mitchell,
2007). SPR within these studies was determined by calculating the difference between
the highest energy peak in the 0 — 2 kHz frequency band and the highest energy peak in
the 2kHz — 4kHz frequency band in the spectrum in dB SPL. SPR was therefore
calculated from the LTAS plots to assess the significance of the peak in the 2kHz —

4kHz region of the spectrum.

Singing ratio (EnR) measures the difference between the overall energy in the 0 — 2kHz
frequency region and the 2kHz - 4kHz energy region using the average energy of the
two frequency bands (Thorpe et al., 2001). This quantitative measure is often used in
conjunction with SPR to obtain a representation of the significance of the overall energy
in the spectrum compared to the two peaks identified by the SPR (Bames et al., 2004;
Kenny and Mitchell, 2004; Kenny and Mitchell, 2007). To consider overall spectral
energy this comparison was applied to the present study and EnR is calculated for all

LTAS results for which SPR 1s obtained.
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2.4 Results

The following section presents an overview of the data collected in the study for all of
the factors assessed with any group effects identified. The subsequent chapters provide
an in depth analysis and discussion of the relevant results with a commentary on the
signiﬁcance of specific findings within the present study. Subject 2 was 1ll with a cold
on the day of the experiment, the possible effect on the findings for this singer i1s
considered and for tasks in which she felt her illness affected her vocal production, the

data 1s discarded.

2.4.1 Closed Quotient

A good electroglottograph signal could not be obtained for subjects 2 or subject 9, and
so their data was discarded for this part of the study. This is most likely due to the
incorrect placing of the electrodes on the neck particularly as the tendency for less

prominent larynxes in females makes the successful positioning of the electrodes more
difficult (Colton, 1990). Figure S shows the Lx waveform of subject 2 singing the two
octave scale as viewed in speech studio, and illustrates the clipping of the signal due to
large larynx movements and / or electrodes that are not making reliable skin contact

which makes tracking of closed quotient unreliable.

For other subjects, certain exercises obtained a stronger electroglottograph signal than
others, and so the reliability of the data was assessed for each exercise and subject. It

was common in most subjects for the signal to weaken or disappear at the very highest
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pitches in their range, particularly A5 and BbS. This was probably due to the larynx
rising with fundamental frequency as supported by the results of the larynx height
measurement which suggest considerable rising in larynx position at high fundamental
frequencies. A raised larynx means that the electrodes are no longer on the thyroid

cartilage and the electroglottograph signal will be greatly reduced in amplitude.

Figure 5 Lx signal of Subject 2 singing two octave ascending scale of Bb major analysed by
speech studio by Laryngograph Ltd. Lower panel: Purple line represents the tracking of Qx and
green line the tracking of the fundamental frequency. Middle panel: Lx Waveform
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Figure 6 shows closed quotient data from the 12I subjects that provided a good signal
when they sang the ascending Bb major scale of two octaves to the vowel [i]. The data is
presented as Qx plots which were produced in speech studio. Each vocal fold cycle is
plotted as a dot on the graph area with the percentage closed quotient on the y—axis
against fundamental frequency (f0) on the x—axis. The considerable number of vocal
fold cycles plotted produces blocks of data allowing any patterns in closed quotient, and
particularly relationships between closed quotient and fundamental frequency to be
observed. As chapter 3 explains in more detail, no significant link between the singers’
production of closed quotient and their performance specialism is identified, however,

there are some interesting differences between the subjects as a whole.
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Figure 6 Qx plots of 4 singers from the early music group (first S on the left column) and 6
Singers from the opera group (right column and final row) singing ascending two octave scale
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Subjects 1, 5 and 12 present most notably with relatively high Qx at low fundamental

frequencies in their range, with a sudden drop in Qx values when they reach a specific

pitch at around 300Hz (D4). This is consistent with research that suggests a register

‘break” n this frequency region in females (See, for example Miller, 2000: 47), although

other experiments found the ‘break’ region to be slightly higher at around 400Hz (G4)

(Sundberg, 1987: 51. Howard, 1994: 170). After this sudden drop in Qx there is a

tendency for values to increase steadily with pitch. This trend reflects the findings of

Howard discussed above, which suggest an increase in closed quotient at higher pitches

in females. The absence of this trend in the data for subjects 4, 7 and 9 questions the

significance of these findings considering the relatively small sample size once

inaccurate data has been discarded. However, the movement of the larynx resulting in an
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insecure signal could account for the decrease in Qx at higher frequencies seen in those

two subjects.

The absence of any data at frequencies above 720Hz for subject 4 strengthens this
theory as it suggests the larynx height increased gradually as the singer ascended in
pitch until vocal folds were no longer between the electrodes. The closed quotient data
for all the tasks sung by subject 4 was found to be very low, often with the upper
fundamental frequencies missing. However, as figure 7 shows, when singing the song
extracts subject 7 did not display a significant drop in Qx values at high frequencies as
found in the scale, this could suggest the employment of a different phonation type
between the tasks, with the use of a phonation type indicative of glottal leakage in the
scale task implied by the lower Qx values (Herbst and Ternstrém, 2006). This highlights
the relevance of changing phonation type on the interpretation of the electroglottograph
signal. The research that was outlined above suggested that in ‘falsetto’ type phonation
the electroglottograph may not register vocal fold closure due to the characteristic
abduction of this phonation type (Herbst and Temnstrom, 2006). This could therefore
account for the significantly lower Qx values found when singing a scale compared to
speaking, and could also be a reason for the lowering of the Qx values at increasing
pitches for certain subjects. Without endoscopic images providing specific information
on vocal fold closure it is difficult to infer precise laryngeal behaviour from the

electroglottograph signal at high fundamental frequencies.
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Figure 7 Showing the Qx values for subject 7 singing a two octave Bb major ascending scale
(Left) and an extract from Puccini’s *O Mio Babbino Caro™ (Right)
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