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Abstract

Ten skilled and eleven less skilled sight-readers, advanced adult pianists, undertook
two sets of studies. First, controlled preview experiments measured dependence of
maximised sight-reading tempo on preview size with monophonic, two-part and four-
part notation. Secondly, monophonic experiments measured isolated, sight-reading
related perceptual and motor sub-skills: a transcription based error detection task and
a test of visually unmonitored, unrehearsed output. All experiments employed tonally
coherent and incoherent materials, with the aim of testing the theory that the ability of
skilled readers lies in their use of larger preview than less skilled readers, courtesy of

their greater sensitivity to musical structure.

The skilled group sight-read consistently faster than the less skilled group, achieving
larger effective preview with monophonic and four-part, but crucially not with two-
part materials. Extra preview use with the former materials was found to be a source
of only small gains, the evidence overall indicating skilled readers’ faster performance
to have been primarily dependent on a more efficient processing of smaller preview
amounts than less skilled readers. Both skill groups demonstrated similar, limited
tempo responses to the structural distinction in experimental materials, with no
structural effect on preview for skilled readers. These results suggest, therefore, that

the skilled group’s superior performance was primarily due to perceptuo-motor

factors.

This finding is confirmed by the skilled group’s faster performance on the two sub-
skill studies. On the perceptual study, both groups display similar patterns of response
and sensitivity to structure. In terms of motor skill, compared to less skilled readers,
skilled readers are either better at unrehearsed output, non-visually monitored
performance, or both. Finally, individual participant data suggest sight-reading to be a
complex combination of skills: many participants show significant variation in
‘performance across the studies, and there is evidence for a number of different factors

limiting skill development amongst less skilled readers.
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Chapter 1

Introduction



1 Introduction

Within a musical context, the term ‘sight-reading’ can be interpreted in various ways.
Perhaps in its purest incarnation it can be defined as the performance in real-time of
previously unseen musical notation, and this is the sense in which the term is to be
understood in relation to this thesis. As such, it is a transcription task belonging to the
same genre of skills as touch-typing and the reading aloud of text, where abstract
external representations (music notation/language text) are translated into their
corresponding motor counterparts to produce tones from musical instruments, depress
typewriter keys or to manipulate the vocal apparatus. But unlike these other
transcriptional activities the term also encompasses the idea of a certain level of pre-
reading prior to the performance of the entire task. For example, music exam
candidates typically have a limited period within which to prepare their sight-reading
performances. What sight-reading represents in this case is the idea that the materal
has not been subjected to any rigorous and sustained rehearsal. Furthermore, an
orchestral conductor mentally reading through a musical score without producing any
motor output at all could also be described as engaging in sight-reading. Additional
variation in meaning is found when the nature of the performance output is
considered. The task may entail an attempt at absolute accuracy of transcription, or
merely an apt approximation, for example, the improvised ‘bluffing’ of professional
accompanists. All of these manifestations of sight-reading are valuable focuses of

research, but the semantic ambiguity must be carefully borne in mind.

An obvious, necessary requirement for music sight-reading is a certain expertise 1n the
performance of the particular musical instrument itself. Unlike skilled touch-typing,
which exists essentially as a transcription task, music performance and the vocalising
of text are not necessarily defined by a real-time visuo-motor transcriptional element.
Actors and solo musicians typically learn their material by rote, enabling performance
to be carried out with recourse to only memorised representations. Expertise at
rehearsed performance, though, does not necessarily correlate with superior sight-

reading ability. There does appear to be a large variability in sight-reading skill
amongst pianists at all levels (Lehmann & Ericsson, 1993). This seems to be less so
for single melody line instruments, for example, the clarinet and trumpet (McPherson,

1995). Making anecdotal reference on this point, the pianist and teacher Kendall



Taylor writes that ‘players of orchestral instruments, who read one stave at time, are
usually fluent readers’ (Taylor, 1981, p. 151). This difference is no doubt due, in part,
to the smaller quantity of transcriptional throughput that is required with such
instruments, with less demand being placed upon limited processing resources.

However, much less is documented about sight-reading skill on instruments other than
the piano. It has been the piano that has been the main focus of research interest,
partly, it would seem, because of interest in the extra complexity involved 1n piano-
based reading, but also because of the ease with which accurate data of piano

performance can be obtained using MIDI technology.

The demands of successful music sight-reading are considerably greater than for a
transcriptional task like touch-typing, involving not only the production of correct
pitches on the instrument, but also their performance to a defined schedule of timing,
together with varied articulation in a stylistic interpretation requiring both intellectual
grasping of musical structure and artistic/emotional sensibility. For the piano, the
particular focus of this thesis, choices also need to be made concerning the fingering
that will best perform the notation, and the complex and subtle adjustments of finger,
hand and arm to provide attack to the keys giving the desired expressive effect. Also
with the piano, the sight-reader is typically required to read two staves of music
notation (usually one for each hand) and to perform up to five notes (or possibly

more) simultaneously per hand.

For the psychologist, the intricacy of the task together with the apparently wide skaill
differences prevalent amongst musicians of equivalent performing standards makes
the study of piano sight-reading a potentially rich resource of insight into complex
perceptual, cognitive and motor processes, together with the development of expertise.
However, such insights have a potential practical relevance to musicians and
educators too, in terms of how they might inform skill training. Although the ability to
read well is not strictly necessary for the solo-performing musician, it is of immense
benefit, enabling new repertoire to be explored with ease. For session musicians and
busy accompanists who have little time to prepare performances, it is essential. Above
all, printed notation is the principal means of disseminating music, and to struggle
with such notation is indeed to be cut off from the lingua franca. In view of this, it is

common to find researchers and authors discussing the implications of empirical



findings for pedagogical practice (Sloboda, 1978b; Lehmann & McArthur, 2002; Lee,
2004; Thompson & Lehmann, 2004; Lehmann, Sloboda & Woody, 2007).

The usefulness of such research-based advice to skill development is clearly
dependent upon the validity of the underlying research findings and their
interpretation. The principal researchers within the domain appear to be quite upbeat
about the current state of knowledge. For example, in a recent review, Lehmann and
McArthur write that ‘the various research strands enable us to develop a cognitive
model of sight-reading that is both consistent with research findings and of practical
interest to music practitioners’ (Lehmann & McArthur, 2002, p. 144). This model
dominates current thinking within the domain, and provides a particular account of
sight-reading skill difference amongst proficient musicians. The account will be
described in detail in Chapter 2, but essentially it holds that through their greater
experience at the task, skilled readers become considerably more sensitive to musical
structure within the score than less skilled readers, something that provides them with
highly effective task-specific memory mechanisms. Grasping musical meaning
enables skilled readers to store notes more efficiently in memory and to process them
at a faster rate. Less skilled readers, on the other hand, have to rely more on
processing notes as individual, unrelated entities. The account’s proponents present a
range of research findings in support of these ideas. For example, it is claimed that
skilled readers scan notation more efficiently than less skilled readers, perceive more
notes within individual eye-fixations, use larger perceptual groupings, and gather
information from further ahead in the score with which to plan their motor responses.
The account would not deny that skilled readers might also develop more effective
basic perceptual and motor processes in relation to the task, and become more
proficient at other cognitive strategies unrelated to specifically musical content, for
example, using intervallic-based information. However, such mechanisms are
considered thoroughly incapable of providing the quantity and speed of note

processing necessary for skilled levels of reading.

There would seem on the surface to be much to commend this account of sight-
reading ability, and the ideas upon which it is based have certainly become widely
accepted. However, a detailed examination of the associated research literature (fully

documented in Chapter 2) indicates that there may be rather less empirical support for



it at present than its proponents have considered. For example, whilst some research

has provided evidence of skilled readers processing material further ahead in the score

than less skilled readers, other work has found them to differ little in this regard. Also,

there is no clear evidence that skilled readers are more sensitive to structure in
notation than less skilled readers, meaning that where skilled readers are found to
process notes in larger units, this might be due to other factors. Furthermore, no
research has been carried out that quantifies the extent of the sight-reading
performance gains that accrue from structural perception. It could therefore be that the
structure-based account has been unduly pessimistic about the potential of more basic

information processing mechanisms to support a skilled level of performance.

Clearly, the lack of empirical support does not necessarily indicate that a primarily
structure-based account of reading skill is inappropriate. It does, however, mean that
the role of non-structural factors, for example, elemental perceptual and motor skill
cannot, at least at present, be dismissed so readily in terms of their potential as
significant sources of skill variation. It would seem, therefore, that the proponents of
the structure-based account might have been a little presumptuous in their theorising.
Perhaps this would be of only limited concern if it were confined to merely academic
circles. However, the account has been presented recently in a number of publications
aimed at music professionals and students, with virtually no attention paid to the

possibility of alternative interpretations of the available evidence (Lehmann &
McArthur, 2002; Thompson & Lehmann, 2004; Lehmann et al., 2007). In view of the

limited research evidence available, the wisdom of this would seem to be

questionable.

The review of the literature undertaken in Chapter 2 indicates that the available
research data on sight-reading is inadequate to support any confident theorising at
present. The approach to research has been too piecemeal, meaning that there are
simply too many gaps in our knowledge, even about foundational issues, that need to
be filled. It would seem to be a priority, therefore, for research to begin working
towards developing a more complete understanding of the most basic elements of skill
at the task, to provide a securer foundation both for theory development and for future

research to build upon. This is the principal driving force behind the research direction
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of this thesis, which has focused upon gaining a clearer understanding of three

fundamental areas of sight-reading skill.

Firstly, work has been carried out to try and gain more detailed knowledge about the
perceptual requirements of musicians with regard to notation during sight-reading 1.e.
how far skilled and less skilled sight-readers need to look ahead 1n the music to
support their performances (Chapters 4, 5, 6, 7, 8 and 9). It was mentioned earlier that
research findings are not as clear-cut about skilled readers use of larger ‘preview’ as
supporters of the structure-based account seem to have considered, and so it was
important for work to be undertaken to clarify this matter. Previous preview-related
studies have tended to focus upon a single notational complexity at a single tempo,
providing what may only be a very partial insight into skill. To try and gain a broader
understanding, the research in this thesis has explored both simple and more complex
musical materials at different performance speeds. Secondly, an investigation has been
undertaken into the speed and pattern of perceptual activity isolated from motor
performance (Chapters 10 and 12). Finally, a study has explored sight-reading related
motor ability, isolated from normal notational input (Chapters 11 and 12). As well as
providing some foundational understanding of the specific sub-skills themselves, the
findings of these experiments have the potential to inform the results of the complete
task undertaken in the preview studies offering insight, for example, into the relative
influence of perceptual and motor skill in explaining sight-reading ability. More
detailed reasons for the particular choice of research areas is provided in Chapter 2
(the literature review) and an introduction to, and rationale for, the specific

methodologies and technologies employed is found in Chapter 3.

Although the primary reason for the research directions chosen was to gain more
detailed knowledge about foundational aspects of sight-reading skill, an advantage of
the particular studies undertaken is that they also offer the opportunity of a clearer

understanding of the relative importance of sensitivity to musical structure and basic

perceptual and motor factors in determining the abilities of skilled and less skilled
readers. There is a strong emphasis within the thesis on analysing the research

findings in relation to these issues.




Chapter 2

Research into sight-reading: a critical view
of the literature
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2 Research into sight-reading: a critical review of

the literature

2.1 Introduction

The study of music sight-reading has been carried out principally within the fields of
psychology and music education. Within psychology, research has been mainly
concerned with exploring the perceptual and cognitive processes involved in task
performance, particularly in the context of seeking to explain variation in ability.
Within educational research, study has typically been carried out into the effects of
specific pedagogical regimens (e.g. Streckfuss, 1984; Kostka, 2000), with little
attempt to isolate the specific roles of perceptual and cognitive factors. Therefore,
whilst being able to offer potentially valuable skill-related insights, such research has
been limited in its ability to provide any detailed dissection and explanation of the

variation in sight-reading skill examined. Because of this, the review will focus
principally upon the core psychological literature, considering educational research
only where findings are felt to be of relevance to the particular issue being considered.
This review of the literature 1s organised under the following headings, which
encompass the range of potentially causative factors upon skill that have been the

focus of research attention.

¢ Input and memory processing mechanisms:
1. Visual perception and processing: eye-movement and perceptual

research

2. Musical structure and sight-reading skill

3. Auditory representations
e Qutput mechanisms: psychomotor skill

e Research within the expertise paradigm: the role of practice in skill

determination

e The measurement of sight-reading ability: a discussion of concepts and

methods

e Conclusion and areas needing research



Before turning to a detailed discussion of the research literature, an important
methodological issue needs to be briefly addressed. A problem with a number of
pieces of research that will be considered in this review is the lack of control over the
technical instrumental skill of participants. Sight-reading ability clearly has
dependencies upon rehearsed performance ability - skilled, experienced
instrumentalists who are poor sight-readers compared with their peers will nearly
always be better at reading than novice instrumentalists who read well for their limited
level of technical skill. Therefore, technical skill needs to be sufficiently controlled so
that factors pertaining specifically to sight-reading skill can be isolated. Much of the
early research into sight-reading carried out in the 1930s and 1940s, for example
Weaver (1943) and Bean (1938), did not include such experimental controls, focusing
instead simply upon experienced and less experienced musicians. Because of this,
whilst there is much of interest and value in these investigations, they are of limited
use in achieving a detailed understanding of the factors associated with sight-reading

ability itself.

The issue began to be addressed with the work of Sloboda (1974), and since then
research has generally concentrated its efforts upon investigating the sight-reading
ability of skilled instrumentalists. However, a very few studies, for example Truitt,
Clifton, Pollatsek and Rayner (1997), have continued without controls upon technical
skill, and there have also been various pieces of research undertaken into the
perceptual skills of musicians and non-musicians (Sloboda, 1976a, 1978a; Halpern &
Bower, 1982). Reviewers of the literature have not always taken this range of
participant make-ups and controls sufficiently into account when drawing conclusions
about sight-reading ability, and it is not uncommon to see an inappropriate mixing and
matching of empirical findings from studies involving non-equivalent groups of
participants. To take one example amongst many, research data obtained from
‘skilled’ and ‘novice’ instrumentalists by Furneaux and Land (1999) are cited by
Lehmann and McArthur (2002) as relating to ‘good’ and ‘less skilled’ readers. Such
conceptual imprecision is clearly unsatisfactory for scientific discourse, and the
achieving of an agreed and detailed terminology to describe the different types of
participants that studies have employed would seem an urgent priority for the domain.

This thests will attempt to identify unambiguously the types of participants used



within individual pieces of research to hopefully avoid any misrepresentation of study

findings. Particularly, the terms ‘skilled reader’ and ‘less skilled reader’ will be used

to refer to skilled musicians only.

Although recent research has controlled more for technical skill, it must be borne in
mind that any insights obtained into sight-reading ability are only as dependable as the
quality of the controls employed. A case in point is the work of Waters, Townsend
and Underwood (1998a). These researchers chose participants aged 18-25 years who
were required to have had piano training for at least 5 years, something that would
seem to allow for some considerable variation in instrumental performance skill level

that might result in a clouding of specific sight-reading related effects.

2.2 Input and memory processing mechanisms

2.2.1 Visual perception and processing

2.2.1.1 Introduction

The majority of studies in music sight-reading have researched input related factors,
either in the context of complete sight-reading performance or else isolated from
normal motor output. Despite the fact that the former type of research involves a
significant motor component, researchers have typically attributed input or memory
processing related explanations to variation in the measures obtained for skilled and
less skilled readers, failing to give sufficient consideration to the possibility of motor
influence. The tendency has been to view skill at rehearsed performance as somehow
sufficient evidence of the possession of motor skills appropriate to skilled reading.
Only recently, it would seem, have music psychology researchers begun to consider
that rehearsed movements and the short-notice, ‘online’ movements involved in tasks
like sight-reading and improvisation (Thompson & Lehmann, 2004) might have
different underlying skill requirements. This issue will be examined in more detail,

later, in the section on output mechanisms.

As discussed briefly in Chapter 1, psychological study into the origins of sight-reading
ability 1s dominated by a single account, which holds that skilled readers owe their

ability to being more sensitive to meaningful musical structure within the score than

less skilled readers, an explanation that I will from now on refer to as ‘the patterning
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account’. Since its formulation by Sloboda (1974) in the 1970s, this account has to my

knowledge never been subjected to any substantial published critique, and no other
theory has been seriously proposed as an alternative. Indeed, within recent reviews of
the literature like Lehmann and McArthur (2002) and Lehmann et al. (2007), the
authority with which it is expounded provides clear evidence of its now widespread
acceptance. According to these authors, the patterning account is not only supported
by dedicated research into the role of musical structure within sight-reading, it is also
consistent with the findings of more general work into visual input processes - eye-
movement and perceptual studies. In view of this, the account would appear to
provide a useful framework within which to organise and coordinate an exploration of

the literature relating to these three different aspects of skill.

I will begin this exploration of visual input and memory processes with an extended
summary of the patterning account itself, to provide a context for subsequent
discussion. In the light of the summary, I will then examine, first of all, eye-movement
research, secondly visual perception research, and finally work into musical patterning
itself, and from this attempt to gauge the extent of support currently available for the
patterning account, as well as determining whether any alternative interpretations of

the evidence might be indicated.

2.2.1.2 Summary of the patterning account
According to the proponents of the patterning account, skilled music sight-reading

demands large preview (the extent of perception beyond the note currently being
performed) both to facilitate a fast encoding of notation (Lehmann ef al., 2007) and
fluent motor planning (Thompson & Lehmann, 2004). Such preview is considered
beyond the capacity of normal information processing mechanisms to achieve, 1n
which notes are perceived as unrelated units and only processed individually, or 1n
small groups at a time, from the score. Such processing is viewed as memory
inefficient both in terms of speed and size of short-term storage, resulting in slower
and disjointed motor output. To attain the quantity and speed of throughput for skilled
reading, experts have to ‘circumvent limitations of the human information-processing
system’ (Lehmann et al., 2007, p. 114). It is proposed that they do this by perceiving
and processing larger quantities of notes in meaningful, more memory efficient groups

or chunks, a consequence of having prior knowledge and sensitivity to the musical
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grammar and style of the material being performed. ‘The available evidence suggests

that readers require preview of structural units within a text if they are to organize

fluent and rapid performance’ (Sloboda, 1983, p. 71).

There are three ways in which it is considered that these larger chunks are attained:
“by intelligent anticipation...and problem solving or by creating long-term working
memory structures” (Lehmann et al., 2007, p. 114). Long-term working memory
structures are regularly met patterns of notation within a particular grammar or style,
for example scales and broken chords, which are stored in long-term memory.
According to the long-term working-memory theory of Ericsson and Kintsch (1995),
skilled readers are considered to have a high-speed connection to such patterns,
something that considerably lightens the load upon short-term and working storage,
and leads to highly automated motor output. Lehmann ef al. (2007) demonstrate this
effectively by presenting the reader with two strings of text, one a randomised version
of the other: “g-s-n-i-i-g-d-h-a-t-e-r” and “s-i-g-h-t-r-e-a-d-i-n-g”. For confident
readers of the English language, the latter can be stored quickly and efficiently in
memory as a single, meaningful chunk. The former, however, requires storage to be
broken down into smaller units, making the whole string take longer to process, and
be less efficiently and securely stored in short-term memory. Sloboda (1985) provides
another example that graphically illustrates how chunking in this manner influences
transcriptional output in the related task of touch-typing. He quotes from work by
Shaffer (1976) showing that when skilled typists were required to type text made up of
words with randomised letter order, their speed of output was reduced from normal
levels (8 characters per second) down nearly to their basic reaction level response with

individually presented single letters (2 characters per second).

The other two methods proposed for increasing the throughput of notation are closely
related to each other. Because of its fundamentally patterned nature, music necessarily
has predictable elements, meaning that notes do not always require detailed individual
processing, but can be inferred, not necessarily consciously, from their context.
‘Problem solving’ refers to the production of structurally inferred output during the

performance of an incompletely processed group of notes (Lehmann & McArthur,
2002), whereas ‘intelligent anticipation’ involves the making of hypotheses about an

oncoming section of notation, for example, in relation to the continuation of melodic

12
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sequences. Clearly, the larger the chunks that a sight-reader is using, the more musical

context there is available, increasing the likelihood that anticipation and inference will
be successful. Concerning monophonic reading, Sloboda writes that “the greater
capacity of this store (i.e. short-term memory), the greater is the opportunity for
preview, and the greater is the opportunity for making reasonable predictions about
subsequent notes. Given six notes to go on, success in predicting the next note 1s more

likely than if there are only two notes” (Sloboda, 1978b, p. 12).

The perception of musical structure mediated in these three ways 1s viewed as
essential to the explaining of skilled reading. Skilled readers do not read note-by-note
but depend on seeing general patterns and reconstructing the details of the music using
their prior knowledge. Less skilled readers’ weaker performance, on the other hand, is
primarily put down to their inability to implement these mechanisms, a consequence
of their being less sensitive to musical structure within the score. As a result, they
cannot bypass information processing limitations, as skilled readers do, and so are
confined to smaller chunk sizes, and consequent slower perception of preview
together with disjointed output. The patterning account has not traditionally given any
credence to the idea that less skilled readers’ lack of ability may be primarily the
result of inferior perceptuo-motor functioning. As mentioned in the Chapter 1, its
proponents do not consider that skilled and less-skilled readers will show no variation
in such functioning, but the general view appears to have been that this is not
limiting factor upon skill; to achieve expertise, basic information-processing methods
need be transcended, not improved. This is clearly seen in Sloboda’s advice to less
skilled sight-readers seeking to develop their abilities. ‘Sight-reading performed note-
by-note is unlikely to improve however frequently practiced. The music must be
understood before it is played’ (Sloboda, 1978b, p. 15). Recently, there has been a
greater openness amongst supporters of the patterning account to the idea of motor
ability being an important factor in explaining sight-reading skill difference
(Thompson & Lehmann, 2004). However, such thinking is potentially undermining of
their central thesis. If motor factors are seen as important in explaining sight-reading
skill variation, it is inconsistent to continue to assume that the variation in
performance measures that underlie the patterning account (for example the amount of

preview employed by musicians) is necessarily driven by sensitivity to musical

structure.

13
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2.2.1.3 Eye-movement research

Proponents of the patterning account regard the findings of eye-movement research to
be consistent with and reflective of their understanding of the perceptual roots of
sight-reading skill difference. ‘It has become clearly established that unskilled readers
differ markedly from experienced readers with regard to their looking behaviour’

(Thompson & Lehmann, 2004, p. 146). More specifically, ‘better readers will scan (or
parse) the page more efficiently than less-skilled readers and they require, ‘shorter and
fewer fixations to compare or encode material for execution because they are able to

grasp more information in one fixation (Lehmann and McArthur, 2002, p. 138). Better
readers are also considered to have larger eye-hand spans; that is, their eyes ‘look
further ahead of the point where they are currently playing’ (Thompson & Lehmann,

2004, p. 146). Skilled readers ‘do not fixate on all notes’, whereas ‘less proficient

readers tend to focus on individual notes’ (Lehmann & McArthur, 2002, p. 138). ‘Less

proficient readers search around for information and try to make sense of what they

see, while efficient readers seem to know what to look for’ (Lehmann & MacArthur,
2002, p. 138). The studies cited in relation to these quotes, which will be explored
shortly, involved skilled and less-skilled sight-readers who were experienced
musicians, and so were explicitly concerned with 1solating factors specifically relating
to sight-reading ability. Lehmann and MacArthur also state unequivocally that their
references represent a summary of research findings. A detailed examination of the

eye-movement literature, though, suggests a somewhat more varied picture to the one

that has been painted.

There are principally three issues to be considered:

e Do skilled readers use shorter and fewer fixations than less skilled readers?

e Do skilled readers take in larger groups of notes in their fixations and have
larger eye-hand spans? Do less skilled readers typically fixate on notes
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