Chapter 1
1.1

Singing and learning

Overview

This thesis examines the use of new visual feedback technology in the field of singing
teaching. This technology enables singers to ‘see’ what their voices are doing while
they are singing, by recoding some acoustic properties of the voice into a visual
pattern. In this investigation we measure the impact of the presence of visual
feedback and the type of visual feedback on the skill acquisition processes of pitch
accuracy of learner singers.
This first chapter examines some of the mechanisms of learning, discussing ways in
which learning may take place, and reviewing some theories of learning, especially
those which relate to the acquisition of singing skills. The origins of singing are
considered, and attitudes to the teaching of singing from historic periods to the
present day are reviewed. A range of methods employed by singing teachers to assist
their students to improve and enhance their singing voices are also examined, with a
focus on the role of augmented feedback in learning. Mind-body connections
revealed within psychomotor learning are considered, including practical applications
of cognitive science to the acquisition of neuromuscular skills. Finally, recent
research into human-computer interaction (HCI), designed to optimise the use of
computer technology as an aid to learning, is reviewed.
This research project investigates the impact on pitch accuracy in singing of:
a.

the presence of visual feedback,

b.

the type of visual feedback, and

c.

the timing of visual feedback.

The criterion by which singing capability is measured in this study is the accuracy
with which a singer can replicate a given pitch – a core skill in singing ability. This
investigation seeks to understand the ways people learn to match pitch when learning
to sing. Understanding these pathways may establish a way to make the tasks of the
learner singer easier.
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1.2

The beginning of singing

The ability to phonate is common to a broad range of animals and birds. Abitbol
(2006) hypothesises from fossil records and primate anatomy that the premises of the
voice already existed five million years ago. From observing primate versus human
vocal tracts, Abitbol sees bipedalism as setting in train evolutionary anatomical
changes which culminated in the human vocal tract.
If man can speak and not the primate, from a strictly mechanical viewpoint,
it’s simply because the larynx dropped down inside the neck. This
extraordinary downward migration of the larynx, by seven to eight
centimetres, consequent to the verticality of Homo sapiens, is the
indispensable cofactor of the human voice; the other cofactor being, of
course, his brain. (Abitbol 2006, p. 29)
Singing is an integral part of the range of human expressive tools. Scholars from
Charles Darwin onward have amassed evidence that singing came well before the
evolution of meaningful communicative speech. Davis (2002), in considering a
range of hypotheses relating to the reasons for the evolution of speech and singing in
human behaviour, concludes that ‘…the key factor that led to speech and song was
unquestionably the development of intention – or voluntary control’ (p. 6). She
continues by quoting Charles Darwin’s Origin of the Species: ‘May not some
unusually wise ape-like animal have begun to use …emotional outcries
unintentionally and so have taken the first step towards the development of true
speech? (Darwin 1859), cited in Davis (2002, p. 6). Davis further quotes Darwin;
‘Primeval man, or rather some early progenitor of man, probably first used his voice
in producing true musical cadences, that is in singing’ (Darwin 1871, p. 133); in
Davis, 2002, p. 6).

Philologist, Otto Jespersen (1922) expanded: ‘…the language of

our remote forefathers was like that ceaseless humming and crooning with which no
thoughts are as yet connected... Language originated as play, and the organs of
speech were first trained in this singing sport of idle hours’ (Jespersen 1922, p. 433).
Historically, the process of learning to sing has been surrounded by a spectrum of
opinions. Since much human skill acquisition may be said to be based on the
‘monkey see – monkey do’ imitative learning approach which characterises normal
child development, learning to sing inevitably entails the use of visual feedback.
However, the structure/function approach much in vogue today has not always been
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the predominant model for singing training. Indeed, there are those who hold singing
to be the universal Ursprach of humankind, and that, because of this, what is needed
is not tuition in the art of singing but a sort of de-institutionalisation of ‘modern’
human inhibitions to enable us to return to those innate singing capabilities to which
Darwin referred. Jespersen (1922) encompassed this view whilst placing it in
judicious balance with other arguments:
Men sang out their feelings long before they were able to speak their thoughts.
But of course we must not imagine that ‘singing’ means exactly the same thing
here as in a modern concert hall. When we say that speech originated in song,
what we mean is merely that our comparatively monotonous spoken language
and our highly developed vocal music are differentiations of primitive
utterances, which had more in them of the latter than the former. These
utterances were, at first, like the singing of birds and the roaring of many
animals and the crooning of babies, exclamative, not communicative – that is,
they came forth from an inner craving of the individual without any thought of
any fellow-creatures. Our remote ancestors had not the slightest notion that
such a thing as communicating ideas and feelings to someone else was
possible. (Jespersen 1922, p. 436)
Composer Ralph Vaughan Williams (1955) held that singing began as a natural
outcome of emotional, impassioned speech. In support of his assertion, he musically
notated a loud and passionate political speech, observing that its intonation pattern
resembled the melodic structure of a folk song.
The genesis of language, whether before or after that of singing, is also of vital
interest to a consideration of the origins of singing. Linklater (1976), a voice teacher,
suggests that language has evolved from the sounds associated with everyday
activities. She argues,
Language began instinctually, physically, primitively. The extended roar of
pain, pleasure or rage, was articulated into more detailed communication by
muscles in the body responding to the demand of an evolving intellect. That
intellect, needing to convey increasingly precise information, deployed
muscles in the mouth to distinguish positive from negative reactions and
gradually to describe objects and facts and handle the minutiae of language. It
is inconceivable that when the mouth first started to make words it did so in a
manner divorced from its normal exercise of chewing, biting, kissing, sucking,
licking, snarling, lip-smacking and lapping. All these were practical activities
with sensual rewards and palpable side effects of pleasure for most of them,
anger or fear for one or two. Words have a direct line through the nerve
endings of the mouth to sensory and emotive storehouses in the body.
(Linklater 1976, pp. 173-174)
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Chapman (2006) claims to use the primitive origins of phonation and singing as a
starting point to evoke integrated and holistic sung sound from her singing students.
Chapman (2006) states, ‘The importance of primal sound cannot be overestimated. It
helps the singer awaken the connections to his or her emotional motor system which
can be trained into appropriate abdominal support and natural breathing for singing’
(p. 22). Chapman (2006) summarises, ‘A singer is a walking musical instrument with
all the complexities that that implies’ (p. 4).

1.3

Early views on learning singing

Historic attitudes to the formal acquisition of singing as a skill go back at least to the
writings of Plato. In The Republic, Plato offered brisk opinions about the relative
worth of music, and discussed the interplay of text and music in singing: ‘the mode
and rhythm should suit the words’ (Plato , Republic, §398 d). Strong opinions
continued to be put forward regarding both style and tonal quality of singing.
Athenaeus, a sophist of the second century AD, observed, in his expansive
Deipnosophistae, that ‘… it is no disgrace to confess that one knows nothing, but it
is deemed a disgrace … to decline to sing’ (Athenaeus 1969, p. 85). In the seventh
century, the Spanish encyclopaedist and historian, Isidore of Seville, when proposing
a catalogue of the range of human voice types, expressed preference for a singing
voice which is ‘high, sweet and strong’ (Seville 1911, vol. 3, p. 112). Gautier de
Coincy, Prior of Vic-sur-Aisne in the thirteenth century, praised those voices that
had ready access to their higher registers and sounded ‘clere, plaisant, et bele’. He
was equally quick to condemn ‘bas et rudement’ singers (Rokseth 1935-1939, vol. iv,
pp. 46f). Fourteenth century writer Jacques de Liège, in his Speculum Musicae,
divided music into modest and lascivious styles, complaining about the ‘studied
lasciviousness of singing’ current in his era (Bragard 1955-1973, Book 1 chapter
18).
In the late fifteenth century, Johannes Tinctoris (De inventione et usu musicae,
c1487) stipulated that the qualifications of a good singer should include accurate
rhythm, a good sense of pitch, enunciation, and a good voice (cited in Strohm 1996).
At about the same time, Gaffurius (1968)in Milan described the qualities admired in
singers in his society in Milan:
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Singers should not produce musical tones with a voice gaping wide in a
distorted fashion or with an absurdly powerful bellowing, especially when
singing at the divine mysteries; moreover they should avoid tones having a
wide and ringing vibrato, since these tones do not maintain a true pitch and
because of their continuous wobble cannot form a balanced concord with other
voices. (Gaffurius 1968, pp. 148ff)
In 1515, German theorist Andreas Ornithoparchus wrote his Musicae actiue
micrologus, which John Dowland, composer, singer and lutenist, translated into
English in 1609. Under the heading, ‘Of the Divers Fashions of Singing, and of the
Ten Precepts for Singing’, Ornithoparchus (Translated by Dowland,1973) expressed
strong negative opinions about the current state of singing in his country, and offered
advice to singers. His ten precepts cautioned singers to heed tonal quality, pitch
(‘…Let him diligently marke the Scale, under which, the Song runneth, lest he make
a Flat of a Sharpe or a Sharpe of a Flat’), tempo, vowel modification, volume,
appropriate emotional content, mouth shaping and body movement. At the beginning
of his ten precepts, Ornithoparchus stated,
Being that divers men doe diversely abuse themselves in Gods praise, some
by moving their body undecently, some by gaping unseemely, some by
changing the vowels, I thought good to teach all Cantors certaine Precepts,
by which they may erre lesse. Ornithoparchus (Translated by Dowland1973)
All these strong opinions relating to the quality of singing imply that, even in historic
times, aesthetic and cultural expectations of the day demanded that singers do more
than merely sing naturally (‘as it comes’). It would thus appear that those skills a
singer may need in order to sing in the preferred manner/s would have to be acquired.
This, then, argues the need for singing teachers.

1.3.1 Traditional singing teaching
Good singing (in any genre) is acknowledged to be an amalgam of technical mastery
of the vocal apparatus, intellectual and emotional understanding of the lyrics, and the
ability to convey these understandings to an audience within cultural and artistic
parameters demanded by the genre in which the singer is working. In this quantitative
investigation, the acquisition of singing skills is necessarily examined from a
functional standpoint, rather than the equally valid position of the spiritual and
emotional betterment of singers and their hearers. The traditional approach to
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teaching singing is a master-apprentice model, where the instructor gives practical
examples, invites the student to emulate them, and then offers feedback (usually
verbal) about the quality of their singing (Callaghan 2000). This learning process is
oral/aural-based, and tends to rely on the teacher’s performance capabilities as well
as the auditory acuity of both teacher and pupil. Because of the closed-loop nature of
this teaching model, it is unlikely that students working within this system will
transcend their teachers. A complicating consideration is that students may learn
singing from a teacher whose voice is not of their type. For example, a soprano learns
from a contralto, a baritone learns from a tenor, or, even more confusingly, a singer
learns from a teacher of the opposite gender. This may tend to limit the range of
likely learning available in an instructional mode based on imitation. An additional
difficulty is the allusive language with which teachers often attempt to guide their
students in matters of both safe and efficient tone production as well as aesthetic
considerations. The use of metaphor in the teaching of singing has been a historical
fact for centuries because so much of the human voice is unconsciously managed,
and its organs are buried within the body. With metaphor, however, comes a concern
whether the student understands the teacher’s metaphorically-embedded instructions.
Vennard’s (1967) ground-breaking book, Singing - the mechanism and the technic,
arose from a concern that much of the metaphoric information conveyed by singing
teachers failed to take into account the anatomical and physiological facts of voice
production.
There are certain fundamentals of the science of acoustics that all voice
teachers should know. Too many have a superficial acquaintance with the
vocabulary and dress up their pedagogy with terms that sound impressive but
lead to confusion when the student, in the course of learning physics, finds
out what the words really mean. Scientists laugh at the imagery with which
the voice teacher expresses himself. (Vennard 1967, p.56)

The master-apprentice model in singing teaching arose in early 17th century as a byproduct of the requirement of the music of the day for solo singers. Prior to this time,
most public singing performance was done in choirs or smaller vocal groups. The
emergence of monody and opera repertoire which called for soloists brought into
being a class of specialist singing teachers in Italy, whose ‘school’ of instruction was
loosely termed bel canto (Italian: ‘beautiful singing’). The approach of the bel canto
singing teachers of Italy ‘…represents the foundation of singing pedagogy in the
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Western European art tradition.’ (Callaghan 2000). For instance, Giulio Caccini, in
his Le nuove musice of 1601/02, lists his requirements for a good voice as including
‘the tuning of the voice in all the notes’, ‘a command of breath’, enunciation (‘unless
the words [are] understood’ the singer cannot ‘move the understanding’) and
expression (‘to delight and move the mind’) (Galliver 1972, p. 386). Although the
term ‘bel canto’ is still used today in singing circles, it may not mean precisely what it
grew to mean in mid-17th century Italy; further, today’s usage of the term ‘bel canto’
may also differ from its 19th century meaning, when the bel canto era of operas by
Bellini, Donizetti and Rossini were in vogue. Extrapolations of extant texts and scores
suggest that bel canto became allied to the cultivation of a particular tone deemed to
be beautiful (whatever that may have been), together with vocal agility capable of
executing melismatic ornamentation of increasing complexity.
Pedagogic advantages in the master-apprentice teaching model include the immediate
identification of vocal difficulties and faults, the offer of strategies designed to give
practical assistance to the student, attentive assessment of the effectiveness with
which those strategies were carried out, and subsequent corrections to enable them to
be more accurately and effectively completed. It is its immediacy and specificity
which make the master-apprentice model still the major paradigm for singing teaching
today, despite its pitfalls. Because the master-apprentice model involves the
application of modelling and target emulation, it is particularly well-adapted to the
inclusion of feedback in its pedagogical structure, especially where technology can be
used to both supplement and complement the teacher’s instructions.

1.4

Learning

1.4.1 Introduction
The outcome of learning of a neuromuscular activity such as singing, is to raise the
learner’s performance level towards a defined goal. The single most important factor
in determining learning is the amount of practice on a task related to the goal, called
deliberate practice (Ericsson, Krampe et al. 1993). Deliberate practice includes the
type of tasks that instructors typically use to improve performance. While practice is
the major influence, learning is also impacted by a range of factors, including
knowledge, skill, memorisation, and motivation.
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Learning can occur as a direct transaction from teacher to pupil, often verbally relayed
(‘let me tell you what you can do to improve’) or modelled (‘observe me while I do it
the correct way’). Some learning occurs without the active mediation of the teacher,
but is the direct result of astute goal-setting by the teacher (for instance, good
repertoire choice for a learner singer). The student, judged to be at the developmental
level which would best benefit from specific material presented, learns through doing
the work that the teacher has set.
Learning is traditionally aided by
a.

An instructor (verbal / visual / kinaesthetic) (Hines 1988; Wakefield
2003),

b.

Planned experiential activities, often incremental in nature (Kolb 1984;
Ericsson, Krampe et al. 1993),

c.

Written instructional material (verbal) (Livecchi, Merrick et al. 2004),

d.

Pictures, diagrams, videos (visual) (Barry 1997; Barton 1997),

e.

Feedback of many kinds (instructor, examinations, competitions, audio
and video recordings, mirror…) (Wurgler 1997; Buckingham and
Scanlon 2003; Callaghan, Thorpe et al. 2004),

f.

Reflection – review and consolidation of the learning achieved to date
(Davidson and Scripp 1992; Karpel 1999; Clegg 2000).

The rate and/or quality of learning are affected by each of these factors.

1.4.2 Learning to sing
Learning to sing involves learning across a range of areas, including intellectual
understanding, neuromuscular (motor) skill acquisition, and assimilation of
appropriate behavioural, sociological, cultural and aesthetic information. This
learning within the master-apprentice model primarily relies on modelling and
feedback (Callaghan 2000). Observational learning addresses the kind of learning
that occurs as a function of observing, remembering and replicating behaviour
observed in others; it thus relates directly to common practices in singing studios,
where teachers often model preferred activities for students to emulate.
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The time at which new information or experiences are offered to a student can be as
vital as the manner in which they are given. Havighurst (1952) proposed that an
optimal learning time exists; he called it the ‘teachable moment’ at which time the
proffered information or skill is best comprehended. He says,
A developmental task is a task which is learned at a specific point and which
makes achievement of succeeding tasks possible. When the timing is right, the
ability to learn a particular task will be possible. This is referred to as a
'teachable moment.' It is important to keep in mind that unless the time is
right, learning will not occur. Hence, it is important to repeat important points
whenever possible so that when a student's teachable moment occurs, s/he can
benefit from the knowledge. (Havighurst 1952, p. 72)
Havighurst reinforces the notion that learning is a combination of motivation,
knowledge and feedback. A learner needs to be ready to receive knowledge of results
in order to learn.

1.4.3 Cognitive load theory
Cognitive load is the amount of mental resources needed to perform a given task.
Sweller (1994) developed a Cognitive Load Theory based on early research by Miller
(1956) which established ‘7’ as the magical number for short term memory. That is,
Miller found that working memory is limited to seven chunks of information at the
same time. Sweller (1994) found that for learning to occur, the information must pass
from short-term to long-term memory. He separated the initial task of learning into
two mechanisms: schema acquisition and the transfer of learned procedures from
controlled (conscious) processing to automatic processing. Once this transfer has
been achieved, the automated schemas then need to be stored in long-term memory
for the process of learning to be fully completed. If the schema connection in long
term memory is not made, the learner will forget the material, and learning will not
occur. In order to establish a schema, the learner must become more familiar with the
task. As a result of this familiarization, the cognitive processes associated with the
material become altered, and the material is handled more efficiently by working
memory which, in turn, facilitates the connection to long-term memory schemas.
Cognitive load theory has implications for the optimisation of learning. The cognitive
load of a task is related to the conceptual complexity of the task, the memory load of
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the task, and the attentional requirements of the task. Learners have a finite processing
capacity and therefore an increase in the cognitive load of a task will impact learning.
For example, when a learner is performing a novel motor task they gain information
about many aspects of their movements through various sensory channels. This
information is called inherent feedback and can be used by the learner to evaluate and
improve their performance. Augmented feedback is defined by Schmidt and Lee
(1999) as ‘…information provided about the task that is supplemental to, or that
augments, inherent feedback’( p. 325).
Sweller (1994) argues that inherent cognitive load, that is, the amount of information
contained within the material being conveyed to the learner, interacts with extraneous
cognitive load, which is the amount of processing demanded by the actual instruction
methods. He comments that teachers may exercise control of extraneous cognitive
load by optimising teaching methods to give the least added burden to the learner. For
example, when a learner receives augmented feedback on a task, the cognitive load of
that task is increased through the additional memory load created by introducing
feedback information. In addition, the feedback information creates competition for
the learner’s attention with the task information.
Working memory has very limited capacity but is the processing gate through which
all schemas must proceed to long-term memory, which has a massive capacity for
information storage. Sweller (1994) proposes that the twin activities of schema
acquisition and automation as building blocks of learning may help to ameliorate or
even by-pass the capacity restriction of working memory.

1.4.4 Learning through the senses
Humans have five senses – hearing, sight, smell, taste and touch. Some thinkers, for
example, Guerts (2003) add a sixth – intuition, ‘the sixth sense’ – to complete the
Sensorium. Many have debated which is the most important of these. Although Plato
ranked reason as of greater worth than any of the senses, he preferred sight above all
the other senses (Synnott 1993, p. 131). Aristotle agreed with this, specifying sight
as of greater worth than hearing (Synnott 1993, p. 132). Early in his Metaphysics,
Aristotle placed sight at the forefront of the senses when he said, ‘We prefer seeing
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(one might say) to everything else. The reason is that this, most of all senses, makes
us know and brings to light many differences between things’ (Aristotle, cited in
'Metaphysics', Ross 2004). Perhaps the dominance of visual preference that is often
considered a hallmark of modern society is not so recent a phenomenon as it seems.
Singers need to employ multiple senses, often simultaneously, while singing. Whilst
phonating, they monitor their sung tone through both air conduction and bone
conduction hearing (auditory), use audiation to anticipate their next sung tone
(auditory), listen to the accompaniment (auditory), follow a score (visual),
sometimes watch a conductor (visual), assess their own physical status by checking
muscular recruitment, posture, etc. (touch / kinaesthetic-proprioceptive), and in
many performance conventions (e.g. opera, music theatre) must also watch, listen
to, and physically respond to other performers (visual, auditory, touch/kinaesthetic).
The cognitive load of a learner singer is considerable.

1.4.5 Learning styles
The diverse pathways by which people learn new information and/or skills depend
upon the type of task, the stage of learning, and each individual’s personal learning
preferences. Research supports the provision of information in different forms in
order to take into account the range of likely learning styles (Brookfield 1990; Tait
1992). In a series of models which appear from the early 1980’s onwards, researchers
have proposed theories of knowledge acquisition which take into account the
multitude of ways in which individuals comprehend and interact with their
surroundings (Kolb 1981; Anderson 1988). These models are, as a whole, useful for
improving the facility with which general information may be angled towards a
particular learning style in order to make it more assimilable to the learner.
Gardner (1983) proposed a theory of Multiple Intelligences which posits the
existence of a number of distinct forms of intelligence, possessed by all individuals in
varying degrees. His initial research gave seven primary forms of intelligence:
linguistic, musical, logical-mathematical, spatial, bodily-kinaesthetic, intrapersonal
(i.e., insight, metacognition) and interpersonal (i.e., social skills). He has
subsequently added an eighth (naturalist). Gardner suggested that learning and
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teaching should focus on the particular intelligences of each person, since the different
intelligences represent not only different domains of content but also learning
modalities.
As a useful addition to this learning framework, Robert Barton observed that, in the
case of student actors, ‘At the introductory levels, the vast majority (often up to 80
percent) are visual learners’ (Barton 1997, p. 82).
However, he continued,
At advanced levels, a more pronounced portion of acting students will be
kinaesthetic and auditory learners, because this discipline often encourages
those who respond in these modes, even if society in general does not.
(Barton 1997, p. 82)
Evident parallels between student actors and student singers are significant enough to
make this observation of value to singing teachers.
Research undertaken by Kolb (1984) resulted in his model of ‘experiential learning’,
within which he isolated four discrete factors as basic to learning – concrete
experience; reflective observation; abstract conceptualisation, and active
experimentation. Each of these four factors is present, to varying degrees, in the
process of singing training. Kolb used varying mixtures of these four learning
characteristics to identify four basic learning styles: Converger (abstract
conceptualisation + active experimentation), Diverger (concrete experience +
reflective observation), Assimilator (Abstract conceptualisation + reflective
observation), and Accommodator (concrete experience + active experimentation).
Singing teachers who are aware of the likely mix of these components in their
students’ learning styles should be better able to adapt their teaching techniques to fit
each student’s individual approach.
As a result of research studies undertaken into undergraduate education, Chickering
and Gamson (1987) proposed a set of guidelines which indicate good tertiary
educational practice. In their terms,
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Good practice *encourages contacts between students and faculty, *develops
reciprocity and cooperation among students, *uses active learning techniques,
*gives prompt feedback, *emphasises time on task, *communicates high
expectations, and *respects diverse talents and ways of learning. (Chickering
and Gamson 1987, p. 4)
That prompt feedback is seen to be a major factor in learning is of specific interest to
singing teachers, whose concern is always that their students see, hear and understand
the goals set for them. The reference to ‘active learning techniques’ recalls research
such as Gardner (1983) and Kolb (1984) that takes into account the diversity of
learning styles with which students may present.

1.5

Psychomotor learning

1.5.1 Introduction
Much of the literature used world-wide to illuminate both the biomechanical and
cognitive tasks inherent within the learning of singing derives from the many
investigative areas of sports science. Singing has been observed to be a kind of sport
(Callaghan and Wilson 2002; Nisbet 2003). Over the last decade or more, many voice
and singing researchers have accessed the findings of sports science in order to make
better sense of how learner singers acquire some of those neuromuscular skills which
form part of the tasks of singing training. Is it, however, legitimate to parallel the
learning processes of sport-players and singers?
Sport science researchers tend to structure tests for evaluating neuromuscular skill
acquisition activities in ways which make the outcomes readily amenable to
assessment; these tests often take only a small segment of the range of physical
activities demanded by a given sport in order to simplify analysis of the outcomes
(Lai and Shea 1999; Holmes and Collins 2001; Chiviacowsky and Wulf 2002;
Cumming and Hall 2002; Cumming, Hall et al. 2002). Singing also demands a range
of quantifiable skills which can be right/wrong. One of these capabilities is pitch
accuracy, an essential feature of skilled singing, and one of the earliest skills taught
to learner singers. Recently, more scientific attention has been given to the
neuromotor skill acquisition side of singing training, which has been a focus of much
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sports science study for some years now (Reid 1984; Murry and Caligiuri 1989;
Cleveland 1994; Verdolini 1997; Welch and Sundberg 2002).

1.5.2 Neural mechanisms of learning and retention
In order for singers to learn from visual and auditory feedback, they will need to be
able to employ both explicit memory (recognition of previously-encountered
conditions or items) and implicit memory (priming, i.e., specific preparatory briefing
on how to do a given task) as functions of their skill-building. Verdolini-Marston and
Balota (1994) investigated the role of explicit and implicit memory in mastering a
perceptual-motor task which involved tracking a rotating visual target with a wand (a
pursuit-rotor task). In each of their three experiments, participants tracked several
different target disks with varying radii and speeds, then had to use experiences
recalled from previous tests to gauge accurately both speeds and radial positions in
novel tracking tasks. Prior to the test phase, participants were given simple practice
sessions then offered more difficult and more critical stimuli. In the second and third
experiments, participants were allocated to one of four conditions in which they
received different instructions for the task, focussing them on different strategies to
complete the task. These included elaborative instructions that emphasised elaborative
processing in explicit memory performance: asking the participant to mentally
associate a song to each specific target path, elaborative instructions that emphasised
how to do the pursuit rotor task, instructing the participant to think of the task as
‘stirring a bowl with a wooden spoon’, in order to emphasise the relationship between
task stimuli and other contents of memory. These instructions were designed to
promote performance dependent upon elaborative processes that emphasised which
specific stimuli were encountered. The third condition used perceptual-integrative
instructions that emphasised attention to the surface characteristics of the stimuli, or
no instructions about mental strategies. Findings indicated that ‘…explicit memory
performance depended on elaborative processes that emphasised which specific
stimuli were encountered, whereas reliable implicit memory performance appeared
only under a control no-instruction condition’ (Verdolini-Marston and Balota 1994,
p. 739). Interestingly, the same experiments demonstrated that none of the
instructions resulted in implicit memory performance that was better than chance. A
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possible extrapolation from these findings is the likely enhancement of psychomotor
learning by offering only task-specific, less contextual, information to the learner.
Housner and Griffey (1994) reviewed current techniques used by expert sports
instructors to transform and communicate knowledge to learners during skill
acquisition. They found that an instructor’s ability to transform knowledge into
practical neuromuscular-based learning was critical in the effective instruction of
learners in the acquisition of motor skills. Housner and Griffey proposed that
information and instruction processes are both interactive components in motor skills
training. Information processes include selective attention, perception, decision
making, response execution and information storage, while instructional cues can
exist in a range of modalities including verbal, visual, and kinaesthetic/tactile. Their
findings indicated that the facility with which an instructor can assist a learner in
turning instructional cues into action is what will make their skill instruction (in this
case, sport skill) both high-quality and long-lasting.
Wulf and Prinz (2001), extended the work of Housner and Griffey (1994). They
reviewed a range of recent investigations studying the influence of instructions or
feedback on motor skill learning in sport skill acquisition. Wulf and Prinz cite a
number of studies (Wulf, Höß et al. 1998; Wulf, Lauterbach et al. 1999; Wulf,
McNevin et al. 2001; Wulf, Shea et al. 2001) to support their conclusion that directing
the learners’ attention to their own movements (an internal focus of attention) can
inhibit learning of neuromuscular skills, whilst directing their attention to the effects
of their movements (an external focus of attention) facilitates the acquisition of these
skills. They also conclude that the distance of the goal, that is, the effect of their
action, is also a matter for consideration. A goal which is too distant is ineffective,
while a goal which is too close makes it hard for the learner to distinguish the activity
from the body movements that produced it.
For example, in one experiment representative of this range of investigations, Wulf,
McNevin, Fuchs, Ritter and Toole (2000) studied the effect of the distance of a goal
in skill acquisition. They used a task of hitting a golf ball to a target. One group of
participants was given a close goal, focussing on the swing of the club, while another
group was given a distant goal which directed their attention to the anticipated
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trajectory of the ball to the target. They reported that the participants instructed to
focus on the motion of the club produced a greater accuracy in their shots than did
those who were asked to focus on trajectory and target. The investigation concluded
that this latter goal was seen by participants as too distant to affect their execution of
the task. Wulf et al. (2000) found this outcome in both practice and retention tests.
The conclusions that Wulf and Prinz (2001) draw from the literature about
neuromotor learning have potential application to singing training. It is possible to
extrapolate from their findings to suggest that learner singers may do better by paying
less attention to the note they are singing at any one time in favour of focussing on the
last note in any phrase or arpeggio as their target. If the phrase of notes to be sung is
not too long, the findings of Wulf et al. (2000) would predict that the singer’s
performance will be improved by this kind of attentional focus. It may be preferable
for a singer to prepare an audiated goal of how they would like the planned sung
phrase to sound prior to beginning phonation. In effect, ‘Worry less about where your
jaw is and where your tongue is; instead, hear in your mind’s ear the way you would
like the whole phrase to sound.’ It would be advisable to take into account these
considerations when designing visual feedback for singers: should the whole note
sequence be on display or merely the current one being sung?
Bekkering and Neggers (2002) investigated the influence of intended actions on visual
selection processes. In their study, they trained participants to either point at, or grasp,
a target object which was made visible for short instants of time. Findings indicated
that the participant who had to undertake a purposive action (i.e., grasping) looked
with greater efficiency (with fewer saccades – eye movements in which the eyes
jump from one point to another – to irrelevant objects) and gained better end results
than those whose task it was merely to point at the target. Real-time visual feedback
was available to all participants. The researchers concluded that ‘…a working
hypothesis to explain the present results is that action intentions can modify the tuning
of neural channels representing specific features of the outer world. For instance, the
brain may represent action-relevant features with a higher resolution than actionirrelevant features in order to optimise action planning’ (Bekkering and Neggers
2002, p. 372). These findings demonstrated that an action intention can enhance
visual processing during the provision of real-time visual feedback.
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The findings of Bekkering and Neggers (2002) may have implications for a learningto-sing task. Singing demands the management of a number of attentional foci, with
the singer targeting each appropriate focus in an optimal sequence in order to achieve
the desired result. According to Bekkering and Neggers (2002), choosing the most
effective attentional focus from the available range of options should be largely driven
by the singer’s intention - their envisaged performance goals and the relative
importance they have assigned to each goal.

1.5.3 Practice and motor programs
Prinz (1997) has investigated the functional relationships between perception and
action. He found evidence that cognitive representations of action effects play a
critical role in the planning and control of those actions (the Action Effect Principle).
In seeking to build an understanding of the relationship between perception and
action, his experimental results suggest that perceived events and planned actions
share a common representational domain (i.e., the common-coding approach). The
practical outcome of this to neuromuscular skills acquisition is that ‘…common
coding is not restricted to temporal and spatial similarity between perception and
action, but covers symbolic equivalence as well’ (Prinz 1997, p. 149). Further,
Prinz found that perception can impair action planning. The outcomes suggest ‘…
that these codes cannot be used for both perception and action planning at the same
time. Rather, impairment of performance will arise when action planning is switched
in and perception is called for’ (Prinz 1997, p. 149). This means that doing and
perceiving at the same time may hamper the effectiveness of each activity and has
some implications for real-time visual cueing for singing training.
Cumming and Hall (2002) studied the integration of a range of mental imagery
practices into elite competitive swimmers’ training and found that appropriate
deliberate practice was monotonically related to performance. That is, the standard of
performance improved with increases in the amount of practice done, as long as the
imagery employed related to the athlete’s task-oriented or ego-oriented approach to
performance goals.
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Research by Ericsson, Krampe and Tesch-Römer (1993) studied expert performance
in pianists and violinists by analysing the kinds and amounts of musical activities
undertaken by elite performers, with particular reference to practice regimes. They
concluded that ‘…expert performance is the result of an extended process of skill
acquisition mediated by large, but not excessive daily amounts of deliberate practice’
(Ericsson, Krampe et al. 1993, p. 387). Deliberate practice is a highly-structured,
purposeful practice designed to improve current levels of performance, and Ericsson
et al. (1993) add that mental imagery can be considered a form of deliberate practice.
McPherson (1997), in a three-year longitudinal investigation of learning strategies
employed by a group of high school instrumental musicians, found that those student
musicians who employed such aural and creative practice activities as mentally
rehearsing (i.e., silently singing while fingering the instrument, or singing and
fingering whilst away from the instrument), playing by ear, playing from memory or
improvising, exhibited superior capabilities. McPherson observed, ‘The best
musicians on each of the measures possessed a rich repertoire of strategies which they
used when preparing to perform’ (McPherson 1997, p. 70). In a later paper,
McPherson and McCormick (1999) investigated the relationship between a range of
practice strategies and skill outcomes in a group of 190 pianists undertaking a graded,
externally assessed music performance examination. Results indicated the importance
of certain types of cognitive engagement to efficient musical practice, in particular,
… that subjects who reported greater amounts of practice on Informal/Creative
Activities (i.e., playing by ear and improvising), Repertoire (new unlearned
pieces, older familiar pieces) and Technical Work (i.e., using a warm-up
routine, practising scales/arpeggios, studies, études and sightreading) tended
to be more cognitively engaged while practising and express more intrinsic
interest in learning their instrument. (McPherson and McCormick 1999, p. 98)
In a study of the principles of skills acquisition as they specifically relate to voice
training, Verdolini (1997) said, ‘Skill acquisition fundamentally involves attention to
perceptual information, in numerous repetitions, with varied tasks’ (Verdolini 1997,
p. 77). Thus the principles of perception, mental imagery and active practice as
foundational to the acquisition of neuromuscular skill (Prinz 1997; Cumming and Hall
2002) extrapolate directly into the specialist area of vocal skill-building. Verdolini
(1997) reviewed experiments using mostly verbal or hand-eye coordination tasks. She
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concluded that optimal training for voice performance should involve implicit
memory tasks, since implicit memory involves attention to perceptual information or
sensory information and is thus tightly linked to neuromuscular skill acquisition.

1.5.4 Mental imagery as an enhancer of motor skills learning
Holmes and Collins (2001) studied how to educate athletes in the use of positive
mental imagery. They concluded that skill acquisition involves building up a
representation or memory of a skill. This memory can be accessed not only by
physical preparation and execution, but also by motor imagery associated with that
preparation and execution. In consequence, Holmes and Collins (2001) proposed an
approach to neuromuscular skills training called PETTLEP (= Physical, Environment,
Task, Timing, Learning, Emotion and Perspective). Their approach recognises and
emphasises the relationship between a motor image used in sport training and the
actual movement it represents, as well as the ways in which the connection forged
between image and movement can be employed to enhance of sport skill training.
Isaac and Marks (1994) compared the amount and quality of visual and movement
imagery employed by a range of individuals (children, adults, and employmentspecific cohorts). They found that the visualisation and movement abilities of clumsy
children were poorer than typically developing children, and conclude that imagery
plays a role in the development and control of movement skills. In specialist
vocational groups, including airline pilots and athletes, Isaac and Marks (1994) linked
the differences in the type and amount of imagery to skilled perceptual motor
performance, and suggested that the use of imagery constitutes a form of mental
practice which facilitates the construction of skilled movement patterns. They
proposed that ‘images are action plans implemented as skilled physical activity’ (Isaac
and Marks 1994, p. 497).

1.6

Learning and feedback

1.6.1 Introduction
One of the first reassurances that learners need is that they are undertaking a learning
task correctly. Even if the desired outcomes have yet to be achieved, feedback tells
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the learner that they are ‘on the right track’, and therefore well placed to achieve if
they persist with the activity. Feedback encourages learning by offering students a
snapshot view of how they are proceeding along the task continuum, while allowing
the teacher to correct them mid-course if necessary.
Brookfield (1990) outlined the nine characteristics of helpful evaluation and feedback
which skilled teachers can offer a learner so that the learning process is enhanced. He
believed that teachers’ evaluations should have the following characteristics clarity, immediacy, regularity, accessibility, individualised, affirming, futureoriented, justifiable, and educative (Brookfield 1990, pp. 139-141). These
characteristics can be grouped into three areas: timing of feedback (immediacy,
regularity), attributes of feedback (clarity, accessibility, individualised, justifiable),
and effect of feedback (affirming, educative, future-oriented). Brookfield’s schema,
as well as emphasising the timing, attributes and effects of feedback, also observes
that the multiplicity of ways in which feedback may be provided is important in the
learning process. When planning new ways in which to convey feedback to learners
(which is the task of the current investigation), Brookfield’s criteria offer a design
framework.
An early researcher specialising in the design of computer games, Malone (1980),
discussed the design structure of responsive (i.e., with built-in feedback) computer
games, and their propensity to both educate and entertain. He emphasised that
feedback should not simply inform learners that they are wrong but should ‘…help
them see how to change their knowledge to become more complete, consistent or
parsimonious’ (Malone 1980, p. 166).
Juslin and Laukka (2000) undertook research into the learning pathways of
instrumental music students. They observed that, when teachers praise their students
for correct performance, the teachers’ feedback often did not make it clear what it
was that the students were doing correctly. This then made students wonder which
aspects of their performance were satisfactory. Addressing the lack of specificity in
music teachers’ feedback, Juslin and Laukka (2000) studied instrumental students
who were cued with cognitive feedback. In their study, cognitive feedback involved
providing performers with information about how their use of cues in performance
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compared to an optimal model for emotional communication based on listeners’
judgements. They found that a single cognitive feedback session could produce a fifty
percent improvement in communication accuracy, suggesting that this type of
feedback can be very effective in changing performance.
It is not uncommon for singing students, too, to be told by their teachers that they
have succeeded in an exercise or task, but be unaware of how or why they have
succeeded (Wurgler 1997). That the actual mechanism for singing is embedded
within the body makes for even more mystique to do with the achievement of
satisfactory results in singers. Instrumentalists may be visually cued by seeing the
position of their fingers on the instrument, the angle of the mouthpiece, the height of
their elbow. Singers’ tasks, though no less neuromuscular, are not as easily monitored
and adjusted.
Shea and Wulf (1999) investigated the result of offering different types of feedback in
training for the acquisition of neuromuscular skills. They compared feedback which
directed the learners’ attention towards their own movements, with feedback which
directed the learners’ attention towards the effect of their movements. Participants in
their experiments were instructed in a motor skills learning task (body balancing). The
group which received feedback with an internal focus were given instructions such as
‘keep your feet level on the balance board’. The group with feedback based on an
external focus had instructions such as ‘keep the two yellow lines in front of your feet
at the same height’. Half of the participants received real-time visual feedback (lines
displayed on a computer screen showing the balance board’s deviation from
horizontal) concurrent with the performance of the task, while the other half did not.
The participants who received visual feedback were given information which linked
their attentional focus (either internal or external) to the feedback information. The
results of this investigation, reinforcing the findings of Wulf et al. (1998), showed
that motor skills learning is enhanced by instructions and visual feedback which direct
participant’s attention to the external effect of their movements rather than to their
own body’s movements. It was observed, in addition, that the offering of any
feedback (either externally or internally directed) improved learning; the researchers
hypothesised that this was because feedback induced an external focus of attention,
even if that feedback appeared to be redundant to learning the given task.
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The relevance of this finding to teachers of singing is clear; it appears that feedback
based on advice about adjusting relevant anatomical postures in order to enhance their
sound will be of less benefit than feedback about the mid-range focus of the
immediate effect of the task. This observation of feedback effectiveness can be
typified as ‘Don’t pester the tennis player about the way they grip their racquet; ask
them to focus on the place they want their tennis ball to go’ (q.v. 1.5.2); however, the
goal can be too distant from the learner to be an effective focus (q.v. 1.5.2).

1.7

Visual input as part of learning

The Confucian aphorism, ‘I hear and I forget; I see and I remember; I do and I
understand’, rates the visual sense as superior to the aural in the field of learning (q.v.
1.4.4). It could also be taken as a recommendation for multi-sensory acts of
comprehension. Gardner (1983) and Kolb (1984) (q.v. 1.4.5) assert that the more
senses that are utilised in the learning process, the more the resultant knowledge is
likely to be recognised, retained, and applied appropriately to new situations. In this
multi-sensory approach, the visual learning pathways have been thoroughly
researched and found to be especially effective.
Snodgrass and Vanderwart (1980) studied how people learn from pictures by
investigating the impact of the visual complexity of black-and-white line drawings in
a standardised style. They used four different criteria to evaluate the ease and
accuracy with which participants in their investigation decoded 260 different
drawings. Participants were asked to undertake two semantic memory tasks (naming
and categorisation) and two episodic memory tasks (recognition and free recall). The
results discussed two sources of the effects of visual complexity on other variables:
‘…first, properties inherent in the object itself - how complex it is in real life - and,
second, properties inherent in its grammar of representation’ (Snodgrass and
Vanderwart 1980, p. 187). These findings are significant in considering the ways in
which something which has no cultural usage or tradition (grammar) of visual
representation should be realised graphically. If there is no standardised symbology
for information which needs to be presented visually, then the inherent complexity of
the idea behind the information needs to be addressed in order to clarify the newly-
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devised pictorial symbol. These findings relate directly to designing visual feedback
for singers – the need to invent a way of visually representing some vocal
characteristics for which generally-accepted graphic symbology has yet to be
established.
Banton (1995) investigated the role of visual and auditory feedback during the
performance of unfamiliar pieces of music (sight-reading) by 15 partly-proficient
pianists. In a repeated-measures experimental design, participants sight-read three test
pieces in each of three conditions: normal sight-reading, sight-reading when unable to
view the keyboard (no visual feedback), and sight-reading when unable to hear what
was being played (no aural feedback). Banton found that visual feedback is necessary
for skill-building in piano playing (a form of neuromuscular skill acquisition):
‘…visual feedback appears to be a necessary requirement of skilled performance
which facilitates movement accuracy’ (Banton 1995, p. 14). All participants showed
disruption in the accuracy and fluency of their performance when visual feedback was
removed. These results suggest that learner musicians may be visually-oriented
learners (Barton 1997) (q.v. 1.4.5). For learner singers, however, the task of providing
rich visual feedback whilst performing is more difficult than that for instrumental
musicians because so much of the vocal mechanism is hidden within the body.
In another study on the effects of feedback, Dowd, Smith and Wolfe (1997)
compared auditory feedback to a combined auditory and visual feedback mode in a
task designed to modify the pronunciation of words of non-native speakers of English.
The auditory-visual feedback group saw a visual display (impedance spectrum – a
measure of the ratio of acoustic pressure to flow) of their own speech output, as well
as a visual display of the same phrase produced by a native speaker of that language
against which the learner could compare and modify their pronunciation. The control
group received auditory-only input (a traditional way to learn a new language). The
findings showed that the addition of visual feedback produced significantly improved
articulation and recognisability of vowels. This study suggests that, if visual feedback
is added to a task where the primary cues are auditory, then it is possible to improve
learning.
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Hapeshi and Jones (1992) considered a range of investigations into the most effective
ways of using multimedia as instructional tools, emphasising the primacy of
experiential learning in the long-term education of the student. Hapeshi and Jones cite
work done by McDowd and Botwinick (1984) which compared the presentation of
information in auditory versus visual media. They found that visual displays
permitting review were better for recall than visual displays or auditory input
permitting less or no review. The McDowd and Botwinick (1984) investigation
studied the ability of subjects to recall prose presented as text or in spoken form. In
summarising a number of their experiments assessing the visual/auditory efficiencies
of multimedia presentations, Hapeshi and Jones observed that ‘…visual images can
be presented with auditory messages without detriment to learning and recall, as long
as the visual display does not demand verbal recoding’ (Hapeshi and Jones 1992, p.
95). This suggests that learner singers who must auditorily monitor their voices could
benefit from a visual display which offers them an opportunity to review the visual
information in visual form.

1.7.1 Auditory input as part of learning – Perception
A major task for a singer is to simultaneously produce sound while using audition to
self-evaluate their sound. The ways in which experienced singers interpret what they
hear (via both air and bone conduction pathways), and then permit their perceptions
to modify their singing, are uniquely important to understanding the intimate
relationship between singing and hearing oneself sing. Compounding all this
perceptual complexity is each performer’s concern with the way in which their
audience hears them.
Discussion of singers and hearing needs to acknowledge the unique role of audiation –
the foundation of musicianship. Audiation is a term used first by Gordon (1993) to
describe the inner hearing process in music. Audiation is the mind’s ability to both
perceive, retain, compare and synthesize tonal patterns and rhythm patterns as music,
particularly when the sound is not physically present, and to reproduce and create
tonal patterns and rhythm patterns as music.
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In experiments designed to assess singers’ preferred perceptual choices, Ternström,
Sundberg and Colldén (1988) used trained choir singers, measuring their
fundamental frequency (F0) while performing with and without normal auditory
feedback. They observed that the singers’ F0 stability (perceived by listeners as
accuracy of voice pitch) was found to decrease in the absence of auditory feedback.
(This finding is in line with previous speech-based and singing-based research (Elliott
and Niemoeller 1970; Ward and Burns 1978).) Ternström et al. therefore proposed
that proprioceptive feedback plays a less important role than auditory feedback for F0
control by singers. By contrast, Mürbe, Pabst, et al. (2002) found that when
experienced singers have to continue singing accurately despite an over-loud
accompaniment, their control of F0 can no longer be principally by auditory feedback.
Audiation and the kinaesthetic management of sound become the singers’ two
primary tools. Mürbe, Pabst, et al. (2002) concluded that auditory memory and
kinaesthetic memory enabled singers to maintain pitch when their hearing is
hampered, adding that these findings were also modified by the nature of the singing
task (staccato, legato, fast, slow, etc.).
Novice singers, whose audiation skills are far less developed, and who lack a library
of kinaesthetic memories of sung phonation because of lack of experience, are in
need of clear and specific feedback to aid them in gaining and keeping accurate pitch.
Garner and Howard (1999), investigating the best ways to quantify learner singers’
progress, concluded from a review of earlier studies that measurement of
fundamental frequency (F0) of the vocal folds was one of two preferred methods for
assessing a novice singer’s progress (Welch, Howard et al. 1989; Howard and
Rossiter 1992; Howard and Welch 1993). The other parameter that they selected for
assessing and developing voice production skill was the measurement of vocal fold
closed quotient (CQ); i.e., the ratio between the time the vocal folds are in contact
during each cycle and the period of the cycle. A pilot study undertaken by Garner and
Howard used real-time visual feedback showing both pitch (F0) and closed quotient
(CQ) with a group of adult male singing students, in order to improve their pitch
accuracy and phonation efficiency. Their study was undertaken to investigate
parameters to be used in the design of a real-time visual feedback system for training
professional voice users. Their results showed that real-time visual feedback of F0 and
CQ could benefit students both during lessons and in private practice.
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1.7.2 Feedback and self-directed learning
Woody (2001) suggested that self-monitoring is necessary for the development of
expert performance in a musician. Self-monitoring is the ability to hear one’s own
performance in as accurate and objective a manner as possible. He noted that selfmonitoring is difficult for learner musicians because their attention is focussed on
their motor production skills rather than aurally monitoring the sound produced.
Music educators can take only cold comfort from this finding because of the lack of
objectivity with which many student musicians listen to their own performances.
Another investigation undertaken by Repp (1999) with novice singers offered
participants a range of technologies to assist their learning processes. For a semester,
students were able to access web-based interactive internet teaching sessions either
during their university lessons or in their own time outside the lesson situation. The
technology, used as a supplement to hands-on teaching, was an integral part of the
lesson format, but was not the primary method of instruction. This was traditional,
direct instruction by a singing teacher. Repp’s findings demonstrated that students
showed a marked preference for using the provided technology outside class time and
location. The students also reported that they found the technology to be of greater use
to them when using it in their own time.
1.7.2.1 Feedback on demand

Instead of presuming that feedback will always be both welcome to the learner and
useful to their learning process, Chiviacowsky and Wulf (2002) investigated whether
enabling learners to request feedback when they wanted it enhanced the learning of a
motor task. They concluded that to provide learners with the opportunity to decide
when to receive feedback is of more benefit than to run an externally controlled
(yoked) feedback schedule. This supports earlier suggestions in the literature (Janelle,
Kim et al. 1995; Janelle, Barba et al. 1997; Wulf and Toole 1999; Wulf, Clauss et al.
2001) regarding the learner’s perception of self-control within the process leading to a
stronger and more active involvement in their own learning. In practical terms, the
singing teacher who is ready to offer their student a flood of helpful advice
immediately after a performance may not be working within the most effective
learning schema for that student.
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Continuing research surrounding feedback (Adams 1987) brought recognition of a
number of types of feedback learners employ as part of the process of acquiring
neuromuscular skills. In general, feedback can be said to be information provided to
the learner from an external source during or after the completion of a task. Schmidt
and Wrisberg (2000) divide feedback into two major types, extrinsic and intrinsic.
They group sensorimotor responses such as vision, audition, touch and proprioception
under the heading of ‘intrinsic feedback’. They define knowledge of results as
extrinsic (often verbal) feedback which tells learners something about the success of
their actions with respect to an intended goal.

1.8

Knowledge of results

When learners are in the process of acquiring a new neuromuscular skill, much of
their concern focusses on the question of whether they are ‘getting it right’ or not.
They will often enquire, ‘How am I going?’, in order to hone their learning and
reassure themselves. Schmidt (1975) reviewed a range of ‘closed-loop’ ways in which
motor skills training had been viewed by psychologists, then offered a new viewpoint
(schema theory), which suggested that we use a recall memory to produce movement
and a recognition memory to evaluate our response correctness. Schmidt argued that
knowledge of results (KR) strengthens the representational memory of the skill being
learned, and increases the learner’s capability of being able to detect and correct
errors.
How the KR is offered to learners can be a vital determinant of their success. In a
series of four experiments involving the learning of a coincidence-anticipation timing
skill, Magill, Chamberlin and Hall (1991) demonstrated that, in learning motor
skills, the provision of verbal knowledge of results does not enhance the acquisition
of a neuromuscular capability when visual feedback is readily available. The authors
were careful to add that their findings cannot be said to argue that verbal KR is
therefore redundant in all motor skill learning situations in which vision is available
and critical for performing the skill. In their study, however, they found that the
visual input far outweighed verbal KR in both immediate and delayed motor skill
learning tasks using equipment which offered both constant and variable speed
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targets. The researchers concluded that ‘…verbal KR during practice served a
temporary motivational role …that influenced performance when KR was available
but did not influence learning’ (Magill, Chamberlin et al. 1991, p. 505).
Once the usefulness of the provision of KR had been established, researchers then
undertook experiments to establish the optimal time/s at which KR should be offered
to the learner. Experiments conducted by Swinnen, Schmidt, Nicholson and Shapiro
(1990) showed that frequent or instantaneous provision of KR was likely to hamper
effective motor skills learning. The authors recommended that significantly delayed
KR enables the learner to extract best results from their practice period, without the
attention-deflecting effect of KR. ‘Instead of informing subjects instantaneously
about their degree of success in achieving a goal, it may be advantageous to allow
time for processing the features of performance that led to overall outcome, perhaps
even encouraging subjects to estimate their own errors before feedback is given’
(Swinnen, Schmidt et al. 1990, p. 715).
It is worth taking into account the guidance hypothesis when investigating the impact
of KR on learning, The guidance hypothesis considers the extent to which a
participant may form an unfruitful reliance upon KR. It proposes that the positive
effect of frequent KR to guide the performer to the correct response may reduce the
likelihood that the performer is processing other important intrinsic or extrinsic
information, which may then lead to impoverished error-detection capabilities and a
dependence on KR (Salmoni, Schmidt et al. 1984; Schmidt, Young et al. 1989;
Schmidt, Lange et al. 1990). Lai and Shea (1999) studied the frequency at which
knowledge of results is most effective. The used two tasks – a waveform-reproduction
task (using a static force measurement system) and a movement timing task (requiring
sequential depression of computer keys. The results of the two experiments in this
study show that reducing the frequency of knowledge of results (KR) does not
improve motor skill learning during constant practice. They surmised, ‘The
increasing number of experiments that fail to find a benefit of reduced KR frequency
not only suggest some boundary conditions that impact the emergence or magnitude
of the reduced KR frequency effect but also point to the need for refinement of the
guidance hypothesis’ (Lai and Shea 1999, p. 39). It could be that offering frequent
KR to motor-skill learners might be counter-productive, by encouraging them to
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correct performance during practice even when their response was quite close to the
desired goal, thereby exhibiting an apparently unstable result.
But what if some of the KR is not accurate? Can learners discern this, and how does
this need for evaluation processing affect their skill acquisition? Buekers and Magill
(1995) investigated the way in which subjects who are performing learned motor
skills deal with erroneous knowledge of results (KR) presented to them during the
performance of the motor task. The results of their experiments show that KR,
although often providing information of a similar kind and quality to the subject’s
own sensory feedback, can play a vital role in ‘…strengthening the capability for
performing according to one’s own sensory feedback rather than being distracted by
invalid feedback’ (Buekers and Magill 1995, p. 92). They further found that if any
sense of doubt was conveyed regarding the validity of the KR given during the initial
session, then the retention tests, given a week later, showed no influence from the
erroneous feedback.

1.8.1 Knowledge of results and the singer
A recent paper by Welch et al. (2005) includes two diagrams of the traditional model
of feedback offered by teachers to their students during the course of a singing lesson,
and the way in which real-time feedback information may be incorporated into a
singing lesson.

Figure 1-1: A traditional model of teacher feedback (knowledge of results [KR])
during the course of a singing lesson
[‘CP’ indicates possible critical periods in the processing of information prior to and after the
provision of feedback and any subsequent action (Welch 1985b)]
(From Welch et al. (2005) – Figure reproduced by permission of Prof. Graham F. Welch)
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Figure 1-2: A real-time model of feedback (knowledge of results [KR]) during
the course of a singing lesson
(From Welch et al. (2005) – Figure reproduced by permission of Prof. Graham F. Welch)

Figure 1-1 shows the traditional model of feedback from the teacher. The feedback
occurs after the student’s Vocal Response 1, and is designed to have some influence
on the subsequent response (Vocal Response 2).
In Figure 1-2, feedback is provided in real-time during the student’s Vocal Response
1, and is designed to be immediately accessible in order to be able to influence Vocal
Response 2. Possible critical periods in the processing of information prior to the
provision of feedback and any subsequent action are eradicated in this model (Welch
1985b; Welch, Howard et al. 1989).
While adding to the learner singer’s sensory load, the provision of KR to learner
singers has been proven to enhance both the speed with which they learn and their
retention of learned skills over a greater period of time.
After reviewing the literature on children’s singing, Welch (1985a) concluded that
the way in which children with poor pitch-matching skills were educated could be
improved by taking into account the range of neuromuscular capabilities needed to
perform this singing task. Schmidt (1975) had already formulated a theory which
took into account the ways in which people learned novel neuromuscular skills; his
schema theory of discrete motor skill learning proposed a sequence of prepared
commands designed to aid the learner to deal with sequences of the task, and
explained how memory aided repeated movement. In addition, Schmidt proposed the
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existence of error labelling schema which helped learners improve their performances.
Using the theoretical work of Schmidt (1975) as a basis, Welch (1985a) proposed a
schema theory of how children learn to sing in tune. He gave particular attention to
the way in which children with poor pitch could learn to formulate and use error
labelling schema, suggesting that, if insufficient KR is being offered by classroom
teachers, children will not be well-placed to manage this skill. Welch concluded,
One can hypothesise that successful remedial training of poor pitch singers
should incorporates two elements, (i) Knowledge of Results which, if
possible, allows the subject to utilise the relative strength of an immediate
‘raw’ error signal, and (ii) variability of practice which allows the schemata to
be broadly based and of use in novel vocal tasks. (Welch 1985a, p. 16)

Basing the work on this schema theory relating to the way in which children learn to
sing in tune, Welch (1985b) then went on to conduct a series of experiments with
young children already tested as poor pitch singers by offering two different levels of
pitch accuracy skill testing to participants divided into three groups. The first group
of participants was given neither feedback nor knowledge of results during the
experiment. The second group received visual feedback by watching their voice trace
on an oscilloscope screen while they sang single notes or a pitch pattern. The degree
of error between the target and their vocalisation was not indicated to them. The third
group received both visual feedback (watching their voice trace on oscilloscope) and
knowledge or results. Coloured lines were fixed to the screen of the oscilloscope to
indicate the target pitch; by this means, participants were able to assess the margin of
error between the stimulus tone they had heard and the note that they sang in response
to it. Welch (1985b) found that the groups given extrinsic feedback in the form of KR
were the most accurate in pitch matching. The provision of visual feedback without
KR was inadequate for these singers. It is possible that the pitch representation did not
provide sufficient information to facilitate both the error labelling and recognition
schemata.
In a later paper, Welch, Howard and Rush (1989) investigated the ways in which
children used visual feedback in learning to sing. Children were allocated to one of
three groups. One group had regular access to visual feedback showing pitch accuracy
during singing training while working in association with an adult facilitator; another
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group used the same visual feedback, but without an adult facilitator; the third group
followed a more traditional singing training programme, which included singing
songs in a group with guitar accompaniment, with songs taught by a didactic,
modelling method. The study compared the vocal pitch accuracy of each of the three
groups, and found that participants in the two groups offered real-time visual feedback
were able to extract meaning from the visual display and combine this with their
proprioceptive feedback in order to modify and develop vocal pitch capabilities.
Those subjects in the third (control) group who had no access to visual feedback
technology during the training period showed a small (non-significant) improvement
in vocal pitch accuracy, but generally not as much as that displayed by participants in
the two experimental groups. The researchers expressed caution in weighing the
significance of these results because of the small sample size of this pilot study.
Welch et al. (1989) concluded that knowledge of results in the form of meaningful
real-time visual feedback promoted efficient error-labelling, allowing participants to
improve pitch accuracy.
Steinhauer and Grayhack (2000) used a novel voice motor task, with KR offered to
subjects at frequencies varying from 100% to 0%. The task assigned was the
transformation of an oral vowel /i/ to a nasal one /i~/ in trials lasting six seconds.
Nasalance was measured using a non-invasive input device, the Kay Elemetrics
Nasometer. Percentage targets for nasalance of the oral vowel and nasalised vowel
were given prior to the experiment, and, for some of the subjects, real-time KR was
provided via a computer monitor, showing how closely they were conforming to the
targeted percentages. Skill acquisition results showed that the more KR was offered,
the less effective was the learning of the motor skill. An oddity was the lack of
difference in outcome between subjects receiving 50% KR and 0% KR. The authors
surmised that, rather than KR, practice is the best indicator for building consistency in
the learned performance of motor skills.
There is already a broad field of literature dealing with the provision or withholding
of KR during the learning of assorted neuromuscular tasks. It is in the light of this
research that the experiments and displays of the current investigation have been
constructed.
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Drawing the attention of learners of neuromuscular tasks to their own movements
(internal focus of attention) can inhibit learning, whilst directing learners’ attention to
the effects of their movements (external focus of attention) facilitates the acquisition
of neuromuscular skills (Wulf and Prinz 2001) (q.v. 1.5.2). Their results suggest that
asking singers to concentrate on a display which focusses their attention on the
desired goal of their vocal pitch is a good way of continuously externalising the focus
of attention.
In the field of learning singing there is, of course, a time and place for acquiring
mastery over the functional/structural manipulative skills which underlie the task of
singing. Self-consciously experiencing and adjusting these elements is foundational to
the technical growth of a singer; examining them half-way through an aria is unlikely
to add to the quality of the performance.

1.9

Feedback technologies

Singing teaching has employed technologies of varying kinds for many years.
Hardware employed to assist better speaking and singing can be traced back to the
smooth pebbles famously used by the Greek orator Demosthenes; tradition has it that
he put small stones in his mouth when he practised speaking in order to build a clearer
and stronger articulatory process (Plutarch 2001). A simple feedback tool which has
been used for years by singing teachers is the full-length mirror. This gives instant
information to students about their facial and body-postural activities. A groundbreaking invention using a smaller mirror was the laryngoscope, invented by Spanish
singing teacher Manuel Garcia the Younger in 1854. Consisting of a tiny mirror
attached at an angle to the end of a long metal rod, the laryngoscope enabled the work
of the vocal folds to be observed. To use the device properly, sunlight first had to be
directed to a second mirror then reflected onto the vocal folds. Being able to observe
the glottis and view the vocal folds in situ revolutionised the attitudes of singing
teachers to the structure/function aspects of their craft. Garcia’s mirror is seen as the
substantive starting-point from which today’s science of voice production has sprung.
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1.9.1 Sound recording
Next in the continuum of feedback technologies came sound recording – it has moved
from being a costly rarity in the late 19th century to a cheap and ubiquitous
technology for today. While cautioning students that a recording can merely show
how a machine ‘heard’ their performance, a recording is nevertheless both a useful
aide memoire of the evanescent moment of performance, as well as a rough indicator
of vocal capability.
Being able to monitor the quality and volume of singing during performance has
become a necessity since around 1915 when microphones were first connected to an
amplifier and speaker/s to form what we now know as a public-address (PA) system.
Since then, PA systems have sought to incorporate the most effective forms of instant
feedback so that singers, knowing the relationship between the sounds they are
making into a microphone and the sounds delivered through the speaker system by the
PA, can make intelligent in-course corrections to their vocal sound. From fold-back
speakers (also known as ‘wedges’ or ‘monitors’), to the current in-ear fold-back
earpieces, a sound engineer’s concern has always been to give the performer
sufficient feedback of their own performance to enable them to shape their voice to its
best advantage mid-performance, without overwhelming them with their own sound
and hampering their performance (Bartlett 1999, p. 48). This has always been a
delicate balance.

1.9.2 Visual records of performance
Still photography, from its daguerrotype/calotype beginnings in 1839 onwards, has
been a treasury of information about the way in which great singers of bygone times
went about their craft. Photographs can show the relationship between jaw aperture
and facial musculature in a singer, as well as convey something of the flavour of the
performance photographed. The recent advent of cheaper and more readily-available
video-cameras placed the advantage of simultaneous visual and aural recording of a
performance within the reach of almost all teachers and their students. The ability to
look at past work analytically, assessing its achievements and problems in company
with the teacher, makes the video-camera a powerful teaching tool.
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1.9.3 Medical technologies
With the rise of understanding of the anatomy and physiology of singing has come a
range of scientific instrumentation capable of assessing the functional efficiency of
many of the elements of singing. Chief among these are the flexible
videolaryngoscope, developed from the use of a miniaturised video camera passed
through the nostril and velar port and positioned so that the camera is just above the
glottis, or the rigid endoscope, positioned in the mouth. A major improvement in this
technology came about with the application of stroboscopy to this tool, making a
videostrobolaryngoscope (VSL). This enabled the swift abduction/adduction phases
of the vocal folds to be viewed and analysed for abnormalities (Hirano 1974; Hirano
and Bless 1993). Information provided by this technology includes fundamental
frequency, the periodicity of vibratory activity, the amplitude and symmetry of vocal
fold movement, glottic closure, and the nature of the mucosal wave. Since the patient
is awake and usually only a little inconvenienced by the requirements of the
technology, the VSL has become an upper-end real-time feedback tool, especially for
concerned professional voice users and their medical care team.
The electroglottograph (EGG) is a non-invasive device which enables the
measurement of the time variation of the degree of contact between the vibrating
vocal folds during phonation. Electrodes are positioned, one on each side of the neck
at larynx level, and changes in the electrical resistance between the electrodes permit
the measurement of the vocal fold activity (Boves and Cranen 1982; Baken 1992).
The Computerised Speech Laboratory (CSL), developed by instrumentation company
KayPENTAX <http://www.kayelemetrics.com>, is an input/output recording device
for a PC which enables acoustic measurement of spoken voice for speech analysis and
is in common use by speech pathologists and health science professionals with similar
needs. While this CSL system requires a considerable amount of expensive hardware,
it offers a number of analysis tools including a real-time spectrogram, a Sona-Match
display which plots the first and second formant locations of a sustained vowel in real
time, and Visi-Pitch, a real-time pitch display which provides both pitch and energy
outputs, as well as offering numerical analysis of speech. The CSL system allows for
split-screen displays where a therapist can model a preferred speech mode on the
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upper half of the screen, then invite a patient to emulate it in the other half of the
screen. This form of immediate and comparative visual feedback of phonation is a
practical and useful model for training, and comes close to the needs of student
singers. However, the ability of the CSL equipment to give adequate feedback for
singing training is limited; it is not designed to handle the higher frequency ranges of
children’s and adult females’ singing voices, and its pitch feedback is not provided in
any musical scale (Callaghan, Thorpe et al. 2004).
Spectrograms have been providing near real-time analysis of voice for some time
now. Fast Fourier Transform (FFT) -based spectrum analysers work by digitising a
signal using an analog-to-digital convertor (ADC). The stored values are then
processed using the FFT algorithm. Voice researchers use the spectrogram as a tool
for analysing vocal output. In current research, it is used for identifying the strength
and frequencies of formants, and for real-time biofeedback in voice training and
therapy; it can also serve as a helpful tool in the voice clinic to provide feedback as
part of a voice therapy or training program (Miller and Schutte 1990).

1.10

Technology and learning

1.10.1 Introduction
Healy (1998) defines technology as ‘any tool or medium that helps people accomplish
tasks or produce products more efficiently’ (p.30). Although it has become customary
for authors in the area of education to use the terms ‘technology’ and ‘computer’
interchangeably, computers are simply a more recent class of educational device
designed to aid learning. With the growing use of computers as adjuncts to learning
at every educational level, employing a computer to give singing teachers and their
students visual and aural feedback on selected characteristics of the singing students’
voices is simply good sense. Familiarity with computer operation and computer-based
information is a prerequisite skill for any serious student today, whatever their area of
interest. A recent investigation of success rates amongst tertiary students by Kuh and
Vesper (2001) found consistent positive correlations between functional familiarity
with computers and success in tertiary study across all disciplines. Over twenty years
ago, Malone (1980), a designer of computer games, summarised ways in which
computer games could both educate and entertain, by presenting a set of heuristics for
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graphic user interfaces (GUIs) and software environments. He identified three areas –
challenge, fantasy, and curiosity – which characterise good computer games. With
regard to the element of curiosity, he found that
The environments should be neither too complicated nor too simple with
respect to the learner’s existing knowledge. They should be novel and
surprising, but not completely incomprehensible. (Malone 1980, p. 162)
In order to make best use of computer technologies in the learning environment, much
investigation has been undertaken into the manner in which information is displayed
on-screen.

1.10.2 Human-computer interaction
Human-computer interaction is a field of investigation that has expanded since the
1980’s, coinciding with the wider availability of personal computers within science
and industry. Informed by cognitive, design and vision theories, human-computer
interaction endeavours to design and display feedback information in ways which will
effect the greatest ease of information assimilation, by using novel and surprising
environments which are still comprehensible (q.v. 1.10.1). As more sophisticated
systems have evolved, graphic user interfaces (GUIs) have been developed which
make screen-based information more readily assimilable. Much of the technology has
been led by gaming designers.
Shneiderman (1998) proposed design principles for computer-based systems which
take into account the dynamics of human-computer interaction. He emphasises
usability parameters such as consistency, encourages feedback, clarifies focus,
promotes limitations on cognitive load, and empowers users to follow their preferred
way of working with a program rather than offering proscriptive procedures. The
following sections examine user interface issues.

1.10.3 Design factors in a visual display
The spatial configuration of any given visual display will influence the degree of its
usability; in effect, the ease with which its users may extract information from it.
Snodgrass and Vanderwart (1980) (q.v. 1.7) reported several studies designed to
- 37 -

investigate the process of learning from pictures. They found that pictorial material is
remembered and recalled better than verbal material. They suggested three likely
reasons: dual coding of pictures, that is, pictures are registered in both the image and
verbal stores of memory; superior sensory codes, that is, pictures have more elaborate
sensory codes than words do; and uniqueness of entry in semantic memory, that is,
words are more polysemous – likely to carry multiple meanings – than pictures. Their
results indicate that pictures can be an important aid to learning.
Eriksen and Yeh (1985) tested the ability of their participants to allocate their
attentional resources simultaneously to several locations in a visual display. They
measured the effect of this multitasking in terms of changes in reaction time when
switching from one location to another. They concluded that participants were
capable of distributing their attentional resources over the visual field, but with low
resolving power, or could limit their visual focus to a small section of the visual field
with an associated increase in processing power. The latter is likened in effect to a
‘zoom lens’ model of attentional resources.
From undertaking an experiment requiring swift visual identification, then resultant
hand-eye coordination (either pointing or grasping), Bekkering and Neggers (2002)
concluded that it is the intention of an action that modulates the visual processing of
object features. Their findings (more fully described in 1.5.2) show that understanding
a user’s likely performance goal/s affects the choice of attentional focus in a visually
cued performance, and, therefore, the design of visual display.
Tinker (1955) used a prolonged reading task to assess the readability of different type
faces and styles. His findings show that italic print and all-upper-case text are
significantly slower to read than roman print. In readability and comprehension tests
conducted by Poulton and Brown (1968) with a large group of subjects, serifed text in
a combined upper-and-lower-case typeface proved to be more readable and
memorable than all-upper-case or all-lower-case text. These conclusions indicate that
human visual perception is sensitive to small differences in style, and that the
efficiency with which written information is visually decoded is, in part, affected by
such matters as size, face, style and weight of type.
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1.10.3.1 Optimisation of graphics

In considering the factors that impact upon the design of visual feedback, the use of
graphics needs to be considered. The ability to convey information quickly and
unambiguously by using graphic elements is at the heart of display design and graphic
user interface (GUI) research. Investigations in this field provide answers relative to
the effectiveness with which information can be visually conveyed through the use of
graphic (as opposed to word-based) material.
Early experiments by Max Wertheimer (1923) addressed questions which gave rise to
the Gestalt movement within psychology. Wertheimer’s research investigated the
ways in which people organise what they perceive visually into spontaneous
groupings. He discussed perceptual grouping of elements according to a number of
principles, including The Factor of Proximity, where the relative closeness of objects
leads to their being grouped together; The Factor of Similarity, where, all else being
equal, the most similar elements tend to be grouped together; and The Factor of
Common Fate, a special case of similarity grouping where elements that are seen to
move in the same way will be grouped together. Wertheimer’s work has formed the
theoretical basis for much perceptual theory and design theory, and his findings still
inform the design principles behind computer screen-based information to the present
day (Palmer 1992; Agostini and Galmonte 2002; Schulz and Sanocki 2003).
Palmer (1992), while referring back to Wertheimer’s research, also built upon it by
proposing a new principle of grouping, based on elements located within a common
region or space. Palmer’s paper examined Common Region – a method of grouping
visual elements in an extrinsic way. The elements were grouped together by reference
to something other than the elements themselves – viz., their ‘belonging’ to a region.
He argued, using demonstrations analogous to those of Wertheimer’s original
displays, that, while classic Gestalt grouping factors tend to merely work on the
intrinsic relations among the elements themselves (items that are geographically
nearby are thereby related because of their contiguity), Common Region is an
extrinsic grouping effect (items that have something in common with a region can
thereby be seen to be grouped). Palmer’s (1992) studies of grouping by common
region showed that elements which appear within a contour or on a region tend to be
perceived as integral to that region rather than merely ‘in the vicinity’. This area of
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research is pertinent to considerations of the means by which information may be
graphically represented with the greatest comprehensibility and the least ambiguity.
Brand and Orenstein (1998) studied the perception and retention of displayed
information, basing the structure of their research on a number of prior investigations,
including that of Palmer (1992). Brand and Orenstein hypothesised that, if similar
information processing is required for distinct display elements, then increasing their
spatial proximity or surrounding them with line-segment boundaries should improve
performance. Their results showed that a single, spatially contiguous display area was
accessed better than separate areas, that users could recall simple configurations better
than more complex ones, and that users tended to concentrate on the centre of the
screen and ignored outlying positions (Brand and Orenstein 1998).
Another concern for designers working towards swift and accurate visual recognition
of pictorial representations is the readiness with which a viewer is able to decode a
graphic (picture, symbol or design element). Experiments by Snodgrass and
Vanderwart (1980) (q.v. 1.7) studied how people learn from pictures by giving
participants memory tasks associated with a series of 260 black-and-white line
drawings. In reviewing results of recognition and naming, the researchers observed
that when participants found a picture complex, it was not only because of its picture
(grammar of representation) but also because of properties perceived to be inherent
within the object itself. In considering the way in which a viewer may expect an
object to be drawn, the culturally-based expectation of its grammar of representation
is an important consideration, and affects the degree of abstraction.
1.10.3.2 Design of interactive visual displays for computers

Theoretical considerations regarding perception and comprehension of graphicallycoded data have become the foundation-stones of computer display design. Much
emphasis has been placed on the need to orient machine-derived information to the
physical, intellectual and social biases of its human end-users. Hartson and Hix (1989)
reviewed the range of conventions and standards then current for designers and
managers of quality human-computer interfaces. They asserted that, relative to
computers, ‘…the possibilities of this amazing machine (i.e., the computer) are
limited, not by its power to compute, but rather by its power to communicate with its
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human users’ (p. 6). Research provides a broad knowledge base about practical
parameters guiding the design of screen-based visual information that is both readily
readable and unambiguous; these principles have been used as a foundation for
planning the design of computer screen feedback displays in the current investigation.
Tullis (1981) evaluated four different ways in which information could be displayed
on a computer screen to determine characteristics of optimal displays. The research
assessed which style is most readily usable by the technicians needing to interact with
the system. Tullis concluded that location of information, the chunking of information
that is related, the use of a consistent format of presenting information, and presenting
concise information are all important attributes for optimal visual displays. Tullis also
demonstrated in this, and a later paper, (Tullis 1983), that when screen formats are
changed to conform to these principles, there was a 40% reduction in the mean time
required by the human operator for data interpretation.
Reber, Winkielman and Schwarz (1998) reported the results of three experiments they
ran to investigate the mechanics of visual preference – what makes viewers prefer one
object over another in a visual display. Participants were asked to identify and/or
evaluate standardised pictures (Snodgrass and Vanderwart 1980) and geometric
shapes, whilst various visual criteria were manipulated. In some cases, there was a
percentage degradation of the foreground or background of the picture, some images
were preceded by a very short (25 ms.) display of an image either the same or
different from it, and presentation times were varied for the display of the graphic
stimuli. Participant judgements included recognition, rating for prettiness versus
ugliness, and liking versus disliking. Among their findings, Reber et al. (1998)
concluded that, when faced with visual displays on a screen, viewers preferred
(perceived) familiarity, high contrast, sufficient time allowed for familiarisation with
new visual stimuli, and target visuals which have been preceded by a visual prime – a
template which ‘cues’ the image before it appears, thus guiding the eyes.
Investigating the phenomenon of simultaneous ‘lightness contrast’ (the way in which
a surface can be made to look darker when immediately surrounded by a lighter
background), Agostini and Galmonte (2002) looked at the optimal degree of contrast
in the design of screen displays. In two experiments using simultaneous and
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sequential comparisons, they examined whether global or regional factors dominate
in perceptions of lightness contrast. Findings indicated that, although local contrast
does affect the perceived lightness of an object, it is the object’s relative brightness
within a global (overall) display which will determine its perceived contrast to its
surroundings. The researchers concluded that global factors prevail over local ones in
determining lightness contrast.
Graham, Kennedy and Benyon (2000) presented a case study based on botanical
taxonomies to demonstrate the characteristics of an effective computer-based
visualisation to represent complex relationships between many hierarchical structures.
They found that visualisation design for their specific application was better served by
an information visualisation approach, rather than the more usual graphic user
interface (GUI). They proposed three separate sections for consideration of
information visualisation techniques – display techniques (increasing the number of
relevant nodes on screen and improving the perceptive qualities of visualised
hierarchies through new layout schemes), interaction techniques (which can only be
usefully contemplated after some prototype testing has been undertaken), and human
visual perception (visual cues that could be used to differentiate certain information,
either to avoid clutter or as a form of non-spatial focussing).
Research undertaken by Grobelny, Karwowski and Zurada (1995) into ways of
assessing the effectiveness with which information may be formatted on computer
screens proceeded from the work by Tullis (1981; 1983). Using linguistic patterns and
relationships, Grobelny et al. (1995) developed a model which unified different
aspects of computer screen design, resulting in recommendations for an optimised
screen format. They observed that, following studies of natural human scanning paths
(left-right, up-down), the upper left part of the screen should be treated as a
prominent location, and the lower right as the least desirable. Their research used
English-speaking participants, and it is likely that scanning paths for people whose
first language reads in ways which differ from English [e.g. Arabic, Hebrew – rightto-left; Japanese, Chinese – top-to-bottom] would diverge from these findings. In
recognition of the natural scanning paths outlined in Grobelny et al. (1995), one of the
screen displays used in the current investigation employs a pitch trace line which
moves from left to right (q.v. 2.4.1).
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1.10.3.3 Speed of access of visual elements

Questions relating to the sequence in which feedback information is offered have
received much consideration. Some researchers believe that feedback is best offered
simultaneously (during the performance of the task to which it relates), while others
hold that feedback is most beneficial when given sequentially (after the completion of
the task – either as soon as the task has been completed, or somewhat later). Research
into the stability of F0 of singers by Ternström, Sundberg and Colldén (1988) showed
a preference for simultaneous feedback (q.v. 1.7.1); Swinnen et. al. (1990) favoured
sequential feedback provision, observing that instantaneous KR was likely to hamper
effective motor skills learning (q.v. 1.8; 4.7.2).
Schulz and Sanocki (2003) examined ways in which viewers perceive objects to be
in groups, specifically by chromatic colour similarity. The found that observers may
group objects either early (the preconstancy position, retinal-based, where Gestalt
grouping processes operate on early representations, producing figural regions for
analysis by subsequent processes), or later (the postconstancy position, grouping by
reflectance spectra, after constancy operations). It seems that the grouping of
perceptions occurs along a continuum of visual processing, with preconstancy being
the more commonly-held perception. These findings affect the way in which visual
feedback displays are designed; it should be expected that some participants may take
longer than others to spatially decode visual feedback cues.
Feintuch and Cohen (2002) investigated the role of (visual) attention in the
performance of visual tasks, and, more particularly, the point at which attention
affects performance of those tasks. Three experiments investigated the ability of
participants to perceive, select a response and execute that response in reacting to
visual stimuli. Targets varied in colour and shape, and the set tasks tested the
capability of participants to broaden attentional focus whilst responding to stimuli in
different areas. The researchers hypothesised ‘…that a major role of attention is to
transfer a subset of multiple response decisions (one or more) to centres responsible
for response execution’ (p. 368). Findings indicated that one of the major functions of
attention happens after perception, and involves the sorting of the information gained
into appropriately high-level neuronal processing areas which will then execute
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responses (Feintuch and Cohen 2002). This research, together with that of Schulz and
Sanocki (2003), may go some way towards explaining the reason behind delays in
responses to visual feedback in experiments.

1.10.4 Technology and music training
The last thirty years have seen major attitudinal changes within the field of music
training, and few so drastic as those relating to the use of computer-based
technologies for teaching music skills. When music pedagogy applications were first
proposed for computer-based instructional software, music educators polarised into
two camps; technologically-adept enthusiasts and troglodyte traditionalists (Webster
2002). Those who felt at ease with the new technology proceeded along an empirical
pathway, fitting computerised instructions to traditional methodologies until the forms
of the technology suggested newer ways to interact with learners. Music educators
who had no grasp of computers and related technologies prophesied doom, arguing
that the intimate, atelier-style of traditional music instruction could never be replaced
by a machine. As with any new technological development, its acceptance as a
practical pedagogic tool is the direct result of evidence-based educational outcomes.
In a broad-ranging article reviewing the choice of multimedia software designed for
music study, Headlam (1997) drew a parallel between the evolution of computerbased instructional media and the development of the printing press in the 1500’s.
‘While books were illustrated, combining the visual with the printed word, for
musicians, books and scores separated the visual from the aural. An educational
industry has grown up around attempts to recombine these two aspects… The
computer, however, allows authors to combine sound, text and images, thus
creating a true “musical book” ’ (Headlam 1997, p. 2). He observed that those
teachers who welcomed the simultaneous provision of both aural and visual
information within a musical environment would continue to devise innovative
computer uses in musical production, education and research, while cautioning that
teachers should avoid becoming absorbed in the ‘how’ of computers, rather than the
more pedagogically-rewarding aspects of ‘why’ and ‘what’.
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Karpinski’s (2000) paper, reviewing the past, present and future of music theory
pedagogy, was highly critical of the paucity of well-designed, pedagogically sound
music theory educational software. His concern lay with the need for music theory
teachers to assess the individual skill level of each student and assign them to
computer-assisted instruction which would address their specific needs, rather than
making indiscriminate use of the available software as a universal educational
panacea. He also attacked the quality of some of the available computer-based
educational programs, finding them based on poor concepts and containing faulty
learning strategies. He observed that very little of the music-teaching software he had
reviewed over the years made use of the pedagogic powers of computing technology.
An example of recent research into the pedagogic effectiveness of computer-based
music education is discussed in a paper by Hopkins (2002). The investigation, using
computer-based instructional software, compared two different music instruction
methods – the traditional (Expository Method) approach which gives instructions,
defines concepts, offers examples and practice exercises, and the Discovery Method,
which, in addition to the elements of the Expository Method, also offers an
opportunity for learners to verbalise their discoveries. In this study, computer-based
instruction is seen as a norm for this educational area, as long as an opportunity is
offered to the student to reflect verbally on what they have discovered in the course of
their learning. Conclusions to be drawn from this investigation include: that the
structure of an instruction can affect an educational outcome; that the way in which
feedback and knowledge of results are incorporated into a learning process can be
critical; and that people may learn better by finding things out for themselves.
The difficulties faced by music educators attempting to integrate multimedia
instructional elements into their courses were discussed by Walls (2000);
Unfortunately, there are still implementation complications. File format
incompatibility and undependable networking are two examples of technical
problems that can greatly reduce the efficiency and effectiveness of computer
projects. Methods instructors should feel encouraged, nonetheless, about
integrating technology, because music education majors are entering college
with increasing levels of computer skills, and many have computers at home.
(Walls 2000, p. 20)
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A widely-published music educator, Feldstein (2001), not only supported the use of
computer-based music education software: ‘Today’s newer educators … realize that
the use of computers and other technologies will enhance their ability to teach more
effectively’, but also saw it as integral to the future of music training: ‘When it
comes to technology, our students have always been ahead of us’ (Feldstein 2001, p.
28).

1.10.5 Technology and singing training
Comments relating to the uptake of available computer-based technologies in the area
of music pedagogy (q.v. 1.10.4) are even more appropriate in the area of singing
pedagogy. Since the practice of singing training has been going on for a much longer
time than the teaching of most modern musical instruments, the entrenched traditional
practices of singing pedagogy have often stood in the way of ready acceptance of
computer-based instruction as a useful adjunct to singing teachers.
There is now a wealth of ingenious programs, both commercial and freeware,
designed to assist singers with a number of aspects of their craft – improving pitch
accuracy (Welch, Howard et al. 1989), building ‘perfect pitch’, singing in harmony,
increasing resonance (Nair 1999), developing sight-singing skills (Smith and
McNab 1996), practising songs (Davis 1999), improving timbre and breath support,
and increasing aural acuity and music theory knowledge (q.v. Appendix A). The
technological basis for most of these programs is the recoding of acoustic information
into a digital form which is then readable as visual feedback.
Software designed to assist the learner singer has thus far made only limited inroads
into the way singing is taught world-wide. The readiness with which new
technological advances are accepted by the community of singing teachers appears to
relate less to the amount of stringent scientific evaluation of the software than to
reports from other singing teachers who have integrated the computer-based
instruction into their own pedagogical practice (Nair 1999).
As early as 1972, Frank Pierce Jones made exceptional use of spectrograms in his
investigation into the value of Alexander technique for singers. After employing the
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technique to readjust the alignment and balance of a singer’s head, he then assessed
the value of the resultant change in vocal tone by obtaining spectrograms of the
student’s singing both before and after the postural adjustment (Jones 1972). In this
instance, visual information about a voice was used as a diagnostic check on the
enhancement of vocal quality through facilitating a postural reflex.
In another study, Watson and Hixon (1985) focussed on the breathing functions of
opera singers and the readiness with which their breathing techniques can be reeducated through visual feedback. In their study, one of the participants is reported to
have used the visual output of an oscilloscope to teach himself a different breath
regime. This led the investigators to hypothesise about the effectiveness of traditional
singing techniques:
Perhaps the use of only verbal instruction, visual example, and imagery in
training singers should be discontinued. That is, it may be that in the case of
respiratory function, at least, there is a useful role to be played by
instrumentation of the type used in this investigation. (Watson and Hixon
1985, p. 120)
Miller and Schutte (1990) also used a spectrum analyser to track formant frequencies
in the singing voice, and, while reporting success, observed that its utility is limited
by its cost and the training required to use this specialist equipment.
Ingo Titze (1986) foresaw the use of electronic technologies in singing. In drawing a
parallel between the training of athletes and singers, he pointed out that much of the
enhancement of elite athlete training had come about because of technologies which
enabled accurate monitoring of quantifiable states in the athlete’s body before, during
and after their neuromuscular tasks. He argued that the day-to-day progress in highly
skilled performance tasks can be minute, and meticulous recording of the progress
enables both student and teacher to hone the training programme to the student’s best
advantage. This is, in fact, what has already begun to happen with the integration of
technology within singing pedagogy.
When Welch, Howard and Rush (1989) investigated sung vocal pitch accuracy in
schoolchildren, their findings included the following observation on the ease with
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which the children who participated in the study made use of the computer-based
visual feedback offered to them:
…it would seem that experimental group subjects were able to extract
meaning from the visual display and combine this with proprioceptive
feedback from the voice mechanism to modify and develop their vocal pitch
behaviours. The system provided qualitative feedback; subjects were able to
‘see’ their voices ‘move’ and control this movement to generate specific visual
patterns and ‘hit’ visual targets with the vocal pitch line. (Welch, Howard et
al. 1989, p. 156)
Stolze and Fischer (1998) offered student singers computer-based visual and auditory
feedback information to support training from their singing teachers by reinforcing
their timbral perceptions. This feedback was not given in real-time. It used filtered
and modulated sound signals of the student’s own voice to encourage both volume
and resonance improvements in the singer, and employed a SoundScope machine
readout which utilised F0, spectrum and sound pressure indicators. The investigators
concluded that these technologies helped singers enhance resonance characteristics in
their voices.
Garner and Howard (1999) undertook a pilot study investigating the effectiveness of
using a real-time visual feedback display system (showing F0 and CQ based on the
electrolaryngograph output waveform) to assist singing students and their teachers to
improve the efficiency of singing voice production (q.v. 1.7.1). Although their
experiment was a preliminary one, Garner and Howard observed, ‘Both the pupil and
the instructor found the display useful as an indicator of various voice source features
and also as a way of charting improvement in performance to the instructor’ (Garner
and Howard 1999, p. 22).
Howard, Welch, Brereton, Himonides, DeCosta, Williams and Howard (2004)
described the development of WinSingad, a computer-based software program
offering real-time visual display of the singing voice. The characteristics of the sung
voice about which information is offered include fundamental frequency (F0),
spectrum, spectral ratio, and vocal tract area. Although the researchers reported that
the software had only been in use in a singing studio for an initial period of two
months (with four adult students), and was still undergoing evaluation at the time of
writing, they stated ‘Huge enthusiasm has been shown on the part of the teachers and
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students to use the software on a regular basis’ (Howard, Welch et al. 2004, p. 142).
In explanation about the development of WinSingad, Howard et al. stated: ‘The
displays are designed to provide visual feedback that is simple to interpret whilst
being relevant to the needs of the developing singer and the teacher’ (Howard, Welch
et al. 2004, p. 142).
Howard (2005) reviewed the ways in which computer-based acoustic technologies
had become able to capture quantifiable aspects of the sung voice in order to offer
scientific information to both singer and singing teacher. In reporting the development
of the WinSingad software, Howard stated that
… the choice of acoustic analyses and the design of any software environment
for application in vocal training should be informed by consideration of at
least the following features:
• The algorithms should be reliable and fit-for-purpose.
• The algorithms should need little or no user adjustment of
controls.
• The output(s) should be plotted in real-time. (‘Real-time’
means fast enough so that the user perceives no delay between
the production of a sound and the associated plot appearing on
the display.)
• Displays should be clear and unambiguous.
• Help pages should give clear instructions for operating the
software.
• Help pages should briefly and non-scientifically overview the
display data.
• The overall screen display should be uncluttered.
• Use of the user controls should be intuitive.
• The link between the display and the taught activity should be
clear. (Howard 2005, p. 46)
A recent article by Hoppe, Sadakata and Desain (2006) reviewed four real-time visual
feedback computer tools for singing training (Singad, ALBERT, Sing&See™ and
WinSingad). The authors found that the results of both quantitative and qualitative
studies relating to these four computer-based programs confirmed the efficiency of
real-time visual feedback in improving singing abilities. They suggested that further
investigations should be undertaken into
…(1) the detailed effect of visual feedback on performance accuracy and on
the learning process, and (2) the interactions between improvement of music
performance and the type of visual feedback and the amount of information it
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presents, the skill level of the user and the teacher’s role. (Hoppe, Sadakata et
al. 2006, p. 308)
The design of technology likeliest to assist the process in the social learning
environment of a singing studio should take into account the learning structures
already present. Software which allows teachers to demonstrate a sung model of a
task before requiring a student to perform that task would thus help to fulfil the
required conditions for observational learning (q.v. 1.4.2) to take place (Welch,
Howard et al. 1989; Nair 1999; Thorpe 2003; Callaghan, Thorpe et al. 2004 ; Howard
2005).

1.10.6 Auditory, visual and kinaesthetic inputs in teaching
singing
The need for a singer to process visual information whilst singing is no new thing.
The simultaneous performance of tasks such as sight-singing from a score, watching
a conductor, watching an audience during performance, and keeping an eye on other
performers and interacting with them (opera, music theatre, duets, etc.), is expected
of the competent singer.
The use of visual information as an element of singing teaching is not novel either:
•

A student may stand before a full-length mirror to monitor posture

•

The Garcia mirror may be employed

•

The teacher models performance and says ‘Look at me!’

•

Video footage of a student’s performance may be viewed and analysed

However, the provision of (near) real-time codified information directly relating to
the acoustic characteristics of the singer’s voice, and specifically designed as part of a
singing instruction regime (q.v. 1.10.9), is a new phenomenon for both singers and
their teachers.

1.10.7 The acoustic analysis of sound
The purpose of acoustic analysis is to extract useful information from sound. This
information is only useful when presented within a specific context. In order to
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provide visual information about sound, it is necessary to decide what information
can be extracted from the acoustic signal which could be visually codified to aid
learning in singing. It requires a model that relates the analysed sound to a relevant
context (Thorpe 2003).
The acoustic analysis of sung sound is essentially the same as for the analysis of
speech, but requires a higher order of data capture and analysis because singing,
compared to standard speech phonation, utilises
•

wider pitch range

•

broader dynamic range

•

specific rhythmicity

•

extended vowel tones

•

enhanced timbral qualities (q.v. 1.9.3).

Acoustic aspects of the singing voice which can be measured and visually displayed
include pitch (F0 of the vocal folds), volume (intensity), timbre (including formant
frequencies) and efficiency (larynx closed quotient). ‘Singing is certainly about
words, but first and foremost, it is about the proper sequencing of pitches over time’
(Wakefield 2003, p. 2). Because of the simplicity and universality of pitch perception
as a major component of singing, because its measurement is achievable by noninvasive means, and because the concept of pitch accuracy is readily amenable to
visual display, accuracy of pitch has been selected as the measured acoustic
characteristic of the singing voice in the current investigation. In an article
discussing spectrum analysis techniques with reference to singers, Miller and Schutte
(1990) observed that spectrogram analysis of sung sound was helpful in obtaining
more precise information about the position of formants in the singing voice, and had
additional application in the tuning of the first two formants for vowels. (Second
formant tuning has some significance for vowel modification in the second passagio
of a singer’s range.) The authors cautioned that the task of extracting information
from spectrograms demands experienced judgement for accurate interpretation. It is
this fact which makes it necessary for learner singers unfamiliar with relevant acoustic
principles and their pedagogic applications to have a mediating instructor/teacher to
interpret visual feedback obtained from spectrogram output.
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1.10.8 The perceptual analysis of sung sound
What do we see in an acoustically based visual display of the singing voice, and how,
then, may we subsequently integrate it into our sensorium in order to turn it into
practical, useable information? Thorpe (2003) proposed three pedagogical models to
explain the likely uses of this form of visual display technology within a singing
lesson.
•

Pedagogical Model 1: Mirror of the voice

The visual display is used to illustrate vocal characteristics and highlight
specific aspects of the voice.
•

Pedagogical Model 2 : Target practice

Visual feedback is used to improve a singing student’s accuracy in
producing vocal output which comes closest to evident visual goals.
•

Pedagogical Model 3: Font of knowledge

The acoustic analysis and display assist the student in their understanding
of the science of voice, thus informing their enhanced skill base.

1.10.9 Technology and the singer
In a review article covering the previous 25 years’ progress in the field of singing
teaching, Cleveland (1994) observed that there used to be a level of mistrust of
science and its answers amongst practical voice users: ‘They could see little benefit
from cycles per second and anatomical terms’ (p. 23). He then contrasted it with the
situation in 1994: ‘Today, we are witnessing a greater trust from the singing teachers
that science may have valid information to be shared in the studio and in the education
of teachers as well’ (Cleveland 1994, p. 23).
Music publishing packages, digital studio recording programs and pitch training and
quality adjustment software are also readily available in a broad range of price
options. Never has such a wide range of aids been so readily at the service of singing
teachers and their students.
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1.11

Research questions

Questions emerge in the light of the literature reviewed above:
•

Does pitch accuracy performance improve from baseline to post-test as
a result of visual feedback at intervention? (Ternström, Sundberg et al.
1988; Garner and Howard 1999; Callaghan, Thorpe et al. 2003)

•

Does the type of visual information available in the feedback produce
differences in pitch accuracy performance? (Snodgrass and
Vanderwart 1980; Tullis 1981; Reber, Winkielman et al. 1998)

•

What is the effect of visual feedback during task performance? (Welch
1985b; Welch, Howard et al. 1989; Hapeshi and Jones 1992;
Steinhauer and Preston Grayhack 2000; Wulf and Prinz 2001;
Bekkering and Neggers 2002)

These questions are addressed in the experimental research described in the following
chapters.
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Chapter 2
2.1

Method

Research design

The study assessed the effect of visual feedback on participants’ pitch-matching
abilities while singing vocal exercise patterns. The structure of this research study is a
baseline−intervention−post-test between-groups design. Participants were randomly
assigned to one of three groups − either the control group or one of two experimental
groups. Each experimental group received a different form of visual feedback during
the intervention phase, while the control group received singing practice with no
visual feedback.

2.1.1 Pitch matching
Pitch matching is a good way of assessing a degree of competence in singing (Mürbe,
Pabst et al. 2002). Pitch accuracy demands both audiation capability and
neuromuscular skill coordination, and is an essential prerequisite for good singing. In
reviewing relevant literature, Welch (1985a) observes that ‘…singing in tune is not
simply a question of “can” or “cannot” but rather a continuum of skill with several
degrees of competence’ (Welch 1985a). The present study focusses on the skill of
singing the correct pitch. Vocal pitch can be measured, and the culturally established
perceptions of ‘up’ and ‘down’, ‘high’ and ‘low’, which are applied as pitch
descriptors can also be represented visually to provide feedback to the singer about
their pitch accuracy.
Heresniak (2004), in discussing the underlying causes of poor pitch-matching,
observed that they may be organic, cognitive or functional, or any combination of
these causes (Heresniak 2004). From this breadth of possibilities, functional
inefficiency of breath management is often identified by singing teachers as a root
cause of inaccurate pitching. Welch and Sundberg (2002) suggested that subglottal
pressure (the degree of air pressure present just below the glottis) is the major source
of power behind the voice; because of this, pitch errors are bound to ensue if
subglottal air pressure is less than that required for a target note. It should be added
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that volume continuity and sound quality are also directly affected by subglottal
pressure.
Research and anecdotal evidence suggest that nervousness (for instance, in unfamiliar
surroundings, or where faced with a stranger evaluating one’s singing – both of
which conditions pertained to the current investigation), fosters unwanted tensions in
back and abdominal muscles, thus altering breathing patterns (Wilson and Roland
2002); this train of events is likely to ‘sharpen’ a singer’s pitch (Merritt, Richards et
al. 2001; Heman-Ackah 2005). Behind this idea is the thought that, in times of
nervousness, there is a tendency to over-breathe; the resultant subglottal pressure may
thus be higher than is required for the target pitch. A common perception of the cause
of ‘flat’ singing is that the singer lacks sufficient sub-glottal pressure; the suggestion
is that more breath and/or more support should place the note on-target. Excessive
muscular tension in general, and ‘pressed’ phonation in particular, have also been
blamed for some ‘flat’ singing, while the research of Cleveland and Hall (1994)
found that gastro-oesophageal reflux disease (GERD) may also cause ‘flattened’
pitch-matching in singing.
It used to be thought that subglottal pressure was the main (or only) pitch
management device in the singing mechanism; it is now understood that the primary
control of pitch is determined by the lengthening and shortening of the vocal folds
(Cleveland and Hall 1994) as well as the tension of the folds themselves (Rubin
2006). All these factors are interdependent (Sundberg 1987). The interactive roles of
subglottal pressure and vocal fold length are demonstrated in the use of the messa di
voce, an exercise which requires the sustaining of a sung note on the same pitch whilst
varying the loudness from soft to loud and back again, without altering timbre. This is
used as a technique for training student singers to accomplish changes in pitch so that
the amount of subglottal pressure and the amount of vocal fold lengthening or
shortening are in proportion to the task.
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2.2

Collection of singing data

Each participant was tested in a single, individual session. All sessions were recorded
on digital audio tape and the recordings of the vocal patterns were subsequently
acoustically analysed. Each session took approximately one hour. Descriptive session
scripts, including protocol events and approximate elapsed times, are in Appendix B.
Participants were randomly assigned to one of two experimental groups or to a control
group. Each experimental group received a different type of visual feedback about
their singing during the intervention phase. One experimental group received visual
feedback through a Dynamic Pitch Grid display, while the other experimental group
received visual feedback through an Interactive Keyboard display. The control group
received no visual feedback about their singing.

2.2.1 Baseline recording − All groups
Sessions commenced with a short questionnaire about the participant’s singing and
musical training background (q.v. 2.8.1 and Appendix C-1). This was followed by a
standard physical and vocal warm-up for six minutes. The vocal warm-up consisted of
simple non-specified pitch exercises and pitch-matching exercises which were
appropriate to the participant’s evident capability. The researcher used the information
in the questionnaire as well as the participant’s demonstrated capability on the vocal
warm-up exercises to assess the approximate vocal range, level of singing skill and
musicianship of each participant. The aim was to give each participant a singing task
which they could perform at a level that allowed room for improvement with training.
The researcher allocated one of three pitch-matching exercise patterns which was
appropriate to their skill level. The exercise pattern was used to measure their pitch
matching skills at baseline, during intervention and at post-test. The vocal warm-up
exercises and all singing tasks in the session were accompanied by an electric piano,
played by the researcher.
Prior to recording the baseline patterns, the participants practised their exercise
pattern for six minutes in a comfortable pitch range established by agreement between
researcher and participant. The baseline recording consisted of a single exercise
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pattern which was sung five times, with each repetition sung a semitone higher than
the previous pattern.

2.2.2 Intervention recordings − Experimental groups
For the intervention phase, participants in each experimental group were instructed in
how to use the computerised visual feedback (q.v. 2.4). The researcher demonstrated
the ways in which the computer screen display responded to voice and provided an
explanation of each part of the specific display. Each participant then practised
singing the vocal patterns for six minutes, using feedback from the display to correct
their pitch accuracy. During this training phase, the computer played a pattern of notes
and the participant then sang this pattern while watching the visual display showing
the pitch of their sung notes relative to the target notes. Following this, participants
were asked to sing other note sequences similar in pitch range and level of difficulty
to the exercise pattern selected for them (eight minutes), as well as a small portion of
a song (three minutes). The visual feedback display was referenced during all of these
tasks.

At the end of this 20 minute training, each participant was again asked to

practise singing five repetitions of the same exercise pattern used in the baseline phase
while watching the visual feedback. These patterns for the intervention phase were
then audio recorded, as in the baseline phase. The pitch range and vowel values of
these patterns were identical to the baseline patterns.

2.2.3 Intervention recordings − Control group
In the intervention phase, the control group was given a non-interactive computer
display which provided no visual feedback. Participants in the control group had the
same amount of singing practice during the intervention phase as the two
experimental groups but they received no instruction or visual feedback about their
pitch accuracy.

- 57 -

2.2.4

Post-test recordings − All groups

At the end of the intervention phase, participants were given a short break, during
which they were asked to complete another written questionnaire (q.v. 2.8.2 and
Appendix C-2). This questionnaire asked for information about the participant’s
preferred learning styles, as well as factors likely to affect voice including their health
status and drug intake. Participants in the two experimental groups had four extra
questions about the visual feedback offered during the intervention phase. After
completing the questionnaire, all participants were asked to sing five repetitions of the
same vocal exercise pattern they had sung for the baseline and intervention phase. The
experimental groups did not receive any visual feedback for this post-test recording.

2.3

The singing exercise patterns

The only voice parameter measured in this investigation was pitch. The participants’
pitch accuracy for singing was assessed using vocal exercise patterns with three levels
of difficulty, one at beginner level consisting of three notes, and two patterns for more
advanced singers consisting of five notes. Figure 2-1 shows the pattern used for
participants with a beginner skill level. Figures 2-2 and 2-3 show the patterns used for
those with more advanced singing skills. The researcher allocated each participant one
of these three vocal exercise patterns based on their self-reported experience in
singing training (in the pre-session questionnaire, q.v. 2.8.1 and Appendix C-1) as
well as their performance in the warm-up exercises.

Figure 2-1: Singing exercise pattern for ‘Beginner’ skill level comprising a 1 − 3 − 1 pattern

Figure 2-1 shows the exercise pattern allocated to naïve participants. It uses only two
pitches, and the task of transferring vocal tone from one pitch to another, which can
be a demanding one for untrained singers, only needs to be undertaken twice. The
interval of a third between each of the notes is a small and familiar one.
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Figure 2-2: Singing exercise pattern for ‘Advanced−1’ skill level comprising a
1 − 4 − 6 − 4 − 1 pattern.

The Advanced−1 pattern shown in Figure 2-2 comprises five notes, but has only
three different pitches. The pattern requires four tone-transfer events, making it more
suitable for a singer with a modicum of experience. The intervals between the first
and second and the fourth and fifth notes is a fourth; the interval between the second
and third and the third and fourth notes is a third, thus offering the singer two
different intervals to traverse in the pattern.

Figure 2-3: Singing exercise pattern for ‘Advanced−2’ skill level comprising a
1 − flat7 − 2 − 3 − 4 pattern

Figure 2-3 shows the Advanced−2 pattern. All five notes in this pattern are
dissimilar. Four tone-transfer events are required. The intervallic leaps (seventh,
sixth and second) are not commonly used in this sequence in singing exercises, and
demand skill in pitch accuracy.
Participants were offered their choice of a preferred vowel on which to sing the
exercise patterns: either /u/ (as in ‘pool’) or /a/ (as in ‘part’). Each participant then
used the same vowel for all vocal exercises. The test stimuli for each phase (baseline,
intervention and post-test) consisted of each exercise pattern sung five times, in
upward semitone increments, commencing from a pitch within easy compass of the
individual’s voice.

2.4

Visual feedback displays

Each experimental group received visual feedback via a computer screen display of
information about their pitch while singing. The style and nature of the visual
feedback information differed for each group. Although both displays were
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configured in accordance with principles of optimal visual display design (q.v. 1.10.2;
1.10.3), they differed in both the amount and the precision of the feedback they
offered. The intention was to assess the effectiveness of the different displays taking
into consideration questions of cognitive load (q.v. 1.4.3), interference effect and
psychomotor studies (Wulf, McNevin et al. 2000; Wulf and Prinz 2001) (q.v. 1.5.2).

2.4.1 Experimental group 1 − Dynamic pitch grid display
The Dynamic Pitch Grid display gives near real-time visual feedback showing pitch
versus time on a grid, with a continuous line indicating the pitch of notes sung, and
green panels which represent the targeted pitch. When the singer sings the targeted
(correct) pitch, a continuous line, which tracks the fundamental frequency of their
voice, will move within the targeted panels. Figure 2-4 shows a screenshot of a
simple 1 - 3 - 1 sung sequence as displayed on the Dynamic Pitch Grid.

Figure 2-4: Experimental Screen Design – Dynamic Pitch Grid Display

In Figure 2-4, the singer has correctly sung the pattern of three notes, C4, E4, and C4.
The display shows the targets for each of the notes in the test sequence, highlighted as
green bars on the grid. The notes sung are represented by a pitch trace of the voice,
displayed on the screen as a moving blue line. This line shows not only the general
accuracy of the current sung sound but also the pitch in relation to the targeted note.
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In addition, the display provides a history of where the voice has been prior to the
current moment by displaying the blue pitch trace for the previous ten seconds. Thus,
the participant can observe the pitch trace travelling from the first green target pitch
area up to the second target area and then back to the first target area, giving them online feedback that all notes were sung in the correct pitch.
The design of the Dynamic Pitch Grid display is based on a prototype for the pitch
display of Sing&See™, a commercially-available software package designed to assist
learning to singing (Thorpe, Callaghan et al. 1999; Thorpe 2002; Thorpe 2003;
Callaghan, Thorpe et al. 2004). The design is based on findings of studies to develop
readily comprehended visual analogues of human voice (spoken or sung)
characteristics (Howard and Rossiter 1992; Howard 1993; Rossiter, Howard et al.
1994).
The Dynamic Pitch Grid display used for this research gives (near) real-time visual
feedback showing pitch versus time on a light background grid (Agostini and
Galmonte 2002), with a bright blue continuous left-right line indicating pitch
(Grobelny, Karwowski et al. 1995), and targeted pitch panels coloured green.
Alphanumeric pitch designations are shown in piano-key form on each side of the
screen (Tullis 1981; Tullis 1983). Singing the correct pitch is indicated by the
continuous blue pitch line falling within the target panels. Learners thus have targets
to aim for, validation when these targets are met, a sound and space context within
which to place the targeted pitches, and a means of seeing where their voice pitch has
been, to guide them in targeting future pitches (Hapeshi and Jones 1992).

2.4.2 Experimental group 2 − Interactive keyboard display
The Interactive Keyboard display is based on a piano keyboard, and gives near realtime visual feedback showing the voice pitch by changing the colour of the keys on a
high-contrast keyboard display (Reber, Winkielman et al. 1998). Target pitches are
displayed as green-coloured keys which turn bright red when sung correctly. Each
sung note changes the colour of the appropriate key while the note is being sung, and
then reverts to the original colour. The display therefore indicates immediately what
pitch is currently being sung, and shows its position relative to the target note. Unlike
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the grid display, the keyboard display does not give the singer a visual history of what
they have sung prior to the current note.
The Interactive Keyboard display is shown in Figures 2-5 and 2-6. In Figure 2-5, the
piano keys corresponding to all target notes in the test sequence are coloured green.
In the 1 − 3 − 1 sequence of notes, C4, E4, and C4 , the Interactive Keyboard display
shows two green-coloured keys, the C4 and the E4 on a piano keyboard. Although the
C4 will be sung twice, this fact is not reflected in the display. When a note is
correctly sung, the green (targeted) piano key turns red. However, as soon as the
voice leaves this note, the piano key colour will revert to the green. In Figure 2-6, the
participant has finished singing the first two notes in the sequence and is singing the
final one, the C4. It can be seen in this screenshot that only the key corresponding to
the current note (the C4) is red, and information about the accuracy of previously sung
notes is not displayed.

Figure 2-5: Experimental Screen Design – Interactive Keyboard Display showing the target notes
in green
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Figure 2-6: Experimental Screen Design – Interactive Keyboard Display – third note being sung.
The target turns red when the note is sung.

The design of the Interactive Keyboard display is based in part on the findings of
Verdolini-Marston and Balota (1994)(q.v. 1.5.2). In their research, using a
perceptual-motor task, they prepared some of their participants by giving them
elaborative processing instructions - a range of ‘how-to’ descriptions suggesting
ways of tackling a physical task. The hypothesis was that this priming process might
enhance a participant’s implicit memory performance (their ability to fulfil
remembered instructions). Verdolini-Marston and Balota reported in their results that
they could find no evidence to show that any elaborative processing condition – such
as explicatory, contextualising information – resulted in better implicit memory
performance. Their findings indicated that precise and detailed instructions about how
to perform a given neuromuscular task can be a hindrance, resulting in a decrement of
efficiency, and preventing the implicit memory function (q.v. 1.5.2) which helps
learners to improve in skill.
These results prompted some of the thinking behind the development of this design.
The feedback offered by the Interactive Keyboard display only gives information on
the current note being sung by the participant; a decontextualised right/wrong form of
knowledge of results. That no history of prior performance remains available to
participants removes the possibility that they can apply that information as a form of
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elaborative processing to instruct themselves in the technical specifics required in
order to achieve the task.

2.4.3 Control Group Visual Display
The control group was presented with the same display screen as the Interactive
Keyboard group, but with the pitch response deactivated. The screen therefore
provided no visual indication of targeted pitch, but simply played the sequence of
notes for the participant to sing. The screen was used to make the control group
participants computer-referenced without providing any visual feedback. Since both
the advertisement (q.v. Appendix H) which called for participants, and the
Information Sheet (q.v. Appendix E) given to each volunteer, referred to the use of
computers in singing training, the use of the static display on the screen made the task
compatible with the participants’ expectations.

Figure 2-7: Experimental Screen Design – Non-interactive Control Display

Design for the control display was, in part, the result of consideration of the research
of Steinhauer and Grayhack (2000) (q.v. 1.8.1). In one of the few research papers
dealing with knowledge of results (KR) using a voice task, the investigators found
that when KR was offered on half the number of trials up to KR on all trials, there was
an inverse relationship between the frequency of KR and the level of performance of
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motor skills. That is, as the frequency of KR increased there was a decrease in motor
performance, including a decrease in accuracy and an increase in performance
variability. These findings predict a decrement in performance of a neuromuscular
task relative to the amount of feedback being offered the learner of that task. (An
interesting sidelight of the Steinhauer and Grayhack research is that they found no
difference in performance between subjects who received 50% KR and those who
received 0% KR.) In the light of these findings, it could be hypothesised that the
control group, lacking the provision of KR during training, may show a better
performance outcome than the two experimental groups who receive 100% KR.

2.4.4 Comparison of the three visual feedback conditions
Table 2-1: Comparison of visual feedback characteristics of the visual display for each group

Function
Display

Target pitches

Dynamic Pitch Grid
Grid which uses keyboard
as pitch indicator
All notes designated (C4,
C#4, D4, D#4, etc.)
Green panels on the grid

Play exercises

Plays all exercises

Visual cues
when exercise
is played
Correct pitch

None

Notes

The blue line enters the
green panel
Degree of
Note centre is shown as a
correctness
yellow line; the closer the
blue line gets to this, the
more accurate is the
pitching.
Incorrect pitch The blue line does not enter
the green target panel
Loudness

Indicated by level meter

Replay

Available on toolbar; reruns visual and audio
display simultaneously
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Interactive Keyboard Control
Display is keyboard
Display is
keyboard
C4 only
C4 only indicated
indicated
Green keys on the
No targets;
keyboard
plain
keyboard
Plays all exercises
Plays all
exercises
The appropriate piano None
key is depressed as
each note plays
A green key turns red Not
displayed
No gradation of
None
accuracy is available.

The note sung turns
key pale red; green
target keys are still
evident.
Indicated by level
meter
Available on toolbar;
re-runs visual and
audio display
simultaneously

None

None
None

Both the Interactive Keyboard display and the control display utilised the piano
keyboard as a musical reference point for pitch. The Dynamic Pitch Grid display,
however, provided a range of feedback information with primary feedback through a
pitch trace, while it also used the keyboard as a marginal (left and right sides)
indicator of pitch, and provided an international standard of pitch designation (C4,
C#4, D4, etc.) as both navigational aid and reinforcement for the singer.
The Interactive Keyboard display, on the other hand, displayed part of a piano
keyboard, with only C4 (‘middle C’) designated, so that the singer knew in which
octave they were singing.

2.5

Equipment

All sessions were recorded, using a DAT tape recorder (Sony ZA5ES Digital Audio
Tape Deck). Participants wore a head-mounted condenser microphone (AKG
MicroMic C 420) which was used to record their singing. Software for the visual
feedback display was run on a personal computer (DELL Optiplex GX150 Celeron
processor with DELL flat screen monitor and a pair of JUSTER SP-691 speakers).
Phantom power for the microphone required a mixer (Behringer Eurorack MX 602A
6-Channel, 2-Bus compact mixing console) and an external USB Audio Interface
(Roland UA-30). A touch-sensitive electric piano (Roland E-36 Intelligent Keyboard)
provided accompaniment.
The computer screen was at a height of 120cm from the floor, and therefore easily
seen by standing adults of average height. Every test sequence was recorded with the
participant standing. All sessions were undertaken in a sound-treated room.

2.6

Data collection procedures

Each of the three recordings for each participant (baseline, intervention and post-test)
was done on digital audio tape (DAT) and then transferred to computer via a digital
SP/DIF link. Speech editing software, Cool Edit, was used to isolate the individual
vocal patterns and save them into individual .wav sound files. These data were then
analysed acoustically for frequency using the EMU Speech Database System program
(Version 1.7, Macquarie University, Sydney, Australia), to label precisely each note
sung. A total of 3,656 separate notes were sampled and analysed acoustically; the
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average number of notes sampled per participant was 65 notes; the minimum number
of notes sampled per condition (baseline, intervention or post-test) was 15 notes for
the 3-note beginner patterns and 75 notes for the 5-note advanced patterns.
The tolerance of accuracy was a half-semitone. In other words, participants singing
anything less than a half-semitone above or below the target pitch were credited with
having sung that pitch. Boundaries were set at half-way between the exact
frequencies for each note.
Fundamental frequency was analysed within EMU and the values at the instants
identified for each note were transferred to a spreadsheet (Microsoft Excel). The pitch
error between the specified note and what was sung was calculated in cents (100 cents
equals one semitone) and the average error over the 3 or 5 notes in each sequence was
obtained. These values were transferred to a statistical software package (Statistical
Package for the Social Sciences – S.P.S.S. v. 12) for statistical analysis.
Subsequent to the collection of all experimental data, the pitch accuracy of the
keyboard was tested by selecting two single-note discrete samples from each recorded
session and checking them against the frequency in Hertz of the stated pitch. This
was undertaken in order to verify the pitch standard by which the participants’ voices
were measured.

2.6.1 Pitch accuracy differences − Baseline versus post-test
Measures of accuracy in the singing of discrete notes were given as plus (+) or minus
(-) values in cents from the target note. The investigation was focussed on the degree
of accuracy, rather than whether the participant was sharp or flat in intonation. These
accuracy figures were therefore converted to absolute values. Since the structure of
the investigation was baseline − intervention − post-test, the absolute difference
between performance at baseline and post-test was used to determine what impact (if
any) the different forms of visual feedback may have had on the singers’ capabilities.
For example, if a participant was -18Hz from the target at baseline and +6 Hz from
the target at post-test, their improvement was 12 Hz.
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2.7

Participants

Fifty-six participants volunteered to participate in the study. All participants were
staff and students at a metropolitan university campus who responded to a general
advertisement (q.v. Appendix H) asking for volunteers to do a singing lesson; the
project was approved by the University of Sydney Institutional Ethics Committee
(Approval number 3683). All participants received a Consent Form (Appendix D)
and a Subject Information Sheet (Appendix E), which outlined the nature and aims
of the investigation, together with an explanation of any demands likely to be made
upon participants.
There were no selection criteria regarding age, gender or singing skill. The
participants included individuals from all levels of academic staff, students from a
range of disciplines, and administrative and technical staff. Of the 56 participants,
there were 11 males and 45 females. Their ages ranged from 18 to 60 years, with a
mean age of 30.2 years. Table 2-2 shows the gender and age distribution of
participants and indicates that the majority of participants was in the age range 20-29
years.
Table 2-2 : Gender and age details for participants in the study

Age in years No. of No. of
TOTAL % of
Males Females
group
< 20
1
5
6
10.7
20 – 29
5
25
30
53.6
30 – 39
2
5
7
12.5
40 – 49
2
4
6
10.7
50 – 59
1
5
6
10.7
60 – 69
1
1
1.8
TOTALS
11
45
56
100%
Data collection was scheduled throughout the daytime, at times convenient to the
participants. Sessions for a number of participants had to be re-scheduled, some more
than once. Of 62 people who made initial enquiry regarding the research project,
only 6 failed to become involved with it. One participant arrived for the session and
left after 10 minutes, because of illness.
All sessions were scheduled for an hour. All participants were given a standard set of
instructions and information.
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2.7.1 Sample size
A power analysis for this three treatment parallel-design study was carried out. For a
sample size of 45 participants, the probability is 80 percent that the study will detect a
treatment difference at a two sided 0.05 significance level, when the true difference
between the treatments is 1.566 times the standard deviation.
This sample size is similar to other published studies of similar research. For instance,
the research of Welch et al. (1989) which studied vocal pitch accuracy was based on a
sample of 32, divided into three groups. They found an effect size of 196.5. The pretreatment condition had a mean of 378.6 and SD of 177.8; the post-treatment
condition had a mean of 182.1 and a SD of 120.3. Steinhauer and Grayhack (2000)
divided a body of thirty subjects into three groups for their investigation into
knowledge of results and a voice motor task.

2.7.2 Exclusion of participants − Data fidelity
While all people who volunteered for the project were tested, seven participants were
excluded from the analysis. Four participants were excluded because they reported
significant difficulties with their hearing and three participants were excluded because
of incomplete data. Table 2-3 shows the effect of excluding these participants in
terms of means and standard deviations for each group. The exclusion of these
participants results in a maximum change in mean of +1.33 and -1.64 with a shift in
the overall mean by -0.48. Acoustic data for the remaining 45 participants (15 in each
of the three feedback modes) were analysed to determine the effect of visual feedback
during singing tuition.
Table 2-3: Mean and standard deviation for all groups (dynamic pitch grid, interactive keyboard
and control) for each test (baseline, intervention and post-test), for all participants, and for
group after some participants were excluded

All
With
exclusions

Mean
SD

Base
41.99
11.67

Grid
Int
46.40
18.93

Post
34.49
12.88

Base
45.42
18.20

Mean
SD

42.10
12.42

47.16
19.90

33.67
12.89

46.90
17.95
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Keyboard
Int
Post
48.39
36.00
17.31
12.82
49.98
17.61

35.95
13.70

Base
39.44
12.49

Control
Int
Post
51.56
34.11
15.46
8.81

38.12
10.16

52.50
16.86

35.75
8.73

2.7.3 Participant summary
Details of the gender and musical background of the participants are shown in Table
2-4. Participants with a history of singing training or musical training, and who
completed the advanced singing patterns, are identified in the ‘Advanced’ column.
Participants with no musical or singing training, and who sang the simpler note
sequence, are labelled ‘Beginners’. There were twice as many participants with
musical training as those with no musical training. While participants were randomly
allocated to each group, the numbers of advanced and beginners were similar across
all groups.
Table 2-4: Consolidated Table: Males/Females, Skill Level and Feedback Mode

Display mode
Dynamic Pitch Grid
Dynamic Pitch Grid
Dynamic Pitch Grid

M/F
Beginners* Advanced*
Males
3
Females
4
8
Total
4
11

Interactive Keyboard Males
Interactive Keyboard Females
Interactive Keyboard
Total
Control
Control
Control

Males
Females
Total

1
4
5

2
8
10

2
4
6

2
7
9

TOTAL
15
* Refers to the type of note pattern used in the session

2.8

30

Questionnaires

Each participant completed two questionnaires; the first questionnaire was collected
at the beginning of the test session before the baseline pitch accuracy singing data
were collected, while the second questionnaire was administered after the intervention
phase of the data collection and before the post-test data recording. A copy of both
questionnaires is included in Appendix C.

2.8.1 Pre-session questionnaire on music/singing training
The pre-session questionnaire was focussed on obtaining information about the
participants’ background in terms of singing and voice training and musical training.
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Fourteen of the participants had singing training, while 16 had some spoken-voice
training. Forty of the participants played a musical instrument.
2.8.2 Post-session questionnaire
After participants had completed the intervention session, they were given a second
written questionnaire (q.v. Appendix C-2). There were a range of reasons for
administering this questionnaire. It offered the participant time for reflection after a
range of learning processes (q.v. 1.4.1), it provided health-related data (some of which
pertained to singing and pitch accuracy capability, while other data allowed the
sample to be indexed against national averages for representativeness), and it offered
participants an opportunity to reflect upon, and write about, their observations of the
process in their own words. Administering the questionnaire at this stage of the
session also added extra time between the intervention phase and the performance of
the final (post-test) exercise patterns.
This questionnaire included five questions, based on findings by Gardner (1983;
1993). Gardner (1983), in his theory of multiple intelligences (q.v. 1.4.5), suggested
that the traditional notion of intelligence is biased toward linguistic and logical skills.
He proposed eight different intelligences to account for a broader range of human
potential. These intelligences include the traditional linguistic and logical
intelligences as well as spatial intelligence or ‘picture smart’, bodily-kinesthetic
intelligence (‘body smart’); musical intelligence (‘music smart’); interpersonal
intelligence (‘people smart’); intrapersonal intelligence (‘self smart’) and naturalist
intelligence (‘nature smart’). The implication of Gardner’s theory is that there are
multiple pathways to learning. In our current experimental task of learning to sing
with vocal pitch accuracy, Gardner’s theory suggests that an approach which offers an
array of pathways to learning may be more effective. Enriched visual feedback based
on acoustical analysis of a voice places new emphasis upon visual learning in a field
which has been predominantly linguistic (verbal), musical (aural) and kinaesthetic
(body).
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Table 2-5: Questionnaire and Multiple Intelligences Theory categories

First, a few questions about how you prefer to learn…
I prefer to…
3
Do this…
…or do this
Work alone
Make sense of ideas through
charts, graphs and tables

Intrapersonal
Visual/Spatial

Construct a dimensional
model of what I’m learning
about
Get up and move around
Use sound and rhythm to help
me remember

Bodily/Kinaesthetic
Bodily/Kinaesthetic
Musical/Rhythmic

3

Work in groups
Make sense of ideas
through reading and
writing
Think in abstract patterns
and relationships

Interpersonal
Verbal/Linguistic

Sit still
Use colours to help me
remember

Intrapersonal
Visual/Spatial

Logical/Mathematical

Although broad in nature, these general indicators of learning style preference can
signpost the profile of singing students most likely to gain benefit from an interactive,
visually-based instructional feedback system.
It was expected that, once results of the sessions had been produced and analysed,
correlation against these indicated learning style preferences might give useful
guidance towards the ways in which the screen-based information could best be
incorporated into effective singing pedagogy models.
Handedness and colour-blindness
Question: Are you left-handed, right-handed or ambidextrous?
Question: Are you colour-blind?
A way of assessing the representative nature of an experimental sample is by
comparing the incidence of common physical measures such as handedness (Williams
1998; Nalçaci, Kalaycioglu et al. 2001), and colour-blindness (colour vision
deficiency)(Sharpe, Stockman et al. 1999), with their frequency within the whole
adult population. A rough general population statistic is 10% for left-handed people,
1% for ambidextrous, and 89% right-handed people (Bradley 1992).
Vocal problems
Question: Have you any history of vocal problems?
Ear/hearing problems
Question: Have you any history of ear/hearing problems?
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The importance of this question is obvious, and relates to research undertaken into
the hearing capability of singers (Lander 1996; Madaule 2001).
Smoking
Question: Are you a smoker or a non-smoker?
Cigarette smoking is widely held to be contra-indicated for singers and all voice users
(Sataloff 1981; Pritchard and Robinson 1998; Anticaglia, Hawkshaw et al. 2004).
According to the National Drug Strategy Household Survey undertaken in Australia in
2004 (Welfare 2005), 18.6% of males and 16.3% of females were daily smokers.
The figures for all-status smokers (daily, weekly or occasional) become 22.5% for
males and 18.8% for females, yielding an average figure of 20.6% for the population.
Medication
Question: Are you currently on any medication?
Many medications have been proven to have a direct affect upon vocal efficiency;
much research has been done in this area (Sataloff, Lawrence et al. 1994; Sataloff
1997). It is useful to note the extremely drying effects of many medications,
especially upon the mucous lining of the vocal tract; it is an additional factor to
consider when assessing vocal capability.
Caffeine
Question: What is your average daily caffeine intake?
Because of the widespread practice of drinking caffeine and the direct effect it has on
vocal capability (Akhtar, Wood et al. 1999), it was considered useful to poll the
participants’ caffeine intake, both habitual and on that day. Diet Coke was separated
from regular Coca-Cola consumption because it has a significantly higher caffeine
percentage. ‘Other caffeine drinks’ includes the guarana and caffeine drinks often
marketed as ‘energy’ drinks.
Reactions to interaction with screen-based real-time visual feedback
Four questions were appended to the questionnaires of the 38 participants who
worked with visual feedback in the session. The control group (non-interactive) were
not given this extra page. The four questions, to be answered in the participant’s own
written words, without prompting or coaching, were
•

How did the display tell you that you were doing the task correctly?

•

What did it show when your singing was too high / low, loud / soft?
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•

What did you do to move the display towards the correct target?

•

How could you tell when you were singing in tune?

All 38 fully transcribed responses to these questions appear as Appendix F. An
analysis of word frequencies within these transcribed texts is in Appendix G.
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Chapter 3

Results

The main aim of this study was to investigate the effect of real-time visual feedback in
learning to sing. The analysis therefore focusses on group effects to compare the
different feedback conditions rather than investigating individual differences in
learning, memory, the effect of the singing task, and the impact of prior singing
experience, although these will be discussed later in this section. In order to minimise
the effect of these factors, the analysis of the effect of feedback is based on each
participant’s mean of their pitch error (in Hz) across all notes in all five patterns per
test condition (baseline, intervention and post-test).
The results presented in this chapter relate to the research questions posed at the end
of Chapter 1 (q.v. 1.11):
•

Does pitch accuracy performance improve from baseline to post-test as
a result of visual feedback at intervention?

•

Does the type of visual information available in the feedback produce
differences in pitch accuracy performance?

•

3.1

What is the effect of visual feedback during task performance?

Calculation of pitch error

The analysis was carried out using the absolute difference in fundamental frequency
of the sung note versus the target. That is, a note which is 20 Hz higher than the target
is an error of the same magnitude as a note which is 20 Hz lower than the target.

3.1.1 Incidence of ‘flat’ notes
A total of 3,656 individual notes was recorded, sampled and analysed acoustically
(q.v. 2.6). After the exclusion of some participants from the analysis (q.v. 2.7.3),
2,901 notes remained to be analysed for pitch accuracy. Of these, 88% (2,540 notes)
were ‘flat’, i.e., lower in pitch than the target note. The rest of the notes were either
entirely accurate or ‘sharp’. The incidence of ‘flat’ pitching across all conditions and
at each of the three test stages is shown in Table 3-1.
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Table 3-1: Incidence of ‘flat’ notes in sample

Group

No. of notes

Grid VFB

Baseline
Intervention
Post-test
Baseline
Intervention
Post-test
Baseline
Intervention
Post-test

Keyboard VFB
Control
TOTAL

No.
of
notes
335
332
325
320
325
325
325
310
304
2,901

Of these notes,
how many
were ‘flat’?
310
314
272
259
284
248
290
296
267
2,540

%age
‘flat’
92.5
94.6
83.7
80.9
87.4
76.3
89.2
95.5
87.8
88%

In order to determine the validity of using the mean pitch error across all notes in the
vocal patterns, the pitch error on each note was calculated for the beginner and
advanced vocal patterns and for both vocal patterns combined. The task for beginner
singers varied in both length and complexity from the task used with experienced
singers. The different vocal patterns were used to adjust the task difficulty so that each
participant had the scope to improve their performance with practice and training. The
pitch accuracy data for both tasks within each feedback group were examined to
determine if there were any systematic differences. Figure 3-1 shows the results of
this analysis for baseline, intervention and post-test; these results show that there is
no systematic trend for increase or decrease in pitch accuracy across the notes in the
pattern, for either the beginner (three-note) or advanced (five-note) patterns. However,
within each group, the advanced singers did show a larger pitch accuracy error than
the beginners, who sang a simpler pattern. Each group contained 10 singers who sang
the advanced pattern and five singers who sang the beginner pattern. This systematic
difference was spread equally across each group and the means were therefore
combined for the analysis of effect of feedback.
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Baseline
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Combined
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Intervention
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60
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N1

Mean
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20

Ctl

Post-test
Beginner

Adv

Combined
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N1
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N5

N4

N3
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Figure 3-1: Mean pitch error per note (N1 to N5) for each group at baseline, intervention and
post-test. The results for the Beginner singers who sang a three-note pattern and the Advanced
singers who sang a five-note pattern are shown, and the mean for N1 N2 and N3 for all
participants combined. The mean for all notes for Beginners and Advanced combined is also
shown.
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3.2

Effect of feedback on performance

In order to answer the first research question, ‘Does pitch accuracy performance
improve from baseline to post-test as a result of visual feedback at intervention?’, the
mean pitch error for all participants in each group at baseline and at post-test was
analysed, using a repeated measure analysis of variance. Figure 3-2 shows the mean
pitch error for each group at baseline and at post-test. From this graph it can be seen
that the grid and keyboard groups improved in their pitch accuracy at post-test while
the control group showed no change in performance. The mean improvement in pitch
error for the grid group was 8.1 Hz and for the keyboard group was 7.9 Hz. The
control group performance changed by less than 1 Hz (0.06 Hz) between baseline and
post-test.

Baseline

Post-test

Mean F0 error

50

40

30

20
Grid

KeyB

Control

Group

Figure 3-2: Mean F0 error at baseline and at post-test for each group: Outcomes of performance
after feedback

The mean pitch error of each participant at post-test was subtracted from their mean
performance at baseline to give a difference measure of the amount of change in
performance between baseline and post-test. These data were analysed using a OneWay Analysis of Variance (q.v. Table 3-2) which showed that there is an overall
significant difference between the groups on changes in pitch accuracy between
baseline and post-test. Two planned contrasts were then carried out to investigate this
difference. The first contrast compared the two feedback groups to investigate
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whether there was a difference in performance as a result of the type of visual
feedback given. The second contrast compared the experimental group with the
control group to determine if feedback changed performance. These analyses are
presented in Table 3-2. The first planned contrast shows that there is no significant
difference in performance between the two visual feedback groups, indicating that the
different styles of visual feedback (grid or keyboard) had a similar impact on
performance. The second contrast shows that both real-time feedback groups (grid
and keyboard) demonstrated significantly greater improvement in pitch error between
baseline and follow-up than the control group, indicating that feedback did facilitate
learning to sing the correct pitch.
Table 3-2: Results of One-Way Analysis of Variance and planned contrasts using difference in
Hz between pitch error at baseline and at post-test.
ANOVA

Sum of Squares df Mean Square

Between Groups

595.092

2

Within Groups

2115.034 42

Total

2710.126 44

F

Sig.

297.546 5.909 .005
50.358

Contrast Coefficients
Contrast

Group
Grid KeyBoard Control

1

1

-1

0

2

-.5

-.5

1

Contrast Value of Contrast Std. Error

t

df Sig. (2-tailed)

1

-2.168

2.591

-.837 42

.407

2

-7.482

2.244 -3.334 42

.002

3.3

Interference effect of intervention

Another question asked in this study is ‘What is the effect of visual feedback during
task performance?’ The next analysis examined the effect of real-time feedback
during the intervention phase of the study. Figure 3-3 shows the mean F0 error for
each group at baseline, intervention and at post-test.
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Mean F0 error
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Figure 3-3: Mean pitch error for each group at baseline, intervention and post-test

Effect of feedback on performance at intervention was analysed using a repeated
measure ANOVA based on comparing the three groups at baseline and intervention
using their mean F0 error score. The mean difference scores were -7.7 Hz for the grid
group, -4.7 Hz for the keyboard group and -15 Hz for the control group. That is, all
groups showed a mean decrement in their performance at intervention relative to
performance at baseline. The ANOVA is reported in Table 3-3 and shows that the
performance decrement at intervention is significant, and that there is a significant
interaction effect for group performances at intervention. This interaction was
investigated in a post-hoc analysis using a Dunnett t test (q.v. Table 3-4).
Table 3-3: Results of repeated measure ANOVA based on comparing the grid, keyboard and
control groups on their F0 error performance at baseline and at intervention
Tests of Within-Subjects Contrasts
Measure: Baseline - Intervention
Source

Type III Sum of Squares df Mean Square

F

Sig.

time

624.952

1

624.952 24.820 .000

time * Group

297.546

2

148.773

1057.517 42

25.179

Error(time)

5.909 .005

Computed using alpha = .05

The Dunnett t test compared the pitch error differences between baseline and
intervention for the control group and for each treatment group.
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The result (Table 3-4) shows that the control group decrement was significantly
greater than the keyboard group, while there was no significant difference between the
performance of the grid and control group.
Table 3-4: Results of Dunnett t test: Comparison of control group to the two treatment groups
Multiple Comparisons
Dependent Variable: Diff Base to Intervention

Dunnett
t

Mean Difference
(I-J)

Std.
Error

95% Confidence Interval

(I)
Group

(J)
Group

Grid

Control

7.102

5.060 .142

-2.855

Keyboard Control

10.153(*)

5.060 .046

.195

Sig.

Lower
Bound

Upper
Bound

* The mean difference is significant at the .05 level.

Figure 3-4 shows the distribution of difference scores between baseline and
intervention for each group and Table 3-5 shows the mean and standard deviations for
these difference scores. The keyboard group shows a reduced variance compared to
the other two groups.

Difference in Hz

20
10
0
-10
-20
-30
-40
Grid

Keyboard

Control

Group

Figure 3-4: Difference score for F0 error between performance at baseline and at intervention
for individual participants in each group. The colours in each group represent individual
participant results.
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Table 3-5: Mean and standard deviation for pitch error between baseline and intervention for
each group
Data
Mean
StdDev

Grid
-7.74
14.47

3.4

Keyboard
-4.69
11.40

Control
-14.84
15.38

Summary - Effect of feedback

Feedback makes a difference. Both feedback modes (grid and keyboard displays)
improved performance after training, with a slight but not significant benefit for the
keyboard display over the grid display. During intervention, the performance of the
control group was significantly poorer than that of the two feedback groups. The
control group performance after training, at post-test, was not significantly different to
their baseline performance.

3.5

Novice versus experienced singers

Participants with musical training were given more complex singing exercise patterns
than untrained participants (q.v. 2.3). The level of difficulty was adjusted for each
participant to ensure that their performance at baseline was at a level for them to be
able to show improvement with training. Figure 3-5 shows that there is a performance
difference between the participants doing the three-note and five-note task, with the
three-note pattern showing lower mean error performance throughout.
Beginner

Advanced

Grid

Ctl

F0 Error in HZ

60
50
40
30
20
10
0
Grid

Key

Ctl

Baseline

Key

Intervention

Grid

Key

Ctl

Post-test

Figure 3-5: Pitch accuracy differences between baseline and post-test of beginner (Skill Level 1)
and advanced (Skill Levels 2 and 3) participants in the two feedback conditions (grid and
keyboard) and the control condition.
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While beginner and advanced participants in the grid and keyboard groups both
showed an improvement in their pitch accuracy between baseline and post-test, the
number of participants in each category was too small for statistical analysis of this
difference. In the control group, the pitch accuracy of the beginner and experienced
participants changed by 1 Hz between baseline and post-test.

Difference in pitch error

Beginner

Advanced

12
10
8
6
4
2
0
-2
Grid

Key

Ctl

Figure 3-6: Difference in pitch accuracy between baseline and post-test for beginner and
advanced singers in all groups

3.6

Visually-biased participants

Table 3-6: Visual/spatial learning preferences

First, a few questions about how you prefer to learn…
I prefer to…
Question
#

Response option
(a)

2

Make sense of
ideas through
charts, graphs
and tables
Use sound and
rhythm to help
me remember

5

Percentage of
participants showing
learning style
preference
Visual/Spatial
Intelligence = 45%
Musical/Rhythmic
Intelligence = 64%
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Response
option (b)
Make sense of
ideas through
reading and
writing
Use colours to
help me
remember

Percentage of
participants showing
learning style
preference
Verbal/Linguistic
Intelligence = 55%
Visual/Spatial
Intelligence = 36%

The post-session questionnaire included five questions based on Gardner’s Theory of
Multiple Intelligences (q.v. 1.4.5). Two questions (Questions 2 and 5) were designed
to identify those participants whose preferred learning styles were predominantly
visual/spatial. Responses to these questions are shown in Table 3-6.
Participants who chose options 2(a) and 5(b) were classified as preferring a
predominantly visual/spatial learning style, while those who chose options 2(b) were
classed as having a more verbal/linguistic learning approach and those selecting 5(a)
were seen as having a musical/rhythmic learning style. From Table 3-6 it can be seen
that for each question, visual/spatial was the less preferred learning style for the
majority of participants; this result was not predicted from the literature (q.v. 1.4.5;
1.7). Eight participants chose both 2(a) and 5(b), suggesting that their learning
preferences were most likely to lean towards visual and spatial pathways.
Visual spatial learners (questionnaire)

30
F0 difference error

20
10
0
-10
-20
-30
Participant

Figure 3-7: Distribution of F0 difference error of pitch accuracy change between baseline and
post-test showing the placement of the eight participants (shaded green) who identified
themselves as visual-spatial learners on a questionnaire

Results of pitch accuracy difference between baseline and post-test attained by those
participants whose expressed learning preferences were visual/spatial were plotted
against the other participants. In comparing the difference between the mean pitch
accuracy displayed in Test 1 (baseline) and Test 3 (post-test), visual/spatial biassed
learners improved by 5.22 Hz, while the rest of the participants improved by 5.19 Hz.
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Figure 3-7 shows the range of pitch accuracy improvement of all participants and the
distribution of the visual/spatial bias participants within this. The difference in
numbers of participants in each group did not enable statistical measures, but
visual/spatial bias participants were distributed across the range of results in this
comparison between baseline and post-test pitch accuracy.

3.7

Results from post-session questionnaire

3.7.1 Post-session Questionnaire
The post-session questionnaire (q.v. 2.8.2) provided a range of responses relating to
the participants’ health and lifestyle, as well as their reflections upon the visual
feedback used during the session. The learning style preference table was used to
identify visually-based learners (q.v. 3.6), while questions about handedness and
colour-blindness were used to evaluate the representivity of the participant sample.
Reported vocal and hearing problems aided assessment of the participants’
capabilities. Questions regarding substances known to modify vocal capabilities
(smoking, medications, caffeine) permitted a clearer picture of lifestyle factors which
may impinge upon the control of vocal accuracy.
3.7.1.1 Learning style preferences

Question: A few questions about how you prefer to learn.
In both question sets directly related to the identification of participants whose
learning styles may be predominantly visual/spatial (Questions 2 and 5), results for
this preference were lower than for the alternative option. In Question 2, the
proportion of verbal/linguistic-preference learners was only a little larger than that of
the visual/spatial-preference learners (55% to 45%). The disparity between
musical/rhythmic and visual/spatial learning preferences was much more marked –
nearly ⅔ to ⅓.
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Results of the questionnaire are as follows:
Table 3-7: Learning style preferences

First, a few questions about how you prefer to learn…
I prefer to…
Question Response
Response
Percentage of
#
option (a)
option (a)
participants
showing learning
style preference
Work
alone
Work in groups
Intrapersonal
1
Intelligence = 67%
Make sense of
Make sense of
Visual/Spatial
2
ideas through
ideas through
Intelligence = 45%
3

4
5

charts, graphs
and tables
Construct a
dimensional
model of what
I’m learning
about
Get up and
move around
Use sound and
rhythm to help
me remember

Bodily/Kinaesthetic
Intelligence = 57%

Bodily/Kinaesthetic
Intelligence = 71%
Musical/Rhythmic
Intelligence = 64%

reading and
writing
Think in
abstract
patterns and
relationships
Sit still

Use colours to
help me
remember

Percentage of
participants
showing learning
style preference
Interpersonal
Intelligence = 33%
Verbal/Linguistic
Intelligence = 55%
Mathematical/
Logical
Intelligence = 43%
Intrapersonal
Intelligence = 29%
Visual/Spatial
Intelligence = 36%

3.7.1.2 Handedness and colour-blindness

Question: Are you left-handed, right-handed or ambidextrous?
Three participants (5%) in this study were left-handed, one (2%) was ambidextrous,
and the remainder (93%) were right-handed. If the left-handed and ambidextrous
participants are added together, the proportion becomes 7% / 93%, which is close to
British survey figures of 11% / 89% (Bradley 1992).
Question: Are you colour-blind?
The single instance of colour-blindness among participants (2% of sample) was a
female. This compares with a generalised population statistic of < 1% for women and
8% for men (Sharpe, Stockman et al. 1999). The gender imbalance of the participants
may well have affected this finding.
3.7.1.3 Vocal problems

Question: Have you any history of vocal problems?
Each reported vocal problem is listed in the table shown below, using the terms
employed by each participant to describe their difficulty.
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Table 3-8: History of Vocal Problems

Vocal problems

Yes
7

No
49

TOTAL
56

1
2
3
4
5

Tiredness after singing
Vocal fold nodules (small)
GERD, allergies
Consistent dryness & irritation; sometimes lose voice
Deaf ear caused droop in mouth. Corrected when about
4 yrs. old with speech pathology.
6 Vocal nodule, 1990
7 Laryngitis

Total %

12.5% 87.5% 100%

In a recent Australian paper discussing self-reported vocal problems, 69% of
professional singers reported vocal disability of some kind, compared to 41% among
the non-singers (Phyland, Oates et al. 1999). On this basis, 12.5% for a cohort of
subjects, none of which is a professional singer, seems very low indeed.

3.7.1.4 Ear/hearing problems

Question: Have you any history of ear/hearing problems?
The importance of auditory self-monitoring to pitch-accurate singing highlights the
need to take into account any hearing impairment when evaluating participants’
results. Of the ten participants with self-reported ear and hearing problems, four were
excluded from the analysis because of the level of their reported impairment (q.v.
2.7.2). The remaining six participants had a history of hearing or middle ear problems
but reported no significant impairment.
3.7.1.5 Smoking

Question: Are you a smoker or a non-smoker?
Of the eleven men in the investigation, only one (9%) reported that he was a smoker;
of the 45 women involved, only two (4%) reported as smokers. Total proportion of
participant smokers to non-smokers therefore was 5% to 95% - a significantly lower
proportion than 20% to 80%, the result cited in the Australian 2004 National Drug
Strategy Household Survey (Welfare 2005). This statistic is less surprising when
considering that participants were drawn from the health sciences campus of a
university.
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3.7.1.6 Medication

Question: Are you currently on any medication?
Thirteen subjects reported that they were currently taking medication. Three reported
taking asthma medications which have been linked to voice problems (Sataloff 1997),
although at the time of the testing no voice problems were evident.

Question: What is your average daily caffeine intake?
There were nine participants (16%) who reported that they never drank caffeine-based
drinks and 27 (48%) indicated that they had not had any caffeine-based drinks on the
day of the investigation.
Table 3-9: Caffeine consumption

Beverage

How many
%
Usual
participants
of
daily
drink this subjects intake
beverage
(av’ge)
Cups
Coffee
29
51.7%
2.2
Tea
35
62.5%
1.7
Regular Coke 2
3.6%
1.0
Diet Coke
4
7.1%
1.0
Other caffeine 1
1.8%
1.0
drinks

Today’s
intake
(av’ge)
Cups
1.0
0.8
0.25
-

3.7.1.7 Written responses to VFB displays

Participants who worked with the visual feedback display screens answered four open
questions, designed to elicit personal responses to the VFB screens. The control
group, who received no visual feedback, were not asked these questions. Verbatim,
unedited transcripts of the participants’ hand-written responses are given in Appendix
F. The questions asked were:
1.

How did the display tell you that you were doing the task correctly?

2.

What did it show when your singing was too high / low, loud / soft…?

3.

What did you do to move the display towards the correct target?

4.

How could you tell when you were singing in tune?
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An analysis of the frequency with which groups of words were used in these written
responses was undertaken (q.v. Appendix G for complete text analysis). The
incidence of colour-related words (either a specific colour name or the word ‘colour’),
accuracy-related words (e.g. ‘right’, ‘correct’, ‘accurate’), visually-related words
(e.g. ‘see’, ‘look’, ‘watch’, etc.), and target-related words (e.g. ‘goal’, ‘aim’,
‘mark’) was counted, then frequencies compared between the responses of the grid
group and the keyboard group, to see whether the groups showed any differences in
self-reflection about their use of the visual feedback display and its perceived
significance to their efforts.
Table 3-10: Comparison of frequency of usage of types of words in written responses of
participants using Dynamic Pitch Grid screen display and Interactive Keyboard screen display;
word frequencies in responses to Question 1

QUESTION 1
How did the display tell you that you were
doing the task correctly?

Word frequency
Colour-related words
Pitch
Accuracy-related words
Visually-related words
Target-related words

Grid
Screen
Total
14
2
5
10
3

Grid Keyboard Keyboard
Totals
Screen
Screen
Screen
Grid +
%
Total
%
Keyboard
35
67
45
63
75

26
1
6
6
1

65
33
55
37
25

40
3
11
16
4

Terms specifically relevant to one
screen only:

Line
Key/s

11
N/A

N/A
4

Table 3-10 presents responses to Question 1: How did the display tell you that you
were doing the task correctly? Participants who had been offered visual feedback on
the dynamic pitch grid display used fewer colour-related words and more pitch-related
and target-related words than those who used the interactive keyboard display.
Sample responses to Question 1 from the grid display participants:
Showed me how far off the mark I was. Encouraged me when I was spot on. (Participant 4.A)
It told me when I was going out of range. (13.A)
I was able to see the line of my voice and recognise whether I was hitting the note correctly or just
under or over. (22.A)

Sample responses to Question 1 from the keyboard display participants:
The target notes changed colour from green to bright red. (Participant 2.B)
The note turned red on the screen without the notes around it turning pink. ( 20.B)
The red helped with finding the note and keeping it there. (29.B)
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Table 3-11: Comparison of frequency of usage of types of words in written responses of
participants using Dynamic Pitch Grid screen display and Interactive Keyboard screen display;
word frequencies in responses to Question 2

QUESTION 2
What did it show when your
singing was too high/low,
loud/soft…?

Word frequency
Colour-related words
Visually-related words
Target-related words
Above / below
High /low
Out / outside
Up / down
wouldn’t pick up / didn’t
register / won’t move /
no trace

Grid
Screen
Total

Grid
Screen
%

Keyboard
Screen
Total

Keyboard
Screen
%

Totals
Grid +
Keyboard

12
1
5
5
5
1
5

29
14
0
83
63
100
100
100

29
6
2
1
3
-

71
86
100
17
37
0
0
0

41
7
2
6
8
5
1
5

Table 3-11 presents responses to Question 2: What did it show when your singing
was too high / low, loud / soft? The responses to this questions reflected the different
styles of the feedback displays, with keyboard display participants again preferring to
use colour-related words as well as visually-related words to describe their
interactions with the screen information, while the grid display participants preferred
to use language that emphasised position, such as high/low, above/below, in/out and
up/down.
Sample responses to Question 2 from the grid display participants:
Moved up and down the screen. (Participant 10.A)
Visual line going above/below green area (28.A)
When the blue line went over or under the band of colour representing the note. (49.A)

Sample responses to Question 2 from the keyboard display participants:
The colour turned pink. (Participant 8.B)
When my voice was too low it showed pink, which made me adjust my pitch. (38.B)
It showed a red note when I was on target and pink notes when I wasn’t. (47.B)
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Table 3-12: Comparison of frequency of usage of types of words in written responses of
participants using Dynamic Pitch Grid screen display and Interactive Keyboard screen display;
word frequencies in responses to Question 3

QUESTION 3
What did you do to move the
display towards the correct
target?

Word frequency
Colour-related words
Accuracy-related
words
Adjust / modulate /
change
Breath / breathing / air
flow
Pitch
Slide / swoop
Smoothly / evenly
Stabilise / steady
Target-related words
Tone
Visually-related
words

Grid
Screen
Total

Grid
Screen
%

Keyboard
Screen
Total

Keyboard
Screen
%

Totals
Grid +
Keyboard

1
2

20
29

4
5

80
71

5
7

4

45

5

55

9

3

100

-

0

3

3
3
2
3
1
1
-

43
75
100
100
33
50
0

4
1
2
1
1

57
25
0
0
67
50
100

7
4
2
3
3
2
1

Table 3-12 presents responses to Question 3: What did you do to move the display
towards the correct target? Again, dominant word frequencies for the keyboard
display participants were colour- and target-related. The grid participants relied on
descriptors of voice characteristics, such as ‘slide/swoop’, ‘smooth’ and ‘steady’.
Both groups laid almost equal emphasis upon pitch-related words and phrases
associated with ‘adjust/modulate/change’.
Sample responses to Question 3 from the grid display participants:
Sometimes slid to it, but mostly tried to hit on target. (Participant 4.A)
I would slide my note up or down to try and bring it closer to the yellow line at the centre of the note.
(22.A)
Kept my breath steady. (46.A)

Sample responses to Question 3 from the keyboard display participants:
I tried to correct the note. I felt I tended to go lower than the target note. (Participant 11.B)
Adjusted my voice higher or lower. (35.B)
Sing higher or lower until the key lights up in bright red. (41.B)
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Table 3-13: Comparison of frequency of usage of types of words in written responses of
participants using Dynamic Pitch Grid screen display and Interactive Keyboard screen display;
word frequencies in responses to Question 4

QUESTION 4
How could you tell when you
were singing in tune?

Word frequency
Colour-related words
Accuracy-related
words
Ear / hear / hearing
Pitch
Visually-related words
Target-related words

Grid
Screen
Total

Grid
Screen
%

Keyboard
Screen
Total

Keyboard
Screen
%

Totals
Grid +
Keyboard

14
1

33
17

28
5

67
83

42
6

3
1
1
2

50
100
33
100

3
2
-

50
0
67
0

6
1
3
2

Terms specifically relevant
to one screen only:
Line
Key/s
Notes

12
N/A
N/A

N/A
5
7

Table 3-13 presents responses to Question 4: How could you tell when you were
singing in tune? Once more, the keyboard display participants used colour-related
words much more (67%) than did the grid display participants (33%). There was also
a marked preference for accuracy-related words in the keyboard group. Both groups
made equal use of words such as ‘ear’ and ‘hear’, while the grid display group
preferred the use of target-related words.
Sample responses to Question 4 from the grid display participants:
Could hear it!. (Participant 4.A)
Keep the line as close to the target as possible. (25.A)
Trace was on the line. (31.A)

Sample responses to Question 4 from the keyboard display participants:
I could hear it and the notes turned bright red. (Participant 2.B)
Clear transition from green to red. (23.B)
When my colour (note) matched the target. (56.B)

The incidence of colour-related words across all four questions is strongly weighted in
favour of the interactive keyboard group; average is 30% to 70%.
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The average incidence of accuracy-related words across all four questions revealed
that only a quarter of these words occurred in the responses of the dynamic pitch grid
group compared to three-quarters in the answers of the interactive keyboard group.
By conflating all visual references, including colour-related, target-related and
visually-related words, in answers to all four questions, the incidences of usage are
split 36% for dynamic pitch grid participants and 64% for interactive keyboard
participants.
Words which are hearing-related, such as ‘ear’, ‘tone’, and ‘pitch’, were spread fairly
evenly throughout the responses; grid participants had a 53% incidence of these terms,
with 47% for the keyboard group participants.
Full text analysis of all transcripts can be seen in Appendix G.
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Chapter 4
4.1

Discussion

Introduction

In this chapter, the results reported in Chapter 3 are discussed in the light of the
research questions posed at the end of Chapter 1. The implications of these findings
for computer display design and singing pedagogy are also considered. Areas for
future research are suggested.

4.2

Does pitch accuracy performance improve from
baseline to post-test as a result of visual feedback at
intervention?

[Research Question 1]
Results presented in Chapter 3 (Figure 3-2) show that both the keyboard and grid
groups achieved a significant improvement in pitch accuracy after training with visual
feedback; the pitch accuracy performance of the control group, which did not receive
visual feedback, showed no change between baseline and post-test. These results
indicate that real-time visual feedback to the learner about the outcome of their
attempt to produce the target pitch promotes the acquisition of the neuromuscular
skills underlying the task of singing the correct pitch. The results also showed no
significant difference between the pitch accuracy improvement achieved by the grid
and keyboard groups. This finding suggests that the different types of feedback
contained in these visual displays did not produce differences in the amount and rate
of learning. The failure of the control group to show any significant improvement or
change in pitch accuracy performance as a result of the inherent feedback available to
them through practice and listening to their own performance suggests that, in the
current task conditions, augmented feedback is necessary for skill acquisition in the
short time frame of one hour.

4.2.1 Why did the control group show no improvement with
practice?
The pitch accuracy performance for the control group changed by only 0.06Hz
between baseline and post-test. That is, after approximately one hour of singing
practice, they showed no improvement in performance. There is a strong body of
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evidence in the literature to support a connection between practice and the acquisition
of neuromuscular skills (Ryan, Blakeslee et al. 1986; Lehmann 1997; Barry and
Hallam 2002; Creelman 2003; Welch, Howard et al. 2005). Cumming & Hall (2002)
report that an hour’s practice is sufficient to produce improvement in a motor skill.
However, in the present study, the control group showed no improvement at post-test
after an hour of practice. It is therefore necessary to examine the task performed by
the control group to determine what factors may have contributed to this result.
At baseline and post-test the control group listened to and then sang exercise patterns.
During the intervention phase of the study, they heard and then sang the same
exercise patterns while looking at a static visual display of a keyboard on a computer
screen. This visual display gave no information; it was similar to that used for the
keyboard group, but with all interactivity features deactivated (q.v. 2.4.3). The screen
was introduced at intervention because all participants had volunteered for a study
about learning to sing using computers; this set up an expectation that they would be
working with a computer during the task. Based on information given about the goals
of the study, it is likely that participants in the control group assumed the display was
relevant to their task, and therefore directed some of their attentional resources to that
non-interactive display. This interpolated activity may have caused the control group
participants to divert their attentional resources away from listening to themselves and
perceiving their performances kinaesthetically, i.e., away from their inherent
feedback (Schmidt and Lee 1999) and towards the visual display, searching for nonexistent information. It is possible that this divided attention also added to the
extraneous cognitive load (Sweller 1994) of these participants, leaving them with less
processing space for enabling the execution of the singing tasks. This could explain
why the control group showed no improvement after one hour of singing practice.

4.3

Does the type of visual information available in the
feedback produce differences in pitch accuracy
performance?

[Research Question 2]
This question will be initially considered in terms of the amount of improvement
shown by the grid and keyboard groups between baseline and post-test, i.e., the
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amount of learning after training with the two different types of visual feedback
display. The results showed that there was no statistically significant difference
between the amount of learning by those participants who received visual feedback
via the dynamic pitch grid display and those whose feedback was provided by the
interactive keyboard display. The amount of improvement in pitch accuracy of these
two groups differed by less than 1 Hz, and demonstrates how close in performance
they were, despite the disparity between the styles of information provided by these
two displays and the differences in the way KR was provided.
Schmidt and Lee (1999), in a review of the effects of KR, conclude that KR impacts
on learning through the information and motivation it provides to the learner and
through an associational role which enables the learner to form a schema about the
relationship between an internal command and consequent outcomes. The results will
be discussed relative to each of these factors.

4.4

Informational role of KR

Both the interactive keyboard and dynamic pitch grid displays offered KR to the
participants on every trial, giving information about both the magnitude and direction
of their errors. This feedback occurred simultaneously with the performance of the
task. The common feature of the two visual displays is that both provided participants
with concurrent KR which guided them in doing on-line correction of their singing.
The differences in terms of how this information was conveyed will be discussed in
the next section.

4.4.1 Accessibility of KR
Information about the magnitude and direction of participants’ errors was conveyed
using different visual analogues of pitch. Both visual feedback designs were based on
accepted, although different, conventions for representing high and low. The
interactive keyboard display used the piano keyboard convention of left-hand side for
lower pitches and right-hand side for higher pitches. The dynamic pitch grid display
used ‘up’, or the top half of the screen for high, and ‘down’ for low. This also called
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on the convention of ‘higher’ (more air pressure) and ‘lower’ (less air pressure)
pitches.
Offering the type of visual feedback employed in the current study to learners
performing a vocal task is novel; there is no traditional iconography or industry
standard for representation of a sung vocal performance in a visual manner. In
whatever way pitch matching accuracy is displayed, it will still be unfamiliar to the
user. The similarity in performance between the keyboard group and the grid group
suggests that learners can effectively use different visual analogues.
Reber et al. (1998) (q.v. 1.10.3.2) have reported that visual familiarity enhanced the
acceptability and user preference of a visual display medium. In the current study, the
interactive keyboard display mimics the piano layout (q.v. 2.4.2), reinforcing visual
familiarity for participants being offered feedback from the keyboard display.
However, this familiarity did not produce a significant learning advantage for the
keyboard group in the present investigation, and the grid display, which uses an updown convention which is not specifically linked to music, was equally successful in
promoting learning. The effectiveness of both forms of graphical/spatial
representation suggests that widely varying design characteristics of the visual display
can facilitate the accessibility of the information. The critical factor may be that each
design uses readily recognised visual conventions. These results extend the findings
of Wertheimer (1923) and Tullis (1983), who found that graphical/spatial
representations are better than alphanumeric information in determining accessibility
of the information (q.v. 1.10.3.1).
Brookfield (1990) argues that feedback has greater impact on learning when it is clear
and accessible. The results indicate that both displays gave equally clear and
accessible information, offering individual feedback of visually coded information
about the singing voice which used either up/down or left/right conventions and
keyboard representations, placing salient information centrally on the screen, and
using colour and contrast to highlight task progress and signal achievement.
However, the two designs differed from each other in both the amount and precision
of information offered to participants (q.v. 2.4). Results of the keyboard display
group showed less decrement of accuracy between baseline and intervention than the
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results of participants using visual feedback offered by the grid display. It could be
said that the simpler, less informative, right/wrong information offered by the
keyboard display was clearer and more accessible; it may have posed less of a
cognitive load and thus enabled clearer pitch decisions for those participants.

4.4.2 Amount of KR
Both groups received KR on every trial. In the Interactive Keyboard display,
information about magnitude and direction of error was provided by highlighting the
piano key which corresponded to the current target note and the note sung. In effect,
this display provided no history about past or future notes in the sequence. By
contrast, users of the Dynamic Pitch Grid display could see not only how close they
were to their current target note, but also the path by which they had arrived there
from their previous note. However, these differences in feedback characteristics did
not produce differences in the amount of learning achieved by each group. The result
supports the conclusion of Schmidt and Lee (1999) that KR which informs the learner
about both the magnitude and the direction of error offers the most effective and
powerful learning combination. The present results suggest that the content of the type
of information in the feedback determines the amount of learning rather than
variations of how that information is conveyed.

4.4.3 Frequency of KR
The KR offered by both visual feedback displays was in the form of concurrent
augmented feedback on every trial; that is, KR was provided at the same time as the
participants were undertaking their set tasks, and feedback was offered during each
trial about the amount of error and whether the note was too high or too low. The
information given from both displays was simultaneously available, with no delays or
withholding periods. This condition is in accord with the findings of Brookfield that
helpful feedback should be immediate (Brookfield 1990). However, it contradicts
some previous studies on the frequency of KR. Steinhauer and Grayhack (2000) (q.v.
1.8.1), investigated the effects on learning of varied amounts of KR (100% KR, 50%
KR, or no KR). They found that participants were less accurate and their performance

- 98 -

more variable as the frequency of KR increased. Those participants who received KR
on every trial achieved the worst performance.
Schmidt and Lee (1999) concluded that KR offered on every trial produces less
learning than less-frequent KR. The current study did not investigate different
schedules of KR. However, the results demonstrate that with 100% KR the
participants improved in their pitch accuracy after training with visual feedback. The
participants were able to use the information in the visual feedback to learn how to
produce the target notes when visual feedback was withdrawn. The learning outcome
therefore reflects the participants’ ability to integrate the augmented feedback with the
inherent feedback available in the singing task and maintain this subsequently in the
absence of the augmented feedback.

4.4.4 Precision of KR
The demand for accuracy in the present study was +/- a half-semitone; i.e., if the
participant sang a note which was less than half a semitone above or below the target
pitch, they were credited with a correct response (q.v. 2.6). Schmidt and Lee (1999)
stated that ‘the more precise the KR, the more accurate the performance’ (p. 336),
but noted that there is a cut-off point beyond which performances may not improve.
When very precise KR offers corrections of so small an order that participants are
incapable of voluntarily modifying their performance, the parallel performance
increment ceases. Morrison and Fyk (2002) investigated difference limen for pitch
and found that ‘Given favourable experimental conditions, listeners have been found
to identify differences smaller than two cents (0.02 semitone)’ (p. 184).
The half-semitone tolerance of the current study offers a perceptible pitch
differentiation range which indicates that our participants were able to use the
feedback to modify their performance.

4.5

Motivational role of KR

The only criterion used for evaluating success/failure in this investigation was the
accuracy with which participants could replicate a given pitch. Visual feedback in
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both display modes offered a near real-time response to a sung tone; this gave early
affirmation of the singer’s degree of pitch accuracy and constituted a form of
guidance, in line with Brookfield’s (1990) recommendations for optimal feedback.
Schmidt and Lee (1999) argue that telling a learner how close they are to a
performance goal has a motivational effect upon participants. The guidance and
encouragement implicit within KR tend to energise learners, enabling them to stay
alert during learning while encouraging them to re-focus their efforts towards the
targeted outcome of a motor skill acquisition task. In the current study, the control
group did not receive KR and did not achieve any learning on their task through the
inherent feedback available during their practice of the task. The grid and keyboard
groups each received relevant and timely feedback about their performance
throughout the intervention phase. Such feedback is motivational and may have
contributed to their learning through focussing them on their performance. The
control group results may reflect that they had a lower level of motivation to improve
their performance on the task because of the repetitive nature of the task and the
absence of informative feedback.

4.6

Associational role of KR

When a person learning a motor skill receives KR over a period of time, not only do
they show improvement in their error-detection capacity, but they also exhibit a
parallel growth in ability to form schema – internal commands designed to produce or
modify body movements which enable performance enhancement (Schmidt 1975). It
can thus be said that KR not only offers the function of guidance towards a target, but
also helps to provide an associational rule about the relationship between an internal
command and consequent outcome/s. This associational function can be seen to
integrate the two primary influences in a singing lesson, namely knowledge of
performance (KP) (q.v. 4.10.1) and knowledge of results (KR) (q.v. 4.4).
When singing teachers offer information to students that is designed to improve their
performance by modifying their body activities (e.g., ‘Keep your head and neck in
better alignment with your spine’), the teachers are said to be giving their students
Knowledge of Performance (KP). Schmidt and Lee (1999) explain KP as giving
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learners feedback about ‘…the patterns of actions they make’ (p. 332). The
improvement in performance at post-test of the grid and keyboard groups reflects their
ability at post-test to self-monitor their performance when they were wholly reliant on
inherent feedback. Their current performance required both body posture
management and aural feedback. Participants need to have formed sufficiently strong
schema during the intervention session to enable them to consistently improve on
their baseline performance at post-test, without the assistance of visual feedback. The
participants who received real-time visual feedback used the resultant KR to enable
them to formulate rules about the relationship between internal (neuromuscular)
commands and those outcomes which they produced, thus connecting KR and KP in a
practical way.

4.7

What is the effect of visual feedback during task
performance?

[Research Question 3]
This question considers the simultaneity of task performance and feedback. In the
intervention phase the participants in the grid and keyboard groups were given realtime visual feedback about the accuracy of their sung pitch whilst they were singing;
at the same stage, the control group saw a static keyboard display which provided no
feedback about their performance.
Figure 3-3 shows the mean pitch error exhibited by all groups at baseline, intervention
and post-test. Here, the interference effect is clearly evident in the significant
decrement in performance at intervention. Paradoxically, the control group showed
the greatest decrement, with their pitch error increasing by 15 Hz between baseline
and intervention. The pitch error for the grid group increased by 7.7 Hz and was not
significantly different to the control group, while the keyboard group had a pitch error
difference of 4.7 Hz which was significantly better than the control group.
Three questions arise from this outcome: Why did the two groups which received
visual feedback show a decrement in performance at intervention? Why did the
keyboard group perform better than the grid group? Why did the control group show
the largest performance decrement at intervention?
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4.7.1 Why did the two groups which received visual feedback
show a decrement in performance at intervention?
The decrement in performance at intervention was expected for the grid and keyboard
groups. When augmented feedback is offered to participants during the performance
of a task it is called ‘concurrent feedback’ (Schmidt and Lee 1999). This feedback
condition generally imposes a heavier information processing load on participants for
the period of intervention than that demanded by immediate feedback (which is
presented immediately after the completion of a relevant action) or delayed feedback
(which is offered to participants at some delay in time after the relevant action). For
learners offered concurrent feedback, the immediacy of the cognitive load – learning
while performing – can lead to a decrement in performance whilst participants are
being taught the relevant neuromuscular task. In the current study, the augmented
feedback was a visual display which encoded information about the participant’s
singing. At intervention, their task was to learn to use the feedback to improve their
pitch accuracy. That is, they needed to share their attention between the auditory and
kinaesthetic feedback inherent in a singing task and the visual feedback.
According to Posner and Snyder (1975), performance on two simultaneous tasks is
expected to be worse than when performing a single task; the performance decrement
for both the grid and keyboard groups followed this expectation. Ivry (1996) argues
that how learners allocate their resources is affected by a range of factors, including
the complexity of the task, the instructions given to them, and their skill level. In the
current study, the level of task difficulty was adjusted for each individual to ensure
that participants did not perform at ceiling. This ensured that the task was challenging
for all participants. In the intervention phase, performance accuracy worsened when
participants shifted their attentional resources to the visual feedback because of the
task demands.
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4.7.2 Why did the keyboard group perform better than the grid
group at intervention?
The keyboard group showed an increase in their pitch error at intervention but it was
not as large as the grid group. This effect could be explained by taking into
consideration the degree of complexity offered by the grid feedback display (multifocussed, contextualised information) in comparison with the simpler keyboard
display; it is likely that the cognitive load imposed by the more informative feedback
caused the greater decrement amongst its users. It should be remembered that,
despite the disparity of intervention response between feedback groups, the post-test
accuracies for both were significantly improved compared to their respective baseline
levels. The findings of Wulf and Prinz (2001) and Wulf et al. (2000) (q.v. 1.5.2)
suggested that the most effective instructional mode for motor skill learning is that
which distances a learner’s attention from the task at hand by directing them to attend
to the effects of their movement (external focus of attention) rather than to their own
movements. The decrement in accuracy shown at intervention stage by both
feedback groups could well be a result of focussing the learner singer’s attention upon
the accuracy of their current sung pitch rather than upon the next note/s needing to be
sung.
In a review article, Wulf and Prinz (2001) reported the findings of many studies
investigating the interplay between the learner’s focus of attention, motor skills
learning, and feedback. Their summary of recent research includes this conclusion:
…it makes sense to assume that actions will be more effective if they are
planned in terms of their intended outcome or effect, rather than in terms of
the specific movement patterns. (Wulf and Prinz 2001, p. 656)
Inquiry into the effectiveness of the times at which feedback is offered during
neuromuscular skills acquisition will also impinge upon consideration of the
interference effect.
Results of some research have shown that the best time to offer feedback is at the
conclusion of a task, often associated with self-reflection on the effectiveness of the
participant’s achievements (‘How did you think you went?’) before providing
feedback on the completed task. For example, Swinnen et al. (1990) gave
instantaneous or delayed KR to participants, as well as an opportunity for some
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participants to estimate their performance. They found that delayed KR produced
better outcomes than instantaneous KR: ‘…delaying KR instead of providing it
instantaneously produced superior learning, as measured by performance on
numerous tests of long-term retention’ (Swinnen, Schmidt et al. 1990). They
hypothesised that ‘…the use of frequent or instantaneous feedback can discourage the
processing of other kinds of information such as intrinsic response-produced feedback
that would lead to the learning of the capability to detect errors in future
performances’ (Swinnen, Schmidt et al. 1990, p. 715). The current study has
established that concurrent KR is effective in improving pitch accuracy. The results
of Swinnen et al. suggest it may now be profitable to investigate concurrent versus
delayed augmented feedback conditions to discover whether the timing of feedback
provision is a significant criterion in learning pitch-matching accuracy.
Because learning to sing is a purposive act, the research of Bekkering and Neggers
(2002) (q.v. 1.5.2) is relevant to the results of the current study. The action intention
of those participants who were offered visual feedback influenced their visual
attention processes, enabling them to ignore superfluous objects and focus with the
least distraction upon the targets in the tasks, in line with the findings of Bekkering
and Neggers.
The work of Laukkanen et al. (2004) also supports this idea. In their investigation,
trainee actors were given standard voice training to develop a resonant (‘ringing’)
voice quality with strong overtones at 3-5 kHz.; half of the group were offered realtime visual feedback (real-time spectral analysis), while the other half (control)
received conventional training. Results were obtained by evaluating fundamental
frequency, (F0), sound pressure level (SPL) and long-term spectral analysis (LTAS).
While voice quality improved in both groups, the group given concurrent visual
feedback showed greater vocal resonance, demonstrating that the use of biofeedback
enhanced the effectiveness of voice training. Rossiter et al. (1996) reported
comparable results in a small-scale investigation using two singers. The similar
learning outcomes for both the grid and keyboard groups replicate these findings.
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4.8

Exceptions to the rule: Individuals who improved
during intervention

Previous research suggests that the provision of feedback during a training activity
designed to teach the acquisition of neuromuscular skills would lead to a decrement of
capability in the intervention phase (Swinnen, Schmidt et al. 1990; Steinhauer and
Preston Grayhack 2000). The majority of the results of the current investigation
supports this finding. However, there were eight participants of the 45 (18%) (two
in the grid group, four in the keyboard group, two in the control group) who
displayed an improvement in pitch accuracy during the intervention stage. Of these
eight participants, six reported having had singing and/or musical instrument training;
it may be that these participants’ practised familiarity with music-related tasks helped
them to focus their attentional resources during the feedback stage. There is, however,
no clear experimental evidence for this; the result may simply be related to individual
factors.

4.9

Impact of skill level

The design of the present study did not permit an examination of the impact of skill
level on learning using visual feedback. However, the results suggest that this may
be an area to pursue with further study. In the current investigation, the amount of
learning exhibited by participants using the two feedback displays was similar. Both
groups included beginner singers and advanced singers. The data were explored to
determine if skill level had an impact on learning with two different feedback
displays.
The results showed that the more experienced participants (those with some prior
singing training experience) tended to achieve better results using the interactive
keyboard display, while unskilled singers tended to do better with the dynamic pitch
grid display (q.v. 3.5). There are two possible explanations for this observation.
People with some singing or musical tuition would be likelier to be familiar with the
piano keyboard and have a practical appreciation of its pitching arrangement. Further,
the Interactive Keyboard display gave information about the pitch accuracy of each
note only as it was being sung. Once a note had been sung, no information about it
remained on-screen. This meant that, in navigating from one pitch to the next, the
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singer had no visual history of their performance. A likely explanation of the better
performance of advanced singers with the keyboard display is that they needed less
coaching, had superior audiation skills, and found extra information a hindrance in
executing a task (pitch matching) to which they were accustomed by training
(Steinhauer and Preston Grayhack 2000).
A comparison of the mean F0 absolute score achieved by beginner singers at baseline
with that achieved at post-test showed little difference between the results for the two
feedback modes (Dynamic Pitch Grid display and Interactive Keyboard display).
Beginners in the control group showed no improvement, indicating that merely
singing for a period of time will not aid improvement if the participant knows nothing
about singing.
Skill level appeared to affect both feedback modes similarly, but no interaction was
indicated, probably because there were too few participants in each category for
significant statistical effect.
For participants with some level of singing experience and capability (Advanced
singers), improvement was marked. Despite the extra complexity of their tasks, those
participants with advanced skills (5-note patterns) outperformed beginners (3-note
patterns) in terms of improvement in pitch accuracy. Even the advanced participants
in the control cohort showed some improvement. From this it could be concluded that
if participants already know something about singing, they can gain advantage from
merely singing for a time.

4.9.1 Contrasting the results of beginner and advanced
participants
In order to take account of the range of musical and singing experiences of the
participants of this study, three different exercise patterns were offered (q.v. 2.3).
Beginners were given a three-note pattern, while those participants with more
musical experience were allocated one of two five-note patterns. When the pitch
accuracy results of these two skill level groups were compared, it became apparent
that those participants at beginner skill level performed consistently better than the
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advanced participants. The reason for this may be that the more complex patterns
offered the advanced participants (in order to control for skill level) were
proportionately too difficult in relation to the capability of those participants who
reported experience and demonstrated some skill in singing, music and pitchmatching.
The beginner versus advanced results in Figure 3-5 conform proportionately to the
overall outcomes across all treatment groups, with the exception of the worsened
pitch accuracy result of the advanced participants in the grid group at intervention
phase. It could be argued that participants faced with the more complex exercise
patterns, and working with the more richly informative of the two feedback displays
(grid), may have experienced levels of cognitive load sufficient to cause an extra
decrement of skill.
Another interesting outcome of the results in Figure 3-5 is the one circumstance in
which the beginners were less successful in pitch-matching than the advanced
participants. While in the control group, beginners were more accurate that the
advanced participants at baseline and post-test, at the intervention stage they were
less successful. The slight advantage shown by control group advanced participants
over beginners in the intervention phase was perhaps only because the more
musically-adept were used to making some sense of confusion and misunderstanding
in a music or singing lesson, and were thus at less of a disadvantage (q.v. 4.4.1).
In Figure 3-6, results for each treatment group (grid, keyboard, control) are shown,
divided into beginner or advanced categories. This graph compares the difference in
pitch accuracy between baseline and post-test measurements, and gives clear
indication of the amount of improvement shown by both feedback groups. There was
little difference in pitch accuracy improvement between beginner and advanced
groups, indicating that the effect of experience in terms of the overall result was not
critical. In the control group, there was a marginal decrement overall of the beginner
participants and a marginal improvement overall of the advanced participants.
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4.10
Did visual-spatial learners do better with visual
feedback?
Figure 3-7 displays the amount of improvement or decrement between pitch accuracy
measured at baseline and at post-test for all 45 participants. The eight green bars
show those participants whose questionnaire responses indicated that their learning
styles tended towards the visual and spatial (q.v. 1.4.5). It can be seen that these
participants were scattered evenly throughout the continuum of pitch accuracy results.
The conclusion which may be drawn form these results is that both of the visual
feedback displays were effective for all users, whatever their learning style.

4.10.1 Verbal versus visual KR
The basis of traditional singing teaching is a master-apprentice model utilising mostly
aural/oral methods. Much of the feedback offered to students is verbal, although
teachers who model by demonstration also give visual cues from their body
movements. Thus, the traditional basis of singing pedagogy offers not only KR
(verbal information about pitch accuracy, timbre, onset/offset, and similar pedagogic
concerns) but also knowledge of performance (KP) – ‘Verbalised (or verbalizable)
postmovement information about the nature of the movement pattern’ (Schmidt and
Lee 1999, p. 325). Teachers commonly correct students post-performance, giving
them advice about improving body movements in order to enhance their output – the
sung tone.
One way in which the findings of the current research may impinge upon standard
practices used by singing teachers in the future is their consideration in conjunction
with the results of research by Magill et al. (1991). Magill et al. discuss two opposing
views regarding the role of verbal knowledge of results during learning versus KR
derived from visual feedback. One opinion holds that verbal KR assists skill learning
by adding vital information to available sensory feedback, while the other opinion is
that verbal KR is not only redundant in the presence of visual feedback, but hampers
learning. Results from four experiments conducted by Magill et al. show that
‘…visual feedback provided sufficient information to the learner to enable
performance improvement during practice, maintain the acquired level of
performance over a 24-hour period, and generalise performance to novel stimulus
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speed conditions’ (Magill, Chamberlin et al. 1991, p. 485). The current study
highlights the effectiveness of visual feedback as an adjunct to singers acquiring
greater skill levels in pitch accuracy.
Could this be extrapolated to suggest that singing teachers who use visual feedback as
part of their pedagogic strategies are well advised to speak a lot less? This is in line
with Nisbet’s (2003) analysis of singing studio practice. In recognising the major role
of motor learning in vocal skill development, Nisbet (2003) warns singing teachers
against talking too much and doing too little during instructional sessions, advocating
lesson conditions which permit students to attend to and build up the essential implicit
memory needed to develop their singing skills.

4.11

Post-session questionnaire responses

All 38 participants who were offered real-time visual feedback during the intervention
stage of the investigation were asked to respond to four questions at the end of their
post-session questionnaire (q.v. 2.8.2). Appendix F contains verbatim (unedited)
transcripts of participants’ hand-written responses to these questions. These responses
were text-analysed for significant words indicating the means whereby the
participants decoded and used information derived from the visual feedback displays
(q.v. Appendix G). Tables 3-10, 3-11, 3-12 and 3-13 (q.v. 3.7.1.7) collate significant
word frequencies from these written responses, highlighting some of the ways in
which participants responded to the visual feedback displays.
As reported in the Results chapter (q.v. 3.7.1.7), participants working with the
interactive keyboard group used colour-related words more frequently than the
dynamic pitch grid group (incidence = 70% to 30%) when describing their
experiences with the visual feedback. The reason for this may be that the feedback
function of the interactive keyboard display is a colour change which indicates
right/wrong. Although both displays use colour in their design, the static colours of
the grid display may have made less of an impression on users. The same division of
frequency (keyboard – 70% to grid – 30%) was shown in the use of accuracy-related
words, while target related words were used with almost equal frequency by both
groups (grid – 52% to keyboard – 48%). Because the style of the grid display is
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reminiscent of a graph, with its emphasis on scientific quantification, it was tempting
to hypothesise that words related to ‘accuracy’ and ‘target’ may have been employed
more readily by participants describing their interactions with the grid display. This
was not the case.

4.12

Pitch measurement – ‘Flat’ or ‘Sharp’?

The criterion for accuracy used in the current investigation was the closeness with
which the participant’s sung pitch conformed to the pitch of a note supplied by the
keyboard. As part of the process of evaluating experimental results, the distance of
the sung note from the target was used as the result figure, without taking into
account whether the fundamental frequency (F0) of the tone was ‘sharper’ or ‘flatter’
than the target (q.v. 2.1.1 and 3.1.1). For instance, a variation of +21.47 cents from
the target pitch was deemed to be the same as a variation of -21.47 cents. It is worth
considering whether this is a fair way of assessing the participants’ capabilities;
although it is common to blame poor audiation and/or poor technique for pitch
inaccuracies, some singing pedagogues hold that singing ‘sharp’ is caused by factors
which differ from those which are said to cause ‘flat’ singing.
In the current study, the frequency with which participants sang lower in pitch than
the target note was 88% (q.v. 3.1.1; Table 3-1). The processes needed for the
production of consistent ‘in-pitch’ singing include sufficient breath support and
appropriate vocal fold lengthening/shortening and tension/release; these skilled
activities associated with the learning of singing are internal bodily adjustments –
‘hidden’ processes not evident to the untrained singer. When beginner singers in the
current investigation were offered visual feedback with the intention of enhancing the
accuracy of their pitch-matching, the inherent expectation was that they would make
an intuitive nexus between the screen display and those ‘hidden’ body-based activities
which modify pitch. It would seem from the results that most participants did in fact
make this connection between visual feedback and physical modifiers, since there was
an overall improvement of pitch accuracy results in the two feedback groups. An
additional consideration, however, is that, although they showed improvement at posttest, the participants were still, on average, consistently singing ‘flat’. A possible
future direction for investigation may be a pitch-matching study which includes as
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part of its protocol some explicit training information (either given by an investigator
or as an on-screen instruction) about breath efficiency and vocal fold management, in
order to improve the efficiency of the learning component of the study.
Given the broad range of contributing causes which may be to blame for a singer’s
imperfect pitch, either above or below the target note, differentiating between ‘sharp’
and ‘flat’ singing in the results would appear to be an unnecessary consideration.

4.13

Future directions

In summary, the present study has established
•

that visual feedback helps learner singers to improve their pitch accuracy,
and

•

that the immediate effects of concurrent feedback lead to a performance
decrement, but produce enhanced capability.

Consequential to these findings, some questions raised by this research merit further
study. These questions include
•

Is visual feedback is equally effective for those participants whose learning
styles are not predominantly visual-spatial as for those whose learning styles
are?

•

Is practice alone sufficient to consolidate pitch matching skills?

•

Are people who have already had some singing or other music skill training
less likely to be confused by concurrent visual feedback?

•

Do beginner singers respond better to a richer and more informative style of
information in their visual feedback?

•

Do more experienced singers make better use of less complex visual
feedback?

Since the current investigation only looked at immediacy in learning, a similar study,
but within a longer time-frame, would be useful in determining learning effectiveness
and skill retention. A longitudinal study would allow participants to re-visit their
interaction with visual feedback over a period of time; this should prove effective in
contrasting the performance of a participant using the graphic user interface for the
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first time, and that same participant returning to a familiar display interface for the
third or fourth time.
All participants presented with real-time visual feedback were routinely offered it
during task performance. Some aspects of recent KR research (q.v. 1.8) to do with the
optimal time for KR to be offered to a learner could not be included in the structure of
the current investigation. In the light of the research findings of Chiviacowsky and
Wulf (2002), indicating that the provision of knowledge of results on request can
optimise motor skills learning, it could be useful to run an experiment similar to the
current one using real-time visual feed back (concurrent KR) with one group of
participants, offering instantaneous (immediately after the completion of the vocal
pattern) feedback to another group, giving another group delayed (but set-time) KR,
and providing KR only when requested to a fourth group. This could help to gauge the
extent of the interference effect at intervention stage.
It is expected that if an experiment controls for task, the differences between cohorts
should be normalised, and thus have no adverse effect on results. The complexity of
tasks was adjusted in the present study in order to reflect both current capabilities and
degree of learning in both beginner and advanced participants. Individuals within
groups were divergent in amount of learning; while group effects are one thing,
individual performances suggest that a study that enabled researchers to tease out
subgroups would be of use. The nature of the current study is not sufficiently
extensive to investigate the modes and learning rates of subgroups of participants; a
more thorough study which looked at the direct impact of visual feedback on skill
level could yield useful information.
Only two visual feedback designs were trialled in this investigation. Their functions
enabled differentiation between two ways of obtaining real-time visually-based
information about the voice. Future study could well investigate different ways of
visually-encoding the voice in order to establish the most effective one, especially for
visual/spatial biased learners (as in Gardner’s Theory of Multiple Intelligences, q.v.
1.4.5).
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The case for using pitch accuracy as a useful parameter for measuring singing skill
has been made elsewhere (q.v. 2.1.1). The findings of the present study may be
considered alongside other pitch-accuracy-based investigations (Colton 1987; Welch,
Howard et al. 1989; Watts, Murphy et al. 2003; Howard, Welch et al. 2004; Watts,
Moore et al. 2005). However, singing teachers assert that there is much more to
singing skill than correct pitch (Wakefield 2003; Howard 2005). Closed quotient
(CQ), the ratio between the time the vocal folds are in contact during each cycle and
the period of that cycle, is seen as another useful parameter for the assessment of
voice quality. It may be useful to investigate further the use of visual feedback,
allying pitch accuracy information with an indication of the efficiency with which the
vocal folds are adducting (using an electrolaryngograph, also known as an
electroglottograph (EGG), a non-invasive device which registers the contact between
the vocal folds, q.v. 1.9.3). The application of CQ measurement to singers and their
training has been investigated by Miller and Schutte (2000). Although current EGG
technologies are designed to enable speech pathology practitioners and
otolaryngolgists to view vocal fold efficiency in patients presenting with functional
pathologies, some researchers have begun to trial the EGG output as a visual
feedback for the singer and/or singing instructor (Howard 1995; Garner and Howard
1999). However, it should be noted that CQ measurement has limited application as
an index of singing excellence across all genres.
Participants for the current study were drawn from the staff and students of a
metropolitan university campus (q.v. 2.7). It would be interesting to replicate this
investigation using participants selected by a random sample process from the
population at large, rather than from within a single community.
The three experimental conditions in the current study employed either a form of realtime visual feedback or a sham-intervention. If a similar investigation was undertaken
but added a fourth experimental condition, that of merely offering practice (much like
a traditional singing lesson) without any visual referent, it may serve to assess to what
extent the control screen may have exercised an inhibitory effect on learning for that
group.
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Appendices

Appendix A: An annotated list of voice analysis software
[NOTE: These lists are not exhaustive,
but represent the range of products currently available on the Internet]

1.

Software which uses voice input via microphone.

Antares Auto-tune 3
Pitch correction of vocal or solo instrument in real time, without distortion.
Can display the sung/played line in graphic mode to allow “re-drawing” to the desired
pitch using a range of graphics tools
http://www.antarestech.com/products/auto-tune3.html

AP Instrument Tuner
Just a tuner for stringed instruments, with a neat range of instrument types and tuning
conventions built in. Display is a minus – centre – plus dial. It has, however, the
practical possibility of being sung into!
Audio Phonics Inc. File size 1.0MB - Freeware
http://www.hitsquad.com/smm/programs/APInstrumentTuner/

Auralia v. 2.1
Program for ear training with a multitude of aural skill-building programs; includes
exercises in interval singing, scale singing and counter-point singing. Developed and
sold from Australia.
Requires Pentium capability; works with Windows 95, 98, ME, NT, 2000, XP.
Also available for Mac.
http://www.risingsoftware.com

Autoscore
Software that turns singing or playing into written music.
An audio-to-MIDI converter. A multi-purpose dialog box offers a real-time pitch
analyser, volume meter and sound wave oscillator; can be used as a digital tuner.
Wildcat Canyon Software
http://www.wildcat.com/Site/Autoscore/AutoscoreProWin.htm

Claire
A “Personal Music Coach”, designed to develop fundamental music skills, such as
ear training, sight reading and music theory. Now obsolete.

CopyScat
Record yourself; get instant feedback; improve your performance. Vocal practice
method which allows student to practice along with pre-recorded songs and instantly
hear their results. It enables student to listen to an audio track, remove the vocals,
record themselves singing, and easily loop sections of the song to compare their
singing with that of the original recording. PG Music Inc.
http://www.pgmusic.com/copyscat.htm
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EarMaster Pro 4.0
Computer based ear training program. Includes Wave-to-MIDI technology which
enables answers to be sung into a microphone.
MidiTec Size = 5MB
http://www.earmaster.com/pro/home.html

Ear Power v 2.4
Ear training program. Voice pitch recognition - even with an inexpensive condenser
microphone, the computer will read your voice and show the notes you sing.
Author: Nick Baciu
http://www.earpower.com

Improvisor
Ear training software (jazz and rock styles especially)
Takes a microphone input
http://www.invite-software.com

MatchPitch
Shareware developed by Garyth Nair. Play a note by clicking on the keyboard picture
in the lower window and a bar representing that pitch appears in the upper window.
When the student sings, their pitch is shown in the same window; if it’s “on pitch” it
changes the bar above the played piano key.
http://visualizationsoftware.com/gram/voice.html

MIDIMaster Karaoke 3.5
Not just standard karaoke software, but also works like a karaoke recording studio.
You can record your own performance and play it back. You can sing duets with
yourself. Blaze Audio
http://www.blazeaudio.com/products/midimasterkaraoke.html

Music Lab
A range of interactive music training software. Includes a Sing module which teaches
in-tune singing and pitch accuracy by asking students to sing a pitch after listening to
the tonic triad. The screen resembles a tuner, and students see the exact pitch they
are singing. In Music Lab Melody, students have to sight-sing the melody shown on
the screen. The program then shows a graph displaying the pitches that should have
been sung, along with the pitches actually achieved.
http://www.ForMusicTechnology.com/musiclab.html

Music MasterWorks
Has a “singing coach” aspect; voice-to-MIDI for checking/correcting pitch in realtime visual display. Aspire Software
http://www.musicmasterworks.com/singing_lesson.html

PHOG interactive phonetography system
Used by speech pathologists for assessment of voice function, for voice research and
vocal training. Immediate visual feedback of pitch and loudness
DB x Hz display, with piano keyboard across top of window. Hitech Development
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http://www.hitech.se

Sight-singing Trainer
Ear-training program which incorporates voice pitch recognition
Size = 120K. Ear Power
http://www.earpower.com

Singing Tutor v 4.1
Music stave and notes display across the top of the screen; below, either a single
horizontal line (representing a selected single note pitch) or a series of parallel
horizontal lines (representing a range of note pitches). Voice input produces a thin,
continuous line; its relationship to the original horizontal line(s) indicates the degree
of accuracy of vocal pitch. Range of notes covers bass-baritone to soprano.
Originated by VIMAS Technologies in Kiev, Ukraine. Works with Windows 95, 98,
NT; also needs microphone and soundblaster. Size = 373K
http://www.vimas.com

Sound Software Spectrograph 1.0
A small utility that displays a frequency/amplitude graph of sound in real-time from
the microphone or line-in. Sampling from 8 kHz to 44.1 kHz
Requirements – Windows 95/98, Full-duplex sound card & Microsoft DirectX 6.1 or
higher.
Visit Sound Software to download Freeware program winspec.exe (124.08KB)
http://www.members.tripod.co.uk/vocalist/vocal_software.html

Soundswell signal workstation
A range of programs and signal processing tools, which include
Soundswell Voice - Speech Analysis Tools. Hitech Development
http://www.hitech.se

VoceVista (Visible Voice)
A program for study of voice resonance and for visual feedback in voice training
using the spectrogram and the electroglottograph.
Produced by University of Groningen Voice Research Laboratory (Linked to Garyth
Nair book)
For purchase info - d.g.miller@med.rug.nl

VoceVista – Real Time
A freeware program from the University of Groningen Voice Research Laboratory.
Designed for voice and speech training using a colour spectrogram display for realtime audio and visual feedback. (Linked to Garyth Nair book)
641 KB
http://www.visualizationsoftware.com/gram/voice.html
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2.

Non-voice-input software designed to develop aural skills

EarTest v.1.12
An ear-training program designed to improve both perfect pitch ability and relative
pitch ability. EarTest plays a note and response is made on a piano keyboard visual
via computer keyboard, MIDI keyboard or mouse clicks. Gives aural feedback and
score statistics. Size – 600K
OS – Windows 95+ and sound card (or external MIDI device)
http://oz.sunflower.org/~bhugh/eartest.spm

The Music Box – A Personal Ear Trainer v. 2.7
A part of this complex range of music theory and ear-training packages includes a
Pitch Recognition dialog box. This uses simple check boxes, rather than a piano
keyboard visual, to test aural skill over a two-octave range. Responses are via
mouse-click, it displays right/wrong information and keeps scores.
OS – Windows 95+ and sound card
http://members.tscnet.com/pages/carner

PerfectPitchTrainer v.3.8
Teaches recognition of all 12 music tones in an octave without reliance upon relative
pitch.
OS [Mac only] - minimum is Mac OS 7.66, 200MHz PPC processor, Sound
Manager 3.0, 16 Mb of free RAM
http://www.crosswinds.net/~14m/perfectpitchtrainer.htm

Pitch Train v. 9.1.1
A tool for developing perfect pitch. User chooses any or all notes to be included in
the quiz from a single octave (12 notes). One by one, the user tries to identify the
randomly chosen note (which can be from any octave) upon hearing it. The program
keeps score, and advises when to add more notes to the quiz. Pitch Train includes a
full, customisable 88-key keyboard. 1.25MB
OS - Windows 95/98/NT/2000, sound card, 600x800
Developed by SOFTRONIC, Finland
http://www.zdnetindia.com/downloads/info/3923754.html

Teoría v.1.3.4
Program with a range of exercises designed to develop both music theory and eartraining skills. The ear-training work includes melodic and harmonic, simple and
compound intervals; major and minor scales, Gregorian and Jazz modes, pentatonic,
diminished and whole tone scales; triads, sevenths, ninths, augmented sixths and
mixed chords. Piano keyboard display. Based in Puerto Rico.
http://www.teoria.com/software/index.htm
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Appendix B – 1
Session script for feedback groups using either
dynamic pitch grid display or interactive keyboard display
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Appendix B: Session Scripts
Appendix B - 1: Session script for feedback groups using either Dynamic Pitch Grid display or Interactive Keyboard display
#
Protocol
VFB
DAT
Head- Time
Mic
05:00
1
Welcome
Consent Sheet / Subject Information Sheet
‘This is a study of teaching effectiveness: we are investigating how people learn.’
Outline of whole session: Questionnaire / Warm-up /
Singing task / Training session /Questionnaire
‘Any questions about all this?’
2
Written Questionnaire #1
05:00
3
‘I would like to record the whole session; is this OK with you?’
ON
ON
4
Pre-Warm-up requirements: ‘Singing is a body-based activity. In common with other
sports, it’s wise to warm up before expecting your body to work most effectively.”
‘It is also preferable for you to stand rather than sit during the session, because
improved posture enhances the quality of sung sound.’
5.a Warm-up: (a) Shrug shoulders up towards ears, and release – x 3.
01:00
[Reason: releasing tension in neck area.]
01:00
5.b (b) Knees softened (slight flexion) and both arms swinging together through an arc,
much like skiing - x 5 .
[Reason: combining release around neck and upper torso with balance and engagement
of lower abdominal musculature.]
ON
01:00
5.c (c) Locate and sing a low tone (not specified by keyboard) on “oo” /u/; sustain it for at
least 3 seconds.
[Reason: gentle initiation of sustained phonation on a vowel with least attendant
pressure.]
5.d (d) Siren upwards from any comfortably low note on ‘ng’ /3 / to a comfortably higher
01:00
pitch (non-specified) - x 2.
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10:00
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12:00
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14:00

Appendices

[Reason: initiating vocal range on a vocally-safe phoneme.]
5.e (e) Siren upwards from a comfortably low note in the subject’s range (specified by a
starting note on the keyboard, and specifically different from the pitch used in the
previous exercise) on ‘ng’ /3 / to a comfortably higher pitch (non-specified) – x 2.
[Reason: introducing pitch-matching with keyboard.]
5.f (f) Play a single note within the subject’s perceived mid-range; ‘Can you sing this note
on ‘oo’ /u/ or ‘ah’ /a/ ?’ - x 6 (Use six different individual notes in random
sequence.)
[Reason: enhance acuity of pitch perception.]
6
Teach chosen singing task - USING PIANO ONLY - on ‘oo’ /u/ or ‘ah’ /a/ . (Once
the vowel is chosen here, it remains the same throughout the session.)
[1-3-1 : 1-4-6-4-1 : 1-b7-2-3-4]
Five exercises in sequence, at semitone increment. (TEST 1)
Explanation: ‘This is the task that we will be focussing on learning today – although we
will be doing other exercises and a portion of a song during this session.’
Refer VFB
7
Introduce VFB; draw parallel between piano keyboard, as used in Section 5, and the
keyboard representation on the screen. (Note: Both displays visually reference a piano
keyboard.)
Explanation 1: [For Dynamic Pitch Grid display]
‘The green areas show the notes you need to aim for when you sing the exercise we’ve
chosen. The yellow line in the middle of each green area indicates the most accurate
spot you can hit, but anything within the green area is counted as accurate. The grey
and white areas represent the notes that are not targeted in this exercise. The blue
wriggly line shows where your voice is going, and the red dot at the end of it indicates
where your voice is right now.’
OR
Explanation 2: (For Interactive Keyboard display)
‘This is a piano keyboard design, and the green areas show the notes you need to aim
for when you sing the exercise we’ve chosen. When you hit the correct pitch, your voice
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06:00 22:00

05:00 27:00

Appendices

8.a
8.b

8.c
8.d
9
10
11
12

will turn the green target area red. That’s how you know you’ve got the note right.
When you are singing a note that isn’t targeted, that keyboard note (either black or
white) will turn pale pink.This should give you an idea of how far off the target you are.’
‘You can also watch the Level Meter to see how loud or soft you are singing - you’re
allowed to make as loud a sound as you wish.’ ‘Try making sounds and watching what
happens on the screen, to give you an idea of how it works.’
(For beginners, suggestions for sounds would include sustained single notes; for
intermediate level, glissandi - slides; for experienced singers, scales or arpeggios.)
Training session: (a) ‘Let’s try that task exercise on this display and see what the screen
shows you.’
(b) Introduce different arpeggio patterns similar in difficulty to the task exercise already
selected. Two different patterns - five sequences, in semitone increment, - on ‘oo’ /u/
or ‘ah’ /a/ .
Explanation: “Now let’s do some different voice exercises and see what the screen
shows us.’
(c) Teach a portion of one of the three songs offered: no more than one page of the
score. ‘Why don’t you watch what happens on the screen as you sing the notes of the
song? See what it tells you.’
(d) ‘Now let’s do the exercise again, and watch what happens on the screen as you do
it.’ Five exercises in sequence, at semitone increment. (TEST 2)
Written Questionnaire #2
‘Let’s return to the song we worked on before we finish.
‘And that exercise we did before…’ Five exercises in sequence, at semitone increment.
(TEST 3)
‘Any questions about what has taken place?’
‘Thank you for making the time to be part of this research; it has been a great help to
our project.’
‘Goodbye.’
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06:00 33:00

Refer VFB

6:00

Refer
VFB

03:00 50:00

08:00 41:00

47:00

05:00 55:00
03:00 58:00
02:00 60:00

No VFB
No VFB
OFF

OFF

02:00 62:00
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Appendix B: Session script for control group

Appendix B – 2
Session script for Control group
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Appendix B
Session Scripts
Appendix B - 2: Session script for Control option group
#

Protocol

1

Welcome
Consent Sheet / Subject Information Sheet
‘This is a study of teaching effectiveness: we are investigating how people learn.’
Outline of whole session: Questionnaire / Warm-up /
Singing task / Training session /Questionnaire
‘Any questions about all this?’
Written Questionnaire #1

2
3

Screen
Keyboard

DAT

HeadMic

ON

Time
05:00

Time
elapsed
05:00

05:00
-

10:00
10:00

-

10:00

01:00

11.00

01:00

12:00

01:00

13:00

‘I would like to record the whole session: is this OK with you?’
4

Pre-Warm-up requirements: ‘Singing is a body-based activity. In common with other
sports, it’s wise to warm up before expecting your body to work most effectively.’
‘It is also preferable for you to stand rather than sit during the session, because
improved posture enhances the quality of sung sound.’
5.a Warm-up: (a) Shrug shoulders up towards ears, and release – x 3.
[Reason: releasing tension in neck area.]
5.b (b) Knees softened (slight flexion) and both arms swinging together through an arc,
much like skiing - x 5 .
[Reason: combining release around neck and upper torso with balance and
engagement of lower abdominal musculature.]
5.c (c) Locate and sing a low tone (not specified by keyboard) on ‘oo’ /u/; sustain it for
at least 3 seconds.
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[Reason: gentle initiation of sustained phonation on a vowel with least attendant
pressure.]
5.d (d) Siren upwards from any comfortably low note on ‘ng’ /3 / to a comfortably
higher pitch (non-specified) - x 2.
[Reason: initiating vocal range on a vocally-safe phoneme.]
5.e (e) Siren upwards from a comfortably low note in the subject’s range (specified by a
starting note on the keyboard, and specifically different from the pitch used in the
previous exercise) on ‘ng’ /3 / to a comfortably higher pitch (non-specified) – x 2.
[Reason: introducing pitch-matching with keyboard.]
5.f (f) Play a single note within the subject’s perceived mid-range; ‘Can you sing this
note on ‘oo’ /u/ or ‘ah’ /a/ ?’ - x 6 (Use six different individual notes in random
sequence.)
[Reason: enhance acuity of pitch perception.]
6
Teach chosen singing task - USING PIANO ONLY - on ‘oo’ /u/ or ‘ah’ /a/ .
(Once the vowel is chosen here, it remains the same throughout the session.)
[1-3-1 : 1-4-6-4-1 : 1-b7-2-3-4]
Five exercises in sequence, at semitone increment. (TEST 1)
Explanation: ‘This is the task that we will be focussing on learning today – although
we will be doing other exercises and a portion of a song during this session.’
7
Introduce Screen Keyboard; draw parallel between piano keyboard, as used in
Section 5, and the on-screen display.
‘This is a new way of working with singing students; you can hear the notes you need
to sing and the computer automatically raises and lowers the exercise pattern for us.’

8.a Training session: (a) ‘Let’s try that task exercise with this display.’
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Refer to
Screen
Keyboard,
displaying
the level of
test exercise
selected and
already
attempted.
Refer to

01:00

14:00

01:00

15:00

01:00

16:00

06:00

22:00

02:00

24:00

05:00

29:00

Appendices

Screen
Keyboard
8.b (b) Introduce different arpeggio patterns similar in difficulty to the task exercise
already selected. Two different patterns - five sequences, in semitone increment, on ‘oo’ /u/ or ‘ah’ /a/ .
Explanation: ‘Now let’s do some different voice exercises without the help of the
computer.’
8.c c) Teach a portion of one of the three songs offered: no more than one page of the
score. Explanation: ‘Singing a song uses all the skills you’ve already worked on and
a few more besides… instead of just singing on a single vowel, we now have words,
with vowels and consonants, to manage.’
8.d (d) ‘Now let’s do the exercise again, and watch what happens on the screen as you do
it.’ Five exercises in sequence, at semitone increment. (TEST 2)
9
10
11
12

Written Questionnaire #2
‘Let’s return to the song we worked on before we finish.’
‘And that exercise we did before…’ Five exercises in sequence, at semitone
increment. (TEST 3)
‘Any questions about what has taken place?’
‘Thank you for making the time to be part of this research; it has been a great help to
our project.’
‘Goodbye.’
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Keyboard
No VFB
No VFB
OFF

OFF

08:00

37:00

07:00

44:00

03:00

47:00

05:00
03:00
02:00

52:00
55:00
57:00

02:00

59:00
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Appendix C: Pre-session Questionnaire

Appendix C – 1
Pre-session questionnaire
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__ / _ _ / _ _
Date

__ / __ / __
Time

Subject #

Questionnaire - Pre-session
Response:
(Tick; circle; fill in
answers)

Surname:

Given names:

Date of Birth
Gender
How much singing have you
done?

Ever had one-on-one singing
training?

Have you had any other voice
training (e.g. Acting?
Elocution? Public speaking?)

Can you play a musical
instrument?

__ / __ / __
M
F
Never sung
Sang some time ago, e.g. in
school choir, etc.
Singing regularly - Once a
month
Singing regularly - Once a
week
Singing regularly - More than
once a week
YES / NO

Y

N

If “yes”, how many sessions?
If many session, for how long
(yrs/months)?
If “yes”, what style/s?
YES / NO

Y

N

If “Yes”, how many sessions?
If many sessions, for how long?
(yrs/months)?
YES / NO

Y

N

Y

N

If “Yes”, list instrument/s
Have you done any musical
training?

YES / NO
If “Yes”, what sort of training,
and where did you do it?
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Appendix C: Post Session Questionnaire

Appendix C – 2
Post-session questionnaire
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__ / _ _ / _ _
Date

__ / __ / __

Subject #

Time

Questionnaire - Post-session

First, a few questions about how you prefer to learn…
I prefer to….
…or Do this
Do this…

3

Work alone
Make sense of ideas through charts,
graphs and tables
Construct a dimensional model of what
I’m learning about
Get up and move around
Use sound and rhythm to help me
remember

3

Work in groups
Make sense of ideas through
reading and writing
Think in abstract patterns and
relationships
Sit still
Use colours to help me remember

(Only one tick per line, please!)
Response:
(Tick; circle; fill in
answers)

Are you left-handed or righthanded?
Are you colour-blind?
Have you any history of
vocal problems?

LEFT / RIGHT /
AMBIDEXTROUS

YES / NO
YES / NO

Y
Y

N
N

Y

N

If ‘yes’, please specify:
Have you any history of ear /
hearing problems?

YES / NO
If “yes”, please specify:

Are you a smoker or a nonsmoker?
Are you currently on any
medication?

Smoker

YES / NO

Y

Non-smoker

N

If “Yes”, what medications
are you taking?
What is your average daily
caffeine intake?
1. Coffee
2. Tea
3. Regular Coke
4. Diet Coke
5. Other caffeine drinks

Quantity per day (av’ge.)
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How did the display tell you that you were doing the task correctly?

What did it show when your singing was too high / low, loud/soft…?

What did you do to move the display towards the correct target?

How could you tell when you were singing in tune?
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Appendix D: Participants’ Consent Sheet
(Ethics-approved)

School of Communication Sciences and Disorders

CONSENT SHEET
Project Title:

The effect of the visual display of elements in real-time visual feedback
on learning in singing
Investigators:
Dr William Thorpe, Ms Pat Wilson, A/Prof Jean Callaghan

I, __________________________________________________, hereby voluntarily
consent to participate in this research project.
1. I have read the procedure as set out on the attached information sheet and I
understand what is expected of me. Before signing this document I have been given
the opportunity to ask questions relating to the benefits and risks involved and have
received satisfactory answers.
2. My decision whether or not to participate is voluntary and will not prejudice my
future relations with The University of Sydney. If I decide to participate, I am free to
withdraw my consent and to discontinue participation at any time without prejudice.
3. I release recordings of my voice for use in this research.
4. I agree that research data gathered from the results of the study may be published
provided my personal details are not revealed.
_________________________________
Name of Student (print)
_________________________________
Signature of Student

__________
DATE

_________________________________
Name of Witness (print)
_________________________________
Signature of Witness
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Appendix E: Subject Information Sheet - Research Studies
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School of Communication Sciences and Disorders
SUBJECT INFORMATION SHEET
RESEARCH STUDIES
Project Title:

The effect of the visual display of elements in real-time visual feedback on
learning in singing
Investigators:
Dr William Thorpe
A/Prof Jean Callaghan
Ms Pat Wilson
Project Contact person: Ms Pat Wilson telephone (02) 9351.9696 or 9310.7236
This project has been approved by the University of Sydney Institutional Ethics Committee.
Any persons with concerns or complaints about the conduct of a research study can contact
the Manager for Ethics and Biosafety Administration, University of Sydney, on (02) 9351
4811

1.
You are invited to participate in the study described below.
After reading this information sheet, please contact Pat Wilson if you are interested in
participating in this study.
You will, at all times, be free to cease participating in the project.
2.
Background to study
We are interested in investigating the best ways in which computer displays can cue
learner singers. Real-time visual feedback, used as an adjunct to traditional
instruction in the perceptual and motor skills of singing, is becoming more widely
accepted in singing teachers’ studios. This study aims to provide information on how
visual feedback helps people who are learning to sing.
3.
Description of Study - methods and demands
You responded to an advertisement placed around the campus, inviting people to
participate in an investigation which provides basic singing instruction.
Accordingly, we offer you the opportunity to have a one-hour session of singing
instruction as a way of helping you discover your singing voice. The session will use
computer equipment. By being part of this investigation, you will help us to develop
better computer technology for singing students and their teachers.
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If you are interested in participating, please contact Pat Wilson to arrange the time
that suits you best for your session.
Time requirements: An hour of your time.
4.
Experiment Design
Each session will commence with learning a simple voice exercise. After this, you
will have a session of singing instruction assisted by a computer. The whole session
will be recorded, in order to evaluate the effectiveness of the instruction. The audio
recording will also be analysed anonymously by a panel of listeners.
During the session, you will be given a short questionnaire about your previous
singing and music experience.
The information provided will be collated with that collected from other participants
in the study and used to fine-tune the development of new technologies for use in
teaching singing, and in the development of pedagogical processes which can usefully
take advantage of these technologies.
Your part in this study will be kept confidential; all your comments, and the
evaluation of your recorded singing exercises during the study will be kept
confidential by coding your records with a subject number during the listening tests
and analysis. The results of the analyses may be published in scientific publications,
but your name will not be identified.
5.
Possible risks
Participants will not be subjected to any risk to themselves as a result of this study.
We will be delighted to answer any further questions that you may have.
Sincerely

(Ms) Pat Wilson
Dr William Thorpe
Senior Lecturer, School of Communication
Sciences and Disorders
Faculty of Health Sciences, The University of
Sydney
PO Box 170, Lidcombe N.S.W. 1825
Ph: (02) 9351-9748
Email w.thorpe@cchs.usyd.edu.au

A/Prof. Jean Callaghan, PhD
Research Co-ordinator
School of Contemporary Arts
University of Western Sydney
Locked Bag 1797
PENRITH SOUTH D.C. N.S.W. 1797
Telephone (02) 9852 5527
email j.callaghan@nepean.uws.edu.au

Ms Pat Wilson
School of Communication Science and Disorders
Faculty of Health Sciences, The University of
Sydney
PO Box 170, Lidcombe N.S.W. 1825
Ph: (02) 9351-9696
Email p.wilson@fhs.usyd.edu.au
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Post-session questionnaire - Written responses
Added to the end of the Post-Session Questionnaire was a page with four open
questions, designed to elicit personal responses to the visual feedback displays.
Only the 38 participants who worked with the visual feedback screens were eligible
for this series of questions. The Control group had no VFB, and therefore were not
asked these questions.
QUESTIONS:
1.
2.
3.
4.

How did the display tell you that you were doing the task correctly?
What did it show when your singing was too high / low, loud / soft…?
What did you do to move the display towards the correct target?
How could you tell when you were singing in tune?

[NOTE: These are verbatim transcripts of participants’ hand-written responses; they
have not been edited in any way]
RESPONSES

1.

(Participant 1.A)

1.

Gave me an idea of which vocal folds to constrict and relax and where the sound was
meant to flow.
Too much constriction; needing breath (when there were drastic jumps)/ Loud/soft
due to microphone not picking up sound.
Focus on where my throat hurt (i.e., muscle tension); figure out where to constrict
certain muscles.
Regular tension, could hear sound vibrating close to the note which gave me an idea
I was getting close to my goal.

2.
3.
4.

2.

(Participant 2.B)

1.
2.
3.
4.

The target notes changed colour from green to bright red.
The note I sang (too high, etc.) lit up as pink.
Changed the note I was singing.
I could hear it, and the notes turned bright red.

3.

(Participant 4.A)

1.
2.
3.
4.

Showed me how far off the mark I was. Encouraged me when I was spot on.
High = over hit; low = under hit; soft = no trace.
Sometimes slid to it, but mostly tried to hit on target.
Could hear it!

4.

(Participant 5.B)

1.
2.
3.
4.

Very sensitive.
Another colour appears.
Practice more.
The red one tells me I got it.
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5.

(Participant 7.A).

1.
2.
3.
4.

Indicator within highlighted area.
Indicator went off scale.
Tried to modulate voice.
Pat told me – indicator on display was dead centre.

6.

(Participant 8.B)

1.
2.
3.
4.

The colour red appeared when I sang to pitch.
The colour turned pink.
Try to concentrate to sing to key.
When the colour green merged with red.

7.

(Participant 10.A)

1.
2.
3.
4.

Not very well
Moved up and down the screen; didn’t register when low.
Breathed more deeply.
When it reached the note.

8.

(Participant 11.B)

1.

It showed me I did/sang the correct notes by giving a pink colour, and went pink on
other notes when it was uncorrect.
The colour disappeared when I ran out of air.
I tried to correct the note. I felt I tended to go lower than the target note.
I saw the pink colour on the notes.

2.
3.
4.

9.

(Participant 13.A)

1.
2.
3.
4.

It told me when I was going out of range.
It either didn’t register or went too high.
Adjusted singing to bring it to register required.
The line was in green band.

10.

(Participant 14.B)

1.
2.
3.
4.

By lighting up in red.
Showing the note you’re singing in pink, when too soft, might not respond.
Heightening or lowering my voice according to which direction I’m from the target.
When singing in tune, the corresponding key on the piano would turn red; if wrong,
the key that you’re singing at (which is incorrect) will have a pink shade.

11.

(Participant 16.A)

1.

The line shows you if you’re on the right note and whether you can make it a straight
line.
The line going above the green bar when it was too high, and below the green bar
when it was too low. The line won’t move if it’s too soft.
Try and stabilise my voice and also not to drop too low when moving to the lower
notes.
The line was within the green bar closest to the yellow line in the middle.

2.
3.
4.
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12.

(Participant 17.B)

1.
2.
3.
4.

When the red colour appears on the key notes that was played.
It showed pink.
It highlighted in red.
When the red colour was appearing on the correct notes.

13.

(Participant 19.A)

1.

*Even amplitude around the central note “line”; *Even sound bar at the top of the
screen. …This is what I was looking out for.
An uneven “green bar” at the top of the screen (bar did not remain constant).
Concentrated on singing cleanly (from note to note) and evenly (in terms of volume).
The blue line was following the yellow centre note line closely.

2.
3.
4.

14.

(Participant 20.B)

1.
2.
3.
4.

The note turned red on the screen without the notes around it turning pink.
When my singing was too high, the notes above the target turned pink. When my
singing was too low, the notes below the target turned pink. My singing was not too
loud. When my singing was too soft, the note did not change colour at all.
I tried to avoid sliding between the notes, sometimes putting a pause between them.
The notes were hit; my ears cannot tell me as accurately as the screen can.

15.

(Participant 22.A)

1.

4.

I was able to see the line of my voice and recognise whether I was hitting the note
correctly or just under or over.
High/Low: The line would be either above or below the centre of the note. Loud/soft:
If I was too soft it wouldn’t pick up my voice.
I would slide my note up or down to try and bring it closer to the yellow line at the
centre of the note.
Yes. The moving line would be in line with the yellow line at the centre of the note.

16.

(Participant 23.B)

1.
2.
3.
4.

The green piano keys went from green to red.
A white key (surrounding the green key) went pink.
Adjust the note.
Clean transition from green to red.

17.

(Participant 25.A)

1.
2.
3.
4.

Visual feedback.
Went out of the two lines.
Adjusted my pitch.
Keep the line as close to the target as possible.

18.

(Participant 26.B)

1.
2.
3.
4.

Corresponded note reached into visual imagery.
Pink colour.
Red colour.
Colour of comp. screen.

19.

(Participant 28.A)

1.
2.
3.

Visually by showing accuracy of note in relation to the yellow line.
Visual line going above/below green area.
tried to sing more smoothly / accurately.

2.
3.

- 153 -

Appendices

4.

A “smoother” line!

20.

(Participant 29.B)

1.
2.
3.
4.

The red helped with finding the note and keeping it there.
Variation of the colour (brightness).
Changed the note that I was singing slightly until it hit the correct one.
When it was bright red.

21.

(Participant 31.A)

1.
2.
3.
4.

On target trace and minimal range around the base line.
Increased trace.
Think / observe impact of change.
Trace was on the line.

22.

(Participant 32.B)

1.
2.
3.
4.

The green notes flashed red.
White keys flashed pink.
used visual feedback to correct online.
The green notes flashed red instantly without any pink flashing.

23.

(Participant 34.A)

1.
2.
3.
4.

The blue line was in the green band for each tone, ideally as close to the yellow line
as possible.
Blue line went outside of the green band.
Removed the aspiration at the beginning of the note; concentrated more on tone.
Blue line remained predominantly within green band.

24.

(Participant 35.B)

1.

Through use of colour, red for correct, pink for not correct.

2.

Showed pink on the notes I was hitting; note I was supposed to hit did not
change colour.

3.
4.

Adjusted my voice higher or lower.
Right notes turned red.

25.

(Participant 37.A)

1.

Aimed to get line into the green band.

2.

Line was out of the band.

3.
4.

Adjusted my pitch accordingly.
When I was within the green band.

26.

(Participant 38.B)

1.

When I was incorrect on the note, it showed what note I was singing, and
highlighted the ‘keys’ (notes) I should‘ve been on. So visually, I knew whether I
was right or wrong.
When my voice was too low it showed pink, which made me adjust my pitch. Or I
tried to.
I changed my pitch to try to get the right note.
The keys turned red on the piano picture on the computer screen, which I think made
my voice stronger as I was more confident.

2.
3.
4.
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27.

(Participant 40.A)

1.

By representing my pitch movement in a blue line approximating a green ‘absolute”
pitch area.
It matched my voice and notes sung in upper movement for high notes, and
decreasing movement for low notes. I don’t think it monitored my volume, though.
Focussed on stabilising my diaphragm and air flow.
*When the blue line fell within the green area,.
*When the amplitude of the line is less extreme (narrower), and falls only within the
green area,
*…and ‘hugs’ the yellow line.

2.
3.
4.

28.

(Participant 41.B)

1.
2.
3.
4.

It showed me if I was hitting the note correctly, by changing from green to red.
Pink highlighted notes of what I was singing.
Sing higher or lower until the key lights up in bright red.
All the green notes turned to red.

29.

(Participant 43.A)

1.

Keeping pitch on track, through following between a particular area as well as
keeping on a thin line.
The squiggly line moved outside of a specific coloured area.
∆ pitch through facial structure ∆’s.
Mostly ear. The visual guide helped by detailing the pitch more precisely.

2.
3.
4.

30.

(Participant 44.B)

1.
2.
3.
4.

When it went red.
Was light pink instead of red.
Sing harder.
Key was red.

31.

(Participant 46.A)

1.
2.
3.
4.

I watched the blue line go into the green note space I aimed for . The closer I got to
the yellow line in the centre, the better.
Blue line went out of the green area. Loud/soft indicator.
Kept my breath steady
I can hear, and the line stays in the green space

32.

(Participant 47.B)

1.

It gave me a visualisation of where my voice was sitting. Visual representation
allowed me to control the notes better than just listening.
It showed a red note when I was on target, and pink notes when I wasn’t.

2.

3.

Correct the pitch/tone of my voice to correct the display.

4.

It was highlighted in red.

33.

(Participant 49.A)

1.
2.

Visual feedback – blue line contained within green band, white band or grey band.
When the blue line went over or under the band of colour representing the note.
Loud/soft: I wobble for loud and softer.
Contact a note - progressed from one note to another in a swoop, and held my hand
over my mouth.
YES – but I could also SEE it!

3.
4.
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34.

(Participant 50.B)

1.

The green keys turned red when I hit the right notes, which taught me that I was
doing the task right.
It had the keys that I was supposed to sing pressed down in green (the ones that I
missed), and it had shaded in the white keys red when I wasn’t singing it right. It
also had red keys when I sang a wrong note.
Sang at a higher pitch or at a lower pitch, to distinguish the keys.
The keys turned red when I sang on the right note (which was in time to the sound).

2.
3.
4.

35.

(Participant 52.A)

1.

When I sang I tried to be in the range of the colour bar and the display showed me
how accurate I was.
The wave started to fluctuate.
By singing more accurately.
When I sing and the line was within the bar and the closer to the yellow line the more
accurate I was.

2.
3.
4.

36.

(Participant 53.B)

1.
2.
3.
4.

The key turned red for correct note.
Pink keys.
Raise or lower my pitch accordingly until the key turned red.
I could hear it sometimes or looked to PC for guidance (red colouring of keys).

37.

(Participant 55.A)

1.
2.
3.
4.

the line was within the green area.
The line went above / below the green area into white.
Tried to move my voice (?pitch) towards it – urged myself to ‘go a bit further’.
The line was in the green!

38.

(Participant 56.B)

1.
2.
3.
4.

Using colour to notify me of the note.
Showed note my voice reached. Loud/soft showed no indication.
Sang higher / lower.
When my colour (note) matched the target.
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Appendix G: Post-session questionnaire – Text analysis
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Post-session Questionnaire
Added to the end of the Post-Session Questionnaire was a page with four open
questions, designed to elicit personal responses to the VFB displays.
Only the 38 participants who worked with A and B screens were eligible for this
series of questions. The Control group had no VFB, and therefore were not asked
these questions.
See Appendix F for verbatim transcripts of the participants’ hand-written responses to
the questions.
The participants’ responses have been text-analysed for significant words indicating
the means whereby they have decoded and used the visual feedback information
offered in the two screen options.
Dynamic pitch grid display screen = 19
Interactive keyboard display screen = 19
Total = 38
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TEXT ANALYSIS
Dynamic pitch grid screen display

QUESTION 1
How did the display tell you that you were doing the task correctly?
SCREEN A – Question 1
Word or part-word
blue
colour
green
line
pitch
right / correct / correctly /
spot-on / accurate / accuracy
see / look / watch / visual
shows / showed
target / goal / aim / mark
yellow

#

%

Responses including this word

4
1
6
11

21.05
5.26
31.58
57.89

2
5

34.A / 40.A / 46.A / 49.A
52.A
34.A / 37.A / 40.A / 46.A / 49.A / 55.A
16.A / 19.A / 22.A / 28.A / 31.A / 34.A
/ 37.A / 40.A / 43.A / 46.A / 49.A
10.53 40.A / 43.A
26.32 4.A / 16.A / 22.A / 28.A / 52.A

6
4
3
3

31.58
21.05
15.79
15.79

19.A / 22.A / 25.A / 28.A / 46.A / 49.A
4.A / 16.A / 28.A / 52.A
4.A / 31.A / 37.A /
28.A/ 34.A / 46.A

QUESTION 2
What did it show when your singing was too high / low, loud / soft…?
SCREEN A –
Question 2
Word or part-word
above / below
blue
colour / coloured
green

#

%

Responses including this word

5
3
2
6

26.32
15.79
10.53
31.58

high /low
line

5 26.32
10 52.63

out / outside
see / visual
up / down
white
wouldn’t pick up / didn’t register
/ won’t move / no trace

5
1
1
1
5

16.A / 22.A / 28.A / 49.A / 55.A
34.A / 46.A / 49.A
43.A / 49.A
16.A / 19.A / 28.A / 34.A / 46.A /
55.A
4.A / 13.A / 16.A / 22.A / 40.A /
16.A / 22.A / 25.A / 28.A / 34.A /
37.A / 43.A / 46.A / 49.A / 55.A
25.A / 34.A / 37.A / 43.A / 46.A
28.A
10.A
55.A
1.A / 4.A / 10.A / 13.A / 22.A

26.32
5.26
5.26
5.26
26.32
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QUESTION 3
What did you do to move the display towards the correct target?
SCREEN A –
Question 3
Word or part-word
accurately
adjust / modulate
breath / breathing / air flow
pitch
slide / swoop
smoothly / evenly
stabilise / steady
target / goal
tone
yellow

# %

Responses including this word

2
4
3
3
3
2
3
1
1
1

28.A / 52.A
7.A / 13.A / 25.A / 37.A
10.A / 40.A / 46.A
25.A / 37.A / 55.A
4.A / 22.A / 49.A
19.A / 28.A
16.A / 40.A / 46.A
4.A
34.A
22.A

10.53
21.05
15.79
15.79
15.79
10.53
15.79
5.26
5.26
5.26

QUESTION 4
How could you tell when you were singing in tune?
SCREEN A –
Question 4
Word or part-word
accurate
blue
ear / hear / hearing
green
line

#

%

1
3
3
6
12

5.26
15.79
15.79
31.58
63.16

pitch
see / visual
target / goal
yellow

1
1
2
5

Responses including this word

52.A
19.A / 34.A / 40.A
4.A / 43.A / 46.A
13.A / 16.A / 34.A / 37.A / 40.A / 55.A
13.A / 16.A / 19.A / 22.A / 25.A / 28.A / 31.A /
34.A / 40.A / 46.A / 52.A / 55.A
5.26 43.A
5.26 49.A
10.53 1.A / 25.A
26.32 16.A / 19.A / 22.A / 40.A / 52.A
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TEXT ANALYSIS
Interactive keyboard screen display

QUESTION 1
How did the display tell you that you were doing the task correctly?
SCREEN B – Question 1
Word or part-word
colour
green

#

%

5
5

26.32
26.32

keys
pink
pitch
red

4
3
1
13

21.05
15.79
5.26
68.42

right / correct / correctly /
accurate / accuracy
visual
shows / showed
target

6

31.58

3
3
1

15.79
15.79
5.26

Responses including this
word
2.B / 8.B / 11.B / 17.B / 35.B
2.B / 23.B / 32.B / 41.B /
50.B
17.B / 23.B / 38.B / 50.B
11.B / 20.B / 35.B
8.B
2.B / 8.B / 14.B / 17.B / 20.B
/ 23.B / 29.B / 32.B / 35.B /
41.B / 44.B / 50.B / 53.B
11.B / 35.B / 38.B / 41.B /
50.B / 53.B
26.B / 38.B / 47.B
11.B / 38.B / 41.B
2.B

QUESTION 2
What did it show when your singing was too high / low, loud / soft…?
SCREEN B –
Question 2
Word or partword
above / below
colour /
coloured
green
high /low
pink
red
Shows /
showed
target
white

#

%

Responses including this word

1
7

5.26 20.B
36.84 5.B / 8.B / 11.B / 20.B / 26.B / 29.B / 35.B

2 10.53 23.B / 50.B
3 15.79 2.B / 20.B / 38.B
14 73.68 2.B / 8.B / 14.B / 17.B / 20.B / 23.B / 26.B / 32.B / 35.B
/ 38.B / 41.B / 44.B / 47.B / 53.B
3 15.79 44.B / 47.B / 50.B
6 31.58 14.B / 17.B / 35.B / 38.B / 47.B / 56.B
2
3

10.53 20.B / 47.B
15.79 23.B / 32.B / 50.B
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QUESTION 3
What did you do to move the display towards the correct target?
SCREEN B –
Question 3
Word or part-word
accurate / accuracy/ right /
correct / correctly /
adjust / modulate / change
higher / lower
pitch
red
slide / swoop
target / goal
tone
visual

# %

Responses including this word

5 26.32 11.B / 29.B/ 32.B / 38.B / 47.B
5
7
4
4
1
2
1
1

26.32
36.84
21.05
21.05
5.26
10.53
5.26
5.26

2.B / 23.B / 29.B / 35.B / 38.B
11.B / 14.B / 35.B / 41.B / 50.B / 43.B / 56.B
38.B / 47.B / 50.B / 53.B
17.B / 26.B / 41.B / 53.B
20.B
11.B / 14.B
47.B
32.B

QUESTION 4
How could you tell when you were singing in tune?
SCREEN B – Question
4
Word or part-word
accurate / accuracy/
right / correct / correctly
colour
ear / hear / hearing
green
key/s
note/s
pink
red

#

%

see / look / visual

2

Responses including this word

5

26.32 14.B / 17.B / 20.B / 35.B / 50.B

6
3
4
5
7
3
15

31.58
15.79
21.05
26.32
36.84
15.79
78.95

8.B / 11.B / 17.B / 26.B / 53.B / 56.B
2.B / 20.B / 53.B
8.B / 23.B / 32.B / 41.B
14.B / 38.B / 44.B / 50.B / 53.B
2.B / 11.B / 17.B / 20.B / 32.B / 35.B / 41.B
11.B / 14.B / 32.B
2.B / 5.B / 8.B / 14.B / 17.B / 23.B / 29.B /
32.B / 35.B / 38.B / 41.B / 44.B / 47.B / 50.B /
53.B /
10/53 11.B / 53.B
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Appendix H: Advertisement - Call for participants
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School of Communication Sciences and Disorders

Always wanted to learn to sing?
Or perhaps you already have done some singing training, and would like to have
another free lesson.

This is for singers or for non-singers!
You can get a private singing lesson here on-campus, at a time that
suits your schedule.
Please help our investigation into the use of computers
as an aid to the teaching of singing.
Contact Ms Pat Wilson (02) 9351.9696 for more information.
p.wilson@fhs.usyd.edu.au
This project has been approved by the University of Sydney Human Research Ethics Committee. Any persons with concerns or
complaints about the conduct of a research study can contact the Manager for Ethics and Biosafety Administration, University of
Sydney, on (02) 9351 4811
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